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Abstract 

Background: Injectable opioid agonist treatment with hydromorphone (a licensed opioid 

analgesic) or diacetylmorphine (pharmaceutical grade heroin) is effective at reducing illicit 

opioid use and improving health and social functioning among patients with opioid use disorder.  

Concurrent cocaine use is prevalent among patients receiving injectable opioid agonist treatment, 

however modest declines have been observed in the proportion of patients using cocaine and in 

the number of days of cocaine use while engaged in treatment. To date, studies have not explored 

what processes might explain these reductions, or how patterns of cocaine use might vary over 

time at the intra- and inter-individual levels.  

 

Methods: This study was conducted with patients receiving daily injectable hydromorphone or 

diacetylmorphine for the treatment of opioid use disorder at a clinic in Vancouver, Canada. The 

qualitative analysis was guided by a grounded theory approach involving one-on-one patient 

interviews (n=31). Findings directed covariate selection for the quantitative analysis. The profile 

of participants using cocaine was characterized (n=166), and multilevel models were used to 

explain variation in cocaine use over 24-months, using data from a baseline visit and six follow-

up visits. 

 

Results: Qualitative analysis revealed that access to injectable opioid agonist treatment 

promoted the self-management of cocaine use. Participants distanced themselves from the street 

environment, made efforts to “control” their cocaine use, and sought supports to bolster these 

efforts. Quantitative analyses identified significant intra- and inter-individual variation in cocaine 

use over 24-months. On average, cocaine use decreased over time, however the rate of change 
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varied from one participant to the next. Women reported more cocaine use than men, and 

participants with more lifetime years of cocaine use at baseline reported more cocaine use over 

24-months.   

 

Conclusions: This research highlights heterogeneity in patterns and processes of cocaine use. 

Intra- and inter-individual variation in cocaine use was identified, and was explained by 

participant characteristics, including demographics and substance use histories. Given daily 

contact with care, injectable opioid agonist treatment serves as an optimal setting to integrate 

treatments for cocaine use disorder. Care providers can communicate with patients about their 

patterns of cocaine use and associated characteristics to guide treatment plans. 
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Lay Summary 

Cocaine use is common among people receiving injectable opioids for the treatment of opioid 

use disorder. In our study setting in Vancouver, over 70% of patients report cocaine use when 

they start injectable treatment. This is concerning, given cocaine use can increase the risk of 

negative outcomes like treatment dropout. This research aimed to describe patterns of cocaine 

use among people receiving treatment with injectable opioids over two years, and to investigate 

what factors explained these patterns. This investigation was informed by interviews with 

patients, who explained that treatment with injectable opioids helped them manage their cocaine 

use. On average, cocaine use declined, however this decline varied from one person to the next. 

Declines increased with each additional day a person received treatment with injectable opioids. 

Collectively, these results emphasize the role that opioid use disorder treatment settings can play 

in responding to the needs of people who use cocaine.  
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Chapter 1: Introduction 

1.1 Outline 

This dissertation takes a multi-method approach to identifying and explaining heterogeneity in 

the processes and patterns of cocaine use among patients receiving injectable opioid agonist 

treatment (iOAT) in Vancouver, Canada. An overview of the methods used for the qualitative 

and quantitative analyses and of the study setting are provided in Chapter 2. Objectives are 

consecutively addressed in the study’s three findings chapters (Chapters 3,4,5). Chapter 3 

presents a qualitative study that was guided by a grounded theory approach and conducted with 

patients using one-on-one in-depth interviews. Chapter 4 provides a descriptive account of the 

use of cocaine in the sample over the study’s 24-month period. Intra-individual (i.e. within-

person) change in cocaine use is examined and described. Chapter 5 uses a multilevel modeling 

approach to explain variation in cocaine use over time, both at the intra-individual (within-

person) and inter-individual (between-person) levels. 

 

1.2 Overview of literature review 

An overview of literature that is relevant to the research conducted for this dissertation is 

provided. Opioid use and opioid use disorder are described and the harms associated with 

injection of illicit opioids are discussed. Both oral and injectable opioid agonist treatments are 

presented as effective treatments for opioid use disorder, and the context of treatment for opioid 

use disorder in British Columbia is outlined. Cocaine is introduced as highly prevalent among 

people receiving opioid agonist treatment (OAT) and is discussed as an impediment to positive 

OAT outcomes. Research that has focused on patterns of cocaine use and factors associated with 

cocaine use in OAT are outlined, and gaps in this research are introduced. Finally, studies that 
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have sought to identify pharmacological and psychosocial interventions for the treatment of 

cocaine use disorder are discussed. The evidence from these clinical trials remains early in 

comparison to for example, the plethora of evidence that exists to support OAT for opioid use 

disorder (OUD). As such, ongoing efforts to understand the use of OAT and the experiences of 

people with OUD that use cocaine remains important to supporting the improvement and 

advancement of care for people who use cocaine and opioids concurrently.  

 

1.3 Literature review  

1.3.1 Opioid use disorder: Prevalence, risk factors, and harms 

Worldwide, an estimated 40.5 million people are dependent on opioids, contributing 

substantially to the global burden of disease (1, 2). The use of opioids does not necessitate the 

development of opioid-dependence, although dependence can develop among people who use 

opioids regularly over a sustained period of time. In North America this dependence has been 

termed “opioid-use disorder” (OUD), which has clinically observable and diagnosable 

symptoms, including tolerance and withdrawal, and has been characterized by patterns of 

continued drug use and intervening periods of treatment, abstinence, and relapse (3).  

 

The most recent global estimates of OUD come from the Global Burden of Disease study where 

North America had an age-adjusted standardized OUD rate of 1,347 per 100,000, which is nearly 

three times the global rate of OUD (4). These high rates of OUD parallel rates of opioid 

prescription for chronic non-cancer pain that have been increasing over the years in high-income 

countries, particularly in Canada and the United States (US). In these countries, prescription 

opioids were aggressively promoted, underregulated, and overprescribed (5), which has been tied 
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to an increase in OUD and overdose deaths (6). Increasing regulatory efforts have been enacted, 

particularly in the US, including limitations on prescribing, prescription monitoring programs, 

(7) and “abuse deterrent formulations” (i.e. in the case of opioid drugs, formulations with 

properties that make it difficult to extract and inject the active ingredient) (8, 9). The 

effectiveness of these regulatory efforts at reducing the overall burden of opioid-related harm 

have been challenged by increasing transitions to the use of illicit heroin in the late 2000s (10), 

and since 2013, to more potent synthetic opioids such as illicitly manufactured fentanyl (11). 

Furthermore, engagement in illicit opioid use has been predicted by a number of social and 

environmental factors including substance use in social networks, drug access and availability, 

social norms, and social disadvantage (12-14). Historical or childhood events pose known risks 

and include experiences of childhood abuse or neglect and parental conflict (15-17). Studies have 

further suggested that potential genetic disposition is a risk for substance use more broadly, 

rather than to opioids specifically (18).  

 

Among people who inject illicit opioids, significant literature supports problems associated with 

injection including skin and soft tissue infections, and the transmission of infectious disease such 

as Human Immunodeficiency Virus (HIV) and Hepatitis C Virus (HCV) (19, 20). The 

criminalization of using, selling, and purchasing illicit opioids also puts people at risk of criminal 

justice involvement including facing charges, arrest, and incarceration (21, 22). Given the 

respiratory suppressant effects of opioids (23), the risk of fatal and non-fatal overdose is of 

further significant concern. Risk is elevated through the use of illicit opioids, given the 

contamination of the illicit opioid supply with fentanyl, and other potent synthetic opioid 

analogues such as carfentanil and acetylfentanly (24).  
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In North America, overdose deaths have significantly impacted population health, with such 

severity that the adult life expectancy in the US declined between 2014-17 (25). Life expectancy 

did not increase in Canada between 2016-17 for men or women for the first time in over four 

decades (26). Between January 2016 and September 2019, there were more than 14,700 apparent 

opioid-related deaths in Canada (27). In this period, British Columbia contributed approximately 

a third of these deaths with the highest per capita death rate in Canada. In addition, the country 

experienced more than 17,000 suspected overdoses and nearly 20,000 opioid-related 

hospitalizations according to available population-level data (27). 

 

In Canada the opioid overdose crisis has exposed the urgent need for coordinated federal and 

provincial efforts to improve access to effective treatment for people with opioid use disorder 

(28). The burden of opioid use disorder, and low effectiveness of abstinence-based therapies 

(29), have led to the need for OAT to retain people in care and reduce major risks associated with 

untreated OUD (30-32). There are individuals however who are not attracted into treatment with 

OAT or continue to use illicit drugs and remain at very high risk of harm (33-35). Thus, the 

expansion of a more diverse array of treatment options including injectable opioid agonist 

treatment (iOAT) is urgently required to meet the needs of the entire spectrum of people with 

opioid use disorder (36). 

1.3.2 Opioid use disorder: Oral and injectable opioid agonist treatment 

1.3.2.1 Oral opioid agonist treatment 

Opioid agonist treatment (OAT) with oral methadone is the most widely available treatment for 

OUD internationally (31, 37-40). Methadone is an analgesic medication that was developed to 
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treat pain in the 1940s and is still prescribed widely for pain in North America, Europe and 

Australia. In the 1960s heroin dependence was increasing, and a number of prescribed opioids 

were examined in the United States for the treatment of OUD (41). Methadone was identified as 

the most suitable opioid, and when given at adequate doses, was found to “block” the euphoric 

effects of heroin while preventing or reversing withdrawal symptoms (42). Methadone has a 

duration of action of approximately 24 hours, requiring a single daily dose rather than more 

frequent administration as required with shorter acting opioids, like heroin (43, 44). With the 

recognition of OUD as a “chronic or long-term relapsing disorder”, methadone is a 

“maintenance” treatment meant to be offered long-term, and for this reason is referred to as 

“methadone maintenance treatment” (MMT). Since these early studies, clinical trials have 

established MMT as an effective treatment for opioid use disorder, where it has been associated 

with long-term treatment retention and significant declines in illicit opioid use (31, 40). It has 

additionally been found to be associated with reductions in criminal activity (45), infectious 

disease transmission (46, 47), and all-cause and overdose mortality (48). 

 

Alternatives to MMT have been explored. For example, oral buprenorphine has been identified 

as an effective maintenance treatment for OUD (49, 50). In the 1970s buprenorphine was used as 

an analgesic (to relieve pain) and was explored at higher doses to serve as a treatment for OUD 

(51). Unlike methadone and heroin (full agonists), buprenorphine is a partial agonist and thus 

exerts weaker effects on the opioid receptors. As such, it has been identified to have a better 

safety profile and lower overdose risk when compared to methadone (52). Buprenorphine has a 

longer duration of action and dosing can occur less frequently, for example on alternate days. It 

has been concluded to have advantages over methadone in some settings, for example where 



 6 

higher doses of methadone cannot be administered, where methadone is not tolerated, or where 

alternate-day dosing is preferred, and offers an opportunity to diversify treatment options for 

patients and prescribers (53, 54). 

 

1.3.2.2 Injectable opioid agonist treatment 

Despite the effectiveness of oral opioid agonist treatment with methadone and buprenorphine,  

population-level analyses in British Columbia have found low overall rates of long-term 

retention in MMT. For example, analyses of MMT engagement in British Columbia between 

1996-2006 identified a 12-month retention of 40% across all treatment episodes, and a 36-month 

retention of 20% (37). More recent analyses (2006-2016) across two cohort studies in Vancouver 

identified that between 29-35% of people who used opioids daily were retained in oral opioid 

agonist treatment each year. This study, and others have concluded that there is an urgent need 

for more novel approaches to improve engagement in care for people with OUD, and that this 

need is of further urgency in the context of the escalating opioid overdose crisis (55, 56).  

 

Several studies in Europe and Canada have provided empirical evidence that medically 

prescribed injectable diacetylmorphine is an effective alternative from people who are not 

benefiting from oral OAT (i.e. not retained in treatment, or continuing to use illicit opioids 

despite treatment engagement). These studies have demonstrated significant reductions in illicit 

opioid use, high retention rates, and improvements in health and social functioning (57-62). 

Given the political and logistical barriers facing the administration of diacetylmorphine in 

Canada, the effectiveness of injectable hydromorphone (HDM) was tested in a randomized 

controlled trial in Vancouver. This study demonstrated that in settings where the provision of 
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diacetylmorphine was not possible, HDM offered an effective and cost-effective alternative 

treatment (63-65) . The safety and efficacy of this medication was also demonstrated on an open-

label basis (i.e. outside of a clinical trial, offered as part of a community treatment program) (64, 

66).  

 

iOAT patients visit a clinic daily to take their medication. This model of treatment delivery 

allows for a highly reinforcing and attractive drug to be offered, while minimizing the risk of 

diversion (i.e. the drug cannot be taken outside the clinic) and maximizing patient safety (i.e. 

patients inject the drug in the presence of nurses that can act promptly in case of adverse 

reactions). The benefits of iOAT have been shown to extend to reductions in and non-use of 

illicit heroin, but also to several concurrent factors such as health and psychosocial adjustment 

(57, 58, 60, 61). These positive outcomes may stem from the supervised and intensive support 

that characterize this model of care. While physicians prescribe the medication, iOAT has been 

termed as a “nurse-driven” model (67-69). Through daily contact, nurses can build relationships 

with clients and support them to manage various health and social needs (e.g. arranging 

transportation to appointments) or refer them to necessary services (e.g. to dieticians, 

psychiatrists, social workers). Therefore, this setting lends itself well to the integration of 

additional on-site services and supports (e.g. medications for other chronic conditions, including 

stimulant use disorder) in order to improve outcomes beyond the non-use of illicit opioids (70, 

71). 
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1.3.3 Injectable opioid agonist treatment in the context of the continuum of care for 

opioid use disorder in British Columbia 

People who use illicit substances are currently facing overlapping public health crises in Canada. 

In British Columbia for example, a public health emergency was declared in 2016 in response to 

a rise in opioid related overdoses, and the risk of harm is now compounded by the public health 

emergency of the COVID-19 pandemic (72). In response to the overdose emergency declaration 

in 2016, the British Columbia’s Ministry of Mental Health and Addictions (MMHA) developed 

the “Overdose Emergency Response Centre”, which sought to provide coordinated surveillance, 

monitoring and evaluation of the province’s response to the overdose (73). The OERC developed 

a set of essential health sector interventions to respond to opioid overdose and expand the system 

of care for people with opioid use disorder.  These included the scaling up of naloxone (an opioid 

antidote), of overdose prevention services (OPS), of acute overdose risk case management, and 

of “low-barrier” access to a “continuum of treatment and recovery programs for opioid-

dependence”, including oral and injectable opioids (74). 

 

Injectable opioid agonist treatment with diacetylmorphine is offered in a number of European 

countries (e.g., Germany, the Netherlands, Switzerland, Denmark), where it accounts for 

approximately 10% of all those enrolled in OAT treatments in each country (75). However, 

despite overwhelming evidence, few countries have adopted diacetylmorphine as part of their 

addiction treatment system due to regulatory (e.g. importing the drug) and political (e.g. public 

opinion, stigma toward people who use drugs) barriers (76-78). In Canada, injectable 

diacetylmorphine has been very slow to expand beyond the clinical trial setting, and only 

recently (in 2019) was expanded to approximately 30 patients at a clinic in Surrey, British 
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Columbia (a city neighbouring Vancouver). Hydromorphone however been more widely 

expanded and is currently (to our knowledge) offered in 10 clinics across Canada (in Alberta, 

British Columbia, and Ontario), 4 of which are in Vancouver. Nevertheless, all those that could 

benefit from treatment in Vancouver, BC, and Canada more broadly, have not yet been reached. 

For example, there were 598 applicants to the SALOME clinical trial in 2011, representing 

people living in or near Vancouver alone (79), and available spots for iOAT in Vancouver have 

not yet reached half of this number. Access to iOAT has remained a top priority for people who 

use drugs (80), and advocacy continues in Canada to offer patients access to a range of evidence-

based treatments across the continuum of care (81). 

 

In the absence of adequate expansion of effective treatment for opioid use disorder (82), harm 

reduction services have been scaled up to offer more immediate strategies to minimize the harms 

associated with the use of illicit drugs. For example, supervised consumption sites (SCS’s) have 

been operating in Canadian provinces under a Federal government exemption since 2016 (83). 

These sites provide a setting for people to consume substances under the supervision of nurses 

who are able to respond to adverse events, such as administering naloxone (an opioid antidote) in 

the case of an overdose (84, 85). Applications for certified SCS’s are cumbersome and in many 

cases, it has taken years for organizations to receive approval from federal, provincial, and local 

governments. As such, in 2017, the Canadian federal government began granting exemptions 

allowing temporary “overdose prevention services” (OPS) to operate to address “immediate 

community needs”. These sites were opened in neighbourhoods experiencing high rates of non-

fatal and fatal overdoses (83). In 2020, these “temporary” OPS sites remain in operation across 

the country, while activists and researchers continue to call on policy makers to expand treatment 



 10 

access. Harm reduction services have been credited with “keeping people alive” by offering a 

setting to reverse overdose, but do not respond to the poisoned street supply of drugs, nor to 

individuals’ broader desires for and rights to treatment support (80). 

 

As future efforts are made to provide patients with access to effective treatments for OUD, it is 

important to acknowledge that even when patients are engaged in care there are a number of 

factors that may complicate treatment outcomes. For example, patients may be experiencing 

housing instability, acute or chronic medical conditions, or engaging in the concurrent use of 

other substances, such as alcohol, benzodiazepines, or stimulants. Among people receiving 

treatment in OAT and iOAT settings, the concurrent use of cocaine has consistently been 

identified as highly prevalent, ranging between 30-80% (57, 60, 61) and in some cases has been 

deemed to undermine the effectiveness of OAT (86). As such, attention to the concurrent use of 

cocaine among patients receiving oral and injectable OAT will be critical to achieving treatment 

effectiveness for the high proportion of people with OUD that use cocaine.  

 

1.3.4 Cocaine use among people with opioid use disorder  

1.3.4.1 Prevalence, harms, and impact on opioid agonist treatment outcomes  

Cocaine is a central nervous stimulant with effects on a number of neurotransmitter systems. 

Across various routes of administration (e.g. snorted, smoked, injected) cocaine enters the 

bloodstream rapidly and achieves its main immediate psychological effect, or “high”, by 

increasing sympathetic arousal and dopamine and noradrenaline neurotransmitter activity (87, 

88). Cocaine has positive reinforcing effects such as increased alertness or energy, confidence, 

and euphoria, but it can also lead to agitation, chest pain, arrhythmia, convulsions, and 
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respiratory depression, as well as increased body temperature, heart rate, and blood pressure 

(89). Additionally, overall mortality is elevated among people who use cocaine as compared to 

the general population (90). Associated death by suicide (91) accidental injuries (92), and 

homicide (93) are similarly elevated among people who use cocaine.  

 

Over the past few decades the negative impacts of cocaine use among people with OUD have 

been well documented (86, 94-97). Among people who use opioids, cocaine use increases 

engagement with potentially risky income generating activities, including sex work, drug 

dealing, and property theft (98). The use of cocaine is also of particular concern for the spread of 

infectious disease. Given its short duration of action, injection can be frequent, and when 

coupled with sharing of injection equipment, has been shown to increase the risk of contracting 

bloodborne infectious diseases such as human immunodeficiency virus (HIV) (99-102). 

 

Cocaine use is also known to directly interfere with what are often the primary goals of OAT, 

namely, to reduce engagement with illicit opioid use and to retain people in treatment long-term. 

For example, the concurrent use of cocaine has been demonstrated to predict early treatment 

dropout (102, 103) and continued illicit opioid use (104), particularly among people reporting 

more frequent (34) or regular cocaine use (96). This finding is consistent across international 

settings, in clinical trials, and in observational studies. For example, a national study in the 

United Kingdom of nearly 15,000 individuals found that the reduction in number of days using 

heroin was significantly lower among people engaged in the concurrent use of crack cocaine 

(105). Furthermore, among a group of people receiving methadone as part of a clinical trial 

across 10 clinics in France, participants who regularly engaged in cocaine use were significantly 
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more likely to report opioid injection compared to participants who occasionally or never used 

cocaine (96). In Canada, an analysis of electronic medical records across 58 OAT clinics in 

Ontario (Canada’s most populous province) found that cocaine use was predictive of OAT 

dropout in both southern and northern regions of the province (34).  

 

Significant overlap exists in the profile of people receiving treatment for OUD with oral and 

injectable OAT. As such, the high rates of cocaine use and associated concerns for interference 

with treatment outcomes also exist in the iOAT setting. Data on iOAT comes primarily from 

clinical trials where the use of cocaine has been reported as a secondary outcome. This typically 

includes both the proportion of participants reporting cocaine use and the number of days of use 

in the prior month. These studies have taken different approaches to the collection of this data 

but have identified similar profiles of use. For example, in Canada, the North American Opiate 

Medication Initiative (NAOMI) trial tested the effectiveness of diacetylmorphine compared to 

methadone and collected cocaine use as a secondary outcome using urinalysis. Data were 

presented as the proportion of positive results among the total tests performed per drug, per 

patient. On average, the proportion of positive urine for cocaine metabolites at baseline was 81% 

(106). In the German trial comparing diacetylmorphine and methadone, the presence of cocaine 

use was identified by measuring the cocaine concentration found in hair samples and was 

confirmed by urine testing and self-reported data. Cocaine use was identified in more than 70% 

of participants at baseline (107). In the Dutch clinical trial comparing injectable 

diacetylmorphine to oral methadone, cocaine use was self-reported and urine samples were 

collected. These two data sources reflected high overall agreement, for example at 12-months, 
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64.4% of participants reported the use of cocaine and 76.8% of urine samples were positive for 

cocaine (63).   

 

Importantly, across all of these settings the baseline use of cocaine was prevalent (>70%). While 

the proportion of participants engaged in the use of cocaine was high, so too was the frequency 

of use. For example, at baseline in the Dutch trial, participants reported on average more than 18 

days of cocaine use in the prior month and had, on average, been regularly using cocaine for 

more than 10 years (108). This echoes the cocaine use profiles presented in other iOAT clinical 

settings, including those in Canada, the United Kingdom, and Germany. Here, participants 

reported approximately 15 days of prior month crack cocaine use and between 5 to 15 years of 

regular lifetime cocaine use at baseline (58, 61, 109). The use of cocaine has posed a significant 

concern to treatment outcomes in iOAT, such that in some iOAT trials the use of cocaine is 

considered in the definition of treatment “responders”, where reductions in illicit opioid use must 

not come at the expense of an increase in cocaine use (58). 

 

While prior concerns have been raised about potential increases in cocaine use when patients 

have access to a stable OAT medication (and thus no longer need to purchase illicit opioids), 

these concerns have not been confirmed. Instead, most iOAT settings have observed either no 

change or modest declines in cocaine use.  Nevertheless, the ongoing use of cocaine predicts 

poor iOAT outcomes, including early treatment discontinuation (110). Further research is 

required to identify and explain associations with cocaine use among iOAT patients, both at 

baseline and across iOAT engagement. Such findings could inform efforts to improve the 

effectiveness of treatment for opioid use disorder among people who use cocaine.  
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1.3.4.2 Exploring patterns of use and associations with use over time 

The use of cocaine in iOAT has typically been studied through the duration of active treatment 

offered in clinical trial settings, typically between 6-12 months. Where cocaine use has been 

studied longer term, it has been identified that reductions in use continue over time. For example, 

in the Netherlands, an analysis of cocaine use was conducted among those retained in treatment 

for four years (n=83). The absence of cocaine use was only identified among 20% of these 

participants at baseline; however, this doubled to 40% at 2-year follow-up and 50% by the 4-year 

follow-up (110). The Swiss Program for Medical Prescription of Heroin (1994-96) similarly 

found high rates of cocaine use among patients at baseline, and identified significant reductions 

in cocaine use among those that remained retained in treatment for 18 months (111).  

 

Measures of cocaine use collected over longer durations can be informative as to how cocaine 

use may change for the population of patients engaged in iOAT long-term, although it is 

important to note that the interpretation of trends may require caution and consideration of 

potential heterogeneity within the sample. For example, prior studies of cocaine use in oral OAT 

have highlighted nuances in their findings of cocaine use over time. A prospective study of 

treatment outcomes among people receiving oral methadone in the United Kingdom found no 

change in crack cocaine use over 5 years. Further inquiry revealed that among those reporting 

crack cocaine use at intake, levels of use were reduced by more than half, but there was a gradual 

increase in use over time among those not reporting crack cocaine use at baseline (112). Another 

study explored cocaine use at baseline and 18 months post treatment among people receiving 

oral methadone and found approximately 50% of participants reported cocaine use at both 

timepoints. Subsequent analyses revealed an overall increase in crack cocaine use that was offset 
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by declines in the use of cocaine powder and ‘speedball’ (i.e. combined opioid and cocaine 

powder) (113). These and other studies suggest the importance of analyses that can identify and 

explain the heterogeneity of patterns of use, considering that change in cocaine use over time 

may differ from one person to the next. 

 

In the iOAT setting, cocaine use has been explored among some subgroups, allowing for the 

determination of between-person differences in use. For example, the Canadian and German 

trials have explored outcomes by gender and have found that on average, women use more 

cocaine compared to men (114, 115). Some studies have also extended beyond demographic 

factors to consider the role of broader social-structural factors in participants’ engagement in 

cocaine use. For example, in the United States, the snorting of cocaine powder has been found to 

be present among more “socially integrated” users (e.g. people who use the drug in recreational 

or nightlife settings), while the use of crack cocaine has been identified as most prevalent among 

more “socially marginalized” groups (e.g. people who have lower educational attainment) (116, 

117). Similarly, in the United Kingdom, past year cocaine use was reported by 2.6% of the 

general population in 2018, however the use of crack cocaine made up only 0.1% of use in the 

general population (118). This has been similarly identified in Canadian studies, and specifically 

in Vancouver’s Downtown Eastside, where evidence suggests that the use of crack cocaine 

intersects with a number of structural factors including income, housing, and interpersonal 

relationships (119-121). In considering the ongoing use of cocaine in iOAT, examining specific 

demographic profiles along with socio-structural factors such as participants’ treatment access 

patterns and social relationships might help identify risk profiles for cocaine use. In addition, 

there are other potentially important differences between people that could help to understand 
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patterns of cocaine use. Associations found in iOAT trials to date can offer hints of potential 

associations to be explored. For example, participants reporting more “heavy” and regular use of 

cocaine at baseline have been shown to be more likely to dropout from iOAT (107). This 

suggests the importance of focusing more attention on participants’ cocaine use histories to 

further understand participants’ current or recent use of cocaine, and their experiences and 

outcomes in iOAT. 

 

1.3.4.3 Interventions for the treatment of cocaine use disorder 

Given the high rates of concurrent cocaine use among people with OUD and concerns for 

interference with OAT outcomes, researchers have been focused on investigating the role of 

pharmacological and psychosocial treatments for cocaine use disorder in OAT. Psychostimulant 

medications are known to have pharmacological effects that are similar to the stimulant 

substance being used by the patient; however, these are taken orally and on a daily basis. These 

medications produce either minimal or no psychoactive effects and thus patients tend to develop 

tolerance to the stimulant’s psychological and physical effects (122). The Cochrane 

Collaboration has summarized the evidence of effectiveness for a number of psychostimulants 

including bupropion, dextroamphetamine (American spelling), lisdexamfetamine, 

methylphenidate, modafinil, mazindol, methamphetamine, mixed amphetamine salts and 

selegiline on cocaine use. Randomized, double-blind placebo-controlled trials included in the 

Cochrane review found that people receiving dextroamphetamine had significantly fewer 

positive urine tests for cocaine metabolites (123), and found significant reductions in self-

reported cocaine use, cocaine craving, criminal activity, and cocaine dependence severity (124). 

Further, a recent meta-analysis has identified that prescribed psychostimulant drugs such as 
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dextroamphetamine and methylphenidate, when given in robust doses, have a “clinically 

significant beneficial effect” in promoting abstinence among people with psychostimulant use 

disorder, specifically people with cocaine use disorder (125). 

 

It has been acknowledged that interventions that are effective for cocaine use in the general 

population may not be as effective for people who use cocaine and have concurrent OUD (86). 

In the treatment of stimulant use disorder more broadly, a diversity of treatment responses are 

acknowledged and expected depending on differences within and between the patient population 

(e.g. stimulant type, route of administration, frequency and severity of use, concurrent 

conditions) (126). As such, clinical trials have been conducted within OAT and iOAT settings. 

Evidence supporting the treatment of cocaine use disorder in iOAT has come from a clinical trial 

of slow-release (SR) dextroamphetamine (127) conducted in the Netherlands and published in 

2016. Participants receiving SR dextroamphetamine were found to have more days of cocaine 

abstinence, longer periods of consecutive abstinence, greater reductions in the number of days of 

use, and a higher proportion of cocaine negative urine screens when compared to participants 

receiving placebo. Treatment adherence was high and was described as likely related to the 

setting, where patients were already making daily visits to the clinic for iOAT (127). 

 

Psychosocial interventions have also been tested for the treatment of cocaine use disorder among 

patients with OUD. The psychosocial interventions that have been found to be most efficacious 

for stimulant use disorder are cognitive behavioural therapy (CBT) and contingency management 

(CM) (128, 129). CBT includes a range of psychosocial interventions that focus on examining 

the relationship of substance use related feelings, thoughts, and behaviors. Patterns of thinking 
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are explored and interventions focus on modifying this thinking to improve coping skills (130, 

131). CM approaches seek to change behaviors related to substance use by using rewards or 

reinforcement procedures, based on the principle that when positive behaviors are rewarded they 

are likely to increase over time (132). These approaches have been tested and found to be 

effective as add-on interventions to the treatment of cocaine use disorder in structured treatment 

settings. For example, among people receiving diacetylmorphine, contingency management has 

been found to be an effective add on intervention to promote longer periods of abstinence from 

the use of cocaine (133).  

 

While on their own, psychosocial interventions for cocaine use disorder have not proven to have 

strong overall effectiveness long-term, efforts are ongoing to understand the potential benefits of 

these interventions when integrated with pharmacological treatments (122, 134). There are 

however barriers to implementing such integrated treatments, including limited resources and 

trained care providers, poor integration of substance use disorder treatments within health 

services, and ongoing stigma and discrimination toward people who use cocaine. Additionally, 

further research on effective implementation approaches is required in order to guide the scaling 

up of evidence-based combined pharmacological and psychosocial treatment approaches for 

cocaine use disorder (122, 125). As such, ongoing efforts to understand the use of and 

experiences of people who use cocaine remain important in improving and advancing care for 

people with cocaine use disorder.  
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1.4 Study rationale 

Studies have reliably shown that the prevalence of cocaine use is high among people receiving 

treatment for OUD (95, 96, 102, 110, 135, 136). Cocaine use however has been primarily 

explored as a secondary outcome in iOAT studies, given iOAT trials focus on testing and 

demonstrating the effectiveness of the injectable opioid medication. As such, some descriptive 

accounts of cocaine use have been provided, but a number of gaps remain in understanding the 

use of cocaine in this setting. The following four gaps were identified in the existing research 

that could contribute to ongoing efforts to develop an effective public health response for people 

who use cocaine and opioids in British Columbia.  

 

First, the changes in patients’ lives that occur upon receiving access to iOAT have been explored 

with qualitative methods (137, 138). However, to our knowledge, the use of cocaine has not been 

investigated qualitatively among patients receiving iOAT. Substance use research is increasingly 

acknowledging the importance of listening to people with lived experience. As such, there is a 

need for researchers to engage in qualitative approaches to inquiry that involve direct 

engagement with participants. Such an inquiry can offer an approach to analysis for the 

dissertation that is directed by participants, increasing the potential relevance and significance of 

study recommendations to people engaging in the concurrent use of stimulants and opioids (139). 

 

Second, descriptive accounts of the proportion of people who use cocaine, or number of days of 

cocaine use have been outlined in iOAT studies. Furthermore, a handful of studies have 

identified demographic profiles of people who use cocaine. For example, the use of cocaine has 

been identified as more prevalent among women compared to men in both Canadian and German 
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iOAT studies (114, 140). Nevertheless, there is further potential heterogeneity in cocaine use to 

be identified and described in the iOAT setting in Vancouver, where the use of crack cocaine 

(smoked) is most commonly reported, but cocaine powder (injected) is also observed. This offers 

an opportunity to identify particular variables (e.g. demographics, health, drug use, housing, 

social relationships, income source) attached to these different types of cocaine use that have not 

previously been well characterized among iOAT patients. 

 

Third, while some studies point to modest declines or no change in cocaine use while engaged in 

iOAT (i.e. no increases in cocaine use), others have suggested that the use of cocaine might 

remain high, interfere with iOAT outcomes, and result in early treatment discontinuation (110). 

These findings point to the potential heterogeneity in the relationship between cocaine use and 

iOAT engagement across patients. Therefore, there is a need to examine the heterogeneity in 

patterns of use over time. This is possible with longitudinal data, where observations are 

available for individuals, collected at multiple points over time. Each individual’s trajectory can 

be examined to identify intra-individual (within-person) change over time and can be compared 

to the overall sample mean trajectory to quantify the extent of individual variation around the 

sample mean (between-person). 

 

Lastly, it is important not only to identify and describe heterogeneity, but also to explain its 

source. For example, it is possible that characteristics relative to participants’ substance use 

history will explain their current substance use (141, 142). Prior studies suggest overall modest 

declines in cocaine use in iOAT, although this might not apply to all individuals, as some might 

reduce their cocaine use and others will not. Identification of characteristics related to particular 
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patterns of cocaine use (e.g. variations in the starting point and rate of change over time) are 

relevant for planning interventions for people who use cocaine. For example, these findings 

could support care providers in adjusting care to meet the diverse needs of each iOAT patient.  

 

The use of a combined qualitative and quantitative approach can contribute critical information 

with respect to the use of cocaine among people receiving iOAT. This will be particularly 

important as treatment with iOAT continues to be scaled up to inform the provision of care to 

patients reporting the concurrent use of opioids and cocaine in British Columbia.  

 

1.5 Study objectives 

The present study takes a multi-method approach, making use of qualitative (Objective 1) and 

quantitative (Objectives 2,3,4) methods to generate analyses that respond to the following 

objectives:  

Objective 1: To explore the processes by which iOAT patients engage in the use of cocaine.  

Objective 2: To characterize the profile of participants’ study visits where cocaine use is 

reported over 24-months, differentiating the use of crack cocaine, cocaine powder, use of both 

crack cocaine and cocaine powder, and any cocaine use (crack cocaine and/or cocaine powder). 

Objective 3: To describe intra-individual change in cocaine use over 24 months.   

Objective 4: To explain intra- and inter-individual variation in cocaine use over 24-months (i.e. 

within-person change in use over time, and between-person differences in baseline use and in the 

rate of change).  
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Chapter 2: Methodology 

The candidate (H.N.P) conducted the study within the existing research framework of the 

SALOME study, a clinical trial involving people with long-term opioid use disorder (OUD) in 

Vancouver, B.C. Analyses presented in the dissertation combine both primary and secondary 

data sources. Qualitative data were a primary source, and were interpreted with the support of the 

candidate’s supervisory committee. The candidate developed and adjusted the topic guide, 

conducted the 31 in-depth one-on-one interviews, performed transcription, and coded and 

analyzed the data. The qualitative data were collected between 2017-2018, after the SALOME 

study (2011-2016) was finished, and thus participants were recruited from the Research on the 

Utilization of Therapeutic Hydromorphone (RUTH) study (2016-2019). RUTH was a Canadian 

Institutes of Health Research funded cohort study that followed former SALOME participants as 

they received hydromorphone or diacetylmorphine as part of a treatment program (and not a 

clinical trial). 

 

The quantitative data were a secondary data source, derived from the SALOME research and 

clinical databases. The SALOME clinical trial study design, visit timeline, and study measures 

were designed by the study Investigators. These include members of the candidate’s supervisory 

committee, Dr. Eugenia Oviedo-Joekes (Supervisor), SALOME study Principal Investigator, and 

Dr. Martin Schechter (Committee Member), SALOME study co-Investigator and Principal 

Investigator of the North American Opiate Medication Initiative (NAOMI) study (2005-2008). 

NAOMI was the first trial of injectable opioid agonist treatment in North America and was 

followed by the SALOME study (2011-2016). SALOME study questionnaires were collected on 

paper and entered into a database by study Research Assistants. Through collaborative meetings 
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between the Principal Investigator, Database Programmer, Statistician, Research Evaluations 

Coordinator and Research Assistants, decisions about data cleaning and data quality were made. 

The candidate was involved in these meetings and in the process of data collection, data entry, 

and data cleaning as a Research Assistant on the SALOME study (2013-16). The candidate 

independently conducted all statistical analyses and carried out additional data cleaning and 

integration for the presented analyses supported by the Principal Investigator, Research 

Evaluations Coordinator, and Statistician. This chapter describes the study design and measures, 

approaches to qualitative and quantitative data collection, analysis, and ethical considerations. 

 

2.1  SALOME study methods 

2.1.1 SALOME study participants and setting 

Downtown Eastside of Vancouver 

Participants in the present study were receiving treatment at the Providence Health Care 

Crosstown Clinic in the Downtown Eastside of Vancouver (DTES). The DTES is one of 

Vancouver’s oldest neighbourhoods and has a history connected to Indigenous communities 

including the Musqueam and Squamish First Nations. Both Japanese and Chinese people also 

have historical and cultural connections to the DTES, with settlements in the areas of Powell 

Street and Chinatown.  

 

Residents of the DTES face vulnerabilities closely tied to the conditions of poverty, including a 

lack of access to adequate and affordable housing, unemployment, poor nutrition and health, and 

risks to safety. As compared to the City of Vancouver and province of British Columbia more 

broadly, the population of the DTES has a community profile that is unique. For example, 
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Indigenous people are overrepresented, making up approximately 10% of the population in the 

DTES, but only 2% in the city of Vancouver and 4.9% of the Canadian population (143). 

Furthermore, as in other urban settings (144), rates of illicit substance use, non-fatal and fatal 

overdose remain higher than in other neighbourhoods in Vancouver, in BC, and in Canada (145). 

Nevertheless, the neighbourhood benefits from significant community connectedness, links to 

cultural heritage, a diversity of health and social services, and the resiliency of community 

members (146). 

 

On a global scale, Vancouver has been deemed one of the most livable and wealthiest cities. City 

leaders have acknowledged that Vancouver is in a position to “set the bar” on global best 

practices for addressing social problems seen in the Downtown Eastside (147, 148). The city has 

therefore led North America in its response to health and social disparities, including on 

substance use. For example, the first supervised injection site in North America was opened in 

the DTES of Vancouver in 2003 (149). Additionally, since 2005, the Providence Health Care 

Crosstown Clinic in the DTES has served as the site of two clinical trials testing the effectiveness 

of treatment with injectable opioids for people with OUD (NAOMI and SALOME). These trials 

have facilitated the introduction of these medications to Canada, raising the possibility that they 

will be prescribed outside of these clinical trial settings. Since this evidence has been put 

forward, the Government of Canada has taken substantial steps to improve access to these 

medications by removing barriers to diacetylmorphine prescribing and by giving injectable 

hydromorphone an indication as a treatment for OUD so that it does not need to be prescribed 

“off label” (i.e. prescribed for a condition other than one it is indicated for) (150). 
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Providence Health Care Crosstown Clinic 

The Providence Health Care Crosstown Clinic has been in operation since 2005 when it began as 

the site of the NAOMI clinical trial, which tested the effectiveness of injectable 

diacetylmorphine compared to oral methadone for the treatment of OUD. In 2011, the clinic 

continued on as the site of the SALOME clinical trial, testing whether injectable hydromorphone 

was non-inferior to diacetylmorphine. As a result of the evidence from these trials, and the 

leadership of Province Health Care, both diacetylmorphine and HDM continue to be prescribed 

today to patients at the Crosstown Clinic as part of a treatment program.  

 

The clinic is located in the DTES and in close proximity to the residences of many of the clinic’s 

patients. Crosstown Clinic patients visit the clinic daily to self-administer injectable 

diacetylmorphine or hydromorphone. Nurses are on site to observe patients and ensure their 

safety before and after taking the medications (e.g. checking for signs of intoxication). Patients 

can connect with additional comprehensive on-site services including nurse practitioners and 

social workers, and can be referred to other care providers including psychiatrists, counsellors, 

and dieticians.  

 

The clinic strives to offer patients a safe and welcoming environment and operates with a shared 

code of patients’ rights and responsibilities, which was collectively developed by patients and 

care providers, that outlines a standard for client and care provider behaviour. At Crosstown 

Clinic, patients are active partners in decisions relating to their care, and are involved in 

decisions about their dosing to ensure that it is both safe and effective.  
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SALOME study participants 

The SALOME study participants were people who were currently injecting opioids and had two 

prior treatment attempts, including at least one previous episode of OAT, at baseline prior to 

beginning to receive iOAT (151).  Eligible participants for the SALOME study were recruited 

between December 2011 and December 2013 and were aged 19 and older residing in the greater 

Vancouver area (Canada). Exclusion criterion included diagnosis of severe medical or 

psychiatric conditions that were contra-indicated for DAM or HDM. These included; bipolar 

mood disorder, schizophrenia or other psychotic disorder with active psychotic symptoms 

refractory to medical management within the past 6 months, and major depression requiring 

electroconvulsive therapy within the past 12 months (152).  

 

2.1.2 SALOME study design  

The SALOME study was a two-phase, single-site (Vancouver, Canada) phase III, double blind, 

non-inferiority randomized controlled trial involving a total of 202 participants who were not 

benefiting from available treatments at the time of enrolment. Phase I was a six-month non-

inferiority trial comparing injectable hydromorphone to injectable diacetylmorphine, where visits 

were conducted at 3 and 6 months following the baseline visit. Phase II was a six-month trial and 

tested whether participants would equally benefit from a switch to oral formulations. Phase II 

visits were conducted at 9 and 12 months after baseline. Visits continued after the administration 

of the active clinical trial treatment at 18 and 24 months following baseline.   
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Figure 2.1 SALOME planned study design  

 

Footnote: HDM=hydromorphone: DAM=diacetylmorphine. Figure retrieved from the SALOME Study Final Report to Health Canada (152) 
 

Randomization  

Randomization was performed using a block randomization technique with variable block size 

using prepared tables at the Data Centre in PHC’s St. Paul’s Hospital in Vancouver. When a 

participant was randomized, members of the Research Team communicated this via email to the 

Pharmacist, Clinic Coordinator and Physician. The Pharmacist then accessed the participant’s 

++
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treatment assignment through the study database and then prepared the study medications, and 

because the study was double-blinded, only they were able to see treatment assignment. Couples 

were randomized together to the same arm and randomization was stratified by sex (male or 

female).  

 

Randomization of eligible participants into Phase II occurred upon completion of Phase I, 

meaning that treatment assignment for Phase II was unknown during Phase I. Phase II 

randomization was stratified based on Phase I allocation (DAM or HDM).  Randomization was 

carried out as per Phase I, with the same strata (sex; couple). However, at this phase, participants 

either continued on injectable medication or switched to oral medication. The research team and 

clinical team communicated following the same procedure outlined for Phase I randomization. 

The pharmacy prepared visually identical oral liquid in bottles to maintain the double-blind 

within medications in the oral arm. 

 

Intervention  

In Phase I, a total of 102 participants were randomly assigned to receive injectable 

diacetylmorphine (diacetylmorphine hydrochloride, DiaMo Narcotics) and 100 to receive 

injectable hydromorphone (MacFarlan Smith and Sandoz Inc.). Identically coded, 

pharmacologically equivalent multi-dose vials and pre-filled syringes were prepared by the 

pharmacy, allowing blinded dose adjustment by physicians and nurses. Doses were prescribed in 

DAM-equivalent mg (DAM-equivalent =2:1 ratio for DAM:HDM), based on prior experience 

from the NAOMI trial (153). 

 



 29 

In Phase II, participants were randomized to continue receiving either oral or injectable versions 

of the same medication they received in Phase I. Phase II was stopped for futility. It was deemed 

highly unlikely for the non-inferiority of the oral compared to injectable arm to be concluded and 

clinical deterioration for those switched to oral after being stabilized on injectable treatment for 

the previous six months was witnessed. At the time Phase II was stopped, 144 participants had 

been randomized to either oral (51.4%; n=74) or injectable (48.6%; n=70) versions of the 

medications they received in Phase I.  Of the 144, 97 (67.4%) reached the end of their Phase II 

treatment before Phase II was stopped. Of the 58 participants not randomized, 32 were not 

randomized due to Phase II having stopped, and 26 were not randomized due to having dropped 

out prior to Phase II randomization. Reasons for dropout prior to Phase II included death (n=2); 

incarceration (n=3); behavior (n=3); voluntary transfer to MMT (n=8); voluntary transfer to 

recovery (n=2); pregnancy (n=1); personal reasons (n=4); disliked the drug (n=2); lost to follow-

up (n=1).  

 

Study timeline and treatments received 

The study clinic did not have capacity to start all 202 participants at once. As such, rolling 

enrolment was carried out. In referring to the study timeline (See Figure 2.2) it can be seen that 

participants started Phase I treatment between January 2012 and December 2013. Due to this 

rolling enrolment, and additional recruitment interruptions, specific visits (e.g. 9-month 

interview, reflecting 9 months since a participant’s baseline interview and treatment start) were 

collected across a range of calendar months and years. This meant that participants were situated 

in different political and logistical environments at each of their visits. For example, the 9-month 

visit spanned September 2012 to September 2014. Post-trial open label injectable HDM became 
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available April 2014, and post-trial open label injectable DAM became available November 

2014. As such, the participants who enrolled in the trial later, had access to these treatment 

options at the end of the trial period, while a participant that began Phase I treatment earlier (e.g. 

January 2012) and completed Phase II treatment earlier (e.g. January 2013) would not have had 

immediate access to these treatments post-trial.  

 

Table 2.1 presents the proportion of participants receiving each treatment at each time-point, and 

Table 2.2 presents the average number of prior month days each treatment was received. When 

participants completed their 3-month and 6-month visits, they were receiving either injectable 

HDM (46.19%) or injectable DAM (46.70%), reflecting their Phase I treatment. After Phase I 

however participants no longer accessed treatment “per-protocol”, given Phase II was stopped 

for lack of effectiveness before all participants were randomized to Phase II treatments. At the 

time Phase II was stopped, half of the participants remaining in the trial (n=97) had reached their 

12-month visit (i.e. completed their oral phase during the visit period) (152). The other half 

(n=97) had not yet reached their 9- or 12-month visit. When they did complete these visits (i.e. 9 

and 12-months), they were receiving other treatments (not as part of the Phase II protocol) 

available at the clinic (i.e. open label oral HDM, or injectable DAM or HDM) as capacity 

allowed.   

 

The proportion of participants receiving any injectable or oral HDM or DAM was reduced to 

approximately 30% at the 18-month visit (See Table 2.1) given participants left the clinic after 

Phase II to make space for participants still completing the trial. By the 24-month interview 

nearly 60% of participants were receiving oral or injectable HDM or DAM as participants were 
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being invited back to the clinic (Fall 2015- early 2016) until clinic capacity was reached (See 

Table 2.1). Oral methadone was available at any point, and retention in oral methadone is 

explored in sensitivity analyses presented in Chapter 5. 
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Table 2.1 Participants receiving hydromorphone or diacetylmorphine over the 24-month study period  
 T3 T6 T9 T12 T18 T24 
 N=197 N=198 N=195 N=194 N=189 N=181 

 N (%) 
 

N (%) 
 

N (%) 
 

N (%) 
 

N (%) 
 

N (%) 
 Any injectable or oral treatment 

 
183 (93.0) 180 (90.9) 155 (79.5) 134 (69.1) 59 (31.2) 105 (58.0) 

Any injectable treatment 
 

183 (92.9) 180 (90.9) 99 (50.8) 95 (49.0) 59 (31.2) 81 (44.8) 
Injectable DAM 
 
 

91 (46.2) 90 (45.5) 48 (24.6) 34 (17.5) 20 (10.6) 48 (26.5) 
Injectable HDM 
 

92 (46.7) 90 (45.5) 51 (26.2) 63 (32.5) 44 (23.3) 41 (22.7) 

Any oral treatment 0(0) 0(0) 58 (29.7) 40 (20.6)  0(0) 32 (17.7) 

Oral HDM 0(0) 0(0) 28 (14.4) 18 (9.3) 0(0) 32 (17.7) 

Oral DAM 0(0) 0(0) 31 (15.9) 22 (11.3) 0(0) 0(0) 
 
Footnote HDM= hydromorphone; DAM= diacetylmorphine. T= visit number. HDM and DAM were not administered at baseline and thus T0 is not included in the table. Note: After T6, participants 
could contribute to more than one group at one time point(i.e. they could switch treatments), receiving for example some days of injectable HDM and some days of oral HDM. 

Table 2.2 Days receiving hydromorphone or diacetylmorphine over the 24-month study period  
 

 T3 T6 T9 T12 T18 T24 
 N=197 N=198 N=195 N=194 N=189 N=181 

 
Mean ± SD  

 
Mean ± SD  

  
Mean ± SD  

  
Mean ± SD  

 
Mean ± SD  

  
Mean ± SD  

  
Any injectable or oral treatment 26.70 ± 8.19 25.57 ± 9.51 21.43 ± 12.43 18.54 ± 13.54 8.90 ± 13.46 15.22 ± 14.01 

Any injectable treatment 26.69 ± 8.19 25.57 ± 9.51 13.77 ± 14.36 13.18 ± 14.29 8.90 ± 13.47 12.11 ± 14.28 
Injectable DAM 
 
 

13.41 ± 14.62 12.83 ± 14.52 6.66 ± 12.20 4.48 ± 10.52 2.51 ± 7.85 6.86 ± 12.27 

Injectable HDM 13.28 ± 14.53 12.74 ± 14.43 7.10 ± 12.35 8.71 ± 13.06 6.39 ± 11.87 5.26 ± 10.80 

Any oral treatment 0 0 7.67 ± 12.65 5.36 ± 10.99 0 3.11 ± 7.60 

Oral HDM 0 0 3.58 ± 9.52 2.55 ± 8.11 0 3.11 ± 7.60 

Oral DAM 0 0 4.09 ± 9.93 2.81 ± 8.33 0 0 
 
Footnote HDM= hydromorphone; DAM= diacetylmorphine; ±SD=standard deviation. T= visit number; HDM and DAM were not administered at baseline and thus T0 is not included in the table. Note: 
After T6, participants could contribute days to more than one group at one time point (i.e. they could switch treatments), receiving for example some days of injectable HDM and some days of oral 
HDM.  
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Setting 

The medications were self-administered under supervision of Registered Nurses at the 

clinical trial site, the Providence Health Care Crosstown Clinic. Medications were not 

allowed to leave the injection room. Participants could receive up to three doses per day, 

up to 400 mg per dose or up to 1,000 mg per day of medication (DAM-equivalent). 

Intravenous injection was only allowed in the upper extremities and intramuscular 

injections were allowed in thighs and gluteals. At any time, in consultation with the study 

physician, participants could add oral methadone to their care. Participants had access to 

Registered Nurses, Addiction Counsellors, Social Workers, Physicians and allied health 

professionals on site. 

 

Treatment transitions 

Participants could choose to transition to other treatments (i.e. medically assisted 

treatments such as oral OAT, or community residential treatments) at any point during 

the study and were supported by the clinical team to make these transitions. When space 

became available at the clinic, study participants were gradually transferred to receive 

injectable HDM after finishing their study treatments, until the clinic reached capacity.  

Physicians also applied, on a case-by-case basis to Health Canada’s Special Access 

Programme (SAP) to be able to continue to prescribe injectable DAM to patients. As 

such, by late 2014, when post-trial DAM arrived in the clinic, patients had access to the 

following opioids for OAT: oral methadone, oral buprenorphine, slow release oral 

morphine, injectable hydromorphone, injectable diacetylmorphine and oral liquid 

hydromorphone. Given participants had begun the SALOME trial at different times 
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(rolling enrolment), a timeline is presented to reflect both calendar time and SALOME 

study time (i.e. baseline to 24-months) as well as key events relating to the study and 

provision of post-trial treatment (See Figure 2.2).
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Figure 2.2 Timeline of key political and study events 

Footnote: BC= British Columbia; HDM=Hydromorphone; DAM= Diacetylmorphine; The timeline begins December 28th 2011, the day the first participant completed their baseline SALOME interview 
and ends February 17th 2016, the day the last participant completed their 24-month interview. Blinded treatment refers to treatment during the clinical trial, both participants and care providers were 
blinded. Open label refers to unblinded treatment outside of the clinical trial context. SAP= Special Access Programme: Program through which Health Canada granted access to treatment with 
injectable DAM at the end of the trial. The pause to recruitment in 2012 was due to a national HDM drug shortage. 
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Data collection  

All collection of self-reported outcomes data occurred in a face-to-face, fully confidential 

interview setting at the research office. Trained field research interviewers who were not 

part of the clinical treatment team conducted the interviews with participants. The clinical 

team did not have access to any research data. To maximize the completion of the 

research evaluations study participants were compensated with a stipend of $25 for 

participating in each interview. The financial compensation was in place for research 

follow-up and not for treatment compliance. It was made clear that participants’ treatment 

status had no impact on their participation in the research portion of the study.  

 

Visits were conducted at baseline, prior to receiving treatment, and 3,6,9,12,18, and 24-

months after baseline. A number of strategies were put in place to promote high follow-

up rates. The team collected comprehensive contact information and updated this at each 

visit (e.g. addresses, phone numbers, consent to leave messages at other visited agencies). 

Public court records were also used to identify participants who might be incarcerated, 

and clinical records were used to identify hospitalized participants. The outreach team 

maintained a strong and consistent presence in the community since the prior clinical trial 

(NAOMI), which helped to improve rapport and maintain follow-up, even with 

participants who had discontinued treatment. Ethical approval was obtained prior to any 

data collection, the SALOME study was approved by the PHC/UBC Research Ethics 

Board (H09-01455). 
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RUTH Study  

At the end of the SALOME study, trial participants continued to receive open label 

hydromorphone and diacetylmorphine as part of a treatment program (and not a clinical 

trial) at the Crosstown Clinic. The Research on the Utilization of Therapeutic 

Hydromorphone (RUTH) (2016-2019) study aimed to test the effectiveness of HDM 

when offered open label, and not as part of a double-blind clinical trial (66). The 

qualitative study conducted as part of the dissertation was carried out during the period of 

RUTH data collection, and thus former SALOME participants were recruited from the 

RUTH study to take part in this qualitative study.  
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2.2 Dissertation methods 

2.2.1 Multi-method approach 

The terminology used to refer to qualitative and quantitative research approaches has 

been identified as a “turbulent landscape” (154), with a  number of conceptually 

overlapping or vague terms used, including mixed method(s) research, multi-method 

research, mixed methodology, methodological triangulation, integrated research, and 

mixed research (155). These terms came about following mixed and multi-method studies 

being published in the early 2000’s. These studies addressed conceptual and practical 

issues in applied and basic research however, at the time, the rigorous use of procedural 

terminology was not prioritized and has therefore contributed to confusion and the 

blurring of concepts (156).  

 

Efforts have been made in recent years to offer more clear definitions, focusing on the 

distinction between mixed and multi-methods approaches to research (155, 157). Multi-

method research studies have been outlined to reflect the pragmatic efforts of researchers 

to use the best possible methods to address a common overall research goal (158). In the 

present study, there were distinct qualitative and quantitative objectives, and the overall 

research goal was to explore the processes and patterns of cocaine use among iOAT 

patients. The hallmark feature of multi-method studies is the co-existence of different 

methodologies (159). These multiple methodologies are each meant to be used as a 

means of offering possible solutions to one another’s limitations or problems (160). For 

example, with a robust dataset collected as part of a clinical trial, I had access to 

quantitative data allowing for the examination of patterns of cocaine use, and a range of 
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possible predictors of these patterns. While prior literature offered directions relative to 

domains of interest, further direction was required to inform the selection of specific 

variables of interest from within each of these domains from the available clinical trial 

data. Qualitative one-on-one interviews were carried out, and findings were used to 

inform the selection of variables of interest to explore as related to cocaine use in the 

quantitative analyses that followed. 

 

From a methodological perspective a multi-method approach differs from a mixed 

methods approach in that mixed methods studies expect the integration and mixing of the 

information contained in the qualitative and quantitative data (155).  Multi-method 

research has been distinguished from mixed methods research in terms of the point of 

integration. Multi-method research for example uses different approaches or methods in 

parallel or in sequence but does not integrate these data sources until inferences are made 

(161). In the present study, findings from both the qualitative and quantitative 

components are integrated at the stages of interpretation to develop study 

recommendations, however data are not further integrated. For example, qualitative data 

is not quantified and the quantitative trajectories are not directly explored in relation to 

the concepts participants discussed in the one-on-one interviews. As such, the presented 

dissertation analyses align well with recent definitions of a multi-method study. The 

methodological approach to the qualitative study (Chapter 3) is further outlined in 

Section 2.2.2 and quantitative approach (Chapters 4,5) is outlined in Section 2.2.3.   
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2.2.2 Qualitative methodology 

2.2.2.1 Qualitative setting and participants 

Participants of the qualitative study were former SALOME trial participants and at the 

time the interviews were conducted, were taking part in the RUTH study. The only 

additional inclusion criterion for the study was the reporting of cocaine and/or crystal 

methamphetamine use. The study started by recruiting only participants recently 

reporting cocaine use (i.e. crack cocaine or cocaine powder), but it was extended to also 

include those reporting the concurrent use of crystal methamphetamine or a transition 

from cocaine to crystal methamphetamine use. This decision and approach to recruitment 

and sampling is further outlined in Chapter 3. All qualitative interviews were carried out 

at the SALOME/RUTH research office. The research office offered a comfortable, 

familiar and convenient space for participants, as it was the site at which the RUTH and 

SALOME interviews were conducted, in addition to being in close proximity to the 

Crosstown Clinic, which participants visited daily. 

 

2.2.2.2 Qualitative data collection  

This study was guided by a grounded theory approach. Grounded theory seeks to build an 

inductive understanding of processes as they unfold (139). The collection of data was 

guided by insights that emerged from early interviews, rather than by developing research 

questions and hypotheses from existing theories. This was suited to the study of stimulant 

use in iOAT, given a lack of prior studies on this topic meant that no starting point 

existed from which to build focused hypotheses or research questions. 
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Semi-structured one-on-one interviews were carried out between June 2017 and March 

2018. Participants were recruited by telephone or in person upon completion of the 

RUTH study follow-up interviews, where the study aims and procedures were explained 

to them. A subsequent appointment was made with interested participants to come to the 

research office at a time that was convenient for them.  

 

Interviews were audio recorded and transcribed verbatim. Identifying details were 

removed and pseudonyms were assigned. The audio recording allowed for the researcher 

to remain focused on the conversation. Notes were jotted down during the interview 

when the participants’ descriptions sparked ideas for further questioning. Interviews 

lasted on average approximately 40 minutes and participants were compensated $20. 

Immediately after the interview, memos were taken that included initial reflections on the 

interview.  This included notes about things that could not be picked up on by the audio 

recording (e.g. body language), thoughts around how to better probe specific questions, 

and insights on areas for questioning in future interviews.   

 

The University of British Columbia Behavioural Research Ethics Board (H16-01803) 

provided ethical approval for the study. Participants provided written informed consent 

prior to beginning data collection. Participants were given as long as they needed to 

review the consent form before deciding whether they wanted to take part in the study. 

The consent form was read aloud for those participants with difficulty with vision or 

reading.  
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2.2.2.3 Qualitative data analysis  

Analysis began with an inductive approach. Data were first coded line-by-line, coding 

direct actions and statements in order to stay close to the data, offering directions to 

consider and suggesting early links between processes in the data (139). Next, focused 

coding narrowed the scope of the emerging analysis by identifying codes that were most 

frequent. These codes were used to synthesize and explain larger segments of data. 

Focused codes were refined and raised to conceptual categories providing more general 

reach and analytic direction. In order to move the inquiry forward, inferences were made 

about the emergent data and supported by existing literature (162, 163). For example, 

emerging categories focused on participants’ personal goals, strategies to regulate their 

use, and engagement in meaningful activities directed the analysis toward engaging with 

literature on substance use self-regulation (164-168) and the self-management of chronic 

conditions (169-171). Engagement with this literature informed the next stage of coding, 

which reconnected the data into interrelated categories making up the process of “self-

managing illicit stimulant use”. Analysis was carried out in MAXQDA Version 12.3.5 

(172) . 

 

Conversations around these early findings with the supervisory committee (EOJ, SH) 

informed theoretical sampling, namely proposing participant characteristics that might 

offer important insights (e.g. not currently engaged in care), as well as subject matter for 

further inquiry. Meetings with members of the supervisory committee (SH) with 

significant knowledge relative to stimulant use, its presentation in the iOAT care setting, 
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and useful approaches to the provision of care provided direction for the theoretical 

development of emerging findings.  

 

2.2.3 Quantitative methodology 

The SALOME study included a number of questionnaires that were used to assess 

participants’ demographics, substance use, health, and psychosocial profiles.  

The SALOME interview package was administered by trained, experienced interviewers 

at baseline, prior to receiving any treatment, and at 3,6,9,12,18, and 24 months following 

baseline. The Crosstown Clinic’s clinical database tracked every dose of medication 

prescribed and received, thus allowing for the assessment of daily treatment engagement 

over the study period. Descriptions of the study instruments, variables of interest for the 

dissertation, handling of missing data, and ethical considerations follow.  

 

2.2.3.1 Analytic sample  

The analytic sample for the quantitative analyses presented in Chapters 4 and 5 was 

derived from the SALOME sample. The first exclusion was having less than 3 

observations over the SALOME study period (Baseline, 3,6,9,12,18, and 24 month 

visits), given 3 or more visits are required for analysis of individual trajectories of change 

(Chapter 4) and growth curve modeling (Chapter 5). The second inclusion was not 

reporting cocaine use on any study visit between baseline and 24 months. Participants not 

reporting cocaine use could not be included in the quantitative analysis of patterns of 

cocaine use presented in Chapters 4 and 5, given their values were 0 at all time-points. 

From the SALOME sample, three participants were excluded based on exclusion 
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criterion 1, and 33 participants were excluded based on exclusion criterion 2, leaving the 

final analytic sample at n=166. 

Figure 2.3  Exclusions from the SALOME Sample (n=202) to the Analytic Sample (n=166) 

 

 

2.2.3.2 Quantitative measures 

Dependent variable  

In Chapter 4, Objective 2 is responded to by creating six different cocaine use groupings. 

These groupings were derived from cocaine use variables including the self-reported 

number of days of: any cocaine use (i.e. crack cocaine or cocaine powder) in the prior 

month, crack cocaine use in the prior month, and cocaine powder use in the prior month.  

In Chapter 4 (Objectives 3) intra-individual change trajectories are explored and intra- 

and inter-individual change in cocaine use over time are quantified. In Chapter 5 

(Objective 4) intra- and inter-individual variation in cocaine use is explained. The 

dependent variable for these analyses was the prior month number of days of any cocaine 
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use in the prior month. Days engaged in cocaine use in the prior month was collected 

from participants at each study visit (i.e. at baseline and at 3, 6, 9, 12, 18, and 24 months 

since baseline) using the SALOME Drug Use Questionnaire.  

 

There is substantial evidence to support the use of self-report data in studies of substance 

use in research contexts. Several studies have reported the agreement between self-report 

and urine or plasma indicators for illicit substance use (173, 174). It has been noted that 

urinalysis therefore may not be necessary when participants are assured of the 

confidentiality of their responses and are asked about their substance use in a 

nonthreatening manner (175). Furthermore, a review of self-report data among people 

who inject drugs concluded that when the interviewer has no influence on the treatment 

administered to the participants, self-report data are reliable and valid, when compared to 

urinalysis (176).  

 

Independent variables  

The selection of independent variables of interest for the quantitative analyses outlined in 

Chapters 4 and 5 was driven by a public health lens, where health and other outcomes of 

interest are viewed as related to social and structural conditions and inequities (177-179). 

Following this view, the use of cocaine was explored in relation to a number of social and 

structural factors available in the collected data. Shifting the analysis toward a social 

understanding of cocaine use can help investigate and understand dynamic associations 

between individuals and their social and physical environments, rather than hypothesizing 

direct associations between risk factors and outcomes of interest. Such an approach is  
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permitted by multilevel modeling carried out in Chapter 5, which allows for the effect of 

independent variables on both intra and inter-individual change in the outcome to be 

quantified (180).  

 

Eight domains were identified to be of potential relevance to the exploration of cocaine 

use in the analytic sample. Each domain is listed below, with reference to examples of 

relevant prior associations in the literature that contributed to the identification of each 

domain as having potential relevance to cocaine use among iOAT patients. The cited 

literature is mostly specific to cocaine use in OAT or iOAT, but also includes studies 

from the broader substance use literature. 

 

1) Demographic characteristics: Prior studies in our study setting (in Vancouver), and 

more broadly in North America and Europe, have revealed that women and Indigenous 

peoples are overrepresented among people who use cocaine (114, 115, 140). Overall, 

lower socio-economic status, including lower education and income, has been identified 

as contributing to particular types of cocaine use (e.g. crack cocaine use) (181, 182). 

These demographic variables might offer insight into variation in cocaine use among 

iOAT patients.  

 

2) Health characteristics: Cocaine use has been associated with poorer health profiles, 

including elevated rates of psychiatric (e.g. mood, anxiety) and behavioral (e.g. ADHD) 

disorders (183, 184). Physical health problems have been identified as related to the route 

of administration of cocaine, and include the transmission of HIV through either smoking 
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or injecting (185, 186). Overall measures of quality of life have also been identified as 

poorer among people who use cocaine (187, 188). Participants in the present study face 

physical and mental health problems that can be explored in relation to the use of 

cocaine. 

 

3) Substance use characteristics: Prior studies have suggested potential associations 

between current stimulant use and lifetime use (i.e. lifetime years of use, regular use, route 

of use). In addition, polysubstance use is known to pose complications, and risk of harm 

(e.g. overdose, psychosis) is elevated among people engaging in the combined use of 

cocaine and other substances (e.g. illicit opioid use, crystal methamphetamine use, or 

speedball use (i.e. combined illicit opioid and stimulant use)) (189-191). The concurrent 

and former use of other substances therefore is of interest in understanding participants’ 

patterns of cocaine use. 

 

4) Treatment history: Duration of OAT engagement has been identified as a predictor of 

reductions in cocaine use over time (96). Furthermore, among iOAT patients, participants 

with prior methadone experience were found to report significantly more lifetime years of 

cocaine use compared to patients with no prior experience (192). These associations 

suggest that patients’ histories of engagement with prior OAT might help to explain 

different patterns of cocaine use among those presenting to iOAT. 

 

5) Housing characteristics: High rates of concurrent substance use and mental disorders 

have been identified among people who are homeless or vulnerably housed (193). 
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Substance use has been identified as both a predictor of homelessness and as a barrier to 

exiting homelessness (194, 195). Additionally, both cocaine powder injection and crack 

cocaine smoking have been associated with living in non-stable housing environments,  

such as single room occupancy units (196, 197), which is reflective of the housing situation 

of many of the participants in the present study. 

 

6) Income sources: Patterns of illicit substance use have been shown to be closely 

connected to engagement in income generating activities to support this use, including 

criminalized activities such as sex work, drug dealing, and property theft, and licit 

employment(198, 199). Furthermore, engagement in meaningful activities, including 

formal employment, has been shown to support the maintained reduction of illicit 

substance use (200, 201). As such, engagement in formal and informal income generating 

activities could explain patterns of cocaine use in the analytic sample. 

 

7) Social relationships: Peer networks have been found to influence substance use (202, 

203), with previous studies identifying the influence of both the presence of peers who use 

drugs and the number of peers who use drugs (204). However, experiences of social 

isolation and loneliness have been identified as predictors of higher substance use among 

people with substance use disorder and social support networks are important in efforts to 

reduce substance use (205-207). Aspects of these social relationships can be explored in 

the present study in relation to the use of cocaine in iOAT. 
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8) HDM/DAM engagement: Prior studies have identified that cocaine use is a predictor of 

poor treatment retention and early treatment dropout (110), while others have identified 

that engagement in treatment might play a role in contributing to modest reductions in 

cocaine use (208). In the specific setting of iOAT, there is an opportunity to further explore 

the association of engagement with HDM or DAM (e.g. number of prior month days 

engaged) and cocaine use.  

 

Findings of the qualitative study outlined in Chapter 3 helped in the effort to select specific 

variables of interest within each domain, drawing from the data sources that had previously 

been collected in the SALOME clinical trial. In Chapter 4, these variables were used to 

describe the sample by six different cocaine use groupings. In Chapter 5, these variables 

were explored as independent variables of interest to explain variation in cocaine use over 

time using a multilevel modeling approach. Each of the independent variables of interest 

within each domain is outlined below along with corresponding data sources. Further 

information with regard to each variable of interest is outlined in Table 2.3. 
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Figure 2.4: Hypothesized variable domains associated with cocaine use     

 

Footnote: HDM= hydromorphone; DAM= diacetylmorphine. Variable domains are connected by lines to reflect the interconnected 
nature of these variables.  
 

Variable domains and data sources 

Variables were derived from both standardized questionnaires and questionnaires 

designed specifically for the SALOME study to incorporate data on important 

demographic, substance use, health, and social variables specific to the context of the 

study. Further details regarding each of the variables of interest retrieved from each 

questionnaire are outlined in Table 2.3.  
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1) Demographic characteristics: Demographics were collected using the Socio-

demographic questionnaire. This questionnaire was created for the SALOME study by 

Dr. Oviedo-Joekes (SALOME PI) and SALOME co-Investigators to collect relevant 

socio-demographic data. Variables that were self-reported at baseline and included in the 

quantitative analyses were: gender (man, woman, transgender), ethnicity (Indigenous vs. 

non-Indigenous), age (in years), and education (high school or higher, less than high 

school).  

 

2) Health characteristics: Health related quality of life was collected using the EuroQol-

5D (EQ-5D) (209). The EQ-5D is a generic health measure (i.e. not specific to addiction) 

and is applicable to a wide range of health conditions and treatments. The EQ-5D 

describes health status by a combination of 5 attributes each comprised of 3 response 

levels. It provides a simple descriptive profile and a single index value for health status 

that can be used in the clinical and economic evaluation of health care as well as 

population health surveys. A Canadian preference weight algorithm developed by 

SALOME co-Investigators was applied (210) and the variable score ranged from 0-1, 

with a higher score indicating better self-reported quality of life. 

 

Condition (i.e. addiction) specific measures of health were collected using the European 

Version of the Addiction Severity Index (ASI) (211), Opioid Treatment Index (OTI) 

(212, 213), and Maudsley Addiction Profile (MAP) (214-216). All of these health 

measures have been validated for use in the study of addiction. These measures were 

selected given their validation with the population and given they have also been used in 
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European iOAT trials, allowing for findings from the SALOME trial to be compared to 

prior iOAT trials in Canada and in Europe.  

  

The European Addiction Severity Index (EuropASI) collects information about current 

(prior 30 days) and lifetime (baseline only) experiences and behaviours related to 

participants’ substance use and other areas that might be affected by substance use. 

Health variables retrieved from the EuropASI were: the presence of a chronic condition 

interfering with life (measured at baseline), and depression, anxiety, and trouble 

concentrating, understanding, or remembering things in the prior month (reported at 

baseline and follow-up).  

 

The Opioid Treatment Index (OTI) is a 51-item scale of prior month physical health 

symptoms from 8 domains (i.e. general, injection-related problems, cardio/respiratory, 

genitourinary, gynecological (women only), musculoskeletal, neurological, and gastro-

intestinal) (213). In the present analysis the score was derived from 7 domains, given two 

questions on gynecological symptoms (i.e. miscarriage or irregular period) were omitted 

so that men and women had the same number of response items and thus the same total 

possible physical health score (As recommended by the OTI’s creator, Dr. Darke in e-

mail communication dated November 29th 2017). The score ranges from 0 to 49, with 

each reported symptom contributing one point to the score, and thus a higher score 

indicated poorer physical health (212). 
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The Maudsley Addiction Profile (MAP)-Psych was used to measure psychological health. 

The MAP collects data on 10 psychological health symptoms, and asks participants to 

respond to how much each symptom has bothered or caused distress for the prior 30 days 

on a 5 point Likert scale: Never (0), Rarely (1), Sometimes (2), Often (3), Always (4). 

Scores range from 0 (no symptoms) to 40 (reporting “extremely” to all 10 symptoms) 

(215). 

 

3) Substance use characteristics: Substance use characteristics were collected using the 

Drug Use Questionnaire, which was created by the SALOME PI and co-Investigators to 

collect pertinent information on participants’ past drug use, treatment histories, and 

current drug use. The questionnaire captured the SALOME trial’s primary outcome (i.e. 

number of prior month days of illicit opioid use) and secondary outcomes (i.e. number of 

prior month days of cocaine use). Participants’ self-reported number of days using each 

drug (e.g. morphine, Dilaudid) in the prior month and the drug class (e.g. opioids) were 

collected at baseline and at each follow-up. The number of prior month days of use was 

an important measure to reflect change in use over time since receiving treatment and 

allowed for comparisons to prior iOAT trials. At baseline, participants reported variables 

to reflect their substance use histories, including whether they ever regularly used cocaine 

(yes vs. no) and the total number of years in life they regularly used heroin, and cocaine 

(cocaine powder and/or crack cocaine). 

 

4) Treatment history: Treatment history variables refer to participants’ treatment for 

OUD and were retrieved from PharmaNet, BC’s provincial drug dispensation database, 
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with records dating back to 1995. These variables included the average number of days 

participants had received methadone in the prior month at baseline, and number of 

methadone starts in life (since 1995). Participants’ prior treatment engagement for other 

substance use (i.e. cocaine use, alcohol use) were not collected. 

 

5) Housing characteristics: Housing characteristics were collected from the SALOME 

Socio-Demographic Questionnaire in reference to the prior 3 years (at baseline) and the 

prior month (baseline and follow-up). Non-stable housing included the following places: 

single resident occupancy (SRO) hotel rooms with restrictions, living at someone else’s 

SRO, or temporarily staying at someone else’s house or apartment. Living in street places 

referred to having slept in any of the following places: indoor public place (e.g. train 

station), abandoned building, private vehicle, tent, on street, or outside. An affirmative 

response (i.e. at least one day in prior month or in the prior 3 years) was considered 

“yes”. 

 

6) Social Relationships: Variables reflecting social relationships were collected from the 

“Social Relationships” section of the EuropASI at baseline and at follow-up. Variables 

were: spending most of free time alone (yes vs. no), spending most of free time with 

friends or family that use psychoactive drugs (yes vs. no), spending most of free time 

with friends or family that do not use psychoactive drugs (yes vs. no), living alone (yes 

vs. no), and living with someone who uses psychoactive drugs (yes vs. no). Responses for 

living situation (i.e. street places, and non-stable housing) were classified as “yes” if they 

were affirmative for at least one day in the prior month. Current intimate partner (yes vs. 
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no) was collected from the Socio-Demographics questionnaire at baseline and at follow-

up.  

 

7) Income Sources: Income sources were collected from the EuropASI at baseline and 

follow-up. The presence of any prior month employment income (yes vs. no) was 

collected from the “Employment Section” of the ASI and was defined as reporting at 

least one day of paid (formal) work in the prior month. Days engaging in property theft, 

drug dealing, and sex work in the prior month were derived from the “Legal” Section of 

the EuropASI.  

 

8) HDM or DAM engagement: The number of days receiving injectable and oral 

treatment (i.e. hydromorphone:(HDM) or diacetylmorphine:(DAM)) in the prior month 

were recorded separately at each time point and as a combined total number of days 

receiving either oral or injectable HDM or DAM. These data were retrieved from the 

clinical database, which tracked each dose of medication prescribed and received. These 

data were matched by the study’s Statistician (Daphne Guh) to each participant’s 

interview date to align the clinical data to reflect the 30- day period prior to participants’ 

interview date (i.e. the date they completed the self-report questionnaires). Oral 

methadone days were not included in the treatment engagement variable. Given this is a 

population that has attempted and not benefitted from methadone treatment in the past, 

methadone engagement was not included in the definition of treatment engagement. 

Methadone engagement was explored in sensitivity analysis in Chapter 5. 
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Table 2.3 Independent variables of interest for quantitative analyses 
 Time 

structure Reference period Variable 
type Unit Data Source 

Demographic 
characteristics 

          

Gender  TIC Lifetime  Categorical  Socio-demographic 
questionnaire 

Ethnicity  TIC Lifetime  Categorical  Socio-demographic 
questionnaire 

Age TVC Prior 30 days Continuous Years Socio-demographic 
questionnaire 

Education  TIC Lifetime  Categorical  Socio-demographic 
questionnaire 

Health characteristics           

Lifetime chronic 
condition interfering 
with life  

TIC Lifetime  Categorical  EuropASI  

Physical health score  TVC Prior 30 days Continuous Score Opioid Treatment Index 
Psychological health 
score 

TVC Prior 30 days Continuous Score Maudsley Addiction 
Profile 

Quality of life score  TVC Prior 30 days Continuous Score Euroquol-5D 
Any depression  TVC Prior 30 days Categorical  EuropASI 
Any anxiety  TVC Prior 30 days Categorical  EuropASI 
Any problems 
concentrating, 
understanding or 
remembering things  

TVC Prior 30 days Categorical  EuropASI 

Substance use 
characteristics 

          

Days cocaine use TVC Prior 30 days Continuous Days Drug Use Questionnaire 
Days crack cocaine use  TVC Prior 30 days Continuous Days Drug Use Questionnaire 
Days cocaine powder 
use 

TVC Prior 30 days Continuous Days Drug Use Questionnaire 

Days illicit opioid use  TVC Prior 30 days Continuous Days Drug Use Questionnaire 
Days crystal 
methamphetamine use 

TVC Prior 30 days Continuous Days Drug Use Questionnaire 

Ever regularly use 
cocaine   

TIC Lifetime  Categorical  Drug Use Questionnaire 

Lifetime years regular 
cocaine use  

TIC Lifetime  Continuous Years Drug Use Questionnaire 

Lifetime years heroin 
use 

TIC Lifetime  Continuous Years Drug Use Questionnaire 

Treatment history            
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 Time 
structure Reference period Variable 

type Unit Data Source 

Baseline number days 
receiving methadone  

TIC Prior 30 days Continuous Days Drug Use Questionnaire 

 
Lifetime number 
methadone treatment 
attempts  

TIC Lifetime  Continuous Treatment  
attempts 

Drug Use Questionnaire 

Housing 
characteristics 

          

Prior 3 years non-
stable housing  

TIC Prior 3 years at 
baseline  

Categorical  Socio-demographic 
questionnaire 

Prior month non-stable 
housing  

TVC Prior 30 days Categorical  Socio-demographic 
questionnaire 

Prior 3 years lived in 
street places 

TIC Prior 3 years at 
baseline  

Categorical  Socio-demographic 
questionnaire 

Prior month lived in 
street places 

TVC Prior 30 days Categorical  Socio-demographic 
questionnaire 

Social relationships           
Intimate partner TVC Prior 30 days Categorical  EuropASI  
Living with someone 
who uses drugs 

TVC Prior 30 days Categorical  EuropASI  

Living alone TVC Prior 30 days Categorical  EuropASI  
Spends most of free 
time alone 

TVC Prior 30 days Categorical  EuropASI  

Spends most of free 
time with F/F who use 
drugs 
 
 
 
 
 
 
 
 
 
drugs 

TVC Prior 30 days Categorical  EuropASI  

Spends most of free 
time with F/F who 
don’t use drugs 

TVC Prior 30 days Categorical  EuropASI 

Income sources           
Any employment 
income 

TVC Prior 30 days Categorical  EuropASI  

Days drug dealing TVC Prior 30 days Continuous Days EuropASI  
Days property theft TVC Prior 30 days Continuous Days EuropASI  
Days sex work TVC Prior 30 days Continuous Days EuropASI  
HDM/DAM 
engagement 

          

Days receiving oral or 
injectable HDM/DAM 

TVC Prior 30 days Continuous Days Crosstown Clinic Database 

Footnote: EuropASI= European version of the Addiction Severity Index; iOAT= injectable opioid agonist treatment; TVC=Time-varying covariate 
(i.e. collected at each follow-up); TIC= Time-invariant covariate (collected only at baseline). F/F=Friends or family. Higher physical health and 
psychological health scores indicate worse health. Higher quality of life score indicates better quality of life.  
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2.2.3.3 Quantitative data analysis 

The following is a general outline of the analytic steps carried out in Chapters 4 and 5 to 

respond to study Objectives 2,3,4 (outlined in Chapter 1): 

 

In Chapter 4, descriptive statistics were used to characterize the profiles of participants of 

the SALOME trial (n=202), and of the analytic sample (n=166). The outcome of number 

of days of cocaine use at each time-point was explored visually and numerically, using 

histograms and descriptive statistics. Reported observations across the study where 

cocaine use was reported were compared to observations where cocaine use was not 

reported, using Chi-square tests for categorical variables and t-tests for continuous 

variables. Observations were further compared based on the type of cocaine use reported 

(i.e. cocaine powder, crack cocaine, both). Missing visits were tabulated and 

characteristics of those with and without missing visits and lost-to-follow-up were 

compared.  

 

In order to explain variation in cocaine use in Chapter 5, exploratory analyses were first 

carried out in Chapter 4. This involved fitting person-specific trajectories using ordinary 

least squares regression to examine each individual’s intercept and slope. These values 

were plotted graphically, with each individual plot overlaid on one graph alongside the 

overall mean trajectory. This allowed for each individual’s trajectory and its deviation 

from the overall sample mean to be visualized. Next, an unconditional means model was 

run to identify the proportion of variation in cocaine use that could be attributed to 

within-person change (intra-individual) and to between-person differences (inter-
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individual). This model allowed for the determination of whether systematic variation in 

cocaine use existed that could be further explored in multilevel models. 

 

In Chapter 5, a multilevel modeling approach was undertaken with the objective of 

explaining the systematic variation in cocaine use determined to be present in Chapter 4. 

The appropriate correlation structure, function of time, and parameter estimation 

approach were explored. A random slope was tested, to allow for the rate of change in 

cocaine use over time to vary from one participant to the next. Modeling proceeded under 

the framework of random growth curve models (RGCM), a multilevel modeling 

technique that allows for a random slope of time.  Independent variables of interest were 

added to the model with the intent of explaining within-person variation in cocaine use 

over time, and between-person variation in both baseline cocaine use and the rate of 

change of cocaine use over time. Estimates of proportion variance reduction and model 

fit were used to guide final model selection.  

 

Analyses were extended using the Between-within model, allowing for the within and 

between-person effects of time-varying variables to be disaggregated and to contribute 

separate effects to the model seeking to explain variation in cocaine use. These models 

were also rerun on the outcomes of number of days of cocaine powder use and on number 

of days of crack cocaine use. Sensitivity analyses were carried out to consider how model 

conclusions extended to subgroups, stratified by gender (women vs. men), ethnicity 

(Indigenous vs. non-Indigenous) and age group (at mean age, 45 or less and greater than 

45). 
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2.2.3.4 Handling missing data 

As is common in longitudinal cohort studies, there were missing data, due both to item 

non-response and to missed visits. The proportion of missed visits overall was low, with 

91% (n=155) of all participants eligible for the analysis (n=166) completing all study 

visits, and 96.82% (n=1125) of all possible visits (n=1162) collected. Differences 

between participants with missed visits and participants with no missed were explored in 

Chapter 4. Sources of item non-response were investigated by reviewing data collection 

notes and by consulting with the data collection team. Data were scrutinized prior to 

accepting the “missing at random” (MAR) assumption. All models were estimated using 

maximum likelihood estimation, which produces unbiased estimates under the MAR 

assumption, and, as part of sensitivity analyses, multiple imputation was carried out on 

the final model in Chapter 5.  

 

2.3 Ethical considerations 

Form the stages of study design and recruitment the SALOME study prioritized 

community engagement, to ensure the concerns of community members and participants 

were identified and acknowledged and used to inform study procedures and plans. 

Information sessions were held with drug user groups, health care teams, social workers, 

and legal professionals prior to study recruitment. In addition, a Community Advisory 

Board (CAB) was established and was comprised of various stakeholders in the 

community including representatives of the Vancouver Area Network of Drug Users, 

Portland Hotel Society, Vancouver Coastal Health, Providence Health Care, and 

Vancouver Police Department (79). The CAB was able to support the SALOME trial to 
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address various concerns and questions that the community had relating to the study.  The 

main concerns discussed at the CAB meetings were the lack of clinic capacity to offer 

access to the study medications for all applicants and post-trial access to the study 

medications for all SALOME participants. Through post-trial advocacy, the clinic was 

able to continue to provide injectable hydromorphone and diacetylmorphine to some 

patients as clinic capacity allowed and as treatments became available outside of the 

clinical trial context (See Figure 2.2). 

 

An independent Data and Safety Monitoring Board (DSMB) composed of independent 

experts in the fields of addiction medicine, clinical trial methodology and ethics 

monitored the trial and advised the investigators on patient safety and trial conduct based 

on blinded data. Phase II for example was stopped based on the recommendation of the 

DSMB. In addition, there were a number of protocol changes throughout the study with 

regard to updates to procedures for titration, drug transport, and changes in sample size.  

None of these changes were based on access to unblinded data and these changes did not 

affect the study’s randomization process. All of these amendments were reviewed and 

approved by the Research Ethics Board and by Health Canada regulatory authorities prior 

to being implemented. SALOME followed Good Clinical Practice Guidelines and was 

approved by the Providence Health Care/University of British Columbia Research Ethics 

board. All participants provided written informed consent prior to administration of any 

medication or data collection. 
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Chapter 3: Self-managing illicit stimulant use in the setting of daily 

injectable opioid agonist treatment  

 

3.1 Introduction 

Injectable opioid agonist treatment (iOAT) with diacetylmorphine (pharmaceutical grade 

heroin) or hydromorphone (a licensed opioid analgesic) is an effective treatment for 

opioid use disorder (OUD), as evidenced by clinical trials conducted among patients not 

benefitting from oral OAT in Switzerland (217), the Netherlands (57), Spain (59), 

Germany (58), Canada (60, 151), the United Kingdom (61), and Belgium (62). These 

clinical trials have reliably demonstrated that patients experience significant reductions in 

the use of illicit opioids and improvements in health and social functioning (151, 218). 

These overall improvements have not come at the expense of increased cocaine use, 

although only modest declines in cocaine use have been observed (34, 110, 140, 151). 

 

In oral OAT, engagement in treatment has been associated with reduced cocaine use, 

particularly when use is less frequent or severe (135, 219, 220). Nevertheless, the use of 

cocaine remains high in OAT and iOAT patients (96, 133, 140, 221, 222), predicting 

early treatment discontinuation and continued illicit heroin use (105, 110). In the United 

States clinical trials have been carried out among patients receiving methadone to test the 

effectiveness of prescribed stimulants for the treatment of cocaine dependence (124, 223). 

In Europe, researchers are studying the feasibility of pharmacological and behavioural 

interventions, as well as combined interventions, to support patients who use cocaine 

(primarily by inhalation) when receiving daily iOAT (127, 133, 134). Apart from the 
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participants of these early studies, people who use cocaine in iOAT settings remain 

largely unsupported in managing and treating their ongoing cocaine use.  

 

Patients receiving iOAT in clinics in Canada and in Europe make daily visits to a clinic 

for their injectable opioid medication (224, 225), presenting a unique opportunity to offer 

treatment for cocaine use. Decision makers and care providers however have little 

evidence to guide the expansion of such treatments. This study aimed to explore the 

processes by which iOAT patients engage in the use of cocaine. A stimulant use self-

management process is presented and can inform the integration of services for people 

who use stimulants like cocaine in iOAT care. 

 

Objectives and rationale 

To our knowledge there have been no qualitative research studies that have focused on 

exploring the concurrent use of stimulants among people receiving iOAT. This represents 

an important gap in the research, especially given the known intersections of concurrent 

stimulant use, and ongoing risk of harm such as infectious disease and overdose (91, 226, 

227). As such, efforts were made to address this gap in the literature by conducting a 

qualitative study that sought to describe the processes by which patients receiving daily 

iOAT engaged in the use of cocaine. This also led to an exploration of contextual 

elements of participants’ cocaine use, including motivations for and harms of use.  

 

Given the flexible grounded theory approach taken, the research question was revised 

over time to focus more on the use of illicit stimulants rather than solely on the use of 
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cocaine. This decision was made given in the first few interviews some participants 

discussed recent transitions from cocaine to crystal methamphetamine use or reported 

engaging in the concurrent use of both cocaine and crystal methamphetamine. This was 

consistent with population-level data in British Columbia, where the use of crystal 

methamphetamine has been increasing across the province in recent years, a trend that 

has been seen at the national level in both Canada and the US (73, 89, 190). This study 

provides an important first step to understanding participants’ engagement in stimulant 

use in iOAT and serves to inform the quantitative analysis of cocaine use in iOAT that is 

presented in Chapters 4 and 5.  

 

Overview of the study 

The decision to apply a grounded theory approach to the present study was driven by two 

main characteristics relative to the study setting and context. First, there was no prior 

qualitative research (to our knowledge) focusing on the use of cocaine in the setting of 

iOAT. As such, there were no pre-existing hypotheses to be tested or theoretical 

frameworks that were already deemed suited to situate the inquiry within. Grounded 

theory approaches work to evaluate the fit of the emerging data to initial research 

interests rather than forcing preconceived ideas and theories upon the data. This flexible 

approach was seen as attractive given the second reason for using a grounded theory 

approach, namely being the desire to allow the research participants to guide the direction 

of the study. A grounded theory approach allows the researcher to follow leads defined in 

the data by participants and then pursue these in following interviews. This was 

particularly important in the study setting, as participants had been using opioids and 
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stimulants for many years and arrived to treatment having engaged in a number of 

treatment services that were not meeting their needs.  

 

A constructivist grounded theory approach was selected, given it encourages the 

researcher to account for their position, privileges and perspectives, and how these 

influence the research process (e.g. decisions about what questions are asked of 

participants, how sampling proceeds). The researcher’s interactions with participants are 

considered as an inherent part of the research reality, with study findings derived from the 

co-construction of knowledge. Data were co-constructed by interactions between:  

1) participants who held lived experience as iOAT patients engaging in the use of 

stimulants, whose descriptions informed the direction of the study, and; 2) the researcher, 

who analyzed and interpreted these experiences from an “outsider” (not sharing the lived 

experience of participants) perspective.  

 

3.2 Methods 

A grounded theory approach was selected to achieve the study’s aims. First, the grounded 

theory method, and constructivist epistemology are outlined with respect to their 

suitability to achieving the study’s aims. Next, my position relative to the topic and 

setting are discussed, and the research setting and participants are described. The 

approach to data collection is outlined including recruitment and interview procedures, 

and sampling participants moving from purposive to theoretical sampling in line with the 

methodology. The analytic approach is detailed, including the procedures for coding, 

writing reflective memos and consultation with the literature.  
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3.2.1 Grounded theory methodology 

History of grounded theory  

Grounded theory methodology seeks to create meaning about issues of importance to 

specific groups of people through the collection and analysis of data (139). Traditional 

grounded theory methods emerged from a collaboration between two sociologists, Barney 

Glaser and Anselm Strauss, whose work focused on death and dying in hospitals. This 

work was first articulated in the 1967 book, “The Discovery of Grounded Theory”, which 

advocated for the development of theory from research “grounded” in the data rather than 

the development of research questions and hypotheses from existing theories (228).  

 

This contribution was novel given quantitative methods dominated the academic 

discourse in the US at that time, where emphasis was placed on objectivity and the 

falsification of competing hypotheses and theories. The work of Glaser and Strauss 

contributed to legitimizing qualitative research as a credible and rigorous method (139). 

Their efforts further challenged notions that qualitative methods were impressionistic, 

unsystematic, and unscientific (229). Glaser and Strauss invited readers to use grounded 

theory flexibly, and many scholars accepted this invitation, adapting grounded theory in 

their own ways. As such, the traditional approach to grounded theory became just one of 

many as researchers modified grounded theory methods to fit with their various 

epistemological and ontological positions, including constructivism, postmodernism, 

feminism, and critical inquiry (230). 
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Constructivist grounded theory 

Glaser and Strauss’s traditional grounded theory faced a number of criticisms including 

the notion that the method relied on the authoritative voice of the researcher, fragmented 

the story of the respondent, and accepted positivist traditions about truth without criticism 

(231-233). These traditional grounded theory works were furthermore deemed to have 

failed to account for the individual, structural, and situational constructions relative to the 

research setting, researcher, and participants, and how these encroached on the work 

being produced. Researchers were seen to have ignored or erased the subjectivity they 

brought to their work, rather than acknowledging it and engaging in the process of 

reflexivity(162).  

 

Dr. Kathy Charmaz applied a constructivist lens to grounded theory research. Charmaz 

sought to challenge the objectivist underpinnings of traditional grounded theory by 

making the assumption that social reality is multiple, processual, and constructed. She 

saw that grounded theory analyses offered only an interpretation or portrayal of the 

studied world (234). Charmaz argued that viewing the research as constructed rather than 

discovered fostered reflexivity in the researcher about their own research related 

decisions and actions. Rather than assuming  data as “discovered”, she views researchers 

as a part of the world they study, the data they collect, and the analysis they carry out 

(139).  

 

Charmaz’s constructivist grounded theory followed the inductive, comparative, emergent 

and open-ended approach of Glaser and Strauss’ work, yet emphasized the need to 
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account for the researcher’s position, privilege, perspective, and interactions. These are to 

be considered as an inherent part of the research reality, where data are co-constructed by 

the researcher and participants (139). As such, constructivist approaches emphasize 

giving consideration to both: 1) the influence of the researcher’s position on the research 

practice, and 2) the “voice” of the research participant. This is particularly important in 

the context of the present study where in the absence of existing theory to guide inquiry, 

participants’ descriptions coupled with the researcher’s approach to data collection and 

analysis are meant to drive analytic inquiry. Researchers therefore must carry a reflexive 

approach to ensure these voices remain central in the various stages of analysis and 

writing up of the grounded theory study. A reflexive approach acknowledges the ways in 

which the researcher is involved in the world they study, the data they collect, and the 

analysis they produce, constructing theory relative to their past and present involvements 

and interactions with the research setting and participants (235). As such, constructivist 

researchers seek to become aware of their position and preconceptions, and how these 

may be imported into their work.  

 

3.2.2 Position and preconceptions 

Reflexivity is particularly important when carrying out a research study as an “outsider”, 

namely, as someone personally unfamiliar with the experience or topic under study. As 

such, in carrying out the present study, it was important for me to acknowledge and 

reflect on my outsider position. I am not a patient receiving treatment in an iOAT clinic 

and do not share the lived experience of long-term opioid and/or stimulant use disorder. 

My lack of insider status must be disclosed and accounted for relative to the conduct of 
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my study, recognizing that I likely have forged a different inquiry than someone that 

brings lived experience of iOAT engagement and illicit stimulant use to the research 

inquiry. 

 

Insider status is said to benefit from the specific and nuanced understanding of the people 

being studied. Nevertheless, outsider status is said to come with a level of “naivety”, that 

when complemented by interviewer skill and rapport can benefit the research process 

(236). For example, as an outsider, I may pose questions that to insiders may be 

considered basic (e.g. associated harms or costs of stimulant use). Such basic questioning 

has been known to prompt participants to share taken for granted aspects of their 

experience, which may provide important insights or contextual information relative to 

core emerging categories (237). 

 

Furthermore, the literature on outsider-insider positioning in qualitative research has 

worked to move beyond the simple dualism of seeing researchers as either “empathetic 

insiders” or “ill-informed outsiders” (238). This dichotomy has been increasingly 

challenged in qualitative research, where the complexity of human experience is 

appreciated. The intimacy of qualitative research means that it becomes increasingly 

complex to align with the role of just a “researcher” when the data are a result of our 

interaction with participants.  

 

For example, despite not having the lived experience of cocaine or crystal 

methamphetamine use or receipt of iOAT care, I bring to the research setting a level of 
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familiarity with the research participants and setting. I was an interviewer in the 

SALOME and RUTH studies that participants of the present qualitative study were 

recruited from. As such, I had developed rapport with some of the participants I 

interviewed, in some cases having conducted one or more follow-up survey interviews 

with some of these participants in the days or weeks before their qualitative interview. 

This previous contact with participants in a setting where their status as iOAT patients 

who use stimulants was already known meant that disclosure of these characteristics did 

not need to be negotiated. Such disclosure is often a concern in outsider research, where 

the risk of being “exposed” or “found out” can serve as a hesitation for participants’ 

participation or openness in the research process (239).  

 

In addition to my role as an interviewer, I have been studying iOAT among Crosstown 

Clinic patients as a graduate student since 2013 and thus have become familiar with both 

the participants’ treatment profiles and the approach to delivering care at the Crosstown 

Clinic. This includes knowledge of the clinic’s philosophy of care, operating procedures, 

participants’ clinic access (e.g. number of daily visits, maximum iOAT dose, additional 

comprehensive services), as well as their history of engagement with iOAT and other 

OAT (e.g. years receiving iOAT, years of prior OAT access, current engagement in 

iOAT). This meant that I brought to the qualitative study certain preconceptions about the 

research setting and participants. For example, I approached the study with an 

understanding of participants’ long-term opioid use histories and held the perception that 

daily iOAT access served as central to participants’ daily routines, taking priority perhaps 

over other aspects of their lives that may be “secondary”, including the use of stimulants. 
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This preconception however was documented, and rather than being assumed, was 

inquired about in interviews, by posing general questions about participants’ stimulant 

use and deriving follow-up questions from participant responses and emerging codes. 

 

3.2.3 Setting and participants  

A full description of the study setting and participants is outlined in the Methodology 

Chapter (Chapter 2). In brief, participants in this qualitative study were former SALOME 

clinical trial participants who were taking part in the RUTH cohort study at the time of 

the qualitative one-on-one interviews. Participants had been using injectable opioids for 

on average approximately 15 years prior to receiving iOAT and were currently or 

recently receiving injectable DAM or HDM at the Crosstown Clinic. In order to be 

eligible for the present analysis, participants had to have reported at least one day in the 

prior month of use of cocaine or crystal methamphetamine in their most recent RUTH 

study follow-up interview. Demographic and drug use profiles for the participants of the 

qualitative study are outlined in Table 3.1.  

 

3.2.4 Recruitment and data collection 

Purposive sampling 

In line with a grounded theory approach (139), the initial sampling focused on identifying  

participants fitting inclusion criteria who were expected to be able to provide rich insights 

relative to their experiences in engaging in stimulant use in iOAT care. As such, the 

initial purposive sampling involved people who reported the daily use of cocaine in their 

most recent interview, with the expectation that more frequent use would lend itself to 
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offering rich data, helping to get closer to answering the research question. While the 

study set out to investigate the use of cocaine specifically, it was found that some 

participants who reported cocaine use also reported the concurrent use of crystal 

methamphetamine or that they had transitioned from the use of cocaine to crystal 

methamphetamine over recent months and years. As such, what was intended to be a 

study focused on cocaine use among iOAT patients extended to be focused on illicit 

stimulant use more broadly given that the use of cocaine and crystal methamphetamine 

were not mutually exclusive for many participants. 

 

Theoretical sampling 

Theoretical sampling followed this initial sampling, with the intention of including 

participants who could offer confirmation and variation to help fill out and saturate 

emerging concepts. The first seven interviews (all conducted with people reporting daily 

use) revealed participants’ desires to fulfill broader personal goals, such as engaging in 

leisure activities or reconnecting with family. Participants outlined that action toward 

these goals had not been taken due in part to the resources (i.e. time and money) being 

expended on their stimulant use. With the goal of expanding on the potential connection 

between illicit stimulant use and broader personal goals, sampling was extended to 

participants reporting less than daily stimulant use. Participant quotes that helped in this 

decision to expand sampling are expanded on in a memo (Appendix A: Memo: Sampling 

people reporting less than daily stimulant use). 
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When asked about the role of iOAT, participants described that it introduced a sense of 

“stability” to their lives. The following interviews therefore included the sampling of 

people not currently engaged in iOAT care, with the intention of seeking to expand on the 

potential importance of factors in participants’ personal lives outside of iOAT 

engagement that might relate to their stimulant use (e.g. social connection, family 

relationships). The decision and justification for extending the analysis to those not 

engaged in the treatment was documented in a memo (See Appendix B: Memo: Sampling 

former iOAT patients). As such, theoretical sampling in the present study meant that 

participants were included that reported and represented varying levels of engagement in 

iOAT care (i.e. not currently engaged at all, not currently engaged daily, engaged daily, 

engaged multiple times daily) and patterns of illicit stimulant use (e.g. diversity in 

frequency and type of use).  

 

Additionally, participants discussed desires for treatment supports and it became 

important to include participants with a range of exposures to treatment. At the time the 

interviews were conducted, Crosstown Clinic was beginning to prescribe sustained-

release dextroamphetamine capsules (a pharmaceutical stimulant: trade name Dexedrine 

®) for the treatment of stimulant use disorder. Participants who had received this 

medication were also invited to participate in qualitative one-on-one interviews.  

 

3.2.5 Data analysis 

Analysis was carried out in MAXQDA 12.3.5 (172) following an iterative process of data 

collection, analysis, and further collection.  Initial coding began after collection of the 
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first two interviews. In the initial stages of coding, data were coded line-by-line, coding 

direct actions and statements in order to stay close to the data. This stage of analysis 

offered directions to consider and suggested early links between processes in the data. 

Next, focused coding narrowed the scope of the emerging analysis by identifying codes 

that were most frequent. These codes were used to synthesize and explain larger 

segments of data. Focused codes were refined and raised to conceptual categories 

providing more general reach and analytic direction. Focused codes that were more 

descriptive and added context to the emerging conceptual categories were retained in the 

analysis as “contextual categories”. Emerging conceptual categories that were focused on 

participants’ personal goals, strategies to regulate their use, and engagement in 

meaningful activities led the researcher to explore literature on self-regulation and self-

management. This investigation of the literature informed the next stage of theoretical 

coding, which refers to a thorough investigation of literature, derived clearly from 

emerging findings (162). The process of theoretical coding served to reconnect the data 

into interrelated categories.   

 

The approach of constant comparison was taken through each stage of coding, namely, by 

making comparisons between data, codes, and categories in order to scrutinize the 

analytic properties of the categories and advance the analysis (139). Initial connections 

between emerging categories were hypothesized from early data collection and were 

recorded in memos. This process is referred to as abductive reasoning, namely where the 

analysis begins with data, which serves to move the analysis toward hypothesis formation 

(139). For example, specific questions were asked about participants’ perceptions of the 
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relationship between iOAT access and their illicit stimulant use. An example of the line 

of questioning carried out to build connections between iOAT access and distance from 

the street environment is provided (Appendix C: Reflection on line of questioning to 

connect stimulant use and iOAT access). Lastly, memos were used to support further 

development of emerging concepts. An example of an interview excerpt and interviewer 

reflection that helped move the analysis toward building the conceptual category of 

“taking control” are also presented (Appendix D: Memo: How does iOAT offer “control” 

with respect to cocaine use?) 

 

Reflexivity in analysis 

Coding forms the basis of a grounded theory analysis and is followed by theoretical 

integration, which works to bring together the resulting conceptual categories, namely the 

product of the analysis. Therefore, coding serves as the framework from which the 

analysis emerges. In grounded theory, codes are not preconceived. Instead, they are 

created by defining what is seen in the data and scrutinizing and defining meaning from 

participants’ words. As such, the researcher is active in interacting with the data and 

determining codes. Charmaz writes: “Coding consists of this initial, shorthand defining 

and labeling; it results from a grounded theorist's actions and understandings.” (p.47) 

(240) Charmaz however encourages the recognition of the research participants 

throughout the coding process: “Nonetheless, the [coding] process is interactive…we 

define our codes and perhaps later refine them, we try to understand participants' views 

and actions from their perspectives” (p.47) (240). 
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Charmaz puts forward strategies for researchers to seek to emphasize the voices of their 

research participants throughout the coding process. In the initial stages of line-by-line 

coding this included remaining open, staying close to the data, keeping codes simple and 

precise, constructing short codes, preserving actions in the codes, and comparing data 

with data. This supported me to reduce the introduction of my own preconceived notions, 

biases, and views on the data. One method of preserving “action” in the coding process 

that was exercised was the use of “gerunds” which are verbs that function as nouns. The 

naming of early open codes, and of finalized conceptual categories, were defined from 

the words of participants. For example, the category of “distancing from street 

environment” came from the words of participants who referenced generating “distance” 

from the street when they became engaged in iOAT.  

 

This early stage of initial coding, directed from the words of participants, informed the 

following stages of focused and theoretical coding. The shift in analysis to situating the 

emerging categories in existing literature relies on robust initial coding and so any 

connection to theory must have “earned” its way into the grounded theory through earlier 

stages of coding (139).  

 

Theoretical development  

Charmaz argues that most grounded theorists carry out the strategies outlined above, 

namely: conducting data collection and analysis simultaneously, analyzing actions and 

processes rather than themes, using comparative methods, drawing on narratives to 

develop conceptual categories, and developing analytic categories through systematic 
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data analysis. Often times however, grounded theorists miss out on theoretical 

development. Theorizing involves being open to seeing possibilities, establishing 

connections, and asking questions as a means of avoiding the importing of preconceived 

ideas onto the data.  

 

Nevertheless, it is known that researchers bring background assumptions, guiding 

interests, and disciplinary perspectives to their research that may shape research topics 

and conceptual emphases. These have been termed sensitizing concepts (241), namely 

offering the researcher with initial insights to pursue. Charmaz encourages the use of 

these sensitizing concepts as “points of departure” that can offer starting points from 

which to further develop ideas. For example, in the present study, discussion from early 

interviews coupled with engagement with the literature  led to the consideration of 

research on the “Stages of Change” (242, 243). In further reading, returning to the data, 

and moving through successive stages of analysis, it was determined that engagement 

with this framework served to restrict rather than expand on my understanding of the data 

(244) (See Appendix E: Reflecting on “Stages of Change”).   

 

As such, I worked to focus on raising categories to theoretical concepts that worked to 

best explain participants’ experiences and offer a broader interpretive framework for the 

study. This development occurred through the use of memos, conversations with 

committee members, consultation with the literature, and continually returning to reflect 

on the data. The contribution of findings to broader existing bodies of knowledge was 

clarified, where emerging categories, such as around participants’ access to social and 
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treatment supports, were positioned relative to the literature on self-management (169, 

170, 245, 246).   

 

3.3 Findings 

3.3.1 Participants’ demographic and stimulant use profiles 

Participants were on average nearly 50 years old (Standard Deviation: 9.63). Of all 

participants, 45.2% (n=14) self-identified as women and nearly one-third self-identified 

with Indigenous ancestry (n=12; 29.3%). Participants’ stimulant use profiles were 

consistent with those of patients in prior iOAT studies, where crack cocaine has been the 

most commonly reported illicit stimulant used (247). Of all 31 participants, 80.6% (n=25) 

reported cocaine use at their most recent follow-up interview, including smoking crack 

cocaine only (n=14), smoking crack cocaine and injecting cocaine powder (n=7), and 

injecting cocaine powder only (n=4). Of the 25 participants reporting cocaine use, 28% 

(n=7) also reported crystal methamphetamine injection. All of those participants who 

reported no cocaine use (n=6) reported crystal methamphetamine injection.  

Table 3.1 Participants’ demographic and stimulant use profiles 
N (%)/  

Mean ± SD 
Demographics 

Gender (woman)(a) 14(45.2) 

Ethnicity (Indigenous)(b) 12(29.3) 

Age (years) 49.51±9.63 

Lifetime stimulant use (c) 

Ever regularly injected cocaine powder 22 (71.0) 

Years of regular cocaine powder injection in life   13.47±9.60 

Ever regularly smoked crack cocaine  23 (74.2) 

Years of regular crack cocaine smoking in life  14.60±9.46 
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N (%)/  
Mean ± SD 

Ever regularly injected crystal methamphetamine 12 (38.7) 

Years of regular crystal methamphetamine injection in life  5.08±3.81 

Prior month stimulant use at most recent follow-up (d) 

Any cocaine powder injection (e) 11(35.5) 

Days of cocaine powder injection  6.36±9.55 

Any crack cocaine smoked (f) 21 (67.7) 

Days of crack cocaine smoked  17.95±12.82 

Any crystal methamphetamine injection  13 (41.9) 

Days of crystal methamphetamine injection  15.46±9.85 
Footnote:  ±SD= Standard deviation; Mean and SDs for years and days of use were calculated only among those reporting use.  
(a) Comparison group is men 
(b) Comparison group is non-Indigenous, all identifying with “Caucasian” ethnicity at SALOME baseline 
(c) Lifetime regular cocaine and crystal methamphetamine use was reported at the baseline SALOME interview, prior to receiving 
iOAT. 28 participants reported regular lifetime use of either crack cocaine or cocaine powder. The other 3 participants were 
among the 12 participants who reported regular lifetime use of crystal methamphetamine. 
(d) Prior month stimulant use at most recent follow-up interview was taken from data reported by participants at the bi-monthly 
follow-up interview occurring closest to the date of their qualitative interview.  
(e) Of the 11 participants reporting cocaine powder injection, 4 reported cocaine powder injection only and 7 reported cocaine powder 
injection and smoking crack cocaine. 
(f) Of the 21 participants reporting crack cocaine use, 14 reported smoking crack cocaine only, and 7 reported the use of both crack 
cocaine and cocaine powder. This totals 25 participants reporting any cocaine use (4 only cocaine powder, 7 only crack cocaine, 14 
both). There were therefore 6 participants reporting the use of crystal methamphetamine and not cocaine, at the follow-up collected 
closest to their interview.  
 
 
Table 3.1 reflects that at baseline, prior to receiving iOAT, 12 participants reported ever 

injecting crystal methamphetamine in life, while 13 participants reported any prior month 

use of crystal methamphetamine at the follow-up interviews collected closest to their 

qualitative interview.  

 

In order to provide more context to the use of crystal methamphetamine, participants’ 

descriptions of reasons for crystal methamphetamine use are outlined.  For those 

participants reporting the use of only crystal methamphetamine (n=6), one described he 

preferred it to cocaine use: 
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“I get psychosis from cocaine. I don’t enjoy doing cocaine because it’s not fun when I am 

in that state. I don’t get that effect from speed [methamphetamine] so I tend to pick that 

over the other [cocaine].” (Larry #5, 48-year-old man). 

 

 For others, the use of crystal methamphetamine was described as resulting from a lack of 

availability of quality cocaine in the street, while crystal methamphetamine was said to be 

more available and affordable. For example, one participant said:  

 

“I need a stimulant and it’s [crystal methamphetamine] the only thing that is available to 

me right now that is affordable.” (Marie #6). 

 

Those participants engaged in selling stimulants described an overall trend in the 

availability of stimulants, toward crystal methamphetamine being much easier to obtain 

than cocaine. For example, Steven, a 48-year-old man described his view of how the 

illicit drug supply had changed in recent years, given he had been using and selling 

stimulants in the Downtown Eastside for more than a decade: 

 

“It [crystal methamphetamine] has taken over everyone has flipped, like in the last 5 

years or so. Put it this way, say 6-7 years ago you couldn’t walk down Hastings and buy 

speed [crystal methamphetamine] it was like at Granville [street]. Then it started 

branching out and now all Hastings is speed.” 
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He went on to compare the “high” and the cost of crystal methamphetamine: 

 

“With crack that’s why all your money is gone cause you have to keep repeating it but 

with speed [crystal methamphetamine] you run for a while, it lasts longer but is still kind 

of an upper so uhm it goes farther with people.” (Steven #27) 

 

It is important to note that this desire for a longer effect that was offered by crystal 

methamphetamine tended to be reported among those that were engaged in drug dealing 

and who were wanting to stay up for long periods of time, including some who were not 

currently engaged in iOAT. For example, Anthony, a 49-year-old man that had left the 

clinic after his partner had passed away explained:  

 

“I have been trying to deal [selling drugs] a bit to maintain my habit… I like the speed 

[crystal methamphetamine] because it can keep me awake so I can work, so I can get 

more money, so I can stay awake so I can work so I can get more money. You know that 

vicious cycle, right. I am not receiving the treatment [iOAT]…. I was thinking about 

going back on it again too and giving it another try. Just because of the pressure of ways 

and means.  I have been basically having to fend for myself right. It’s not too much fun 

anymore I am getting really tired of it.” 

(Anthony #20) 
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While the use of cocaine was more prevalent than crystal methamphetamine overall, there 

were an important minority of participants reporting the use of crystal methamphetamine. 

Their experiences are incorporated into the presented study findings and are focused on 

“self-managing illicit stimulant use in iOAT”.   

 

 

3.3.2 Self-managing illicit stimulant use in iOAT 

	
The process of self-managing illicit stimulant use in injectable opioid agonist treatment 

(iOAT) is made up of three conceptual categories and two contextual categories (See 

Figure 3.1). The conceptual categories represent three distinct processes that reflect 

participants’ self-management efforts. The contextual categories provide complementary 

information to make sense of how participants are uniquely situated relative to these 

processes. The first conceptual category of “Distancing from the street environment” 

follows as a response to participants’ access to iOAT. From there, participants engage in 

efforts to “Take control of use” (second conceptual category) and “Mobilize support” 

(third conceptual category).  
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Figure 3.1: Self-managing illicit stimulant use in injectable opioid agonist treatment  

 

Footnote: The process of self-managing illicit stimulant use in injectable opioid agonist treatment (iOAT) is made up of three interconnected categories that follow as a response to 

participants’ access to iOAT. “Distancing from the street environment” is the first category and is followed by “Taking control of use” and “Mobilizing support”. The circular arrows 

surrounding “Taking control of use” and “Mobilizing support” indicate an ongoing balance of both internal efforts and engagement with external supports in order to self-manage use. 

Unidirectional arrows between sub-categories reflect linear relationships, with one following the next. Double headed arrows indicate dynamic linkage between sub-categories. 

Unidirectional arrows around “experiencing the harms of use” indicate that harms persist as long as use is ongoing. Outward pointing arrows around “identifying motivations for use” reflect 

that motivations for use may vary over time.
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3.3.3 Contextual categories 

3.3.3.1 Identifying motivations for stimulant use 

When participants were asked to talk about their use of stimulants, they often began by 

describing why they used the stimulant and what it offered them. Participants’ 

motivations were diverse but were characterized as being driven by efforts to either: 1) 

seek emotional comfort; 2) follow pre-established routines or rituals; or, 3) find function. 

Participants situated these motivations for use relative to their current lives, speaking to 

how their motivation to use cocaine or crystal methamphetamine was driven by their 

current physical and psychological health, social relationships, and the environment in 

which they lived. A detailed description of each of the motivations for stimulant use is 

outlined below and demonstrated with participant quotes. Participant characteristics, 

including age, gender, and ethnicity are referred to where these characteristics provide 

context that is important to making sense of the quote.  

 

Seeking emotional comfort  

Some participants described arriving to iOAT experiencing emotional pain. This was 

sometimes carried from earlier traumatic life events or from more recent challenges they 

were facing in coping with stressful life events, like the passing of a partner or a mental 

health diagnosis. These participants described stimulants as having a role in quieting or 

numbing this pain and providing comfort. While the intention was not to distinguish these 

categories and sub-categories as related to particular demographic profiles, it is important 

to note that the discussion of seeking emotional comfort was primarily discussed by 

women, and was most prominent among women that self-identified as Indigenous.  



 85 

The desire for the “numbing” (Allie #29; Marie #2) or “quieting” (Marissa#2) effect of 

cocaine was related to the intersecting challenges participants’ faced in their day-to-day 

lives. Participants described relying on stimulants to offer a temporary “escape” from the 

stress that came along with experiencing these challenges. For example, one Indigenous 

woman described the shame and regret she experienced from being separated from her 

son and how she used the crack cocaine at the time to numb her pain:  

 

“Over the years I have regrets, I have made so many mistakes, terrible mistakes with my 

children… my baby got kidnapped at 2.5 months and the crack took over. I liked the 

crack at the time because I didn’t have to feel anything. It made me not feel anything all 

the pain that I felt.” (Jasmin #16). 

 

Marissa, a 48- year old Indigenous woman described the role of the crack cocaine in 

“quieting” the daily stresses she was facing: 

 

“I’ve got the clinic – when I am not at the clinic, I am you know, my life is just in a 

downpour right now, I feel like I am in a tornado and can’t get out of it. My health sucks, 

my marriage is breaking up, yep, I am having a hell of a time… it [crack cocaine] helps 

numb all the shit that I go through on a daily basis. It just helps quiet it for a moment.” 

(Marissa #2) 

 

For others, the desire for this quieting effect related more closely to the ongoing mental 

health challenges they faced as a result of prior traumatic life events. For example, 
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Natalie, a 47-year-old Indigenous woman outlined that she had experienced ongoing 

depression, anxiety, post-traumatic stress disorder, and suicidal ideation. She described 

that crack cocaine offered her an opportunity to take a break from the feelings she was 

living with: 

 

“What it [crack cocaine] does and what I used it for is, because you feel so awful, so 

terrible, so raw that when you are using it all stops. And all that feeling wrong, feeling 

awful it doesn’t matter… And for someone who thinks they are losing their mind, or who 

wants to be dead but doesn’t ‘want to, want to’ [be dead], you know what I mean, or 

would never do it, it is a happy medium to just fill yourself up. For me, I will smoke a 

rock and in that hour for an hour of my time I can sit there and I don’t feel bad, I don’t 

feel guilty, I don’t feel horrible I don’t feel out of place, I don’t feel like I am going to die. 

I don’t necessarily feel great, but I don’t feel all those things, so I am okay.”  

(Natalie #28). 

 

Many participants revealed that the reasons for use changed relative to the circumstances 

of their current lives. For example, Roberta, a 58-year-old woman described having quit 

using cocaine with the support of her husband and how her use changed when he passed 

away: 

 

“When my husband was still alive, we had quit for almost 2 weeks. Just about two weeks 

and then he passed away and that was it, I was right back on it again.” 
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She outlined the role crack cocaine played in her grieving process:  

 

“It [crack cocaine] just helps me to what do you call… cope with what is going on, it 

helps me to get through the day.  I don’t cry my head off all day just worrying and just 

being miserable right. The drug helps me a lot. It’s like, it helps me cope with what I am 

going through right. I guess it’s like, I don’t really want to deal with the death [of her 

husband] without anything to hang onto you know. I need a crutch.  For now…”  

(Roberta #24) 

 

For some, the emotions they were seeking to manage related to being “out of touch” or 

disconnected from family. For example, Andy, a 68-year-old man, described having lost 

touch with his family and seeking to “escape” this by using cocaine. He further revealed 

that he relied on cocaine for “energy”, thus demonstrating that some participants may 

have multiple motivations for using cocaine:   

 

“I miss my family, quite a bit, I have got grandkids too. I just, I took off from them all 

quite a few years ago, ten years ago, I came to Vancouver. We have gotten out of touch. I 

like to escape from that hey, it makes me feel depressed a little and it’s hard to fit in my 

own skin. It’s easier if I am high, to stand myself. That way you know, you wake up and 

realize that you don’t like yourself and the only way you can like yourself is to do more 

dope, and when you do the dope you hate yourself for doing more dope and so … I would 

like it to be different. I would like to be able to not have to use it [cocaine] all the time. 
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Not to be addicted to anything, but I don’t think my body could go through it. I don’t 

think I could live without it. I don’t have the energy.” (Andy #7) 

 

Following established routines 

Some participants described the environment of the Downtown Eastside in which most of 

them currently lived as conducive to the use of cocaine or crystal methamphetamine, 

given the availability of these substances in the neighbourhood and the ongoing use 

among their social networks. Some participants described that part of the appeal of using 

stimulants was being able to continue to follow established rituals or routines (e.g. 

injecting, drug dealing), which had been a central part of their day in the years prior to 

receiving iOAT. For example, Samuel, a 52-year-old man, explained how using crystal 

methamphetamine daily allowed him to maintain his connection to his substance use 

routine that he had been engaging in for many years: 

 

“A lot of it is I am so used to having that narcotic to go to. A lot of it is part of the act 

itself, of scoring, and shooting, yah. Without that and having to do that, it leaves a big 

empty spot. I think that’s probably part of the reason why. I am so used to doing that for 

so long now living a normal life and not uhh … it’s challenging. I don’t enjoy the activity, 

but I think I thrive on the pressure and the stress. I am not very good at just maintaining 

a calm existence. There has to be some excitement somewhere. And I think this helps 

provide that.” (Samuel #17) 
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Another participant who had been regularly using crack cocaine for many years similarly 

outlined the extent to which crack cocaine use remained a social activity. He described a 

level of accomplishment associated with the activities surrounding his use:  

 

“The hustle to get the dope is what I enjoy the most, I think. Other than the taste. I was 

always good at it. The getting it part, that is my high right, is that part. The smoking part 

is secondary I think for me. I don’t know… it’s something I am good at, I guess. My 

whole drug use, my whole life, whether it’s weed or coke or heroin or mushrooms or 

whatever it’s knowing people who want it and knowing people who got it. It is part of my 

social fabric.” (Mike #10) 

 

Other participants described the geography of the neighbourhood of the Downtown 

Eastside as being conducive to the use of stimulants, given availability. For example, one 

participant that used crystal methamphetamine daily shared: “living down here 

[Downtown Eastside] is crazy, there are drugs everywhere” (Henry #15).  Another 

participant described the ease of access to crack cocaine: “It’s just in the next building 

over, it’s just too convenient I think” (Troy #1).  

 

Steven, a 48-year-old man, described using and selling crystal methamphetamine and that 

this was related to the current environment in which he was living:  

 

“It is really difficult where I live. I live on the worst block in Canada or whatever it is… I 

look out my window and it’s like “dope”, people stabbing each other and punching and 
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yelling right. So, it’s kind of like it would be easier if I am not living right there. Like if I 

lived outside of that realm it might be easier for me to not do it [speed].” (Steven #27) 

 

Finding function 

Many participants experienced medical problems associated with diagnosed chronic 

conditions or with aging. As such, the use of stimulants was seen to offer a “boost” of 

“energy” to accomplish daily errands or to support mobility.  The use of cocaine or 

crystal methamphetamine was qualified as a physiological “need” or “dependence” for 

some, where the stimulant served to support them to “function”. For others, the use of the 

stimulant was seen to have equal importance to the use of opioids. For example, one 

participant referred to herself as “dual addicted”, where she relied on daily use of both 

crack cocaine and opioids at the iOAT clinic to “function” (Carla #14). Another 

participant explained her preference for using both opioids and stimulants together, where 

the effect was seen to make her feel as if she could “function properly”. For example, she 

described that she had been using opioids with cocaine for many years, and sometimes 

continued to use cocaine and opioids at the same time (or crystal methamphetamine and 

opioids when she could not find cocaine): 

 

“I feel that is what makes me click, that’s what makes me feel in my zone, when I do them 

[opioid and stimulant] together, the feeling it does, my brain clicks, I feel like I can 

function properly when I have that. It’s almost like someone’s medication, like a diabetic 

takes insulin, whatever, that kind of thing just to function normal. I have back pain and 

other issues, and I am a little bit crazy in the head so yeah, I am bipolar, it kind of 
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mellows me out, puts me in the middle stops me from being up or down. I am in the zone. 

It totally makes me feel comfortable, it’s strange but it’s true.”  

 

She went on to explain what this sense of being “in the zone” or “comfortable” meant and 

what it allowed her to do: 

 

“I just want to be able to function; I use it for functioning only. Not to get high or 

whatever, just so I can get through the day. You know just keep the house up and you 

know, function, have showers, eat, sleep, all that shit.  Without it… it would be tough, it 

would be really hard, it would be like exhausting... So yeah it would be difficult. I don’t 

think I would like life without it.” (Marie #6) 

 

This reliance on the stimulant for energy ranged, from those outlining that it offered a 

“boost”  to be able to complete chores around the house, to those relying on it to 

“function”. For example, Greta, a 55-year-old woman, shared that stimulants were 

helping her manage the daily “aches and grumpiness” of aging, in turn providing her with 

the energy to accomplish daily tasks:  

 

“Before it was always “go, go, go” and I can’t “go, go, go” anymore. My mind wants to 

go but my body doesn’t keep up, it can’t keep up right. I am getting older. It [cocaine] 

gives me a little bit of a boost and I don’t feel that aching and grumpiness, like I just want 

to complain you know. I never thought I would be one of those bitchy old grandmothers 

but maybe I am turning into one.” (Greta, #22) 
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For others, particularly those facing more severe acute and chronic conditions, this boost 

of energy was perceived not just to support them in accomplishing daily tasks but as 

necessary to providing the energy needed for basic daily functioning. For example, a 68-

year-old man highlighted that his cocaine use was central to his daily life and daily 

functioning:  

 

“I went into the hospital with pneumonia, I was around 4 months in the hospital. I got out 

and I lasted about a week or so and I had to go back in. It just zapped me, and the only 

thing that kept me going was the stimulant [cocaine]... I need it to function. If I don’t 

have it, I will just lie down and veg out and I am useless I can’t do anything without it. 

Just having no energy at all, zero energy. You know, I can’t tie my shoe, I couldn’t do 

anything. Without it I don’t feel like eating. It is very much uhh part of my life. It is my 

energy. When I have a stimulant, I can do things… it’s like an epileptic taking his pill to 

be able to function in life.” (Andy #7) 

 

3.3.3.2 Experiencing the harms of stimulant use 

Participants reported the notion of ongoing risk of harm of cocaine and crystal 

methamphetamine use. These harms were directly tied to the illicit nature of the use of 

these substances and included discussions of: 1) fearing criminalization and 2) facing 

health problems. 
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Fearing criminalization 

Consistent across all interviews was the notion that substance use, including the use of 

cocaine and crystal methamphetamine, existed in the framework of drug prohibition, and 

thus came along with risk of harm. In the absence of a framework for safety or health 

care system supports, the risk of harm from criminalized stimulant use was accepted as a 

reality: 

 

“It’s part of the drug war right, it’s part of the game to have to buy illicitly, there are all 

sorts of dangers and risks, it’s criminal and they have criminalized it, so of course there 

are risks.” (Mathew #4) 

 

Many participants discussed having previously been charged, incarcerated, and left with a 

criminal record for activities that were associated with seeking opioids or stimulants (e.g. 

drug dealing, theft). It was made clear that engaging in these activities for most was 

meant solely to support their use, “I sell dope just to get by” (Steven #27) or “I sell so I 

can take care of my own habit” (Roberta #24). While access to iOAT erased the need to 

hustle for opioids, stimulants remained illegal and exposure to the risk of criminalization 

persisted among those using them. For example, Roberta, a 58-year-old woman described 

selling crack cocaine to be able to support her own use of crack cocaine, and feared 

criminal repercussions for this:  

 

“I still have to worry about how I am going to get my crack. I am still grinding away 

trying to get money for that. It’s silly because I should be in this program [iOAT] and not 
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doing anything else. But I find I still need a jolt; I still need the rush right. I sell [crack] 

so I can take care of my own habit. But I don’t like that. If I ever get caught selling it, I 

am going to jail. Because I have had previous charges and I am not even supposed to be 

touching dope. It is stressful even just having it around me is… stress enough you know. 

Especially if I have got my grandchildren who come to visit quite frequently. I don’t like 

having it around when they are around. I am scared they will find it.” (Roberta #24) 

 

Facing health problems 

Participants faced health problems associated with their use. Discussions were clustered 

around two primary sources of potential risk for health harm, the first being the 

contamination of stimulants, such that the substances being used were of unknown 

potency, quality, and composition. The second health risk was deemed to be associated 

with the route of use, namely where participants faced issues related to the long-term 

smoking or injection of crystal methamphetamine and/or cocaine.  In the context of an 

unregulated supply, participants discussed having no control over the product they were 

purchasing and reported concerns surrounding the chemical composition of the 

substances. For example, Laurie, a 56-year-old woman, described the outcome of 

injecting cocaine and crystal methamphetamine:  

 

“Yah with the hog dewormer- when they started putting that into our drugs is when I 

started saying is this worth it? Cause I would spend like 3 weeks in the hospital from 

doing a weekend with my partner, it would put me in the hospital all the time my health 

went to shit. (Laurie #31)  
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In the context of an overdose crisis, there was also concern about contamination with 

potent opioids like fentanyl, which carried a lot of fear for participants. For example, 

Raymond, a 53-year-old man that had been using cocaine for many years with his 

partner, outlined his fear of his cocaine supply being contaminated with potent opioids: 

 

“I mean we [he and his partner] are scared man we are scared for lots of reasons. We 

are older and we have used a long time, fentanyl is everywhere. We have got plans for 

our future we want to live. We don’t know what coke can do… But the fentanyl it could be 

in it… it is in everything.” (Raymond #23) 

 

Many participants had been regularly smoking or injecting cocaine or crystal 

methamphetamine for more than a decade. They outlined a number of concerns relating 

to this use, which included perceived side-effects such as memory loss, heart problems, 

blood clots, burning out of veins, abscesses and infections, sleep deprivation, breathing 

problems, lung capacity issues, and paranoia. For most participants, this long-term use 

was beginning to produce negative effects on their health, especially among those who 

smoked crack cocaine and who were experiencing breathing issues. For example, Dan, a 

49-year-old man with chronic obstructive pulmonary disease, reported experiencing 

trouble breathing, which he attributed to his long-term daily smoking: 
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“I smoke it [crack cocaine] from the time I wake up to the time I pass out…  I have been 

smoking it since [19] 86… my breathing is just cut down, it used to be at 60% now it’s 

down to like under 50% like maybe 30-40% lung power and that’s fucking me up…. all 

the time, it’s my breathing, I am on puffers and everything like that, and I gotta I don’t 

know man. I gotta watch myself. If I don’t stop this, I am going to… I will die you know.” 

(Dan #19) 

 

Many participants who experienced harm relating to the route of use identified that they 

strategized to reduce these harms either by reducing their use or switching their route of 

use. For example, one woman described that she had been smoking crack cocaine daily 

and transitioned to injecting when her breathing issues worsened and left her hospitalized 

(Greta #22).  One man outlined that he was experiencing trouble injecting, and 

transitioned from injecting to smoking crack cocaine:  

 

“I don’t know partly if it was just me or the quality of the drugs or my mental space, I 

wasn’t enjoying the high when injecting cocaine. It was getting harder to do, and you 

know I didn’t think it was having a positive impact on my life, not that smoking crack is 

real positive but I mean I think it is a little bit less. I can function more anyway ingesting 

it this way. I realize its negative impact on me when I am doing it is just, I am doing it 

regardless… it’s [smoking crack] still the lesser of two evils [compared to injecting].”  

(Mathew #4) 
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Those that reported having used more frequently and for longer periods of time tended to 

report more serious consequences of use. For example, Anthony, a 49-year-old man, 

reported experiencing a heart attack related to frequent heavy crystal methamphetamine 

injection:   

 

“I had a heart attack a couple months ago and I was just using speed [crystal 

methamphetamine] all night long. I was getting these pains behind my knees, like the 

back of my legs. It was really extreme it would just ache and ache and ache… There is 

really no relief…  I got home and tried to lay down it got really intense and it got worse 

and worse. Then I started feeling like my chest was in a vice [tight]. I phoned an 

ambulance and away we went and yah I was having a heart attack.” (Anthony #20) 

 

While accessing iOAT brought participants a safe regulated supply of opioids, their use 

of stimulants continued to be acquired from the only source available to them, the street. 

This meant that the risk of harm associated with using stimulants remained in place as 

these substances were sourced from an illicit drug supply. For some, the motivations for 

use, as outlined above, evolved over time as they became engaged in iOAT care. The 

self-management process identified in this study is presented below, giving consideration 

and making connections to participants’ motivations for use and harms experienced 

relating to the use of stimulants. 
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3.3.4 Conceptual categories 

The self-management process was made up of three conceptual categories reflecting 

iOAT patients’ engagement in illicit stimulant use: 1) distancing from the street 

environment; 2) taking control of use; and, 3) mobilizing support (clinical and social) 

(See Figure 3.1).  

 

3.3.4.1 Distancing from the street environment  

This category reflects that participants experienced a shift away from the environment of 

street substance use when they gained access to daily injectable opioid medication. Three 

sub-categories described how iOAT patients became distanced from the street 

environment: gaining access to a stable source of opioids, becoming connected to care, 

and identifying broader personal goals.  

 

Gaining access to a stable source of opioids 

Participants revealed that as a result of regular and reliable medication they were freed of 

the daily hustle and were able to reduce or stop their illicit opioid use. Access to a safe 

pharmaceutical opioid provided a sense of relief or a “brick off the shoulder” (Henry #15) 

by removing the daily stress, fear, and worry associated with seeking and securing an 

opioid from the illicit drug supply. This transition came with a feeling of safety, where 

participants were not exposed to the risk of harms, such as overdose. For example, one 

participant described access to iOAT as a “lifesaver” (James #8). Mike, a 63-year-old 

man who had been using crack cocaine daily for many years described the relationship 

between gaining “stability” in his opioid use and managing his crack cocaine use: 
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“It [iOAT] took me away from the trenches of the street. I was always a hustler - I was 

always down there, my life was buying dope to sell it to get more dope. Now that I don’t 

have to do that for the down [heroin] it sort of rubs off on the other drugs too. More 

stability in my life enabled me not to have to do that. It [crack cocaine] is not my driving 

force anymore, like my whole life is not focused on going and getting more crack, more 

crack like it used to be.” (Mike #10) 

 

Becoming connected to care 

Participants outlined that they became connected to care by the non-judgmental approach 

offered at the clinic, where they were met “at their own level” (Jack #11). One 

participant described the delivery of care as “Not so big “I”, little “you… it is more on an 

equal footing.” (Layne #30).  Larry, a 48-year-old man who had been using stimulants 

daily, described how this non-judgmental approach toward his crystal methamphetamine 

use was fundamental to remaining engaged in care:  

 

“I find that [the clinic] doesn’t judge me. They do urinalysis [and] they [are] always 

dirty for other substances and I can’t recall one single time that that has affected my 

standing. Not once have they said I have to stop using other drugs or they would cut me 

off. They never took the DAM [diacetylmorphine] off the table. They just tried to get me 

to stop using, or asked me if I would stop using speed [crystal methamphetamine] as 

much. They are very understanding when it comes to addicts and the behaviors of 
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addicts. I know how and what they are going to say to me when I get there, and how they 

are going to treat me, regardless of what shape I am in.” (Larry #5) 

 

Participants outlined that the daily access to a safe stable source of opioids came along 

with comprehensive services which one participant referred to as the “whole package” 

(Mike #10). Access to these additional services offered a foundation for participants to 

increase their overall well-being and to address other ongoing health issues. Pam, a 45-

year-old woman shared the additional services she engaged in beyond the iOAT 

medication, and how these helped her to improve her overall health and eventually reduce 

her crack cocaine use: 

 

“They [clinic staff] remind you about your appointments, they help you out with bus fare 

or taxi fare to get to the appointments, they are just supportive that way. They remind you 

the day you have to go, they will go with you if you need that. I got my teeth fixed, I am in 

the Hep C program, and now my Hep C is gone, I would have never done that if I wasn’t 

at Crosstown.” (Pam #9) 

 

Identifying broader personal goals 

These services supported improvements in other areas of participants’ lives, including 

physical and mental health. With these improvements, participants felt “confident” (Pam 

#9) and were “feeling better about [themselves]” (James #8). Many participants 

described that this improved well-being led to reductions in their stimulant use. Some 

described that they lost interest in stimulants, stating “I just don’t have it in me to chase it 
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[speed]” (Allie #29), or “I don’t [want to] be part of the [street] game - I have had it” 

(Kraig #12). One participant explained the newfound goals being driven by the space 

freed up from no longer having to source an illicit opioid daily:  

 

“I think the not having to hustle and do the things that I did to get the dope I am seeing 

that I need to do something, I guess I see that, I look at different needs now as opposed to 

when I was in the gutter really far.” (Darcy #26) 

 

The connection between access to a safe stable opioid in iOAT and the development of 

broader goals is clearly articulated by Natalie, a 47-year-old Indigenous woman:  

 

“Getting a grip on the opiates was just a humongous start on my life, again. I have come 

a long way where I don’t need to do it [crack cocaine] as repetitively because I have 

learned so much about myself and my life. When I first got in [to iOAT] I was just happy 

to be alive and running with my opiates and realizing I wasn’t going to die was a big 

relief, but things are different, and I want more… I actually am interested in taking a 

course and I want to do things, just stuff to fill in some gaps, productive things… I want 

to find some work in helping people in my similar realm.” (Natalie #28) 

 

A few participants described facing barriers in their personal lives to regular iOAT 

engagement. This included caring for ill family members, grieving the loss of a close 

loved one, and financially supporting and witnessing a partner’s daily opioid use. These 

participants were regularly connected to the street to engage in opioid and stimulant use 
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and thus did not experience “distancing” from the street environment. For example, 

Marie, a 51-year-old woman, described her street substance use as largely connected to 

her partner’s use:   

 

 “I use crystal meth every day. We [she and partner] usually wake up and do a shot... It’s 

usually, always with heroin right. I am basically using because he is using too and I have 

to administer his dose to him because that is the way he likes to have it. So, I can’t do 

that without doing some myself, it’s just too hard.” (Marie #6) 

 

Another participant described becoming disconnected from the clinic following the 

passing of his partner: 

 

“I am not receiving the treatment [iOAT]. In the past year I have but not for very long it 

was very sporadic, on again off again kind of thing… she [partner] passed and so it’s 

been a year now and I went through some really rough spots in that time, grieving 

sucks… it’s been a big struggle ever since. I am usually fucking up the dope [opioids and 

stimulants] more than I am doing well, right.” (Anthony #20)  

 

The next category that follows is that of “taking control of use”. As depicted by Figure 

3.1, participants revealed that distancing from the street environment provided an 

important first step toward taking control of their stimulant use. Their discussions 

outlined a transformation in their lives with regards to their health. Participants described 

gaining a sense of “stability” which tended to free space to engage in efforts to reduce the 
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use of stimulants. For example, James, a 54-year-old man outlined that crack cocaine 

seemed to fade in terms of importance when he became regularly engaged in iOAT: 

 

“It was just a hard life before the program[iOAT] you know we [he and partner] were 

just so beaten down. It [iOAT] has just slowed down the cravings, I don’t know 100% 

why but it’s just probably because there is no more fear of not having the down right. 

Like not being dope sick and stuff… It seems to be easier now to not chase after the rock 

[crack cocaine]. Before when we got a chunk of money, we would spend it all right. You 

never knew what tomorrow was going to bring, now that we know that we are going to 

wake up tomorrow now we don’t spend it all on dope anymore. We have other things to 

wake up to, I think.” (James #8) 

 

Other participants similarly made these connections. For example, one participant 

described that access to iOAT offered “ease for my crack habit” (Olivia #3) while 

another participant said, “I noticed the more stable I was the less I was craving it. That 

simply comes from Crosstown and the medication every day” (Pam #9).  

 

3.3.4.2 Taking control of use 

This category reflects participants’ active efforts to manage their use of illicit stimulants, 

which followed and was made possible by the distance they gained from the street 

environment when they became engaged in iOAT. Two sub-categories outlined how 

participants took “control” of their stimulant use by engaging in meaningful alternative 

activities and by practicing strategies to regulate their use.  
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Engaging in meaningful alternative activities 

Many participants described that engagement in meaningful activities offered, or could 

offer, an alternative to the use of stimulants. Alternatives included activities such as 

employment, to offer a sense of “purpose” (Jack #11), or leisure activities to offer a sense 

of “enjoyment” (Mark #4). Pam, a 45-year-old woman, described that since becoming an 

iOAT patient she had become healthier. This allowed her to engage in activities to 

support the management of her crack cocaine use: 

 

“I still get cravings and I just try to do different things to try to get my mind off it. I go 

swimming, rollerblading, just going for a walk, I watch TV, or write. Whatever I feel like 

doing at the time…there was no time for them when my addiction got really bad.  And 

now there is time because I am well so I can do those things again… It is more control, 

more control over what I am doing.” (Pam #9) 

 

It is important to note that this was not possible to the same extent for all participants. For 

example, some participants described experiencing limitations in terms of mobility, social 

networks, or resources to engage in such alternative activities. Others were interested in 

employment, volunteering, or other types of community involvement, but did not feel 

well equipped to engage in these activities.  For example, a few participants described 

experiencing barriers to engaging in meaningful alternative activities, such as physical or 

social limitations. One participant said, “I wouldn’t know what [activities to do] though. I 

would need help with that” (Allie #29). Another participant, Jack a 58-year-old man, 
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described the challenges he faced to engaging in social activities and rebuilding a social 

network after his wife passed away: 

 

“I don’t have the people I used to associate, it all kind of fell by the wayside when 

[partner name] died. I no longer have my partner to do things with. I try to get out and 

do things with people and socialize but there’s a lot of things I just can’t do anymore. I 

can’t just get up and go camping, I would love to but I just don’t have the mobility to get 

everything together and have a vehicle. Through a lifetime of acquiring friends and stuff 

you can sometimes rely on people of that stuff, but for the amount of time I did (in jail), I 

have only been out in the community for 15 years, and the people that I did have around 

me are no longer there” (Jack #11). 

 

Practicing strategies to regulate use 

Beyond engaging in alternative activities, participants described strategies they practiced 

to regulate their use. These strategies came in the form of creating rules, often centered 

on reducing the frequency or volume of stimulant use. For example, participants 

described using only at “the end of the day” (Layne #30), not “binging” (Jasmin #16), or 

“cutting down slowly” (Annie #21). Others described monitoring or tracking their 

stimulant use, many of which were through financial strategies such as keeping a 

“budget” (Layne #30) or practicing “financial responsibility” (Raymond #23), buying 

“necessities”, like groceries, before spending money on stimulants (Donna #13, Henry 

#15, Natalie #28). Raymond, a 53-year-old man, described his efforts to regulate his use 

since starting iOAT:  
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“I have got to learn how to control myself and not let that [cocaine] take over… I am 

trying to take on more responsibility that is financial. We [he and his partner] make sure 

we update our fridge with bread and peanut butter and jam. We needed cat litter 

yesterday, so I had to pop 10$ on litter…I still do it [cocaine], but not like before without 

caring. I watch myself because I have got bills and that.” (Raymond #23) 

 

Not all participants were actively practicing strategies to manage their use of stimulants. 

This was particularly true among those that identified themselves as “dependent” on 

cocaine or crystal methamphetamine or those whose motivation for use was being driven 

by their dependence on the substance in order to “function”. One participant, for 

example, described herself as “dual addicted” (cocaine and heroin) (Carla #14), and 

others described that they “needed” the stimulant to “function” (Marie #6, Andy #7).  

Marie, who was not currently engaged in the clinic, and who explained that her use of 

cocaine and crystal methamphetamine allowed her to feel “in the zone” or to “click”, 

described that she did not have any intentions to reduce her use: “I don’t think I would 

like life without it” (Marie #6). 

 

While most participants outlined engaging in meaningful activities or strategizing to 

regulate their stimulant use, some participants were not able to engage in these efforts. 

Most participants, however, outlined recognition of the potential role treatment services 

and social support might offer them in their efforts to manage their stimulant use.  

 



 107 

3.3.4.3 Mobilizing support (clinical and social) 

The final category relates to how participants engaged in or desired access to resources to 

support the management of their stimulant use. These supports are reflected by two sub-

categories: building social support; and seeking a safe (prescribed pharmaceutical) 

stimulant. As depicted by Figure 3.1, the categories of “taking control of use” and 

“mobilizing support” are very much connected in that participants sought out supports to 

complement (rather than replace) their ongoing efforts to “control” their stimulant use.  

 

Building social support 

Many participants emphasized that social support would allow them to strengthen their 

engagement in strategies to manage their use. For participants with partners, the 

alignment of goals relating to the use of stimulants was important to their efforts to 

reduce use. For instance, Raymond’s efforts to reduce his cocaine use as described above 

relied heavily on developing a sense of trust with his partner with whom he shared this 

goal. He and his partner shared accountability to one another around their use of cocaine 

and around their financial spending: 

 

“We are in the same boat we are in the exact same boat, on the same page. I don’t follow 

her she doesn’t follow me we follow together as one. We don’t do cocaine separately. The 

ultimate word is trust. You need that, you need the trust, everything else comes with trust. 

We always know each other’s bank accounts. Every time I get my check or if I am 

working and get my check I can write down on paper and show her where I spent 

everything, on paper and in reality, and she can do the same thing.” (Raymond #23) 
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Similarly, Annie, a 30-year-old woman, explained the role her partner played in 

supporting her to reduce her crack cocaine use, a goal that she had for many years but 

that she was unable to achieve in the absence of support: 

 

“I wanted to quit but at that time I just couldn’t – I didn’t have the right people around 

me to do that with. But Crosstown has helped a lot you know, and [partner name] has 

helped a lot. If it weren’t for [partner name] I probably wouldn’t have quit smoking 

crack. He keeps me occupied. Instead of doing a toke [of crack cocaine] we go out and 

do something right. Instead of getting high he will take me out biking, I will rollerblade 

and he will bike. We went along the sea wall that was fun.” (Annie #21) 

 

 Others outlined their desire for more structured opportunities to engage with people with 

shared goals, outlining the challenge of managing their stimulant use when exposed only 

to a network of peers that also used.  

 

For example, Roberta, a 58-year-old woman who used crack cocaine daily and was 

working toward reducing her use explained: 

 

“I just want a friend who will just be my friend. It always helps if someone else is going 

through the same thing. It’s nice to know that if you’re trying to quit [crack cocaine] 

someone else is too. A good old pat on the back never hurt anyone.” (Roberta #24) 
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Natalie, an Indigenous woman, outlined that after coming to the clinic she became 

connected with a counsellor and Indigenous healer that helped her to get “on the right 

path” and make a “breakthrough”. She further described the role of her engagement with 

a women’s support group to help her in her efforts to reduce her crack cocaine use: 

 

“The women’s groups give me a note of self-satisfaction that I am not the only one you 

know and it takes a lot of guilt and stuff off of my shoulders. When I go there, I can feel 

better about me, I walk away feeling better, a bit lighter, not so guilt ridden. Not feeling 

bad about the things, I have done. They accept me for who I am, mistakes, and addiction 

and all… and uhm you know sometimes that is all you need. It can go a long way.” 

(Natalie #28) 

 

Seeking a safe pharmaceutical stimulant 

Apart from social support, participants also sought support in the form of access to a 

“safe” prescribed pharmaceutical stimulant. At the time of the interviews (June 2017- 

March 2018) only 6 participants had received dextroamphetamine (Dexedrine ®) a 

prescribed pharmaceutical stimulant, and 3 of these participants had discontinued the 

treatment at the time of the qualitative interview. For these participants, access to 

dextroamphetamine was expected to be able to complement their existing efforts to 

manage their use, for example, by reducing symptoms of craving. For many participants, 

the desire for a pharmaceutical stimulant was seen to be an add on that complemented 

their existing attempts to manage their use. For example, Pam described her efforts to 
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reduce her use of stimulants, her successes in this process, and her desire for additional 

support with her cravings: 

 

“I side track myself and try to do other things to get it [crack cocaine] off my mind right. 

I can have money now I don’t have to run out to do it. I have money in the bank and it 

doesn’t matter. That was a hard one to beat, it took a long time. Before if I had money, I 

would spend it. Now we go shopping at Costco, we go shopping for whatever we need. 

You know and leave money there for if we need it… but I am not quite there yet, the 

quitting doing it period. I am cutting it down less and less and less and if there was a 

treatment to help the craving, I would take it.” (Pam #9) 

 

For some participants, access to a pharmaceutical stimulant was seen as an opportunity to 

avoid the consequences of using a stimulant purchased in the street while maintaining the 

stimulant effect they were seeking. For example, Andy, a 68-year old man who used 

cocaine multiple times daily said:  

 

“I need it [cocaine] to function. If I don’t have it, I will just lie down and veg out and I 

am useless I can’t do anything without it. Without it I don’t feel like eating. It is very 

much uhm, part of my life. It’s my energy... I sure wish I could get a doctor to prescribe a 

stimulant, something to give me some energy, a boost. I wouldn’t have to get the stuff on 

the street. Every once in a while, it’s not that good. That’s the roulette.” (Andy #7) 
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All participants recognized the opportunity iOAT engagement offered for stimulant use 

self-management and described drawing on, or desiring access to, resources in order to 

support these efforts. Each participant, however, outlined a unique combination of 

engagement with iOAT care, individual strategies, alternative activities, and access to or 

desire for social or clinical supports.  

 

Among participants who had the opportunity to access dextroamphetamine, perceptions 

of the effect of this medication were varied. For example, one participant described that it 

offered a “subtle, background effect” (Jack #11), while another described “I didn’t like it 

at all, it gave me too much energy” (Allie #29). Others felt the effect was not strong 

enough. For example, William, a 37-year-old man who used crystal methamphetamine 

daily shared: 

 

“ I don’t find that at the dosage they give it at that it really does enough. It doesn’t 

compare to methamphetamine.  It is just so mild compared to the stimulant I am looking 

for. It’s not like in my mind a viable substitute. I asked to try Adderall but it’s not covered 

right, that would probably like work better and it’s unfortunate that it’s not covered. I 

wish that it would have worked.” (William #25) 

 

Participants who did not tolerate the medication discontinued their prescription and did 

not describe experiencing adverse events nor consequences for their iOAT care. Some 

participants described experiencing positive outcomes, which they attributed to the 

medication. For example, Ron, a 45-year-old man, stated: 
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“Well what it [dextroamphetamine] does do for me, is it cuts down my speed 

[methamphetamine] use and it makes me have energy. I feel a lot more in tune, because I 

am not doing it so much. I have cut down on how much I have been doing a day right.  I 

used to be doing like half a gram or a gram a day, and now I am just doing like maybe 3 

or 4 points a day. For some people that is a lot and for me it’s not. So, they 

[dextroamphetamine pills] do work.” (Ron #18) 

 

One participant described that he gained some benefit from the medication, but continued 

to use some illicit stimulants given the appeal of the routine or ritual of injecting: 

 

“It [dextroamphetamine] speeds up your system yah, it takes a little bit takes about 20 

minutes but yah, you get the same feeling, you just don’t get that initial drive when you 

first mainline it. It could be my addiction to a needle. You can’t help but have an 

addiction to a needle, and the process after years and years and years of using, you have 

to acknowledge that and take it into consideration too, it’s all part of the process.  If you 

were to ask anyone there [the clinic] ok how does he fix they would probably be able to 

tell you because it’s always the same… the process is always the same. With the jib 

[crystal methamphetamine] it’s the same routine, setting up and getting ready to do it it’s 

all part of the ritual and the routine.” (Jack #11). 
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3.4 Discussion 

In this qualitative study, one-on-one interviews were conducted with 31 participants who 

were currently or recently receiving injectable opioid agonist treatment and who reported 

the use of cocaine or crystal methamphetamine. Overall, participants’ engagement in 

stimulant use was presented by three interrelated conceptual categories that reflected a 

process of stimulant use self-management. This process was framed by two contextual 

categories, “experiencing the harms of use” and “identifying motivations for use”. These 

contextual categories provide information that help to understand how individuals are 

situated in relation to the self-management process.  

 

The outlined harms were “fearing criminalization” and “facing health problems”, both of 

which stem from the overarching framework of drug prohibition. While iOAT offered in 

the context of the SALOME trial provided a safe, stable, medical source of opioids, there 

was no offer of pharmacological support for cocaine use (with the exception of the recent 

offer of dextroamphetamine to participants, which was just beginning at the time of the 

interviews: June 2017- March 2018). Even with such medication being offered, the 

provision of slow-release pharmaceutical stimulants, such as dextroamphetamine, may 

provide an effective alternative to illicit stimulant use for some patients only. Further 

efforts are required to expand access to dextroamphetamine and to continue to advance 

evidence to be able to provide a more diverse range of safe pharmacological alternatives 

to meet the needs of all patients who use illicit stimulants.  
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As such, as long as the use of cocaine (and crystal methamphetamine) continued, the 

harms of use persisted (as reflected by the unidirectional arrows surrounding the 

contextual category of “Experiencing the harms of use” in Figure 3.1). The harms of 

cocaine use have been studied in relation to particular substance use practices. For 

example harms have been outlined and quantified with respect to route of administration 

(i.e. injection risk vs. smoking risks), related activities such as sex work (199) and the 

sharing of equipment (248, 249). There is however an increasing acknowledgement of the 

risk and associated harms of illicit substance use being products of social, structural, and 

physical-environmental factors (177, 250).  

 

There have been a number of harm reduction interventions geared toward reducing the 

harms of crack cocaine smoking. These include the distribution of equipment and 

education efforts to reduce sharing of equipment, which have had a modest impact on 

reducing risk behaviours (251, 252). Over the past 15 years there has been an increasing 

recognition that these interventions cannot address social-environmental factors and 

associated exposure to other harms, such as violence and criminalization (119). There has 

been a movement toward promoting access to safer smoking rooms (253, 254); however, 

the continued contamination of the illicit drug supply has meant that such harm reduction 

interventions are seen as insufficient. As outlined by participants, even where the proper 

equipment is provided, the contamination of illicit substances and the risks associated 

with routes of administration (i.e. injection or smoking) continue to pose harms. 

Regardless of these risks, people will continue to use illicit stimulants and a more 

comprehensive and sustainable approach is required.  
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Across Canada, this has led advocates, researchers, community organizations, and 

politicians to advocate for a “safe supply” of drugs, which for stimulants has involved 

providing people with access to prescription stimulant medications (255, 256). 

Dextroamphetamine (Dexedrine ®), and methylphenidate (Ritalin ®) are two of such 

medications which have been incorporated into recent guidelines for prescribers in 

Vancouver and BC. These medications are meant to offer people who use illicit 

stimulants access to safe alternatives in the context of dual public health emergencies 

presented by COVID-19 and the ongoing overdose emergency (72, 257). These slow 

release medications have shown some promise in clinical trials; however, these two 

medications will not meet the needs of all people engaging in illicit stimulant use (e.g. 

those seeking a faster acting medication or effect). As such, ongoing research and 

advocacy efforts to expand the offer of medications remains critical.  

 

In order to make sense of the ongoing use of cocaine and/or crystal methamphetamine, 

efforts have been made to explain and understand motivations for use. A number of 

studies, many of them qualitative, have identified motivations for cocaine use. For 

example, a study of cocaine use across three European cities outlined the use of cocaine 

as a “social phenomenon”, where most participants reported using with friends, partners, 

or colleagues with the goal of increased sociability, and to “feel good” (258). A recent 

narrative review and thematic synthesis of qualitative literature has outlined influences on 

key phases in amphetamine type stimulant use, including initiation, continuation, increase 

(relapse) and decrease (abstinence). An array of reasons for initiating and continuing 
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stimulant use were outlined, and included the goal of boosting work performance, 

managing stress, or promoting a sense of social belonging (259). 

 

In the present study, motivations broadly included; following established routines, 

finding “function”, and seeking emotional comfort. Participants who discussed their use 

as relating to established routines focused their discussions on the activities surrounding 

the use itself (e.g. drug dealing). For example, some participants discussed following long 

held rituals and routines around use, where ongoing use was not just about the drug itself 

but about filling the day with activities that surrounded this use (e.g. acquiring, selling). 

This fits well within prior models that have noted the effects of drug policy on life 

structure. It has been highlighted, for instance, that in the context of drug prohibition 

there is an increased focus on drug acquisition-related activities rather than non-drug 

related activities, and that social network structures are determined by connections to 

people engaged in “uncontrolled” and “unregulated” substance use (168).  This presents 

challenges to identifying and engaging with alternative meaningful activities  not related 

to the use of substances (e.g. leisure, employment), which has been identified in the 

present study to be a critical component of “taking control” of cocaine use. This was true 

for those with social networks that continued stimulant use, particularly when close 

members of social networks (e.g. partners) were not engaged in structured care.  

 

Some participants described a reliance on the use of cocaine to offer them support in their 

daily “functioning”, where there was seen to be a “need” for the substance. This presents 

as a very different reason for use from those using due to externalized factors, such as 
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environmental influences (e.g. routines, social networks) or due to the desire to “numb” 

or “quiet” feelings of emotional pain. There has been some research focusing on 

“functional” cocaine use, for example, where the use is seen to offer energy to stay awake 

or to complete tasks (260). Many of these studies have been done in populations that may 

be younger or healthier than the participants involved in the present study, many of whom 

have been injecting and/or smoking opioids and stimulants for many years. In the context 

of the present study, for some, the functional purpose was to stay awake or have a boost 

of energy, while for others the “functional” use was directly tied to their health status. For 

example, a few participants were experiencing chronic physical health issues that limited 

their overall quality of life and capacity to engage in activities of basic daily functioning, 

such as practicing self-care or making it out of the house and to the iOAT clinic for their 

daily opioid dose. On the other hand, for a few participants, the concurrent use of cocaine 

supported their mood and allowed them to feel “normal”. Functional use as a motivation 

for stimulant use can be understood through a different lens with regard to this subgroup 

of patients with concurrent chronic physical and mental conditions, where the stimulant 

was vital to supporting daily functioning.  

 

Therefore, understanding the purpose served by the stimulant could be fundamentally 

important to an individual’s trajectory of use over time. This is consistent with findings of 

a prior qualitative study of heroin use among iOAT patients in the Netherlands, where it 

was found that participants’ motivations for heroin and other drug use had an impact on 

their “control” over their substance use while receiving iOAT (110). For example, 

participants who identified using heroin as a “positive reinforcer”, such as to “feel good” 
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were more likely to control their heroin use than those that used heroin as a “negative 

reinforcer”, namely to cope with emotional distress and trauma. This study concluded 

that the reinforcers, reasons, or motivations for use might play a role in the extent of 

participants “control” over substance use and in their overall treatment outcomes. 

	

There are several examples discussed by participants in the present study that align well 

with this idea. For example, even with an acknowledgement of the harm of stimulant use 

and a desire to stop using, it is possible that the frequent use will continue among those 

that use stimulants to support their daily “functioning” given the trade-off of risk of harm 

may outweigh the benefit offered by the drug. In treatment planning, therefore, it will be 

important for care providers to acknowledge patients’ motivations for use in order to 

inform treatment services, considering services will be most successful when they match 

a patient’s goals and needs (261). Motivational interviewing (MI) approaches could be 

used to guide these discussions. MI seeks to enhance motivation for change in substance 

use by exploring and resolving uncertainty (262). This approach can be beneficial in 

treatment planning and goal setting, particularly where patients are willing, and when an 

empathetic and equal relationship between the patient and provider is the focus (263).   

 

To a certain extent, motivations were aligned with demographics. For example, the 

motivation of “seeking emotional comfort” was primarily discussed among Indigenous 

women. Some women discussed this in reference to their experiences as mothers. For 

example, Jasmin described the pain she felt relating to her son being taken away from 

her. Her experience was consistent with findings of prior qualitative studies that have 
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suggested gender-specific motivations for cocaine use (119, 264, 265), including 

substance use as an approach to numbing emotional pain related to experiences of being 

separated from children (266).  

 

Prior studies have worked to add important contextual framing to mothering and 

substance use, highlighting that attention must be refocused on systemic structures of 

poverty, racism, and violence (267, 268). The literature on child welfare system 

involvement consistently demonstrates high rates of poverty and overall economic 

instability among women that have been separated from their children (269, 270). In all 

contexts, mothers are tasked with making difficult decisions regarding caring for their 

children, such as whether to allow children to spend the night in someone else’s home 

and arranging child care while they are at work. When mothers are forced to make these 

decisions with minimal resources and in the context of poverty, violence, and structural 

violence, each decision is left to be scrutinized by the child welfare system (271) with 

women often being labelled as “bad mothers” (272). This labeling fits with dominant 

ideologies about motherhood, against which women are judged (272). These ideologies 

have been said to serve as a mechanism to continue to blame women for the problems 

facing their families rather than focusing on the practices and policies that perpetuate 

broader structural inequities, such as poverty (273).  

 

For Indigenous women, being separated from their children draws parallels to the 

separations that occurred through the residential school system and “Sixties Scoop”, 

whereby child welfare agents removed Indigenous children from their families and 
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communities between the 1960s and 1980s (274). These practices have had great 

intergenerational impacts, contributing to vast health and social disparities between 

Indigenous peoples and non-Indigenous populations in Canada (275). The colonial 

process of separation of Indigenous children from their families continues to this day, 

while Indigenous children account for only 7.7% of the population of children in Canada 

but represent 52.2% of children in foster care (276).  

 

In efforts to keep or regain custody of their children, Indigenous women are scrutinized 

against the law’s general expectations and assumptions about motherhood, but must also 

contend with the often limited ability of courts to understand the situations of individuals 

mothers in the wider context of the structural barriers they face, barriers that are 

established and enforced by social and political forces (277). As such, motherhood may 

be associated with potentially painful or traumatic experiences for women entering the 

iOAT care setting and presents as an additional contextual consideration for care 

providers working to understand associations with and motivations for cocaine use 

among their patients. 

 

As outlined in Figure 3.1 (indicated by outward pointing arrows around the contextual 

category “Identifying motivations for use”), reasons for using cocaine for some 

participants were dynamic. Natalie for example, described using crack cocaine to quiet 

emotional pain. Over time, after engaging in iOAT and allied support services including 

counselling and peer groups she described relying on the crack cocaine for a different 

purpose, using it “here and there” to help provide energy to complete household tasks.  
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Patterns of stimulant use have been outlined as products of particular situations, contexts, 

events, time periods, and drug use career transitions (164). As such, it is important that 

explorations of stimulant use are situated within the context of participants’ ongoing 

social and environmental circumstances and account for participants’ access to health and 

social services which could modify their engagement with stimulants. This notion is 

supported by the overall process of self-management presented, where for many 

participants, access to iOAT served as an important circumstance in their lives that 

supported the self-management of stimulant use.  

 

These contextual categories therefore help to frame the conceptual categories of the self- 

management process, which include; distancing from the street environment, taking 

control of use, and mobilizing support. The concept of self-management derives from the 

chronic disease literature (245, 278-281) and is defined as the daily actions a person takes 

to manage the symptoms of their condition and promote well-being (282). Self-

management was found to be an outcome of regular engagement in iOAT, where 

participants gained distance from the street environment. This distance created space for 

participants to engage in stimulant use self-management, through both internal self-

regulation strategies, and through efforts to mobilize external supports. 

 

This shift in stimulant use, following regular engagement in iOAT suggests that the 

course of stimulant dependence can be “situational”, namely responsive to changes in 

external environments (283) . One such “situational” factor that has been shown to 

influence substance use is drug availability (167, 284). Shifting stimulant use trends in 
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response to local drug availability have been identified in qualitative and ethnographic 

studies in other settings. For example, in the 1990s the evolution of crack “base” cocaine 

smoking was explored among people who primarily used heroin in Rotterdam, and the 

rising prevalence of use in response to drug availability or “supply” was similarly 

highlighted (285). Furthermore, in Spain cocaine smoking has “diffused” over the years 

from the south west to the north east of the country. This has been outlined as an 

ecological or cultural transition that followed from both drug availability and from 

transitions to smoking heroin across the country that were observed in earlier years (286).  

 

In the present study, drug availability was an important contributing factor to 

participants’ stimulant use. It was found, for example, that some participants reported 

using crystal methamphetamine due to it being accessible when cocaine was not. This 

could be reflective of increased availability of crystal methamphetamine in Vancouver, 

which has been identified at the population level across the province of British Columbia 

(287), and more broadly in the United States (190). Furthermore, the distance from the 

street environment that was created for participants who became regularly engaged in 

iOAT was enough to reduce the availability or exposure to illicit stimulants for many of 

these participants, such that they engaged in self-regulation strategies and sought external 

supports.   

 

This finding around “distance” from the street environment fits with the results of prior 

qualitative studies conducted with patients receiving iOAT which have found that access 

to prescribed heroin resulted in great reductions or complete discontinuation of 
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involvement in street-based activities such as drug dealing, sex work, and hustling, and 

improved daily life structure (110, 137, 288). The presented analyses extend on this 

finding with a specific sub-group of patients engaged in the concurrent use of cocaine or 

crystal methamphetamine and outlines how this distance allowed participants to transition 

toward self-management of stimulant use.  

 

Participants described significant efforts to “control” their stimulant use by engaging in 

alternative activities and by practicing strategies to regulate their use. While to our 

knowledge, there are no studies focusing on control of stimulant use among patients 

receiving either oral or injectable treatment for OUD, findings of the present study align 

well with the literature on controlled substance use more broadly, where there has been a 

focus on the various routines and rituals that people develop to guide decisions about 

their use. For example, a study of people who use cocaine in Belgium found indicators of 

controlled use to include low frequency and quantity of use, and resisting cravings, which 

were named by participants in the presented study (164).  

 

These efforts to control use further align with existing literature on substance use self-

regulation, namely where individuals make efforts to decrease the negative consequences 

of substance use without stopping consumption (164-166, 168, 289, 290). Substance use 

rules and rituals have been outlined as central to the self-regulation process, where people 

limit use for example, to certain times, places, occasions, or amounts (291). In the present 

study, participants emphasized making decisions around their use so that it did not 

interfere with other areas of their lives, such as paying their bills, buying groceries, or 
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caring for pets. Prior studies of self-regulation of substance use similarly point to 

patients’ decision making relative to their use as being directed by taking into account its 

observed consequences (289) and by seeking to limit potential interruptions to personal 

commitments, responsibilities and goals (167). 

 

Participants who described difficulty managing their stimulant use were often challenged 

by a lack of social connections or limited opportunities for engagement with alternative 

activities. This finding aligns with literature on recovery capital, and social capital more 

specifically, where people who have access to social support (i.e. friends, partners) are 

said to be better positioned to initiate and maintain reductions in substance use compared 

to people who do not have these sorts of relationships (292). This finding is further 

complemented by prior studies of cocaine use that have pointed to access to alternative 

activities as the most important factor in limiting cocaine use (293). This suggests that 

patients’ strategies to control their use might be best supported by broader policies aimed 

at strengthening social capital (165).  

 

While changes in social policy fall beyond the scope of what can be offered by the 

addiction treatment system in the setting of iOAT, important opportunities for 

intervention do exist. While participants’ discussions of self-regulation reveal significant 

internal self-management efforts, the constructed process also incorporates participants’ 

engagement with, and desire for external self-management supports. Participants for 

example, outlined desiring connection with people with shared goals. Support groups, as 

discussed by one participant, could offer one such option, where the skills and 
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competencies of people who use drugs are acknowledged and utilized to provide peer-to-

peer support (294, 295). In the United Kingdom, self-management approaches have been 

applied to the management of mental health problems, with a focus on patient 

experiences and insight to guide program development (296). In recent years, these 

programs have increasingly incorporated peer-led supports with positive outcomes such 

as improved quality of life, self-rated recovery, self-rated self-management skills, and 

reduced rates of acute care readmission (297). As health care continues to move toward 

recovery-oriented and chronic care approaches, there is a growing opportunity to 

integrate services that are driven by what is meaningful to people with lived experience 

(e.g. peer-based counselling or support groups) into iOAT care (205). 

 

Participants further described the desire for access to a safe alternative to illicit stimulant 

use in the form of a prescribed stimulant. Access to a pharmacological treatment was 

expected to complement rather than replace participants’ ongoing self-regulation efforts. 

This is consistent with prior studies, for example in the self-management of mood and 

anxiety disorders, where patients engage in strategies (e.g. monitoring mood) to manage 

their disorder, and are supported in these efforts by access to medication (169). Some 

participants in this study had been prescribed dextroamphetamine and reported a range of 

experiences and perceptions of its effectiveness. This suggests that, as with other 

substance use disorders, the management of stimulant use disorder requires diversified 

treatment options to meet a range of patient needs (56). Nevertheless, after decades of 

research on pharmacological treatments for stimulant use disorder, dextroamphetamine 

remains the first treatment that has demonstrated promise in the treatment of cocaine use 
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disorder among iOAT patients (127). Earlier studies with smaller samples have also 

suggested that dextroamphetamine could be a safe and feasible treatment for crystal 

methamphetamine dependence in oral opioid agonist treatment settings (298, 299). Given 

patients’ daily visits, iOAT clinics serve as a prime setting for the continued investigation 

of this treatment as an add-on intervention for patients with concurrent stimulant use 

disorder.  

 

In addition, it is important to consider the potential benefit of evidence-based 

psychosocial interventions. For example, contingency management is effective at 

reducing cocaine use among patients in OAT (300) and in iOAT (133). Both contingency 

management (301-303) and cognitive behavioural approaches (304, 305) have also been 

shown to reduce crystal methamphetamine use, however evidence of the effectiveness of 

psychosocial interventions for crystal methamphetamine use are lacking among OAT 

patients and thus warrant investigation in this population. 

 

In closing, possible limitations should be noted. While efforts were made to include 

former iOAT patients in this study it was not possible to reach participants that were not 

in contact with the clinic or the research office. As such, it is possible that participants 

who were reached presented with a different profile compared to former iOAT patients 

who could not be reached. For example, of all 31 participants interviewed, only one 

participant was not retained in SALOME at six-months. As such, there are possible 

perspectives on engagement in cocaine use among iOAT patients that have not been 

represented by this study. Nevertheless, attempts were made to diversify the sample 
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based on treatment engagement at the time of the interview, by including participants that 

were either not currently regularly engaged in iOAT or that were not engaged in iOAT at 

all. 

 

Furthermore, this study was conducted with a very specific group of patients in a very 

specific clinical setting. As iOAT expands, it is being offered in settings that are different 

from the one in which participants of this qualitative study receive iOAT (i.e. the 

SALOME clinical trial clinic). For example, iOAT is now integrated into community 

clinics and harm reduction sites. Findings may not be generalizable to these clinical 

settings, which differ in the approach to treatment (e.g. frequency of health care provider 

contact, access to on-site ancillary services) and population of patients served (e.g. 

history of oral OAT attempts, concurrent psychiatric disorders).  

 

Additionally, it is important to note that grounded theory studies sometimes work to 

generate theory over many years of study. For example, researchers may conduct 

recurrent interviews with participants multiple times over months, years, or points of 

interest. Such an approach can be necessary for example, to delineate an in-depth 

understanding of the experience of disease progression (e.g. cancer) over various stages 

of disease (e.g. pre-mid- and post chemotherapy) and can be carried out over the course 

of many years of a qualitative researcher’s academic career with the overall objective of 

generating theory (139, 306, 307). In the context of a dissertation, it was not feasible to 

conduct interviews dating back to participants’ first engagement in treatment (e.g. prior to 

beginning iOAT in 2011), or to follow participants with a progression of qualitative 
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interviews over time. Instead, in one-on-one interviews, participants discussed their 

experiences receiving iOAT and outlined progression in their cocaine use over time, 

describing their use prior to receiving iOAT, at their first engagement with iOAT, and at 

the time of the interview.  

 

Qualitative interviews for the present study were conducted between 2017-2018, at which 

point treatment with dextroamphetamine was only beginning at the Crosstown Clinic. 

While many participants discussed the desire for access to pharmacological treatments for 

stimulant use disorder, only 6 of the participants in this qualitative study had the 

opportunity to receive this treatment. As such, the role of pharmacological treatments like 

dextroamphetamine in the self-management process could be further explored as this 

treatment becomes more widely available. 

 

This study has allowed for the development of a self-management process that can help 

to make sense of how iOAT patients engage in the use of stimulants over time. In 

addition, participants outlined a range of factors (e.g. health-related, substance use 

related) as associated with their cocaine use, such as the presence of chronic conditions, 

current relationships (e.g. intimate partners), substance use in social networks, 

engagement in activities like drug dealing, and frequency of iOAT engagement. These 

factors will be further explored quantitatively as related to the use of cocaine, in Chapters 

4 and 5. 
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The presented process of self-managing illicit stimulant use brings together the insights 

of 31 participants, who each acknowledged that regular iOAT engagement could offer an 

opportunity to engage in efforts to manage their stimulant use. Participants’ unique 

positioning relative to the self-management process can be understood by considering 

contextual factors that were identified in the present study and that have been shown to 

predict engagement in self-management and in substance use self-regulation in prior 

studies, such as motivations for use, consequences or costs of use, substance availability 

and price, and use among social networks (164, 284, 308, 309).  

For patients with OUD and concurrent stimulant use disorder, access to iOAT can 

promote the self-management of stimulant use. This study found that patients hold 

various skills, competencies and strengths relative to the management of their stimulant 

use. Opportunities to support iOAT patients’ self-management by connecting them to 

additional services through iOAT care are outlined. The flexibility and adaptability of 

such services can be prioritized, recognizing that engagement with self-management 

supports is a personalized process (246), and that patients possess significant expertise 

relative to the management of their stimulant use.  
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Chapter 4: Cocaine use over the 24-month study period: characterizing 

use profiles and trajectories of intra-individual change 

 

4.1 Introduction 

Injectable opioid agonist treatment (iOAT) with diacetylmorphine (DAM: pharmaceutical 

grade heroin) or hydromorphone (HDM: a licensed opioid analgesic) is an effective 

treatment for opioid use disorder (OUD), demonstrating significant reductions in the use 

of illicit opioids and improvements in health and social outcomes (66, 151, 225).  The 

concurrent use of cocaine is high in patients receiving iOAT (110, 140, 247) and has been 

associated with higher rates of illicit opioid use and lower rates of treatment retention in 

studies of oral and injectable OAT (34, 105, 110). Clinical trials have consistently 

demonstrated that iOAT engagement results in modest declines in cocaine use (57, 60, 

110, 151) and, in the few studies where cocaine use has been followed post-trial, it 

continues to decline long-term (110, 111).  

 

There are, however, several gaps in the research on cocaine use in iOAT. iOAT studies 

have primarily focused on the use of crack cocaine (smoked or by inhalation “chasing the 

dragon”) given this is the most common form of cocaine consumed in the European 

settings of these iOAT trials (310). In the present sample, the use of both crack cocaine 

(primarily smoked) and cocaine powder (primarily injected) were reported over 24 

months. These data offer the opportunity to identify the profile of people reporting the 

use of crack cocaine, of cocaine powder, of both, and of any cocaine.  
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Prior studies of cocaine use in broader samples have identified differences in the risk 

factors for use, the profile of people who use, and the associated outcomes of crack 

cocaine compared to cocaine powder. For example, a nationally representative survey 

conducted in the United States found the risk of frequent crack cocaine use, and of the 

transition to dependence, to be highest among women and among African American 

participants (311) and women have been identified as having higher crack cocaine use 

severity compared to men (312). Furthermore, women that use crack cocaine have been 

reported to present to care with higher rates of bipolar disorder, post-traumatic stress 

disorder (184) and higher rates of HIV (313) when compared to rates in men.  

 

The risk profiles for dependence associated with cocaine powder as compared to crack 

cocaine have also been studied. Crack cocaine is known to provide an immediate 

euphoric effect and has been associated with high dependence (314). For example, it has 

been found that among people with recent onset cocaine use, those smoking crack 

cocaine were significantly more likely to report the clinical features of “dependence” 

when compared to those using cocaine powder only, even after adjusting for frequency of 

use (315). Furthermore, those reporting the dual use of crack cocaine and cocaine powder 

have been shown to present as a distinct group, that may present with poorer outcomes 

compared to those using only one type of cocaine, such as greater criminal justice 

involvement (316).  

 

While the use of cocaine powder and crack cocaine varies widely by context, it has been 

identified to be primarily used in the context of polysubstance use (317) and often 
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concurrently with opioids. As such, the present data can contribute to filling a critical gap 

in the literature with respect to characterizing the profile of people receiving treatment for 

OUD with iOAT that concurrently use cocaine. The characteristics of study visits over 

24-months where the use of cocaine powder, crack cocaine, use of both, and use of any 

cocaine will be reported.   

 

In addition to describing the characteristics of study visits where cocaine use is reported 

over the duration of the 24-month study, it is possible to make use of the longitudinal 

nature of the data, and to identify and describe intra- and inter-individual variability in 

cocaine use over this period. Prior studies of cocaine use in iOAT reveal that not 

everyone begins with the same level of use, with some participants reporting daily or 

weekly use. Furthermore, it is expected that not everyone will change in the same way, 

suggesting potential inter-individual differences in intra-individual change.  

 

This variation can be captured by estimating growth parameters (i.e. intercept and slope) 

for each individual. Obtaining accurate estimates of intra-individual growth and inter-

individual variability have been acknowledged as essential in studies seeking to 

understand developmental processes (318). The present study reflects the developmental 

process of engagement in cocaine use while receiving iOAT among people who have 

been concurrently reporting the use of illicit opioids and cocaine for many years. This 

progression or development of use can be characterized by identifying each individual’s 

trajectory of intra-individual change in cocaine use over time. The dissimilarity of each 

individual’s growth trajectory from that of the overall sample can also be estimated. The 
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presence of inter-individual variation can provide empirical support for the next step of 

studying explanatory determinants of this variation, as presented in Chapter 5.   

 

4.2 Objectives 

The analyses presented in this Chapter respond to Study Objectives 2 and 3 as outlined in 

Chapter 1. The specific sub-objectives and hypotheses are outlined as follows: 

 

Objective 2: To characterize the profile of study visits where the use of cocaine is 

reported over the 24-month study period (i.e. across the study’s 7 visits), differentiating 

the use of crack cocaine, cocaine powder, the use of both, and the use of any cocaine. 

 

H2A: Over the 24-month study period, study visits where cocaine powder is reported will 

be associated with poorer psychological health profile, whiles those where crack cocaine 

use is reported will be associated with poorer physical health profile. 

 

H2B: Over the 24-month study period there will be significantly more days of illicit 

opioid use reported at study visits where any cocaine use (i.e. crack cocaine or cocaine 

powder) is reported compared to observations where cocaine use is not reported.  

 

Objective 3:  To explore intra-individual change in cocaine use over the 24-month study 

period (i.e. across the study’s 7 visits).   
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H3A: The overall sample mean trajectory of intra-individual change most suitable to the 

data will present as a general linear decline in cocaine use over the 24-month study 

period. 

 

H3B: There will be significant intra-individual variation, indicating that individuals on 

average will experience significant change in cocaine use over the 24-month study 

period. 

 

H3C: There will be significant inter-individual variation in the change trajectory, 

indicating that the intra-individual trajectories will vary significantly from one individual 

to the next.  

 

4.3 Methods 

4.3.1 Review of study setting 

In brief, SALOME was a clinical trial with 202 participants with OUD that had been 

injecting illicit opioids for many years and were not benefitting from available oral 

treatments such as methadone. In Phase I of the trial, participants were randomized to 

receive six-months of either injectable diacetylmorphine (n=102) or injectable 

hydromorphone (n=100) for the treatment of OUD. Participants visited the Providence 

Health Care Crosstown Clinic daily and self-administered the medication, observed by 

nurses for safety. After Phase I, participants entered Phase II, and were randomized to 

either receive the oral versions of the medications received in Phase I or to continue 

receiving the injectable medication received in Phase I. This phase was stopped due to 
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lack of effectiveness, at which time participants continued to receive treatment at the 

clinic (until capacity was reached) or were transitioned to community treatments. In 

addition to visits conducted during Phase I and Phase II of the trial (at baseline, 3,6,9,12 

months), participants were followed up 18- and 24-months after baseline. A complete 

description of the SALOME study design is outlined in Chapter 2. 

 

4.3.2 Statistical analysis 

4.3.2.1 Description of the analytic sample and missing data analysis  

Characteristics of the analytic sample 

In total, 166 of the 202 SALOME participants reported cocaine use in at least one study 

visit and completed 3 or more visits across the study period (which included a baseline 

visit and 6 follow-up visits). As such, the analytic sample for the presented analyses in 

Chapter 4 and analyses that follow in Chapter 5 is comprised of 166 participants. 

Descriptive statistics were used to describe the characteristics of the SALOME trial 

participants (n=202) and of the analytic sample (n=166). Characteristics were compared 

between the analytic sample (n=166) and SALOME participants not included in the 

analytic sample (n=36), using Chi-square tests for categorical variables and t-tests for 

continuous variables.  

 

Analysis of missing data 

Stata’s missing values summary statistics were used to tabulate and identify the pattern of 

missing visits. Comparisons were made between those lost-to-follow-up (n=10), or with 
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missing visits (n=20) and the rest of the analytic sample. These comparisons were made 

using the descriptive tests outlined above (i.e. Chi-square tests and t-tests). 

 

4.3.2.2 Comparison of independent variables of interest by cocaine use type 

In response to the study’s Objective 2, variables from across 8 variable domains were 

explored: 1) demographic characteristics; 2) health characteristics; 3) substance use 

characteristics; 4) treatment history; 5) housing characteristics; 6) income sources; 7) 

social relationships; and, 8) HDM/DAM treatment engagement. Variables from each of 

these domains were compared across the six different cocaine use groupings as outlined 

in Section 4.4.4. These comparisons were made using Chi-square tests for categorical 

variables and t-tests for continuous variables.  

 

4.3.2.3 Exploratory analysis of intra-individual change trajectories 

The use of combined types and routes of cocaine use summing to a total number of days 

of any cocaine use was used as the outcome of exploration for participants’ trajectories of 

cocaine use to address Objective 3. The distribution of the total number of days of any 

cocaine use was explored visually with histograms overlaid with a curve reflecting a 

normal distribution, and numerically with means, standard deviation, medians, 

interquartile range (IQR), minimum and maximum values reported for each time-point. 

The frequency and proportion of participants reporting use at each time-point were also 

presented.  
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The exploratory analysis of intra-individual change relied on graphical and numeric 

comparisons. Person-specific regression models were fit one individual at a time to 

summarize each person’s growth trajectory. Fitting a regression for each individual using 

ordinary least squares (OLS) regression has been deemed a useful exercise for 

exploratory purposes (319) where multilevel modeling approaches follow (Chapter 5).  

 

Fitted trajectories were obtained for each individual following a three-step process: 

1) The within-person linear change model was estimated separately for each of the 

166 participants by regressing the outcome (cocaine use), on the representation of 

time (months since baseline), by participant ID. 

2) Summary statistics were collected for the within-person regression models, 

estimating a value for the intercept (baseline cocaine use), and slope (rate of 

change of cocaine use over time) for each individual.  

3) Each individual’s fitted regression line was plotted against their empirical growth 

record (predicted values).  

 

The exploratory OLS fitted trajectories (fitted values) were then visually compared with 

the observed (predicted) data points in order to evaluate how well the linear change 

model fit each person’s growth record. Predicted values were also fit against a quadratic 

shape to support the determination of whether the outcome may be better fit by a 

quadratic shape (which allows a curvilinear trajectory).  
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4.3.2.4 Unconditional means model 

An unconditional means model was used to partition and quantify variation in cocaine 

use, not yet accounting for the effect of time. This allowed for the establishment of: 1) 

whether there was systematic variation in the outcome that was worth exploring; and  

2) where the variation resided (i.e. within and/or between people). The level-1 

equation (within-person) refers to the repeated cocaine use measure, collected from i 

participants, over time. This level-1 equation was modeled as a function of each 

participant’s mean days of use (person specific mean) (!"#), plus a time specific 

residual term ($%&). Equation 2 reflected each participant’s person specific mean (!"#) 

as a function of the grand mean score across all participants ('""), plus a term that 

reflected deviations in a participant’s days of cocaine use around the grand mean ($"&). 

Equation 3 estimated the unconditional means model. This model produced estimates 

from which the intraclass correlation (ICC) could be estimated, to determine the 

proportion of variance attributed to each level (i.e. level-1 within-person, or level-2 

between-person). 

(Equation 1) Level-1: (#) = !"# + $%& 

(Equation 2) Level-2: !"# = 	 '"" + $"& 

(Equation 3) Composite: -./0123453#) = '"" + {$%& + $"&} 

 

The intraclass correlation was calculated as follows: 

ρ = 	8"&
	8"& +	σ&
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The ICC ρ:	indicates the proportion of variance that is explained by the grouping 

structure (cluster) in the sample.  When 	8"&	 is close to 0, ordinary least squares 

regression (OLS) can be used rather than multilevel modeling approaches. 

 

The design effect (DE) can also be calculated to confirm the need to carry out multilevel 

modeling. The design effect depends on both the ICC (ρ) and the average cluster size (n).  

Design effect= 1 + ρ* (n-1) 

 

The standard errors of the parameter estimates are not affected by the clustering when the 

design effect is less than 2, and thus OLS will not produce misleading results and 

multilevel modeling will not be necessary (320). The design effect can confirm that a 

random intercept is required but does not provide information on whether there is a 

requirement for random slopes. A random slope is tested in Chapter 5. 

 

4.3.2.5 Sensitivity analysis  

There were some observations where cocaine powder reflected the use of speedball (i.e. 

combined cocaine powder and illicit opioid) (n=98). For these observations, the number 

of days of cocaine use and of illicit opioid use were compared to those observations 

where cocaine powder was reported, but did not reflect speedball use (n=300). These data 

were presented with means and standard deviations in each group, and p values for 

differences were presented (t-test). Additionally, it was found that participants with 

missed visits, and participants who were lost to follow-up were younger and used more 

crystal methamphetamine compared to the rest of the sample. Prior literature has 
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suggested a poor health profile among young people engaged in stimulant use, and as 

such, health-related variables were explored in sensitivity analysis by age.  

 

4.4 Findings 

4.4.1 Baseline Characteristics of the analytic sample 

The analytic sample for the analyses presented in Chapters 4 and 5 were on average 

approximately 44 years of age at baseline. Approximately one third of the analytic 

sample self-identified as women and one-third self-identified with Indigenous ancestry. 

More than half of participants reported experiencing a chronic condition interfering with 

daily life. The physical health score indicated that on average participants experienced 

approximately 22 health symptoms in the prior month. More than one third of 

participants reported experiencing depression, anxiety, and problems concentrating, 

understanding, or remembering things in the prior month. 

 

On average, participants reported regularly injecting heroin for more than 15 years in 

their life, and reported regularly using cocaine more than 12 years in their life. 

Participants reported almost daily illicit opioid use, and reported using cocaine more than 

half of the days in the prior month. Approximately one third of participants reported 

having a current intimate partner, and approximately one third reported living with 

someone who used psychoactive drugs. More than half of participants reported currently 

living in non-stable housing. On average, approximately 20% of participants reported any 

employment income (at least one day of paid work in the prior month), and drug dealing 

was the most common form of non-legal income generation, on average 10 days of 
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engagement in the prior 30 days. At baseline participants were reporting on average, 

engaging in methadone approximately half of the days in the prior month. Participants 

had on average approximately 5 attempts at methadone in life (since 1995).  

Table 4.1 Baseline characteristics of the analytic sample 

 T0 

 
Mean ±SD/ 

 N (%) 
N=166 

Demographic variables (a)   
Age (years) 44.15 ± 9.23 

Gender (woman) 55 (33.1) 
Ethnicity (Indigenous) 56 (33.7) 
Education (high school or more) 84 (50.6) 
Health variables (b)   
Chronic condition interfering with life (b) 94 (56.6) 
Physical health score  22.46 ± 11.58 

Psychological health score  9.30 ± 8.62 

Quality of life score  0.78 ± 0.21 

Any depression 56 (33.7) 
Any anxiety  71 (42.8) 
Problems concentrating, understanding or remembering things  66 (40.0) 
Substance use characteristics (c)   
Ever regularly use cocaine 147 (88.6) 
Lifetime years of regular cocaine use  12.67 ± 8.84 
Lifetime years of regular heroin use  15.68 ± 9.58 
Days cocaine use  16.16 ± 12.71 
Days any illicit opioid use 28.11 ± 4.22 

Days crystal methamphetamine use 3.62 ± 7.41 

Housing characteristics(d)   
Any non-stable housing in prior 30 days 96 (57.8) 
Living in street places prior 30 days 8 (4.8) 
Any non-stable housing in prior 3 years  114 (68.7) 
Living in street places in prior 3 years  38 (22.9) 
Social relationships(e)  

Intimate partner 62 (37.4) 
Living with someone who uses psychoactive drugs 53 (31.9) 
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 T0 

 
Mean ±SD/ 

 N (%) 
N=166 

Living alone 103 (62.1) 
Spend most of free time alone 83 (50.0) 
Spends most of free time with friends of family who use psychoactive drugs 72 (43.4) 
Spends most of free time with friends of family who don't use psychoactive drugs 11 (6.6) 
Income sources(f)  

Any employment income  32 (19.3) 
Days drug dealing 10.80 ± 13.04 

Days property theft 2.77 ± 8.01 

Days sex work 1.62 ± 5.67 

Treatment history(g)  

Number of MMT attempts since 1995 4.99 ± 3.41 
Baseline number of days receiving MMT 16.12 ± 13.60 

 

Footnotes: SD= standard deviation; MMT= methadone maintenance treatment;  
 (a) Demographics: Three participants self-identified as transgender women are included in the analyses as women. Indigenous ancestry 
reflects all those reporting First Nations, Metis, or Inuit ancestry. Reference is non-Indigenous: Caucasian and other. (b) Health: Chronic 
condition: a condition that participants identified as interfering with their daily lives reported at baseline in the Medical section of the ASI.; 
Physical health: Opiate Treatment Index. Higher score = poorer health. Score range from 0-49, each point reflects the presence of 1 
symptom in the prior month. Psychological health: Maudsley Addiction Profile. Higher score = poorer health. Scores range from 0 (no 
symptoms present) to 40. Quality of life score was derived from the EuroQol-5D with Canadian weights. Scores range from 0-1; higher 
score=better health status. Anxiety, and problems understanding, remembering, concentrating: psychological health section of the 
Addiction Severity Index (ASI). Chronic condition: a condition that participants identified as interfering with their daily lives reported at 
baseline in the Medical section of the ASI. (c) Substance use: Regular use = using at least 3 days per week. Lifetime years cocaine use 
reflects the highest number of years using either cocaine powder or crack cocaine; Any illicit opioid = heroin, fentanyl, hydromorphone, 
etc. (d) Housing: Non-stable housing refers to single resident occupancy hotel rooms with restrictions or couch surfing. Living in street 
places referred to reporting at least one day in the reference period living in any of the following places: indoor public place (e.g. train 
station), abandoned building, private vehicle, tent, on street or outside. (e) Social relationships variables were retrieved from the social 
relationships section of the EuropASI. (f) Income sources: Employment income reflects at least one day of income from licit work in the 
prior month retrieved from the ASI’s employment section. Days drug dealing, property theft, and sex work were retrieved from the ASI 
(range:0-30 days). (g) Treatment history: MMT data were retrieved from provincial drug dispensation database (PharmaNet). Records 
date back to 1995. New treatment attempts reflect MMT restarts after 30 days or more with no treatment.  

 

4.4.2 Participant characteristics by inclusion in the analytic sample 

The analyses presented in Chapter 4 and Chapter 5 are based on a subsample of 

SALOME trial participants who reported cocaine use at any time over the SALOME 

study (from baseline to 24 months), and contributed at least 3 observations (i.e. study 

visits) over the study’s 24-month period (n=166). As such, key demographic, social, 

health, and drug use variables were compared between the analytic sample and those 
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excluded from the analytic sample to examine whether the analytic sample was generally 

representative of the overall profile of SALOME study participants (See Table 4.2). 

 

As expected, participants who were not included in the analytic sample reported 

significantly less years of lifetime regular cocaine use and were significantly less likely to 

report ever regularly using cocaine at baseline. These participants were also significantly 

more likely to self- identify as men and to self-identify with non-Indigenous ancestry. 

Participants not included in the analytic sample reported significantly more crystal 

methamphetamine use (which like cocaine, is a stimulant drug) compared to those that 

were included in the analytic sample (See Table 4.2).  

 

On average, approximately one third of the analytic sample self-identified as women 

(n=55), and approximately one third self-identified with Indigenous ancestry (n=56). 

Participants in the analytic sample had on average nearly 5 methadone attempts in life 

and were receiving methadone approximately half of the days in the prior month. They 

reported regularly injecting cocaine powder and smoking crack cocaine for 

approximately 12 years on average, and reported approximately 16 days of cocaine use in 

the prior month at baseline.  

Table 4.2: Baseline characteristics of SALOME participants by inclusion in the analytic 

sample for the present study 

  Total  Not included in 
analytic sample 

Included in 
analytic sample 

p value 

  N=202 (100%) N=36 (17.8%) N=166 (82.2%)  
  Mean ± SD/ 

 N (%) 
Mean ± SD /  

N (%) 
Mean ± SD /  

N (%) 
 

Demographic characteristics 
(a) 

    

Gender (woman) 62 (30.7) 7 (19.4) 55 (33.1) 0.106 
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Ethnicity (Indigenous) 62 (30.7) 6 (16.7) 56 (33.7) 0.044 
Age (years) 44.32 ± 9.63  45.13 ± 11.40 44.15 ± 9.23 0.289 
Substance use history(b)     

Years of heroin injection 15.44 ± 9.35 14.37 ± 8.25 15.68 ± 9.57 0.224 
Years of cocaine powder 
injection  

11.90 ± 9.24 7.08 ± 8.48 12.75 ± 9.15 0.008 

Years of crack cocaine smoking 11.24 ± 7.91 6.71 ± 6.45 11.77 ± 7.91 0.011 

Prior month substance use(c)     

Days any cocaine use  13.55 ± 13.09 1.52 ± 6.41 16.16 ± 12.71 <0.001 

Days any illicit opioid use  27.95 ± 4.19 28.30 ± 2.97 27.87 ± 4.41 0.288 
Days crystal methamphetamine 
use  

4.07 ± 8.03 6.13 ± 10.32 3.62 ± 7.41 0.045 

Opioid agonist treatment 
history (d) 

    

Times ever attempted MMT 
since 1995  

4.27 ± 2.90 5.41±3.45 4.99 ± 3.41 0.251 

Times attempted MMT in prior 
5 years  

2.81 ± 2.10 3.33±2.76 2.69 ± 1.90 0.048 

Months methadone in prior 5 
years 

25.37 ± 19.73 22.95 ± 18.44 25.89 ± 20.00 0.21 

Any MMT in prior month  128 (63.4) 22 (61.7) 106 (63.9) 0.757 

Days of MMT in prior month  16.12 ± 13.60 15.69 ± 13.33 16.21 ± 13.70 0.418 
Footnote:  MMT= methadone maintenance treatment; *Note, among those not included in the analytic sample (n=36) 2 reported 
cocaine use (average 1.52 days) but were not included in the analytic sample given they did not contribute 3 or more observations 
over the study period. (a) Demographic characteristics: Three participants self-identified as transgender women and are included 
in the analyses as women. Indigenous ancestry reflects all those reporting First Nations, Metis, or Inuit ancestry. Reference is non-
Indigenous: Caucasian and other. Age is a time-varying covariate, reflecting each participant’s age at the time of each interview.  
(b) Substance use history: Refers to number of years of use reported at baseline. (c) Prior month substance use: Any cocaine= 
cocaine powder or crack cocaine. Any illicit opioid = heroin, fentanyl, hydromorphone, etc. (d) Opioid agonist treatment history: 
Retrieved from PharmaNet dating back to 1995. New treatment attempts are MMT restarts after 30 or more days with no treatment.  

 
 
 
 
4.4.3 Missing data among the analytic sample 

Study follow-up rate 

Among the 166 participants eligible for the present analysis, follow-up rates were high 

with 96.8% (n=1125) of all possible visits collected. Missed visits increased as time 

elapsed but remained low, with 91% of participants completing the 24-month visit (Table 

4.3). The full visit pattern is outlined in Table 4.3. Most participants missed no visits 

(n=146; 88%), 4.8% of participants (n=8) missed only the 24-month visit, 1.8% of 

participants (n=3) missed the 18 and 24 month visit, and 1.2% (n=2) participants missed 
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the 12-, 18-, and  24-month visits. The remaining 7 participants missed between 1 and 4 

visits between the 3- and 24-month visit.  

Table 4.3: Collected observations and follow-up rate among the analytic sample over the 24-

month study period 

Visit number 
Planned 

visits 
Collected 

visits 
Missing 

visits (N) 
Missing 

visits (%) 
Follow-up 

rate(%) 
0 166 166 - - - 

3 166 164 2 1.2 98.8 
6 166 165 1 0.6 99.4 
9 166 162 4 2.4 97.6 

12 166 161 5 3.0 97.0 
18 166 156 9 6.0 94.0 
24 166 151 15 9.0 91.0 

Total Visits 1162 1125 37 3.2 96.8 
 
Footnote: Visit number reflects months since baseline; Missing visits (N) reflects the number of participants with a missed visit at 
each follow-up; Missing visits (%) reflects the proportion of visits missed at each timepoint 

 

Table 4.4: Visit pattern among the analytic sample over the 24-month study period 
 Visit number  

 T0 T3 T6 T9 T12 T18 T24 
Participants N(%)          

146(88.0) 1 1 1 1 1 1 1 
8(4.8) 1 1 1 1 1 1 . 
3(1.8) 1 1 1 1 1 . . 
2(1.2) 

 

1 1 1 1 . . . 
1(0.6) 1 . 1 1 . 1 1 
1(0.6) 1 . 1 1 1 1 1 

1(0.6) 1 1 . . 1 . . 
1(0.6) 1 1 1 . . . . 
1(0.6) 1 1 1 . . . 1 
1(0.6) 1 1 1 . 1 . 1 
1(0.6) 1 1 1 1 1 . 1 

166        
Footnote: T= visit number, number reflects months since baseline; (.) represents a missed visit; The # participants column reflects the 
number of participants with the represented visit pattern. This reflects for example that 146 participants completed every study visit, 8 
participants missed only the 24-month visit, and 3 participants missed the 18- and 24-month visit.  
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There were a total of 37 missed visits among 20 participants. Missed visits were due to 

loss to follow-up (17 visits in 10 participants), death (11 visits in 5 participants), and 

difficulty reaching participants within the eligible interview time window (9 visits in 5 

participants). The number and timing of missed visits by participant ID is outlined in 

Table 4.5. The characteristics of participants with missed visits (n=20) were compared to 

those who did not miss a visit (n=146). Participants who missed visits were significantly 

younger (39.65 years, SD: 9.17, vs. 44.76 years, SD: 9.10, p=0.010) when compared to 

those not lost to follow-up. 

Table 4.5: Follow-up pattern among the analytic sample over the 24-month study period by 

participant ID  

ID # T3 T6 T9 T12 T18 T24 Total  

33* . . . . . 1 1 
35* . . . 1 1 1 3 
38** 

 

. . 1 . 1 . 2 
50† 

 

. . . . . 1 1 

63** 

 

1 . . . . . 1 
99† 

 

. . . . 1 1 2 
110† 

 

. . . . . 1 1 
118** 

 

1 . . 1 . . 2 
126† 

 

. . . 1 1 1 3 
128** 

 

. . 1 1 1 . 3 

142† 

 

. . . . . 1 1 
147† 

 

. . . . 1 1 2 
170** 

 

. . . . 1 . 1 
174† 

 

. . . . . 1 1 
193* . . 1 1 1 1 4 
219† 

 

. 1 1  1 1 4 

220† 

 

. . . . . 1 1 
225† 

 

. . . . . 1 1 
247* 
 

. . . . . 1 1 
250* 
 

. . . . 1 1 2 
Total 2 1 4 5 9 15 37 

  

Footnote: T= visit number, number reflects months since baseline ; (1)= missed visit; (.)= no missed visit 
*Death ** Missed visit † Lost to follow-up 
20 participants contributed a total of 37 missed visits across the study period. 
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4.4.4 Cocaine use over the 24-month study period 

Overall, across the study’s baseline visit and 6 follow-up visits, there were 1125 (n=1162 – 

37 missed) observations collected. Of these, there were 6 missing cases on the outcome of 

cocaine use, yielding 1119 observations of cocaine use. The analytic sample consisted of 

participants reporting the use of cocaine at one or more study visits. Of the 166 participants, 

147 (88.5%) reported cocaine use at baseline. As such, 19 (11.5%) participants did not report 

use at baseline, but did report use at at least one of the follow-ups. Of these 19 participants, 

all had prior lifetime illicit stimulant use, with 15 (79.0%) reporting ever regularly using 

cocaine and the remaining 4 (21.0%) reporting ever regularly using methamphetamine. 

 

Overall, the proportion of participants reporting cocaine use declined as time passed, with 

123 (74.5%) participants reporting use at the 6-month visit, and 87 (57.6%) participants 

reporting use at the 24-month visit. The use of crack cocaine was more prevalent (reported at 

55.7% of all study observations), compared to cocaine powder (reported at 35.6% of all 

study observations) (See Table 4.6).  



 148 

Table 4.6: Any cocaine use, crack cocaine use, and cocaine powder use over the 24-month study period  
 T0-T24 

 

T0 

 

T3 

 

T6 

 

T9 

 

T12 

 

T18 

 

T24 

  
N=1119 N=166 N=163 N=161 N=162 N=161 N=156 N=150 

 N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) 
Any cocaine use 
 
 

786 (70.2) 147 (88.6) 

 

122 (74.4) 

 

123 (74.6) 

 

108 (66.7) 

 

103 (64.0) 

 

96 (61.5) 

 

87 (57.6) 

 
Crack cocaine use 
 
 

621 (55.7) 122 (73.5) 

 

97 (59.9) 

 

101 (63.1) 

 

83 (51.6) 

 

77 (47.8) 

 

72 (46.2) 

 

69 (46.0) 

 
Cocaine powder use 
 
 

398 (35.6) 85 (51.5) 

 

63 (38.7) 

 

57 (35.4) 

 

49 (30.3) 

 

54 (33.5) 

 

49 (31.4) 

 

41 (27.3) 

 
Footnote: T= visit number; There were 1116 observations of crack cocaine. (T3: n=1 missing; T6: n =1 missing; T9: n=1 missing); and 1118 observations of cocaine powder (T0, n=1 missing). Where 
one type of cocaine use was missing, the other type was used to derive the “any cocaine use” variable. “Any” reflects observations where at least 1 day was reported in the prior 30-day period, no use 
reflects observations where 0 days were reported in the prior 30-day period.
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4.4.5 Profile of study visits over the 24-month study period by cocaine use type 

Over the study period, 1119 observations of cocaine use were collected among 166 

participants, for an average of 6.74 observations per person (out of a possible 7 

observations). As outlined in Chapter 2, variables of potential interest to explore in 

relation to the use of cocaine were determined based on the literature review and on 

findings from the qualitative interviews. Variables were explored across 8 domains: 

1) demographic characteristics; 2) health characteristics; 3) substance use characteristics;  

4) treatment history; 5) housing characteristics; 6) income sources; 7) social relationships; 

and 8) HDM/DAM treatment engagement. 

 

In order to conduct an exploratory analysis of the association of these variables with 

different types of cocaine use, the 1119 study observations were compared across six 

cocaine use groupings as outlined below and presented in Figure 4.1.  

 

1) Crack cocaine use compared to no crack cocaine use  

Crack cocaine use was defined as any observation where crack cocaine use was reported:  

combining “only crack cocaine use” (n=388) and “both” (n=233) for a total of n=621 

observations of crack cocaine use across all study visits.  

*Note: Both reflect cases where the use of crack cocaine and cocaine powder were 

reported at the same observation. 
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2) Cocaine powder use compared to no cocaine powder use 

 Cocaine powder use was defined as any observation where cocaine powder use was 

reported: combining “only cocaine powder use” (n=165) and “both” (n=233) for a total of 

n=398 observations of cocaine powder use across all study visits. 

 

3) Cocaine powder and crack cocaine use (at the same observation) compared to no 

use, or use of only one cocaine use type  

Cocaine powder and crack cocaine use was defined as any observation where the use of 

both cocaine powder and crack cocaine were reported for a total of n=233 observations of 

“both” across all study visits. 

 

4)  Only cocaine powder compared to no cocaine use, or crack cocaine use only 

Observations where only cocaine powder (n=165) was reported were compared to all 

other study observations including cases where the use of only crack cocaine was 

reported, cases where both were reported, and cases where no cocaine use was reported. 

 

5) Only crack cocaine compared to no cocaine use, or cocaine powder use only 

Observations where only crack cocaine (n=388) was reported were compared to all other 

study observations including cases where the use of only cocaine powder was reported, 

cases where both were reported, and cases where no cocaine use was reported. 
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6) Any cocaine use compared to no cocaine use  

Any cocaine use was defined as any observation where the use of either crack cocaine or 

cocaine powder were reported: combining “only crack cocaine use” (n=388), “only 

cocaine powder use” (n=165) and both (n=233) for a total of n=786 observations of any 

cocaine use across all study visits.  

 

Figure 4.1: Venn diagram of cocaine use type over all study visits collected over the 24-

month study period (n=1119) 

 

Footnote: Both = Cases where both crack cocaine and cocaine powder use were reported at the same observation.  
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Characteristics of study visits over the 24-month study period by any cocaine use 

(crack cocaine and/or cocaine powder)  

Comparisons for groups 1,2,3,4,5 are presented in Appendix F: Characteristics of study 

visits by cocaine use groupings. Overall associations with independent variables of 

interest did not differ significantly by cocaine use grouping. As such, the only 

comparison presented is that of the use of any cocaine use compared to no cocaine use. 

Characteristics of observations where any cocaine use (i.e. cocaine powder or crack 

cocaine) was reported (n=786; 70.2%) across the study period were compared to 

observations where cocaine use was not reported (n=333; 29.7%) (See Table 4.7). Overall 

the proportion of women was significantly higher among the observations where cocaine 

use was reported. While not significant, there were more Indigenous participants among 

observations where cocaine use was reported. Additionally, the “any cocaine use” group 

was significantly older when compared to the “no cocaine use” group.  

 

Overall, physical health was significantly poorer among the any cocaine group (21.86, 

SD: 11.80 vs. 20.10, SD:11.10, p=0.010). The number of days of illicit opioid use in the 

prior month was also significantly higher in the any cocaine group compared to the no 

cocaine group (12.41, SD: 12:70 vs. 9.64, SD: 11.62, p<0.001). The prior month number 

of days of crystal methamphetamine use was significantly lower among the any cocaine 

group compared to the no cocaine group (2.72, SD: 6.63 vs. 6.03, SD: 9.35, p<0.001). 

Where cocaine use was reported, participants were significantly more likely to report 

spending most of their free time with friends or family that used psychoactive drugs 

(approximately 40%) compared to among those observations where cocaine use was not 
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reported (vs. approximately 30%). Prior month involvement in sex work, drug dealing, 

and property theft was significantly higher where cocaine use was reported, whereas the 

number of days engaging in oral or injectable HDM or DAM in the prior month was 

significantly lower. 

Table 4.7 Characteristics of study visits over the 24-month study period by any cocaine use  
Total No cocaine 

Use  
Any cocaine use p value 

 
N=1119 
(100%) 

Mean ± SD / 
 N (%) 

N=333 
(29.8%) 

Mean ± SD / 
 N (%) 

N=786  
(70.2%) 

Mean ± SD /  
N (%) 

 

Demographic characteristics(a) 
    

Gender (woman)  363 (32.4) 71 (21.3) 292 (37.15) <0.001 
Ethnicity (Indigenous) 369 (33.0) 97 (29.1) 272 (34.61) 0.075 
Age (years) 45.16 ± 9.16 43.27 ± 9.40 45.97 ± 8.94 <0.001 
Education (high school or higher) 567 (50.7) 183 (55.0) 384 (48.85) 0.062 
Health characteristics(b) 

    

Lifetime chronic condition interfering with life 631 (56.4) 188 (56.5) 443 (56.4) 0.977 
Physical health score  21.34 ± 11.62 20.10 ± 11.10 21.86 ± 11.80 0.010 
Psychological health score 9.02 ± 8.53 8.58 ± 7.88 9.21 ± 8.79 0.139 
Quality of life score  0.77 ± 0.22 0.78 ± 0.22 0.76 ± 0.02 0.092 
Any depression  409 (36.6) 114 (34.2) 295 (37.6) 0.288 
Any anxiety 499 (44.6) 134 (40.2) 365 (46.5) 0.054 
Any problems concentrating, understanding or 
remembering things 

458 (41.0) 143 (42.9) 315 (40.2) 0.39 

Substance use characteristics(c) 
    

Days of cocaine use 10.92 ± 12.42 0 15.54 ± 12.15 <0.001 
Days crack cocaine use 8.32 ± 11.65 0 11.82 ± 12.32 <0.001 
Days cocaine powder 3.72 ± 8.23 0 5.30 ± 9.40 <0.001 
Days illicit opioid use 11.58 ± 12.45 9.64 ± 11.62 12.41 ± 12.70 <0.001 
Days crystal methamphetamine use 3.70 ± 7.69 6.03 ± 9.35 2.72 ± 6.63 <0.001 
Ever regularly use cocaine 994 (88.8) 277 (83.2) 717 (91.2) <0.001 
Lifetime years cocaine use 12.72 ± 8.76 10.13 ± 8.26 13.79 ± 8.74 <0.001 
Lifetime years heroin use 15.67 ± 9.45 14.18 ± 9.06 16.28 ± 9.56 <0.001 
Treatment history(d) 

    

Baseline number days receiving MMT  16.43 ± 13.65 17.21 ± 13.26 16.10 ± 13.80 0.11 
Number of MMT attempts since 1995 4.99 ± 3.42 5.00 ± 3.62 4.99 ± 3.34 0.484 
Housing characteristics(e) 

    

Prior 3 years non-stable housing 768 (68.6) 213 (64.0) 555 (70.6) 0.028 
Prior month non-stable housing 687 (61.4) 194 (58.3) 493 (62.7) 0.161 
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Total No cocaine 

Use  
Any cocaine use p value 

 
N=1119 
(100%) 

Mean ± SD / 
 N (%) 

N=333 
(29.8%) 

Mean ± SD / 
 N (%) 

N=786  
(70.2%) 

Mean ± SD /  
N (%) 

 

Prior 3 years lived in street places 251 (22.4) 80 (24.0) 171 (21.8) 0.406 
Prior month lived in street places 47 (4.2) 13 (3.9) 34 (4.3) 0.748 
Social relationships(f) 

    

Intimate partner 361 (32.6) 101 (30.7) 260 (33.4) 0.378 
Living with someone who uses psychoactive drugs 296 (26.6) 79 (23.9) 217 (27.8) 0.18 
Living alone 734 (65.8) 224 (67.3) 510 (65.1) 0.492 
Spends most of free time alone 588 (52.6) 184 (55.3) 404 (51.4) 0.238 
Spends most of free time with friends of family who 
use psychoactive drugs 

424 (37.9) 106 (31.8) 318 (40.5) 0.007 

Spends most of free time with friends or family who 
don’t use psychoactive drugs 

104 (9.3) 42 (12.6) 62 (7.9) 0.013 

Income sources(g) 
    

Any employment income  256 (22.9) 84 (25.2) 172 (21.9) 0.224 
Days drug dealing  5.79 ± 10.87 4.46 ± 9.67 6.37 ± 11.32 0.004 
Days property theft  1.31 ± 5.43 0.71 ± 3.59 1.57 ± 6.03 0.008 
Days sex work  1.03 ± 4.30 0.55 ± 3.37 1.22 ± 4.63 0.009 
HDM/DAM Engagement (h) 

    

Days receiving oral or injectable HDM or DAM 16.23 ± 14.29 17.61 ± 14.05 15.64 ± 14.36 0.018 

Footnote: MMT= methadone maintenance treatment; HDM=hydromorphone; DAM=diacetylmorphine  
(a) Demographics: Three participants self-identified as transgender women are included in the analyses as women. Indigenous ancestry reflects 
all those reporting First Nations, Metis, or Inuit ancestry. Reference is non-Indigenous: Caucasian and other. Age is a time-varying covariate, 
reflecting each participant’s age at the time of each interview. (b) Health: Physical health: Opiate Treatment Index. Higher score = poorer health. 
Score range from 0-49, each point reflects the presence of 1 symptom in the prior month. Psychological health: Maudsley Addiction Profile. 
Higher score = poorer health. Scores range from 0 (no symptoms present) to 40. Quality of life score was derived from the EQ-5D with Canadian 
weights. Scores range from 0-1; higher score=better quality of life. Anxiety, and problems understanding, remembering, concentrating: 
psychological health section of the EuropASI. Chronic condition: a condition that participants identified as interfering with their daily lives 
reported at baseline in the Medical section of the EuropASI. (c) Substance use: Any cocaine= cocaine powder or crack cocaine. Any illicit 
opioid = heroin, fentanyl, hydromorphone, etc. Regular use = using at least 3 days per week. (d) Treatment history data were retrieved from 
provincial drug dispensation database (PharmaNet). Records date back to 1995. New treatment attempts reflect MMT restarts after 30 days or 
more with no treatment. (e) Housing: Variables refer to reporting at least one day in the reference period. Non-stable housing=  single resident 
occupancy hotel rooms with restrictions or living with a family or friend; Living in street places = living in any of the following places: indoor 
public place (e.g. train station), abandoned building, private vehicle, tent, on street or outside. (f) Social relationship variables were retrieved 
from the social relationships section of the EuropASI. (g) Income: Employment income reflects at least one day of income from licit work in the 
prior month retrieved from the EuropASI’s employment section. Days drug dealing, property theft, and sex work were retrieved from the 
EuropASI. (h) HDM or DAM: prior month days receiving oral or injectable HDM or DAM is derived from the Crosstown Clinic’s clinical 
database (range: 0-30 days).   

 

4.4.6 Sensitivity analysis  

It is important to note that while the analysis of potential differences by route of use were 

of interest, there was not sufficient heterogeneity in the present analysis to allow such 

explorations. For example, the routes of administration for all observations of crack 
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cocaine use were reported to be via smoking with the exception of 5 cases in 5 

participants where it was reported to be injected (<1% of observations where crack 

cocaine use was reported). Furthermore, the use of cocaine powder was primarily used by 

injection, with the exception of 13 cases among 9 participants where it was reported to be 

snorted (i.e. nasal inhalation). These 13 cases reflect only 3.3% of the total observations 

of cocaine powder use (n=398) and thus does not offer the opportunity for a meaningful 

sub-analysis.  

 

The use of speedball (i.e. combined cocaine and opioid injection) was explored and 

separated out from the overall cocaine powder observations (n=398). Using the available 

data, it was possible to determine that there were at least 98 (of 398) observations where 

the reported number of days of cocaine powder use in the prior 30 days reflected at least 

one days of speedball injection. Given the design of the drug use questionnaire, it could 

not always be discerned whether the stimulant reported in the speedball use variable was 

cocaine or crystal methamphetamine (Appendix G: Example of calculation of days of 

speedball use from reported illicit substance use data from the drug use questionnaire). 

The characteristics of observations where speedball use was reported (n=98) were 

compared to the rest of the sample (n=1020) and it was found that among observations 

where speedball use was reported, there were a significantly lower number of days 

engaged in treatment (12.66, SD: 14.13 vs. 16.58 SD: 14.26, p=0.005) and greater 

physical health symptoms (24.07, SD:11.37 vs. 21.08, SD: 11.61, p=0.008), indicating 

poorer health.  
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The number of total cocaine use days and illicit opioid use days were compared between 

groups where cocaine powder was reported as part of speedball (n=98), or as cocaine 

powder injection only (n=300). The use of both cocaine and illicit opioids were 

significantly higher in observations where speedball use was reported (See Appendix H: 

Comparing days of cocaine powder use and illicit opioid use between observations using 

cocaine powder alone vs. those using cocaine powder via speedball). This finding is 

intuitive, given speedball use reflects the use not just of cocaine, but also of opioids. In 

modeling that follows in Chapter 5, sensitivity analyses explore the use of cocaine, 

separating out cocaine use derived from the use of speedball.  

 

4.4.7 Intra-individual change in cocaine use over the 24-month study period 

The outcome of the number of days reporting the use of any cocaine in the prior month 

was explored across the study period. Prior to deciding to proceed with analysis of the 

outcome of  “any cocaine use”, the number of days of any crack cocaine use, any cocaine 

powder use and any cocaine use in the prior month were explored. The average number 

of days of any cocaine use (crack cocaine and/or cocaine powder), along with the average 

number of days of cocaine powder and crack cocaine are presented across the study 

period (See Table 4.8).  

 

The majority of cocaine days reflect days of crack cocaine use. For example, at baseline, 

73.5% of participants reported the use of crack cocaine an average 12.59 days (SD: 

13.01) when compared to 48.8% of participants reporting cocaine powder use at baseline 

for an average 6.04 days (SD: 9.67). On average, the number of days of use and the 
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proportion of participants reporting use of both crack cocaine and cocaine powder 

declined over time. The greatest declines occurred from baseline to 3 months for both 

crack cocaine and for cocaine powder. By the end of the study, approximately 45% of 

participants were reporting crack cocaine use an average of 6 days in the prior month, 

while approximately 25% were reporting cocaine powder use an average of 3.5 days in 

the prior month. The average number of days of cocaine use are presented in Table 4.8 

and the proportion of participants engaged in use is reported in Table 4.6.
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Table 4.8 Number of days of any cocaine use, crack cocaine use, and cocaine powder use over the 24-month study period 
 T0 

 
T3 

 
T6 

 
T9 

 
T12 

 
T18 

 
T24 

 
 N=166 N=163 N=161 N=162 N=161 N=156 N=150 

 Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 
 
Days cocaine use 
 
 
 
 
 

16.16 ± 12.71 11.01 ± 12.32 11.33 ± 12.31 10.11 ± 12.33 10.20 ± 12.20 8.66 ± 11.87 8.52 ± 11.68 

Days crack cocaine use 
 

12.59 ± 13.01 8.78 ± 12.02 9.32 ± 11.84 7.8 ± 11.52 7.56 ± 11.19 5.76 ± 10.25 6.00 ± 10.11 

Days cocaine powder use 
 

6.04 ± 9.67 3.43 ± 7.49 2.88 ± 7.11 2.77 ± 7.49 3.65 ± 8.34 3.64 ± 8.41 3.56 ± 8.57 

 
Footnote: T= visit number; SD= standard deviation;  There were 1116 observations of crack cocaine (T3: n=1 missing T6: n =1 missing; T9: n=1 missing); and 1118 observations 
of cocaine powder (T0, n=1 missing). Where one type of cocaine use was missing, the other type was used to derive the “any cocaine use” variable. 
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In order to visually compare cocaine powder, crack cocaine, and any cocaine use over the 

study period, trajectories of the mean number of days of each variable were plotted over 

time (Figure 4.2). The trajectory of any cocaine use (blue line) reflects combined days of 

crack cocaine and cocaine powder use. The majority of cocaine use days come from the 

use of crack cocaine and the pattern of days of crack cocaine use (green line) runs parallel 

to any cocaine use. The use of cocaine powder is lower overall, beginning at 

approximately 6 days in the prior month at baseline and decreasing to approximately 3 

days in the prior month at 24-months. This figure depicts that the use of any cocaine, of  

crack cocaine and of cocaine powder all experience the sharpest decline from 0-3 months, 

with a more gradual decline over the rest of the study period. The plotted values (average 

number of days) and standard deviation at each time point are also reported in Table 4.8.  

 

Figure 4.2 Trajectory of average number of prior month days of cocaine use over the study 

period by cocaine use type 
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Outcome variable: Any cocaine use 

The number of days of any cocaine in the prior month was selected as the outcome 

variable of interest for exploring intra-individual models of change in the unconditional 

means model presented in this chapter and for the multilevel modeling that follows in 

Chapter 5. This was decided after determining that many of the key variables of interest 

(e.g. health, opioid use, treatment engagement) generally moved in the same direction 

among the six groupings that were explored (i.e. by any crack cocaine use, any cocaine 

powder use, use of both, and use of any cocaine). Additionally, Figure 4.2 reveals a 

general decline in cocaine, crack cocaine, cocaine powder, and any cocaine use across the 

study period. 

 

Distribution of cocaine use over the study period 

The outcome of the number of days of any cocaine use ranged from 0-30 days. As is 

common in studies where the drug use or treatment engagement is the outcome of 

interest, there were a high proportion of responses on either end of distribution at 0 days 

or close to 0 days (i.e. between 0-3 days), and at 30 days or close to 30 days (i.e. between 

25-30 days). As is evident from Figure 4.3, this distribution shifted over the duration of 

the study. For example, at baseline approximately 30% of respondents reported 0 or near 

0 days of use while approximately 40% of respondents reported 30 days or near 30 days 

of use. As time passed, the proportion reporting 0 or near 0 days grew, from 30% to 

approximately 60% at the 24-month visit, and the proportion reporting daily or near daily 

used was reduced, from 40% to approximately 20%.  
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Figure 4.3 Histograms of total number of prior month days of any cocaine use distribution 

over the study period  

 

 

The distribution of the outcome of days of cocaine use at each timepoint is reported in 

Table 4.9. The number of days of use declined from baseline through to the 24-month 

visit. At baseline, on average participants reported 16.16 days of cocaine use (SD: 12.71), 

which was reduced by approximately half to an average of 8.52 days (SD: 11.68) by the 

end of the study. At all timepoints, the minimum reported number of days was 0 and the 

maximum was 30. Overall, the standard deviation did not vary greatly over the study but 

was reduced modestly over time. Similarly, the IQR was reduced over time, which can 

also be observed in Figure 4.3, where there appears to be greater spread of observations 

in the mid range of number of days as the observations at 30 days (or near 30) shrink. 
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Table 4.9  Distribution of average number of prior month days of any cocaine use over the 

study period  

 Observations Mean SD Median IQR Min Max 

Days 

cocaine use 

       

T0-T24 1119 10.92 12.42 3 27 0 30 

T0 166 16.16 12.72 15 30 0 30 

T3 163 11.02 12.32 4 27 0 30 

T6 161 11.33 12.31 5 27 0 30 

T9 162 10.11 12.32 3 22 0 30 

T12 161 10.2 12.2 3 21 0 30 

T18 156 8.66 11.87 2 15 0 30 

T24 150 8.52 11.69 1.5 18 0 30 

Footnote: SD=Standard deviation; IQR=Interquartile range; Min=minimum; Max=maximum; T= timepoint 
T0-T24 refers to the total number of observations across the study period, all other timepoints refer only to observations at the 
specified timepoint. Any cocaine use refers to the number of prior month days reporting the use of crack cocaine and/or cocaine 

powder 
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Ordinary least squares regression estimates 

For exploratory purposes, each individual’s growth trajectory was interpreted by fitting a 

separate parametric model to each person’s data. The OLS linear change models reflect 

the intercept (baseline cocaine use days) and its standard error, as well as the slope (linear 

rate of change in cocaine use) across the study period. Given these reflect predictions, 

some values may be inappropriately high or low. For example, the predicted intercept 

was 30.74 days (SE: 0.72) for participant #2. The true reported days of cocaine use were 

30 days for all but one time-point for participant #2, where 26 days of use were reported. 

Given these high values (close to or equal to the maximum), the prediction is not far off 

from the true values. Overall, the intercept was statistically significantly different from 0 

(e.g. #1, #2, #3) or marginally different from 0 (e.g. #14) for most participants, meaning 

that baseline use was different from 0 days. This is with the exception of three 

participants, who started at 0 days and then reported cocaine use at follow-up (i.e. #5, 

#10, #19). The estimate of the slope was negative for all but three participants (i.e. #5, 

#17, #18). The decline was statistically significant or marginally significant for all but six 

participants. These plots suggest that on average, cocaine use appears to be higher at 

baseline and declines over time.  

Table 4.10 Ordinary least squares regression estimates  

ID Intercept SE p value Slope SE p value 

1 2.84 0.3 0.001 -0.12 0.03 0.003 

2 30.74 0.72 0.001 -0.13 0.05 0.070 

3 17.05 6.14 0.039 -0.80 0.47 0.159 

5 5.02 7.75 0.545 0.78 0.6 0.252 

8 1.35 0.65 0.092 -0.04 0.05 0.520 
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ID Intercept SE p value Slope SE p value 

10 0.17 0.26 0.530 -0.002 0.02 0.886 

11 19 10.24 0.123 -0.10 0.79 0.907 

13 33.99 4.84 0.001 -1.40 0.37 0.013 

14 21.5 9.13 0.078 -0.06 0.66 0.931 

15 10.32 2.32 0.007 -0.45 0.18 0.055 

17 23.71 4.87 0.005 0.19 0.38 0.628 

18 20.68 7.24 0.036 0.42 0.56 0.488 

19 0.25 0.25 0.374 -0.01 0.02 0.630 

20 12.46 3.35 0.014 -0.70 0.26 0.043 

22 16.81 8.06 0.105 -0.57 0.59 0.383 

23 19.56 7.03 0.039 -0.03 0.54 0.962 

Footnote: ID= Participants’ unique study identifier. SE: Standard Error 

 

Fitted vs. predicted values (linear and quadratic) 

Figure 4.4 displays the empirical growth plots of days of cocaine use (plotted dots) with 

superimposed ordinary least squares (OLS) fitted trajectories for 16 participants. It 

appears that for most participants use declines with time (e.g. #2, #13, #15, #20).  For 

others, use remained relatively constant over time with flat lines; this was true for those 

with consistently low (e.g. #8, #10, #19) or consistently high (e.g. #2) cocaine use. The 

plots make clear that the fitted trajectory fits the predicted days of cocaine use values well 

for some particpants (e.g. #1, #2, #8, #10, #15). For others, not all predicted values fall 

close to the fitted line (e.g. #11, #14). As such, to visually examine curvilinear 

trajectories, predicted values were fit along a quadratic curve (Figure 4.5). While this 

does appear to better fit the trajectory of a couple of participants (e.g. #3, #15), those 

participants for whom the plots were not as well fit to the linear function in Figure 4.4 are 

not much better fit by the quadratic curve (e.g. #11, #14). Furthermore, adding a 

quadratic term substantially increases the complexity of model interpretation (for every 
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variable added to the model, a parameter is estimated for its variance with the intercept, 

the linear and the quadratic slope) (319). Adding extra parameters to the model can be a 

challenge in model convergence. In general, simpler representations are preferred and 

higher order polynomials (e.g. quadratic) are only introduced when other approaches fail 

(319). This exploratory analysis helps to inform the selection of a functional form for 

modeling, which follows and is further explored in Chapter 5. Plots for participants with 

study ID#s 1-23 are presented as an example in order to provide a visual representation of 

the plotting of predicted vs. fitted values for the linear change model (Figure 4.4) and 

quadratic change model (Figure 4.5) which were conducted for each individual. 

Figure 4.4 Predicted ordinary least squares regression values by participant ID plotted 
against fitted values from linear change model 

 

Footnote: Red dots are predicted values, blue line reflects fitted values. X axis is months since baseline (0-24), y axis is number of 
days of cocaine use in prior month (0-30) 
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Figure 4.5: Predicted ordinary least squares regression values by participant ID plotted 
against fitted values from quadratic change model 

 
Footnote: Red dots are predicted values, blue line reflects fitted values. X axis is months since baseline (0-24), y axis is number of 
days of cocaine use in prior month (0-30) 

  

Individual and sample mean trajectories 

Individual and sample mean trajectories were plotted and overlaid to visually examine the 

range of trajectories and extent to which these deviated from the mean trajectory. The 

thick line reflects the estimated population or average growth curve of reported cocaine 

use over the 24-month study period, carrying aggregate level information. The gray lines 

reflect each individual’s trajectory. Each individual has their own values for the intercept 

(starting point), and slope (rate of change in use). This plot, along with the OLS estimates 

and insights gained from visual inspection of the histograms and empirical fitted vs. 

predicted plots suggest that there is potential variation in cocaine use over time, both 

within and between people.  
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Figure 4.6: Individual and sample mean trajectories of days of cocaine use over the study 

period   

 

Footnote: Plotted data are raw data for the overall mean number of days of use at each time point across all participants (blue line), 

and individual raw values for number of days of use reported by each participant at each time point (one gray line for each 
participant). 
 

 

4.4.8 Unconditional means model  

The unconditional means model presented in Table 4.11 reflects that the overall grand 

mean days of cocaine use (across all participants and all observations) was 11.07 (SE: 

0.78), which was statistically significantly different from 0 (p<0.001). The estimate of the 

level-1 residual suggested that significant variation existed at the within-person level over 

time (Estimate (SE): 65.20 (3.01), p<0.001). Significant variation also existed at the 

level-2 intercept, suggesting that there were significant differences in baseline cocaine 

use between participants (Estimate (SE): 90.27 (11.08), p<0.001).  
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Table 4.11: Unconditional means model  

 

 

 

 

 

 

 
Footnote: SE=Standard error 

Intercept !"": is the overall average score (grand mean) of cocaine use across the study period.   

Level-1 residual #$ (within-person residual) reflects the deviation between each person’s observed scores/values and person specific 
true change trajectory.  

Level-2 residual %"$ (between-person intercept residual) reflects the between-person variability in initial cocaine use (baseline)  

 

Following estimation of the unconditional means model, the ICC and design effect can be 

calculated to confirm whether a multilevel modeling approach is required: 

Intra-class correlation (ρ) = )".$+
)".$+,	./.$" 

Design effect= 1 + 0.58* (7-1) = 1+ 3.48= 4.48 

 

The ICC demonstrates that 58.1% of the variation in cocaine use was between 

participants and the remaining variation (41.9%) was within participants. The design 

effect was also calculated and determined to be above 2, suggesting the suitability of 

carrying on with multilevel modeling to explain this variation. The unconditional means 

model offers an important baseline against which conditional modeling carried out in 

Chapter 5 can be compared in order to evaluate the success of these models at explaining 

within- and between-person variation.  

 Unconditional means model 

  Parameter 
Estimate (SE) 

z-statistic p value 

Fixed effects     

For Intercept     

Intercept !"" 11.07(0.78) 14.19 <0.001 

Random effects     

Level-1: Residual #$  65.20(3.01) 3.01 <0.001 

    

Level-2: Intercept %"$  90.27(11.08) 8.15 <0.001 
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4.5 Discussion 

Data presented are derived from a clinical trial testing the effectiveness of treatment for 

OUD. Study follow-up was high due in part to the effective follow-up strategies put in 

place by the outreach team, who had experience from prior longitudinal studies with 

similar populations. Given the present study reflected a research question that was not 

derived at the beginning of the study, the analytic sample for the present study did not 

include all of those who took part in the clinical trial. As such, in order to confirm 

whether the analytic sample was representative of the SALOME sample, the analytic and 

SALOME samples were compared on key demographic, social, health, and drug use 

variables.  

 

Both groups had multiple prior attempts at methadone, and other variables relating to 

prior treatment history did not vary significantly. As such, the analytic sample was 

confirmed to fit the profile and characteristics of the overall SALOME sample, having 

engaged in illicit opioid injection for numerous years and having not been sufficiently 

attracted or engaged into care by available treatments (i.e. oral OAT). 

 

Among the analytic sample, it was found that those with missed visits were significantly 

younger compared to those with no missed visits. Similarly, those who were lost to 

follow-up were younger compared to those not lost to follow-up, although this difference 

was not statistically significant. Given the longitudinal nature of data, all 166 participants 

included in the analytic sample contributed at least 3 visits and thus were included in the 

present analyses regardless of having any missed visits. It is nevertheless important to 
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consider age as a potentially important independent variable of interest in subsequent 

analyses. 

 

Women (while not statistically significant) and Indigenous participants (statistically 

significant) were overrepresented in the analytic sample (defined as those reporting any 

cocaine use across the study period), when compared to SALOME participants who were 

not included in the analytic sample. Women and Indigenous participants were also 

overrepresented among observations over the study period where any cocaine use, crack 

cocaine use, and both crack cocaine and cocaine powder were reported. These findings 

can be framed by considering the structural and historical contexts facing women and 

Indigenous peoples who use drugs.  

Women who use drugs experience stigma and discrimination that has been outlined as 

distinct from that experienced by men (321, 322). As described in Chapter 3 (Section 

3.6), women experience structural issues including interpersonal violence, housing, and 

childcare differently from men, and women who use drugs have been stereotyped as unfit 

mothers, as criminal, pathological, or hypersexual (119, 321). These constructs perpetuate 

the diverse forms of disadvantage and discrimination that women who use drugs face, 

which includes inadequate access to appropriate treatment and harm reduction services 

(323, 324).  

The structural issues facing women who use drugs intersect with other demographic and 

social factors such as ethnicity, sexuality, poverty, and economic status (325). Indigenous 

participants were also overrepresented among observations of cocaine use. This finding 
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can be situated relative to the historical trauma facing Indigenous peoples in Canada 

which has been endured through the separation of families through the residential school 

system, loss of resources, suppression of cultural identity, and loss of traditional 

language, ways of knowing, and ancestral lands (326-328). Cross-generational 

transmission of this trauma has been attributed to persistent negative health outcomes 

among Indigenous peoples, including mental illness (e.g. depression, anxiety) (329, 330), 

physical illness (e.g. obesity, diabetes) (331), family and sexual violence (332, 333), 

suicide (334), as well as an elevated risk of substance use and dependence and early 

mortality (335).  

Indigenous cultural strategies (e.g. cultural healing practices, spiritual ceremonies, and 

practicing traditional language) can be incorporated into substance use treatment to align 

with and reflect the values and beliefs of Indigenous peoples (336).  For example, a 

“Two-Eyed Seeing” approach recognizes the need for both Western and Indigenous ways 

of knowing in both research, treatment, and health service program development and 

delivery (337, 338).  In the provision of iOAT and ancillary services in the Crosstown 

Clinic, care providers employ a culturally sensitive approach whereby the social, 

economic, and political positions of patients, and the impact these positions have on their 

health, are recognized and considered at all stages of care (336, 339). In turn, Indigenous 

patients have high retention rates and improvements in health and social functioning 

while engaged in care (140, 340). Nonetheless, continued efforts on the part of care 

providers to practice a culturally safe approaches to care with iOAT patients is critical. 

This will be particularly relevant in the expansion of treatment and services to patients 
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who report the use of cocaine given the overrepresentation of Indigenous patients among 

people who report cocaine use in the iOAT setting (140). 

Crystal methamphetamine use was found to be higher among participants not included in 

the analytic sample, and among participants who had missed study visits. Participants 

missing study visits were also significantly younger than participants not missing study 

visits. These findings suggest a potentially more unique profile of stimulant use among 

younger participants in the study. Prior studies have found that the combined injection of 

cocaine and opioids is prevalent among youth who inject drugs (341). Evidence from 

across Canada indicates that polysubstance use has been rising since 2012 and steeply 

increasing since 2016 among young people (342). Furthermore, young men have been 

overrepresented in the rising rates of opioid-related overdose deaths in British Columbia, 

where a high proportion of these deaths have included stimulants like cocaine and crystal 

methamphetamine (287). This elevated risk profile further emphasizes the importance of 

addiction treatment services that acknowledge patients’ concurrent use of other 

substances, particularly for young people who might be engaging in the concurrent use of 

multiple substances or in the use of speedball, which increases the risk of harm (343, 

344). 

Given these findings, sensitivity analyses were conducted to further explore differences 

between participants by age. These findings revealed that participants who were younger 

(< the average age of 45) reported significantly poorer physical and psychological health 

scores when compared to the older group (See Appendix I: Prior month health status 

across the study period by age group). A recent Canadian study found that when 
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compared to adults, youth were significantly more likely to engage in polysubstance use, 

inject drugs, and present symptoms of depression. This study concluded that youth may 

present to care with more severe and complex substance use and mental health problems 

as compared to adults, and thus require appropriately tailored services that may include a 

focus on concurrent disorders (345).  

 

Furthermore, a recent report by the Canadian Institute for Health Information notes that 

in recent years, nearly 70% of substance use related hospitalizations among youth have 

involved care for a concurrent mental disorder, which is double the rate observed in 

adults (346). Younger participants in the present study reported poorer self-rated mental 

health. This included higher rates of current and past mental health problems including 

anxiety, problems understanding, concentrating, or remembering things as compared to 

the older participants. Problems understanding, concentrating, or remembering things 

reflects a symptom of Attention Deficit Hyperactivity Disorder (ADHD) which has been 

reported to be prevalent among people reporting cocaine use (183, 347). Clinical trials 

have demonstrated that prescribed stimulants like extended-release mixed amphetamine 

salts (Adderall ®) can improve the symptoms of both cocaine use disorder and ADHD 

(348). In Canada, medications such as dextroamphetamine and Adderall ® are licensed 

for the treatment of ADHD. As such, where concurrent cocaine use and ADHD 

symptoms present among patients in OAT settings, prescribing of pharmaceutical 

stimulants indicated for ADHD may be suitable.   
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There is much to be learned about the care of young people who use drugs and the 

present study did not focus on a “youth” population. Long-term prospective studies of 

youth are required to better understand patters of cocaine and crystal methamphetamine 

use in the context of concurrent opioid use disorder. Analysis could focus on the 

influence of concurrent health problems, the nature, amount, and frequency of substance 

use; as well as changes in personal and environmental risks (349). Such an exploration 

however is beyond the scope of the present study.  

 

There are a number of limitations to consider with respect to the data presented in this 

Chapter.  First, data for the presented analyses were collected for the SALOME clinical 

trial.  Given cocaine use is the most common stimulant reported among iOAT patients, 

attention to collecting data on stimulants was focused on the collection of cocaine powder 

and crack cocaine, rather than other stimulants such as crystal methamphetamine.  In 

addition, in 2010 when the Drug Use Questionnaire was developed, the use of crystal 

methamphetamine both on its own and concurrently with opioids was not observed in 

British Columbia (350) or in North America to the same extent it is today (190). As such, 

there are particular nuances with respect to stimulant use that were not integrated into the 

questionnaire. For example, due to the design of the drug use questionnaire it was not 

always possible to determine whether participants’ self-reported days of speedball use 

reflected the combined use of opioids and cocaine powder or opioids and crystal 

methamphetamine.  
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In addition, treatment history data collected in the SALOME study were focused on 

history of OAT and treatment attempts for OUD, not for stimulant use disorder.  

Treatment for stimulant use disorder (particularly pharmacological treatments) is only 

beginning to be offered in Vancouver in recent years and was not available at the time the 

SALOME study questionnaires were developed. However, future studies can begin to 

collect data on participants’ treatment histories in relation to stimulant use disorder as 

they enter OUD treatment settings. 

 

It is also important to acknowledge that the social variables of interest that were 

identified and explored by the six cocaine use groupings were all categorical (e.g. 

spending most of free time alone, yes vs. no). Future studies could explore social 

variables using standardized questionnaires and scales (e.g. Multidimensional Scale of 

Perceived Social Support (MSPSS)) (285) or could seek to develop and validate measures 

to capture aspects of social relationships relevant to people who use cocaine in OAT. 

Such tools could serve to identify more diversity in participants’ social profiles while 

offering more information with regard to specific aspects of social relationships that are 

associated with cocaine use.  

 

Additionally, variables reflecting participants’ housing situation included non-stable 

housing and living in street places. It is important to note that only a small proportion of 

participants had reported living in street places (~4%) over all of the study observations. 

The SALOME study recruited participants through known agencies in the community, 

including housing societies, and therefore people living in street places likely would not 
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have been well-engaged. Furthermore, this treatment was contraindicated for people with 

severe medical or psychiatric conditions. This included the diagnosis of bipolar mood 

disorder, schizophrenia, or other psychotic disorders with “active psychotic symptoms”, a 

profile that is known to be overrepresented among people who are vulnerably housed or 

homeless (351). The low rate of participants living in street places in the sample is 

therefore likely a reflection of the study’s inclusion criteria and recruitment methods. As 

iOAT expands outside of the clinical trial context to treatment programs, it will be made 

available to a more diverse profile of patients, which may include people with more 

heterogeneous housing profiles. For example, in Germany, diacetylmorphine was offered 

to people with no prior OAT experience who were found to be significantly younger and 

less likely to be living in “stable” housing (192).  

 

The binary variables reflecting the presence or absence of prior month housing situation 

as collected using the SALOME Socio-demographic questionnaire might not offer the 

most meaningful representation of participants’ housing experience and its impact on, or 

association with their substance use. Future studies of stimulant use among patients with 

OUD could examine other factors relating to living situation such as community or 

neighbourhood belonging, sense of safety or security, and could develop or adapt existing 

standardized measures focused on the health and/or quality of life of people experiencing 

homelessness (352). Furthermore, there are other important considerations with respect to 

the impact of housing on iOAT engagement which were identified in the qualitative study 

conducted in Chapter 3 (e.g. proximity of home to clinic, living with a partner who uses 



 177 

opioids but is not engaged in iOAT) that could be explored in more depth in future 

studies.  

 

Variables of interest were explored over the study period by six different cocaine use 

groupings (i.e. by crack cocaine use, by cocaine powder use, by the use of both, by the 

use of any). This exercise confirmed key demographic differences, for example, where 

women and Indigenous participants remained overrepresented over the study period 

among observations where crack cocaine was reported, where the use of both were 

reported, and where the use of any cocaine was reported. Across all six cocaine use 

groupings the physical health profile was worse where cocaine use was reported, the use 

of illicit opioids was significantly higher, and engagement in treatment with oral or 

injectable HDM or DAM was lower. As such, key potential associations of interest 

seemed to hold across the presence of any cocaine use. It is important to note that overall, 

the sample used in the present analysis is largely homogenous in terms of a number of 

factors, including history of stimulant and opioid use. As such, we cannot be certain that 

the similar associations identified across cocaine use groupings are explained by true 

similarities with respect to the use of different types of cocaine (i.e. crack cocaine, 

cocaine powder, both, or any), or by the broader homogeneity of the sample in terms of 

the characteristics explored.  

 

The number of self-report days of cocaine use in the prior month was the measure of 

cocaine used as the dependent variable in the present study. There was no identification 

of participants as “cocaine-positive”, beyond reporting at least one day of cocaine use in 
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the prior month. Furthermore, diagnosis of cocaine use disorder was not confirmed with 

the clinical team, and thus such a diagnosis was not required for inclusion in the present 

study. This allowed for a broadening of the potential for inclusion in the sample, to 

participants with any cocaine use, regardless of frequency or type of use. As such, 

participants were considered for the analysis if they reported cocaine use at least once 

over the study period (e.g. at 6-month visit), and baseline reported cocaine use was not 

required for inclusion in quantitative analyses.  

 

This broad definition fit the exploratory nature of the analyses. Nevertheless, future 

studies might consider focusing on participants with particular cocaine use profiles as 

defined using different criteria than those used in the present study. For example, 

analyses could be conducted to focus more closely on people reporting daily cocaine use 

at baseline. Measures of cocaine use could be extended to examining the number of times 

per day participants report use. Such an outcome could be important to capturing change 

that otherwise might not be captured by measures of number of days of use, particularly 

for participants who report frequent use. This approach could support a more patient-

centered analysis, reflecting outcome change that is potentially more meaningful to and 

reflective of the goals of participants (e.g. reducing frequency of use) which have not 

traditionally been well reflected in studies of substance use outcomes.  

 

The exploration of the proportion of participants reporting cocaine use, and number of 

days of use suggest a decline over time in cocaine powder and crack cocaine use. The 

overall trajectory of cocaine use over the study period was explored for each participant 



 179 

and appeared to follow a general linear decline, while individual plots revealed some 

variability. The unconditional means model revealed statistically significant variation at 

both the intra- and inter-individual levels. This suggests that change in cocaine use over 

time in iOAT represents both within and between-person changes. The natural follow-up 

to this identified variation, is a multilevel modeling approach that can allow for sources 

of this variation to be explained (266), drawing on variables collected in the study that are 

expected to have potentially important associations.   
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Chapter 5: Explaining intra- and inter-individual variation in cocaine 

use over the 24-month study period 

 

5.1 Introduction 

In the study of cocaine use in the setting of OAT, much of the evidence has been derived 

from studies presenting proportions or days of use at specific time-points. For example, in 

OAT and iOAT clinical trials, cocaine use has been reported as a secondary outcome. 

Use over time has been considered in some settings. For example, a French study of 

cocaine use among methadone patients considered associations with the outcome of 

occasional, or regular cocaine use from baseline to 6 and 12-month follow-up (96). 

However, to our knowledge, studies have not been carried out in iOAT setting with the 

objective of estimating the rate of change of the outcome of cocaine use over time, nor 

has any literature focused on identifying predictors of individual change or group level 

differences in change in cocaine use over time.   

 

In the past two decades there have been rapid developments in growth curve modeling 

(GCM) approaches in studies of long-term treatment effects (353-355). These approaches 

have been used to characterize the “natural history” of substance use over many years. 

These methods allow for the recognition of substance use disorder as a long-term process 

that consists of periods of use, treatment, abstinence, and relapse (356). As such, the 

questions that can be answered with these methods have often been of interest to 

treatment and policy communities that see them as holding the potential to inform more 

sustainable and long-term treatment strategies, evaluation, and policy. 
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The identification of intra- and inter-individual variability in outcomes over time is 

naturally followed by the development of hypotheses that might explain these sources of 

variability.  Such approaches allow for the contextual conditions of individuals’ personal 

lives and social conditions to be considered as predictors of patterns of engaging in 

substance use over time (357, 358). GCM therefore allows for the dynamic nature of 

substance use and associated factors to be modelled, by identifying and quantifying the 

effect of these factors on substance use trajectories (i.e. on baseline use, within-person 

change and between-person differences in change). Such a possibility is increasingly 

important as substance use research has established the importance of moving beyond 

“single-cause” explanations of substance disorder, where instead the heterogeneous 

nature of use is acknowledged (318).  

 

The presence of time-varying covariates (i.e. covariates collected at each follow-up that 

may take on different values at each point of collection) provides an opportunity to 

employ an extension of GCM approaches, to allow for additional questions to be 

answered. For example, experts in the study of methods of longitudinal change note that 

there is often a disjoint between research questions and the methods applied to answer 

them (359-361). Such a disjoint has been exemplified using examples from the field of 

psychology; for instance, when a person exercises more, it is expected that their positive 

affect will increase (362). This thinking applies to the treatment of substance use disorder 

as well; when patients engage in opioid agonist treatment for example, they are expected 

to reduce their illicit opioid use. However, the most commonly used approaches to 



 182 

longitudinal data analysis in studying substance use disorder apply methods that account 

for the clustered nature of the data (e.g. generalized estimating equations) or that model 

group-level change over time. These methods focus on between-person differences rather 

than within-person change. The benefits and strengths of longitudinal data are frequently 

touted as useful in identifying temporal associations, and in providing increased power 

(363); however, there is less of an emphasis on the notion that only longitudinal data can 

allow for the separation of between and within-person effects, which are often required 

and of critical importance to fully evaluate hypotheses and theories about substance use 

(364).  

 

Therefore, an important strength of longitudinal data collected in this study is the ability 

to disaggregate between-person (inter-individual) and within-person (intra-individual) 

effects in the regression of the outcome of cocaine use on time-varying covariates (364). 

For example, for variables that are collected at each visit and that vary over time (e.g. 

treatment engagement, measured as the number of days engaged in injectable or oral 

HDM or DAM in prior month), it is possible to determine the extent to which variation in 

cocaine use is explained by within-person changes in treatment engagement (i.e. 

individual level improvements above an individual’s own person-specific mean number 

of days in treatment), or by between-person differences in treatment engagement over 

time (i.e. individual level improvements above the grand mean number of treatment days 

over all time points and all individuals). This allows for the relationship of treatment 

engagement and cocaine use to be determined on average, across the sample. In addition, 

disaggregation of between and within-person effects allows for an understanding of the 
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extent to which changes in cocaine use over time for the overall sample are driven by 

within-person changes in treatment engagement or by between-person differences in 

treatment engagement over time. For example, if it is concluded that more days engaged 

in treatment is associated with fewer days of cocaine use on average, the analysis can be 

extended by separating within and between-person effects of treatment engagement. This 

allows for the determination of whether the relationship between treatment engagement 

and cocaine use in iOAT is primarily a within-person relationship (i.e. when people 

engage in more days of OAT they reduce their cocaine use) or a between-person 

relationship (i.e. people who are more engaged in OAT use less cocaine than people who 

are less engaged in OAT). 

 

Such specific questions have the possibility of supporting decision makers and care 

providers to understand particular areas where targeted support might be needed. As 

such, in the presented chapter, the objectives outlined in Section 5.2 will be addressed in 

order to explain within and between-person variation in cocaine use.  

 

5.2 Objectives 

Objective 4: To explain intra- and inter-individual variation in cocaine use over 24-

months (i.e. in baseline use and the rate of change).  

 

O4A: To explain inter-individual variation in baseline cocaine use. 
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H4A.1: Gender will explain significant inter-individual variation in baseline cocaine use, 

given women will on average, report more baseline days of cocaine use compared to 

men. 

 

H4A.2: Regular cocaine use will explain significant inter-individual variation in baseline 

cocaine use, where participants reporting ever regularly using cocaine will report more 

baseline days of cocaine use compared to participants not reporting regular use.  

 

O4B: To explain inter-individual variation in the rate of change of cocaine use over the 

study period. 

 

H4B.1: The lifetime number of years of regular cocaine use will explain significant 

variation in cocaine use over the study period, where participants regularly using cocaine 

for more years will have a slower rate of change.  

 

H4B.2 Gender will explain significant variation in the rate of change of cocaine use over 

the study period, where women will on average have a slower rate of reduction of cocaine 

use over the study period compared to men.  

 

O4C: To explain intra-individual variation in cocaine use over the study period using 

time-varying covariates. 
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H4C.1: Treatment engagement (i.e. with injectable or oral HDM or DAM) will explain 

significant intra-individual variation in cocaine use, given on average each additional day 

engaged in treatment will be associated with significant reductions in cocaine use. 

 

H4C2: Psychological health scores will explain significant intra-individual variation in 

cocaine use, given on average higher scores (indicating poorer health) will be associated 

with significant increases in cocaine use over the study period.   

 

O4D: To explain intra-individual variation in cocaine use over the study period, using 

disaggregated time-varying covariates, such that separate coefficients are estimated for 

the within and between-person effects of time-varying covariates on cocaine use over 

time.  

 

H4D.1: Intra-individual (within-person) improvements in treatment engagement over 

time, will explain intra-individual variation in cocaine use, such that when an individual’s 

number of days engaged in treatment increases above their average number of treatment 

days, days of cocaine use will decline.  

 

H4D.2: Inter-individual (between-person) differences in treatment engagement over time 

will explain intra-individual variation in cocaine use, such that when an individual’s 

number of treatment days increases above the population average number of treatment 

days, their days of cocaine use will decline significantly. 
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5.3 Methods 

A full description of the methods including study design, and participants is outlined in 

Chapter 3.   

 

5.3.1 Measures 

5.3.1.1 Dependent variable 

The dependent variable was the number of days in the prior month (0-30) of self-reported 

cocaine use (total days of crack cocaine and/or cocaine powder) across all time-points. 

The rationale for studying the combined use of any cocaine is as follows: 

 

1. While descriptive analyses in Chapter 4 revealed some important differences in 

characteristics by cocaine use type, there were similarities across cocaine use types in 

relation to key variables of interest. For example, overall health tended to be worse 

for those reporting both crack cocaine and cocaine powder. Similarly, the use of 

illicit opioids was higher and engagement in HDM/DAM was lower among those 

engaged in cocaine powder use and in crack cocaine use.  

 

2. At baseline, approximately 75% of participants reported the use of crack cocaine, 

over 50% reported cocaine powder use, and over 35% of participants reported using 

both. Across the study period, the co-use of crack cocaine and cocaine powder was 

reported at approximately one third of observations where cocaine was reported (See 

Figure 4.1). As such, the use of cocaine powder and crack cocaine are not mutually 

exclusive in the analytic sample.  
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3. The study aims to make recommendations to inform care for people who use cocaine 

(regardless of route or type). This could be accomplished by focusing on one key 

outcome variable, being the total number of days of any cocaine use, which 

represents people using both crack cocaine and cocaine powder. This extends the 

potential breadth and reach of conclusions. The nuances and differences that may 

exist by cocaine use type were explored in sensitivity analyses.  

 

5.3.1.2 Independent variables 

In order to explain variation in cocaine use (within and between-person), predictors 

collected at baseline and follow-up were explored in modeling. Predictor selection was 

informed by prior literature and by the qualitative study and is centered around 8 

domains: 1) demographic characteristics; 2) health characteristics; 3) substance use 

characteristics; 4) treatment histories; 5) housing characteristics; 6) income sources; 7) 

social relationships; and 8) HDM/DAM treatment engagement. A full description of 

variables and data sources is outlined in Chapter 2 and additional information with 

respect to variable time structure (i.e. time-varying or time-invariant), reference period 

(i.e. lifetime or prior month), variable type (i.e. categorical or continuous), response 

options (e.g. yes vs. no), and source (i.e. questionnaire name) are outlined in Table 2.3.  

 

5.3.1.3 Continuous measure of time 

The measure of time in the present study was months since baseline, (continuous 

variable).  Data were collected at study baseline, and 3,6,9,12,18, 24 months since 



 188 

baseline. In growth curve modeling approaches, a continuous measure of time is required, 

with the interpretation of time being the effect of a one-unit increase (i.e. one-month 

increase).  

 

5.3.2 Statistical methods 

5.3.2.1 Multilevel modeling approach 

When working with longitudinal data of repeated measures collected from an individual 

over time, the independence assumption is often violated given an individual’s measures 

from one time point to the next will be correlated (365). This clustering (of observations 

over time within an individual) results in a correlated error term, and underestimated 

standard errors, which could lead to spuriously statistically “significant” results (Type 1 

error is inflated). Group level analysis can be carried out (i.e. computing each 

individual’s mean), however the opportunity to reflect on within group variation and 

individual level relationships is lost. A Multilevel modeling (MLM) approach allows for 

the clustering of the data to be accounted for, with parameters that vary at more than one 

level, the higher-level reflecting clustering (individuals), and lower levels reflecting the 

unit (repeated measures overtime). These models are also referred to as hierarchical linear 

models, multilevel analysis, random coefficient models, mixed effects models, and 

growth curve models (365).  

 

Assessing the need for multilevel modeling (Unconditional means model) 

The need for an MLM approach to modeling change in cocaine use in this sample was 

confirmed in Chapter 3, by running an unconditional means model (“intercept only” 
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model), which included only the outcome of cocaine use, clustered by participant ID. 

This model provided estimates of within and between-person variation in cocaine use 

(prior to accounting for any predictors). The intra class correlation (ICC) was calculated, 

to determine the degree of the clustering effect (i.e. the proportion of variation in cocaine 

use attributed to differences between people: (See Chapter 4 for calculation). The design 

effect was also calculated (See Chapter 4 for calculation). When design effect is <2, the 

use of linear regression can be considered.  

 

Assessing the need for random growth curve model (Unconditional growth model)  

In order to determine the effect of time, and whether the effect of time varied from one 

person to the next, both fixed and random effects of time were added. A significant 

random effect (p<0.05) suggests that the rate of change in the outcome varies from one 

person to the next. A random growth curve modeling approach can then be carried out so 

that in addition to random variation in the level-2 intercept (between-person) and level-1 

residual (within-person), variation between people in the rate of change (level-2 slope) 

can be explained.  

 

5.3.2.2 Random growth curve modeling approach 

Growth curve modeling is a popular multilevel modeling technique (366). It is suited 

when the intent is to obtain a description of the mean growth in a population over a 

specified period (i.e. change in cocaine use over 24-months). The primary emphasis 

however is on the possibility of explaining variability between individuals in the 

parameters that describe their growth curves, namely their intercept (baseline cocaine 
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use), and slope (rate of change in cocaine use).  

 

In the present study, the growth curve model was carried out using a standard two-level 

multilevel regression (MLR) (365, 367, 368). Growth curve analyses explicitly reflect on 

both intra-individual change and inter-individual differences in such change (369).  The 

repeated measures of data collected at each time point were positioned at the lowest level, 

(level-1- the occasion or time level), and were nested within individuals (level-2- the 

individual level). In MLR, time is modeled as a level-1 predictor, and explanatory 

variables can be added at both level-1 and level-2. The intercept and slope describe 

population mean growth, and inter-individual differences in the intercept (level-2–

between-person) and slope (level-2- between-person) are modeled as random effects of 

the time variable. These models also estimate a random effect for within-person variation 

(level-1 residual).  

 

Predictors can be included as both fixed and random effects. Fixed effects reflect an 

overall estimate of effect across all observations and all participants and random effects 

allow the effect of a particular variable to vary from one participant to the next. In 

random growth curve modeling approach, time is added as a random effect allowing the 

slope to vary between people.  Predictors added to the model can then help explain this 

random variation. Decisions relating to the determination of the appropriate parameter 

estimation approach, correlation structure for residual errors, function of time, model 

building steps, model selection and model diagnostics are outlined in Appendix J: 

Additional Details on Statistical Analysis for Chapter 5. 
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5.3.2.3 Between-within (hybrid) method 

When data are collected at one point in time from a group of individuals, it is possible to 

make inferences focused on between-person relationships and differences (319, 355). 

However, when data are collected from a group of individuals at multiple time points, 

data contain information on both within and between-person differences (355). Time-

varying variables, collected from individuals at multiple repeated measures therefore, 

contain both within and between-person variability. In order to take full advantage of 

these data, level-1 (time-varying) predictor variables were disaggregated, into within-

person, and between-person effects (364) as follows: 

 

First, to obtain the between-person effect (person-specific mean): the mean of the 

time-specific time-varying covariates were computed within each individual (i.e. each 

individual’s mean physical health score was computed from their physical health score 

across all time-points).  

 

Second, to obtain the within-person effect (person-specific fluctuations from the 

mean): the person specific-mean was subtracted from each individual’s time-specific 

time-varying variable (i.e. reflecting at each time point, the extent to which an 

individual’s health score fluctuates around their own person specific mean). The within 

and between-person effects of level-1 variables were then entered into models as 

covariates as an extension to the final model to identify the extent to which intra or inter-

individual variations in level-1 predictors (or both) explained variation in cocaine use.   
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5.3.3 Sensitivity analysis 

Missing data mechanism  

Missing data is common in longitudinal studies, resulting in unplanned imbalance in the 

data. Where this missing data is due to potentially systematic sources, it may invalidate 

inferences, and raise questions about the generalizability of findings. It is important to 

identify the type of missingness mechanism, in order to determine the extent to which 

findings may or may not be biased. Seminal work on this topic carried out by Little 

(1995), and Little and Rubin (1987) distinguish among three types of missing: 1) missing 

completely at random (MCAR); 2) covariate-dependent dropout (CDD); and, 3) missing 

at random (MAR). It is possible to validly generalize the results of multilevel models 

under all three of these conditions. 

 

In order to conclude that data are MCAR missing data must be independent of: 1) time, 2) 

the values of predictors, and 3) the values of the outcome. In the present study (as 

outlined in Chapter 4), missing data was more common in the later data time points, and 

it is plausible that missing data might depend on some of the observed variables. For 

example, we observe that those with missing data are younger than those without missing 

data, and thus MCAR cannot be concluded. CDD is less restrictive than MCAR as it 

allows associations between observed covariates and the probability of missingness; 

however, it requires that the outcome is not related to the probability of missingness. This 

is difficult to prove given missing data is unobserved and thus there is no possibility of 

providing empirical support for this conclusion. 
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The Missing at Random (MAR) assumption is even less restrictive, and permits valid 

generalizations of MLM for change. With MAR the probability of missingness can 

depend on any of the observed data for either the predictors or any outcome values. It 

cannot however depend on any unobserved value of either a predictor or outcome. This 

means, missingness must depend only on observed predictors. However, allowing the 

data to depend on observed data can account for a “multitude of sins”, and often supports 

the credibility of this assumption when MCAR and CDD seem more “far-fetched” (319).  

 

Potential scenarios where the MAR might be invalidated were postulated to scrutinize its 

suitability to the data. For example, if the probability of willingness to continue taking 

part in the study depended on current cocaine use this would have presented a systematic 

pattern (even if it is impossible to prove) and invalidated the MAR assumption. It is not 

expected however that participants would be discouraged from taking part in the study 

and completing the research study visits due to their use of cocaine. It was found that 

there were no significant differences in cocaine use when comparing baseline 

characteristics between those with and without missing data. Furthermore, interviewers 

had established rapport with participants, and participants were assured that their self-

reported substance use data would have no influence on their clinical treatment. 

Additionally, an individual’s cocaine use at any given time point (even unobserved) 

would be highly correlated with their past and future cocaine use. It was therefore 

concluded that such a situation was unlikely to be a major source of missingness in the 

data, further supporting the credibility of the MAR assumption in this study. Lastly, 
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important variables that could predict missingness were observed. For example, even 

when research data were missing due to missed visits, clinical data could be retrieved to 

determine the number of days the participant had been engaged in treatment in the prior 

month.  

 

Handling missing data 

The proportion of missing data in the present study was small, with approximately 3% 

(n=37) of the total possible observations (n=1162) missing due to missed visits (as 

outlined in Chapter 4) leaving 1125 completed study observations across 7 visits 

(baseline and 6 follow-ups). Data from these missed visits were deemed to be missing at 

random (MAR) (See Chapter 4). A small amount of data was also missing on the 

dependent and independent variables due to item non-response (n=31 items among 27 

observations). Interviewer notes confirmed that item non-response was likely missing 

completely at random, explained by the interviewer or participant missing an item rather 

than by systematic differences existing between missing and observed data. However, to 

be conservative, item non-response was deemed to be missing at random (dependent on 

observed variables, but not dependent on the missing data itself).  

 

The complete case analysis therefore dropped these 27 observations where data were 

missing on the dependent or independent variable, and made use of 98% of collected 

observations (1098/1125). Parameters in the presented models were estimated using 

maximum likelihood, which is known to produce unbiased estimates if the model is 

correctly specified and data are missing at random (MAR) (370). As such, multiple 
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imputation was not deemed necessary. Nevertheless, Multiple imputation by chained 

equations (MICE: also known as fully conditional specification or sequential regression 

multiple imputation) was carried out as a sensitivity analysis to confirm confidence in the 

results of the complete case analysis (full steps outlined in Table 5.1).    

Table 5.1 Multiple imputation by chained equations steps 

 
Step Description 
1  A simple imputation is performed for each missing value in the dataset, these 

imputations serve as “placeholders”;  
 

2 The placeholder mean imputations for one variable “var” are set back to missing; 
 

3 The observed values from the variable “var” are regressed on the other variables;  
 

4 The missing values for “var” are replaced with imputations from the regression model.  
5 Step 2-4 are repeated for each variable that has missing data, once each variable with 

missing data is cycled through the end of a “cycle” is reached. At the end of one cycle, 
all of the missing values have been replaced with predictions from regressions, 
reflecting the relationships observed in the data; 

6 Steps 2-4 are repeated for a number of cycles (specified by the researcher), with the 
imputations being updated each cycle. Final imputations are retained resulting in one 
imputed dataset. By the end of the cycles, the distribution of the parameters governing 
the imputations (e.g. coefficients in the regression) should converge. 

 
Footnote: Table adapted from Azur et al., 2011 (371) 

 

Modeling by the outcome of prior month number of days of cocaine powder use, 

and of crack cocaine use 

 
Modeling in the present study was carried out on the outcome of number of days of use of 

any cocaine (i.e. cocaine powder or crack cocaine). In order to explore whether the 

associations identified in the final model for the use of any cocaine held among these 

different cocaine use types the final model was re-run, replacing the outcome of number 

of prior month days of any cocaine use with: 1) prior month number of days of cocaine 

powder use; and 2) prior month number of days of crack cocaine use. Additionally, the 
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model was re-run excluding observations where days of cocaine use represented the use 

of speedball (i.e. combined opioid and cocaine powder). 

 

Stratified analyses  

Given prior studies have suggested differences in the use of cocaine by gender, ethnicity, 

and age, models were re-run and stratified by these variables (i.e. men vs. women, 

Indigenous vs. non-Indigenous ancestry, and age grouped at the mean, of 45 years of age 

or less, and over 45 years of age). For some of these groups, treatment engagement, 

measured as number of days receiving DAM or HDM was not associated with cocaine 

use. In order to attempt to explain the observed reduction in cocaine use in these groups, 

a new variable was created reflecting any self-reported engagement with a physician or 

nurse in the prior month. This sought to represent treatment engagement in a way that 

might be associated with the observed reductions in cocaine use in the study that were not 

well-explained by the treatment engagement variable of number of days receiving HDM 

or DAM in the prior month.   

 

5.4 Findings 

5.4.1 Treatments received 

Prior to presenting analyses of cocaine use, the treatments received by the analytic 

sample are presented for context. Treatments received are outlined in Table 5.2 (number 

and proportion of participants receiving each treatment) and Table 5.3 (mean number of 

days in the prior month receiving each treatment). In the first six months of the study, 

only injectable HDM or DAM were provided. Participants were engaged in treatment an 
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average of 26.56 days (SD: 8.55) at 3 months, and 25.26 (SD: 9.88) at 6 months. After six 

months, treatment days come from both oral and injectable treatment. While the periods 

of 6-12 months were intended to reflect only engagement with oral treatment, Phase II of 

the study was stopped, and only 144 participants were randomized to receive oral 

treatment. Of these 144, only 97 reached their 12-month study visit prior to Phase II 

being stopped.   

 

Across all study timepoints after baseline, nearly 70% of collected observations (n=663; 

69.1%) reflected instances where participants were receiving either injectable or oral 

HDM or DAM for on average nearly 20 days in the prior month (19.08 days SD: 13.63). 

Methadone access is also reflected, where approximately 60% of participants were 

receiving this treatment at baseline, on average approximately half of the days in the prior 

month (16.12, SD: 13.60). Some participants took co-prescribed methadone overnight 

while receiving oral or injectable HDM or DAM. This is reflected in the “any 

methadone” variable which reflects cases where oral or injectable HDM or DAM were 

also reported. It is clear that oral methadone access was increased after Phase I, and 

particularly around the 18-month visit, where participants were finishing their study trial 

participation and were leaving the clinic due to limited clinic capacity for continuation of 

care. 

 

Data on access to other oral opioids were retrieved from PharmaNet. Across the study 

period (i.e. over 24 months), there were 46 cases where treatments other than oral or 

injectable HDM and DAM, or MMT were prescribed. These included slow release oral 
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morphine (n=1); buprenorphine (Suboxone®)(n=6); and oral Dilaudid tablets (n=39). 

Dispensation was not daily for these medications, and thus daily adherence could not be 

determined. For these reasons, these treatments are not presented in Tables 5.2 or Table 

5.3.  

 

 

 

 

 

 

 

 

 

 



 199 

Table 5.2. Number and proportion of participants receiving any oral or injectable hydromorphone or diacetylmorphine or oral 
methadone at each time-point across the 24-month study period 
 

 T0 T3 T6 T9 T12 T18 T24 
 N=166 N=164 N=165 N=162 N=161 N=156 N=151 

 N (%) 
 

N (%)  
 

N (%)  
 

N (%) 
 

N (%) 
 

N (%) 
 

N (%) 
 

Any injectable or oral HDM or 
DAM 

0 (0) 149 (90.85) 144 (89.70) 127 (78.40) 108 (67.08) 45 (28.85) 85 (56.29) 

Any injectable treatment              0 (0) 149 (90.85) 144 (89.70) 80 (49.38) 74 (45.96) 45 (28.85) 66 (43.71) 
Injectable DAM 
 
 

0 (0) 73(44.51) 70(42.42) 36 (22.22) 25 (15.53) 17 (10.90) 40 (26.49) 

Injectable HDM 0 (0) 76(46.34) 74(44.85) 75 (45.45) 50 (31.06) 32 (20.51) 35 (23.18) 

Any oral HDM or DAM 0 (0) 0 (0) 0 (0) 49 (30.25) 35 (21.74) 0 (0) 26 (17.21) 

Oral HDM 0 (0) 0 (0) 0 (0) 22 (13.58) 14 (8.70) 0 (0) 26 (17.21) 

Oral DAM 0 (0) 0 (0) 0 (0) 28 (17.28) 21 (13.04) 0 (0) 0 (0) 

Any methadone 103 (62.05) 79 (48.77) 77 (46.67) 85 (52.47) 74 (45.96) 82 (52.56) 80 (53.33) 

Only methadone 103 (62.05) 8 (4.88) 13 (7.88) 23 (14.20) 33 (20.50) 65 (41.67) 49 (32.45) 
 
Footnote: HDM= hydromorphone; DAM= diacetylmorphine; T= visit number; HDM and DAM were not administered at baseline and thus are not included in the table at T0. Note: After T6, 
participants could contribute to more than one group at one time point(i.e. they could switch treatments), receiving for example some days of injectable HDM and some days of oral HDM. 
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Table 5.3. Mean days receiving hydromorphone, diacetylmorphine or oral methadone across the 24-month study period  
 

 T0 T3 T6 T9 T12 T18 T24 

 N=166 N=164 N=165 N=162 N=161 N=156 N=151 

 
Mean ± SD  

 
Mean ± SD  

 
Mean ± SD  

  
Mean ± SD  

  
Mean ± SD  

 
Mean ± SD  

  
Mean ± SD  

  
Any injectable or  
oral treatment 
 
 

0 25.57 ± 8.55 25.21 ± 9.88 21.03 ± 12.64 17.92 ± 13.75 8.18 ± 13.15 14.65 ± 14.02 

Any injectable treatment 
 

0 25.57 ± 8.55 25.21 ± 9.88 13.24 ± 14.34 12.34 ± 14.24 8.18 ± 13.14 11.62 ± 14.10 

Injectable DAM 
 
 

0 13.06 ± 14.59 12.35 ± 14.41 5.90 ± 11.70 3.85 ± 9.92 2.61 ± 8.08 6.48 ± 11.96 

Injectable HDM 
0 13.50 ± 14.67 12.8 5± 14.47 7.33 ± 12.49 8.49 ± 13.05 5.56 ± 11.24 5.14 ± 10.58 

Any oral HDM or DAM 
0 0 0 7.81 ± 12.72 5.60 ± 11.16 0 3.02 ± 7.51 

Oral HDM 
0 0 0 3.43 ± 9.38 2.38 ± 7.89 0 3.02 ± 7.51 

Oral DAM 
0 0 0 4.37 ± 10.18 3.21 ± 8.82 0 0 

Any methadone 
16.12 ± 13.60 10.55 ± 13.34 10.04 ± 13.39 12.00 ± 13.82 11.99 ± 13.98 13.97 ± 14.22 14.44 ± 14.44 

Only methadone 
16.12 ± 13.60 1.40 ± 6.27 2.18 ± 7.65 3.96 ± 10.03 5.67 ± 11.52 11.15 ± 13.95 8.95 ± 13.44 

 
Footnote: HDM= hydromorphone; DAM= diacetylmorphine; ±SD=standard deviation; T= visit number; HDM and DAM were not administered at baseline and thus are not included in the table. Note: 
After T6, participants could contribute days to more than one group at one time point(i.e. they could switch treatments), receiving for example some days of injectable HDM and some days of oral 
HDM.  
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5.4.2 Descriptive analysis: time-invariant variables 

Table 5.4 presents descriptive statistics for variables observed at baseline. These variables 

are known in multilevel modeling as time-invariant covariates (TIC), and can help to 

explain between-person (level-2) variation in cocaine use. Variables presented are those 

of interest to explaining variability between people in cocaine use. Approximately one 

third of participants identified as women (n=55; 33.1%), and approximately one third 

identified as Indigenous (n=56; 33.7%). Over half of participants reported high school 

education or higher (n=84; 50.6%) and more than half reported a chronic condition 

interfering with life (n=94; 56.6%), including for example, Human Immunodeficiency 

Virus (HIV), chronic obstructive pulmonary disease (COPD), fibromyalgia, and arthritis.  

 

At baseline almost 90% of participants had reported ever regularly using cocaine in their 

life (at least 3 times per week, as defined by the EuropASI). On average participants 

reported nearly 13 years of regular cocaine use and over 15 years of regular heroin 

injection. Participants had nearly 5 prior attempts at treatment with oral methadone prior 

to receiving treatment, and were on average receiving oral methadone approximately 16 

of the prior 30 days.  Nearly 70% of participants reported living in non-stable housing in 

the prior 3 years (defined as single room occupancy hotel rooms with restrictions, or 

couch surfing) and approximately one fifth of participants reported living on the street in 

the prior 3 years (n=38; 22.9%).  
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Table 5.4. Time-invariant variables (level-2 variables) collected at baseline 
 Variable 
 

N=166  
Mean ± SD/  

N (%) 
 

 Demographic characteristics(a)   
Gender (woman) 55 (33.1) 
Ethnicity (Indigenous) 56 (33.7) 
Education (high school or more) 84 (50.6) 
Health characteristics  
Chronic condition interfering with life (b) 94 (56.6) 
Substance use characteristics(c)  
Ever regularly use cocaine 147 (88.6) 
Lifetime years of regular cocaine use  12.67 ± 8.84 
Lifetime years of regular heroin use  15.68 ± 9.58 
Treatment history(d)  
Number of MMT attempts since 1995 4.99 ± 3.41 
Baseline number of days receiving MMT 16.12 ± 13.60 
Housing Characteristics(e)  
Any non-stable housing in prior 3 years  114 (68.7) 
Living in street places in prior 3 years  38 (22.9) 

 
Footnotes: SD= standard deviation; MMT= methadone maintenance treatment;  
 (a) Demographics: Three participants self-identified as transgender women are included in the analyses as women. Indigenous 
ancestry reflects all those reporting First Nations, Metis, or Inuit ancestry. Reference is non-Indigenous: Caucasian and other. 
(b) Health: Chronic condition: a condition that participants identified as interfering with their daily lives reported at baseline in the 
Medical section of the ASI. (c) Substance use: Regular use = using at least 3 days per week. Lifetime years cocaine use reflects the 
highest number of years using either cocaine powder or crack cocaine. (d) Treatment history: MMT data were retrieved from 
provincial drug dispensation database (PharmaNet). Records date back to 1995. New treatment attempts reflect MMT restarts after 30 
days or more with no treatment. (e) Housing: Non-stable housing refers to single resident occupancy hotel rooms with restrictions or 
couch surfing. Living in street places referred to reporting at least one day in the reference period living in any of the following places: 
indoor public place (e.g. train station), abandoned building, private vehicle, tent, on street or outside. 
 

5.4.3 Descriptive analysis: time-varying variables 

Table 5.5 reports descriptive statistics for variables observed longitudinally. These are 

known as time-varying covariates (TVC) and can help to explain within-person (level-1) 

change in cocaine use over time. The outcome of cocaine use is presented, to demonstrate 

the general decline in use over time. For example, participants reported an average of 

16.16 days of cocaine use (SD: 12.71) which was reduced to 11.33 days (SD: 12.33) by 

the six-month visit, and to 8.52 days (SD: 11.68) by the 24-month visit. 
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On average, participants were approximately 45-years-old at baseline, and by the 24-

month visit were on average 46.6 years old. There were no significant variations in 

participants’ self-reported physical health, psychological health, or quality of life scores 

across the study period. Participants’ illicit opioid use was significantly reduced across 

the study from 28.11 days (SD: 4.22) at baseline, to 5.28 days (SD: 8.67) at the six-month 

study visit. Illicit opioid use increased again after the six-month mark, which coincided 

with a reduced number of days engaged in treatment. 

 

Crystal methamphetamine use was low throughout the study, with participants reporting 

an average of 3.69 days (SD: 7.67) across the study. Use decreased slightly between 

baseline and the 3-month visit (from 3.62 days to 2.96 days). After the 6-month visit, 

days of crystal methamphetamine use were slightly increased. This was explored visually 

with trajectory plots overlaid on participants’ trajectories of cocaine use (See Appendix 

K: Prior month cocaine and crystal methamphetamine use over 24-months). It appeared 

that a handful of participants transitioned from cocaine to crystal methamphetamine use, 

especially in the later months of the study. This aligns with findings of the qualitative 

study outlined in Chapter 4, where a few participants reported transitioning from the use 

of cocaine to crystal methamphetamine due to its availability and affordability.  In all 

cases where crystal methamphetamine use was reported it was reported to be injected, 

with the exception of 4 cases in 4 participants where smoking was reported. 

 

Participants’ living situations did not appear to vary across the study periods, where a 

similar proportion of participants reported living in non-stable housing (57.8%) and 
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living in street places (4.8%) at baseline, and at all following time points. In terms of 

social relationships, approximately one third of participants reported having an intimate 

partner across all observations. Across the study period, most participants reported 

spending most of their free time alone (52.6%) or with family or friends that use 

psychoactive substances (37.9%), while only approximately 10% of participants reported 

spending most of their free time with people not using psychoactive substances.  

Most participants reported living alone (62.1% at baseline), with very little variation over 

the study period, while approximately one third of participants reported living with 

someone that used psychoactive drugs (31.9% at baseline). 

 

At baseline, approximately 20% of participants reported employment income (n=32). 

This declined slightly over the study period, for example with approximately 14% of 

participants reporting any employment income at 9-months (n=22). This variable was 

defined as receiving pay for at least one day of legal work in the prior month. Other 

income was derived from reported theft, drug dealing or sex work. At baseline, on 

average participants reported approximately 11 days of drug dealing, 3 days of property 

theft, and 1.5 days of sex work in the prior month. The number of days engaged in each 

of these activities declined across the study period. Engagement in drug dealing, property 

theft, and sex work were further explored, and it was found that while the proportion of 

participants engaging in these activities declined over time, the number of days engaged 

remained relatively stable among those engaged (See Appendix L: Engagement in drug 

dealing, property theft, and sex work over the 24-month study period).   
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The treatment engagement variable reflected a combination of participants’ days 

receiving oral HDM or DAM and injectable HDM or DAM. The range of treatments 

received across the 24-month study period were outlined for the full SALOME sample 

(n=202) in the methodology chapter (Tables 2.1 and 2.2). These tables have been 

presented again among the analytic sample (n=166) (See Tables 5.2 and 5.3).
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Table 5.5. Time-varying variables (level-1 variables) collected longitudinally  
 T0 T3 T6 T9 T12 T18 T24 

 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
N=166 N=164 N=165 N=162 N=161 N=156 N=151 

Outcome Variable 
 

              

Days cocaine use  16.16 ± 12.71 11.01 ± 12.32 11.33 ± 12.31 10.11 ± 12.33 10.20 ± 12.20 8.66 ± 11.87 8.52 ± 11.68 

N(%) missing  0 (0) 1(0.6) 4 (2.4) 0(0) 0 (0) 0(0) 1 (0.7) 
Independent Variables        

Demographic variables (a)               
Age (years) 44.15 ± 9.23 44.62 ± 9.15 44.63 ± 9.19 44.97 ± 9.17 45.26 ± 9.09 46.01 ± 9.02 46.55 ± 9.10 
N(%) missing 0 (0) 0 (0) 0(0) 0(0) 0 (0) 0 (0) 0 (0) 
Health variables (b)               
Physical health score  22.46 ± 11.58 21.10 ± 11.15 20.47 ± 11.30 20.71 ± 11.39 20.57 ± 11.87 22.64 ± 11.82 21.53 ± 12.28 
N(%) missing 0 (0) 0 (0) 0 (0) 1 (0.6)  (0.6) 0 (0) 2 (1.3) 
Psychological health score  9.30 ± 8.62 8.83 ± 8.86 8.30 ± 8.15 9.03 ± 8.08 9.51 ± 9.05 9.03 ± 8.44 9.10 ± 8.54 

N(%) missing 8 (4.8) 11 (6.7) 10 (6.0) 8 (4.9) 9 (5.6) 8 (5.1) 5 (3.3) 
Quality of life score  0.78 ± 0.21 0.76 ± 0.23 0.77 ± 0.22 0.78 ± 0.22 0.76 ± 0.22 0.74 ± 0.24 0.81 ± 0.22 
N(%) missing 2 (1.2) 1 (0.6) 0 (0) 2 (1.2) 1 (0.6) 2 (1.3) 2 (1.3) 
Any depression 56 (33.7) 63 (38.4) 66 (40.0) 65 (40.1) 53 (33.1) 62 (39.7) 45 (30.0) 
N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.6) 0 (0) 1 (0.7) 
Any anxiety  71 (42.8) 74 (45.1) 79 (47.9) 74 (45.7) 72 (45.0) 72 (46.2) 59 (39.3) 
N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.6) 0 (0) 1 (0.7) 
Problems concentrating, 
understanding or remembering 
things  

66 (40.0) 66 (40.2) 68 (41.2) 53 (32.7) 64 (40.0) 72 (46.2) 71 (47.3) 

N(%) missing 1 (0.6) 0 (0) 0 (0) 0 (0) 1(0.6) 0 (0) 1 (0.7) 
Substance use characteristics 
(c) 

              

Days any illicit opioid use 28.11 ± 4.22 6.13 ± 9.10 5.28 ± 8.67 8.88 ± 11.57 9.32 ± 11.46 10.77 ± 11.78 12.54 ± 12.34 
N(%) missing 5 (3.0) 0 (0) 2 (1.2) 0 (0) 0 (0) 0 (0)  1 (0.7) 
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 T0 T3 T6 T9 T12 T18 T24 

 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
N=166 N=164 N=165 N=162 N=161 N=156 N=151 

Days crystal methamphetamine 
use 

3.62 ± 7.41 2.96 ± 6.61 3.25 ± 7.13 3.87 ± 8.16 4.14 ± 8.18 3.93 ± 7.75 4.14 ± 8.47 
N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.7) 
Housing characteristics(d)               
Non-stable housing 96 (57.8) 100 (61.0) 103 (62.4) 97 (59.9) 98 (60.9) 105 (66.9) 91 (60.26) 
N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Living in street places 8 (4.8) 7 (4.3) 5 (3.0) 4 (2.5) 8 (5.0) 5 (3.21) 10 (6.62) 

N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Social relationships(e)        
Intimate partner 62 (37.4) 55 (33.5) 51 (30.9) 51 (31.5) 55 (34.4) 47 (30.7) 43 (30.28) 
N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.6) 3 (1.9) 9 (5.9) 
Living with someone who uses 
psychoactive drugs 

53 (31.9) 44 (27.2) 37 (22.6) 43 (26.5) 46 (28.6) 35 (22.4) 40 (27.21) 

N(%) missing 0 (0) 2 (1.2) 1 (0.6) 0 (0) 0 (0) 0 (0) 4 (2.6) 
Living alone 103 (62.1) 111 (67.7) 111 (67.3) 108 (66.7) 101 (62.7) 109 (69.9) 94 (64.0) 
N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 4 (2.6) 
Spend most of free time alone 83 (50.0) 85 (52.2) 75 (46.6) 89 (54.9) 85 (52.8) 87 (55.8) 84 (56.0) 
N(%) missing 0 (0) 1 (0.6) 4 (2.4) 0 (0) 0 (0) 0 (0) 1 (0.66) 
Spends most of free time with 
friends of family who use 
psychoactive drugs 

72 (43.4) 60 (36.8) 66 (41.0) 61 (37.7) 57 (35.4) 55 (35.3) 53 (35.3) 

N(%) missing 0 (0) 1 (0.6) 4 (2.4) 0 (0) 0 (0) 0 (0) 1 (0.7) 
Spends most of free time with 
friends of family who don't use 
psychoactive drugs 

11 (6.6) 17 (10.4) 19 (11.8) 12 (7.4) 19 (11.8) 14 (9.0) 12 (8.0) 

N(%) missing 0 (0) 1 (0.6) 4 (2.4) 0 (0) 0 (0) 0 (0) 1 (0.7) 
Income sources(f)        
Any employment income  32 (19.3) 22 (13.5) 19 (11.8) 22 (13.7) 18 (11.3) 18 (11.5) 16 (10.7) 
N(%) missing 0 (0) 1 (0.6) 4 (2.4) 1 (0.6) 2 (1.2) 0 (0) 2 (1.3) 
Days drug dealing 10.80 ± 13.04 4.51 ± 9.82 3.14 ± 8.25 4.67 ± 10.51 5.59 ± 10.78 5.82 ± 10.55 6.22 ± 11.28 
N(%) missing 11 (6.6) 4 (2.4) 6 (3.6) 1 (0.6) 2 (1.2)  0 (0) 4 (2.7) 
Days property theft 2.77 ± 8.01 0.92 ± 4.24 0.67 ± 3.35 0.91 ± 4.52 1.45 ± 5.79 1.28 ± 5.57 1.17 ± 5.15 
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 T0 T3 T6 T9 T12 T18 T24 

 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
Mean ±SD/ 

 N (%) 
N=166 N=164 N=165 N=162 N=161 N=156 N=151 

N(%) missing 8 (4.8) 3 (1.8) 7 (4.2)  0 (0) 1 (0.6) 0 (0) 2 (1.3) 
Days sex work 1.62 ± 5.67 0.97 ± 3.86 1.01 ± 4.36 0.89 ± 4.06 0.74 ± 3.56 0.96 ± 4.19 0.99 ± 4.10 
N(%) missing 3 (1.8) 3 (1.8) 6 (3.6) 1 (0.6) 1(0.6) 0 (0) 2 (1.3) 
HDM/DAM Engagement(g)        
Days receiving injectable or 
oral HDM or DAM  

0 26.56 ± 8.54 25.20 ± 9.89 21.05 ± 12.65 17.92 ± 13.74 8.18 ± 13.15 14.54 ± 14.02 

N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Days receiving oral HDM or 
DAM 

0 0 0 7.80 ± 12.71 5.59 ± 11.16 0 3.00 ± 7.48 

N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Days receiving injectable HDM 
or DAM  

0 26.56 ± 8.55 25.26 ± 9.88 13.24 ± 14.34 12.34 ± 14.24 8.17 ± 13.14 11.54 ± 14.10 

N(%) missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 
 

Footnotes:  T= visit number; SD= standard deviation; HDM=hydromorphone; DAM=diacetylmorphine. All variables were collected in reference to the prior 30-day period. (a) Demographics: Age reflects each 
participant’s age at the time of each interview. (b) Health: Physical health: Opiate Treatment Index. Higher score = poorer health. Score range from 0-49, each point reflects the presence of 1 symptom in the prior month. 
Psychological health: Maudsley Addiction Profile. Higher score = poorer health. Scores range from 0 (no symptoms present) to 40. Quality of life score was derived from the EuroQol-5D  with Canadian weights. Scores 
range from 0-1; higher score=better health status. Anxiety, and problems understanding, remembering, concentrating: psychological health section of the Addiction Severity Index (ASI). Chronic condition: a condition 
that participants identified as interfering with their daily lives reported at baseline in the Medical section of the ASI. (c) Substance use: Any illicit opioid = heroin, fentanyl, hydromorphone, etc. (d) Housing: Non-stable 
housing refers to single resident occupancy hotel rooms with restrictions or couch surfing. Living in street places referred to reporting at least one day in the reference period living in any of the following places: indoor 
public place (e.g. train station), abandoned building, private vehicle, tent, on street or outside. (e) Social relationship variables were retrieved from the social relationships section of the EuropASI. (f) Income: 
Employment income reflects at least one day of income from licit work in the prior month retrieved from the ASI’s employment section. Days drug dealing, property theft, and sex work were retrieved from the ASI 
(range:0-30 days). (g) HDM or DAM: prior month days receiving oral and/ or injectable HDM or DAM were derived from the Crosstown Clinic’s clinical database (range: 0-30 days)   
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5.4.4   Univariate multilevel linear regression models 

Univariate multilevel linear regression (MLR) models were run on 1119 observations (of 

the total possible 1162 cases, there were 6 cases of missing on the outcome of cocaine use, 

and 37 cases missing due to missed visits). These models were run with the intention of 

identifying the measure of particular constructs that were most strongly related to the 

outcome of cocaine use. For example, living situation was represented by a number of 

variables, including living alone, living with someone who uses psychoactive drugs, 

having lived in non-stable housing, and having lived in street places. The exercise of 

running the MLRs therefore, helped to identify which variables might be most important to 

carry forward in model building to explain variation in the outcome of cocaine use. 

 

Of the demographic characteristics tested, gender was significantly associated with cocaine 

use, where men on average were reporting less cocaine use across the study time points as 

compared to women (Estimate (Standard Error (SE)): -5.42 (1.59), p=0.001).  

While not significant, reporting any prior month anxiety, depression, or problems 

concentrating, understanding, or remembering things was on average associated with more 

cocaine use. Poorer psychological health scores (Estimate (SE): 0.10 (0.05), p=0.036), 

poorer physical health scores (Estimate (SE): 0.11 (0.03), p<0.001) and poorer quality of 

life scores (Estimate(SE): -0.03 (0.14), p=0.047)) were on average associated with less 

cocaine use. 

 

Participants reporting ever regularly using cocaine at baseline reported on average more 

cocaine use across the study (Estimate (SE): 6.98 (2.38), p=0.003). For every additional 
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year of lifetime regular cocaine use reported at baseline, cocaine use was increased on 

average by about 1/3 of a day (Estimate (SE): 0.29 (0.09), p=0.001).  Participants reporting 

more illicit opioid use on average reported more cocaine use (Estimate (SE): 0.20 (0.02), 

p=0.001).  

 

Many of the variables reflecting social relationship were significantly associated with 

cocaine use, for example, where participants with an intimate partner on average reported 

more cocaine use (Estimate (SE): 1.72 (0.84), p=0.04), as did those reporting living with 

someone using a psychoactive substance (Estimate (SE): 2.88 (0.79), p<0.001).  

 

Employment income was associated with significantly lower cocaine use (Estimate (SE): -

1.66 (0.76), p=0.030)). On average, each additional day of prior month drug dealing, 

property theft, and sex work were associated with significant increases in cocaine use. 

Treatment engagement variables were also associated with reduced cocaine use. Each 

additional day of treatment engagement (in either oral or injectable HDM) was associated 

with significant reductions in cocaine use (Estimate (SE): -0.05 (0.019), p=0.018). 
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Table 5.6 Univariate multilevel linear regression models: association of independent variables 
with days of any cocaine use in the prior month across the study period  

 N Est (SE) z-score p value 
Demographic characteristics(a)         
Gender (man)  1119 -5.42 (1.59) 3.39 <0.001 
Ethnicity (Indigenous)  1119 1.72 (1.64) 1.05 0.294 
Age (years) 1119 -0.04 (0.08) -0.5 0.619 
Education 1119 -0.30 (1.55) -0.19 0.846 
Health Characteristics(b)         
Lifetime chronic condition interfering with life  1119 -1.16 (1.56) -0.74 0.459 
Physical health score 1116 0.11 (0.03) 3.61 <0.001 
Psychological health score 1062 0.10 (0.05) 2.1 0.036 
Quality of life score 1110 -0.03 (0.14) -1.99 0.047 
Any depression 1118 0.41 (0.63) 0.65 0.516 
Any anxiety 1118 0.67 (0.61) 1.1 0.272 
Any problems concentrating, understanding or remembering 
things 

1117 0.54 (0.62) 0.88 0.379 

Substance use characteristics(c)         
Days illicit opioid use 1113 0.20 (0.02) 9.12 0.001 
Days crystal methamphetamine use 1119 -0.08 (0.05) -1.67 0.095 
Ever regularly use cocaine  1119    6.98 (2.38) 2.93 0.003 
Lifetime years regular cocaine use  1107 0.29 (0.09) 3.34 0.001 
Lifetime years heroin use 1112 0.13 (0.08) 1.56 0.118 
Treatment history (d)     
Baseline number of prior month days MMT  1119 -0.06 (0.06) -0.95 0.343 
Lifetime number of methadone treatment attempts  1119 -0.17 (0.23) -0.72 0.471 
Housing Characteristics(e)         
Prior 3 years non-stable housing  1119 2.15 (1.66) 1.29 0.197 
Prior month non-stable housing 1119 0.21 (0.68) 0.31 0.759 
Prior 3 years lived in street places 1119 -1.98 (1.85) 1.07 0.283 
Prior month lived in street places 1119 1.84 (1.49) 1.23 0.217 
Social relationships(f)     
Intimate partner 1109 1.72 (0.84) 2.05 0.041 
Living with someone who uses psychoactive drugs 1113 2.88 (0.79) 3.67 <0.001 
Living alone 1116 -1.42 (0.81) -1.77 0.077 
Spending most of free time alone 1119 -0.29 (0.64) -0.45 0.654 
Spending most of free time with friends or family using 
psychoactive drugs 

1119 1.28 (0.65) 1.98 0.047 

Spending most of free time with friends or family not using 
psychoactive drugs 

1119 -2.32 (1.04) -2.25 0.024 

Income sources(g)     
Prior month any employment income  1119 -1.66 (0.76) -2.17 0.030 
Prior month days drug dealing 1097 0.22 (0.03) 7.49 <0.001 
Prior month days property theft 1104 0.31 (0.06) 5.57 <0.001 
Prior month days sex work 1109 0.32 (0.11) 3.13 0.002 
HDM/DAM Engagement(h)     
Days receiving oral or injectable HDM or DAM 1119 -0.05 (0.19) -2.37 0.018 
Days receiving oral HDM or DAM 1119 -0.03 (0.04) -0.88 0.378 
Days receiving injectable HDM or DAM 1119 -0.03 (0.19) -1.85 0.065 
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Footnotes: N= number of observations; SE= Standard error; MMT= methadone maintenance treatment; HDM=hydromorphone; 
DAM=diacetylmorphine. Variables that refer to lifetime period were reported at baseline. All other variables are time-varying and refer to prior 
month period. Data reflect parameter estimates from multilevel linear regression models adjusted only for the fixed effect of each selected predictor.  
(a) Demographics: Three participants self-identified as transgender women are included in the analyses as women. Indigenous ancestry reflects all 
those reporting First Nations, Metis, or Inuit ancestry. Reference is non-Indigenous: Caucasian and other. Age is a time-varying covariate, reflecting 
each participant’s age at the time of each interview. (b) Health: Physical health: Opiate Treatment Index. Higher score = poorer health. Score range 
from 0-49, each point reflects the presence of 1 symptom in the prior month. Psychological health: Maudsley Addiction Profile. Higher score = poorer 
health. Scores range from 0 (no symptoms present) to 40. Quality of life score was derived from the EQ-5D with Canadian weights. Scores range 
from 0-1; higher score=better quality of life. Anxiety, and problems understanding, remembering, concentrating: psychological health section of the 
EuropASI. Chronic condition: a condition that participants identified as interfering with their daily lives reported at baseline in the Medical section of 
the EuropASI. (c) Substance use: Any cocaine= cocaine powder or crack cocaine. Any illicit opioid = heroin, fentanyl, hydromorphone, etc. Regular 
use = using at least 3 days per week. (d) Treatment history data were retrieved from provincial drug dispensation database (PharmaNet). Records 
date back to 1995. New treatment attempts reflect MMT restarts after 30 days or more with no treatment. (e) Housing: Variables refer to reporting at 
least one day in the reference period. Non-stable housing=  single resident occupancy hotel rooms with restrictions or living with a family or friend; 
Living in street places = living in any of the following places: indoor public place (e.g. train station), abandoned building, private vehicle, tent, on 
street or outside. (f) Social relationship variables were retrieved from the social relationships section of the EuropASI. (g) Income: Employment 
income reflects at least one day of income from licit work in the prior month retrieved from the EuropASI’s employment section. Days drug dealing, 
property theft, and sex work were retrieved from the EuropASI. (h) HDM or DAM: prior month days receiving oral or injectable HDM or DAM is 
derived from the Crosstown Clinic’s clinical database (range: 0-30 days).   

 
5.4.5 Unconditional and conditional growth curve models 

Variable selection 

Variables considered for the next steps of model building were those with p<0.20. Among 

variables that were highly correlated (tested with Pearson correlation for continuous 

variables), or that were not independent (tested with Chi-square for categorical variables) 

only one variable was carried forward. For example, days receiving treatment for OUD (i.e. 

HDM or DAM days) and days of illicit opioid use were both significantly associated with 

the outcome of cocaine use, but were highly collinear (correlation: -0.51, p<0.001). This is 

to be expected, given treatment engagement is meant to reduce the use of illicit opioids, and 

in this population this relationship has consistently been shown (151). As such, only the 

treatment engagement variable was carried forward given the interest in exploring the 

association of this variable with cocaine use, and the interest of this variable to health policy 

and clinical care. Physical health score and psychological health score were also highly 

collinear (correlation: 0.63, p<0.001). The physical health score was selected over the 

psychological health score given it was more strongly associated with cocaine use in the 

univariate analysis (p<0.001 vs. p=0.036), and given it had a lower proportion of item non-

response as compared to the psychological health score. Furthermore, income sources were 
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not carried forward in the modelling given these variables were indicators of the outcome 

(i.e. the use of cocaine parallels income source, where drug dealing, theft, and sex work 

were often engaged with to support the use of cocaine).  

 

Prior to deciding to exclude these income source variables from the modeling, these 

variables were further explored (See Appendix M: Cocaine use by drug dealing, property 

theft, and sex work over the 24-month study period). The prior month number of days of 

cocaine use were compared at each time point, among those reporting any drug dealing vs. 

no drug dealing, any property theft vs. no property theft, and any sex work vs. no sex work. 

These comparisons helped to confirm the connection between these activities and cocaine 

use. As an example, at baseline more than half of participants reported prior month drug 

dealing (i.e. to support illicit drug use, primarily the use of either cocaine or opioids). The 

number of days of cocaine use were nearly identical among those reporting (16.06 days, SD: 

12.93) and not reporting (16.54 days, SD: 12.76) drug dealing at baseline.  At the 3-month 

visit, only approximately 20% of participants reported drug dealing, and those engaged in 

drug dealing reported significantly more days of prior month cocaine use (15.33 days, 

SD:14.53) compared to those not reporting drug dealing (9.76 days, SD: 11.49), p=0.012. 

This highlights the ongoing engagement in cocaine use among the 20% of participants for 

whom drug dealing persisted. 

 

Variables indicating social relationships were also highly collinear (e.g. spending free time 

with friends or family who use drugs vs. spending free time with friends or family who do 

not use drugs). As such, only the “living with someone who uses psychoactive drugs” was 
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selected, given it had the strongest association with cocaine use in the univariate analysis, 

and it was a variable of interest following the findings outlined in Chapter 3.  

 

Gender, living with someone who uses psychoactive drugs, physical health score, days of 

crystal methamphetamine use, days receiving injectable or oral HDM or DAM, ever 

regularly use cocaine, and lifetime years cocaine use were carried forward to the next stages 

of model building. Ethnicity and age were also carried to the next stages of model building 

given their known associations with cocaine use from prior studies meant they were 

important to account and adjust for in the analyses (372).  

 

Item non-response 

An approach for handling item non-response must be determined prior to engaging in 

model building. Model selection decisions in the present study relied in part upon test 

statistics that could only be derived from comparing nested models, which require the same 

number of observations in order to be conducted (e.g. Likelihood ratio test). Among 

variables that were selected to be carried forward there were cases of missing data on the 

physical health score, lifetime years of cocaine variable, and living with someone who uses 

psychoactive drugs. In addition, there were cases of missing data on the outcome of 

cocaine use. Given the small proportion of item non-response, model building proceeded 

on 97.6% of collected observations.  Multiple imputation models were carried out and are 

reported on in sensitivity analyses. 
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Table 5.7: Item non-response among the dependent variable and independent variables 
considered for modeling 
 

 Variable name  # missing observations 

Dependent variable Cocaine use 6  
Independent variable Physical health score 4  
Independent variable Lifetime years of regular cocaine use 14 
Independent variable Living with someone who uses psychoactive drugs 7 
Total missing cases:  31 

Footnote: 4 cases of missing occurred in the same individual at the same time-point, therefore the 31 cases contributed to item non-
response at 27 of the 1125 observations collected, leaving 1098 observations for model building that proceeded. 

 

Deciding on a correlation structure 

In considering the correlation of cocaine use observations over time it appeared that the 

correlation was in general declining with time (e.g. correlation between cocaine use at 

months 3 and 6 (0.74) vs. 3 and 18 months (0.57) (Table 5.8).   

Table 5.8: Correlation between number of days of any cocaine use in the prior month at each 
time-point 

 Time point T0 T3 T6 T9 T12 T18 T24 
T0 1 . . . . . . 
T3 0.5687 1 . . . . . 
T6 0.5798 0.7439 1 . . . . 
T9 0.4566 0.6104 0.6943 1 . . . 

T12 0.5476 0.6421 0.7159 0.7554 1 . . 
T18 0.3994 0.5708 0.5417 0.6018 0.6891 1  . 
T24 0.4623 0.6018 0.5875 0.5564 0.6989 0.7726 1 

Footnote: T= visit number 

 

The spacing of the measurements, and correlation between measures must be accounted for 

in determining the most suitable correlation structure. The autoregressive and Toeplitz 

structures are available; however, they require equally spaced measurements, taken at the 

same time for all individuals. Data in the present study were not equally spaced, given the 

gaps between measurements were not identical across the study (i.e. the gap between 3 and 

6 months is not the same as the gap between 12 and 18 months), so these structures were 
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not considered. The exchangeable structure assumes equal correlations over time, and 

estimates one overall variance, and one common pairwise covariance. Table 5.8 

demonstrates that equal correlations over time cannot be assumed, and thus the 

exchangeable structure is not appropriate to our data.  

 

The unstructured covariance matrix is the most general and estimates unique variance and 

pairwise covariance for all residuals. Its only restrictions are data collected at the same 

time for all individuals, and thus can be applied to our dataset. The exponential structure is 

an extension of the autoregressive and allows for unequal spacing and unequal correlation 

between measures. If the correlation diminishes systematically over time, an exponential 

structure is appropriate to our data, allowing the correlation between measurements to 

decay exponentially toward zero as the gap in time between observations increases. The 

model fit statistics for the default, unstructured, and exponential correlation structures were 

tested on an unconditional growth model and suggested that that the exponential structure 

was most suited to the data. This structure was used in the modeling to account for unequal 

correlation across time-points (i.e. observations collected closer together in time were more 

highly correlated than observations collected further apart) (373).  

Table 5.9: Tested correlation structures on the unconditional growth model  
Correlation Structure Ll(model) Df AIC BIC 

Default 

 

-3996.14 5 8002.27 8027.28 

Unstructured -3992.77 6 7997.53 8027.54 

Exponential 

 

-3985.88 7 7985.77 8020.78 

Footnote: Df= degrees of freedom; AIC= Akaike Information Criterion; BIC= Bayesian Information Criterion; AIC and BIC are 
measures of model fit, lower numbers mean better model fit.  
Ll(model) refers to model log likelihood.  
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Deciding on a function of time 

Prior to engaging in modeling, a critical first step was the determination of a suitable 

functional form. As such, a model of “no change”, a linear change model, and a quadratic 

change model were tested (following exploratory empirical growth plots in Chapter 4), to 

decide on the most suitable level-1 trajectory of change for modeling (See Table 5.10). 

 

For simplicity, no other predictors were included in these models. The no change model 

(i.e. not yet accounting for time) indicated that significant variability existed both within 

and between individuals in cocaine use. The linear model suggested that the average 

individual had a “non-zero” value of cocaine use at baseline (Estimate (SE): 13.92 (0.87), 

p<0.001), and that this level was reduced linearly over time (Estimate (SE): -0.27 (0.04), 

p<0.001). The variance components for the random effects were statistically significant, 

suggesting that individuals varied substantially from the average fixed effects. In order to 

conclude whether a linear change model was required, the linear model was compared to 

the no change model, testing a null hypothesis about the set of differences between models 

(in the linear growth rate, its associated variance components, and the covariance 

parameter). The deviance statistic measures the lack of fit between the model and the data. 

The reduction in deviance when comparing the linear model to the no change model 

(112.09) far exceeded the deviation statistic (Chi-square statistic: 14.07, 7 degrees of 

freedom) required to reject the null hypothesis that all parameters were simultaneously 

zero. We therefore had evidence that there was predictable linear change in cocaine use.  
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The same model comparison approach was carried out to determine whether a quadratic 

change term should be added to the model. When adding the quadratic term, the 

interpretation of the linear coefficient changes. It no longer reflects a constant rate of 

change, but instead reflects an instantaneous rate of change, when time is zero (baseline).  

A quadratic term (fixed effect of time) was added on top of the new linear “instantaneous” 

rate of change. The quadratic term is referred to as a curvature parameter, estimated to 

describe the “changing rate of change” (319). While very small (Estimate (SE): 0.01 

(0.002), p<0.001), the quadratic change term was positive and significant, suggesting that 

after initial decline, with each passing unit of time, the magnitude of the decline 

diminished.  

 

The linear and quadratic term work in opposition to one another, competing to determine 

the value of the outcome. The quadratic term always “wins” in this regard, for “numeric 

reasons alone” (319), given the quadratic time2 term increases more rapidly than does the 

linear term “time”. So even as the linear term suggests a statistically significant decline, the 

quadratic term gains an eventual domination, adding more to the prediction of the 

trajectory than the linear term can, causing the decline to “bottom out”, and reach a slight 

positive curve.  

 

While the fixed effect of the quadratic term was statistically significant, the final decision 

as to whether the term should be retained in modelling was based on the reduction in 

deviance. As compared to the linear model, the deviance reduction was lower (14.54), than 

the critical value of the !2 distribution on 8 degrees of freedom (20.09). As such, there was 
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not sufficient evidence to reject the null hypothesis that all parameters were equal and 

justify the addition of the quadratic term to the model.    

 

In addition to testing the fixed quadratic term, the addition of a random quadratic term was 

tested, to determine whether there was random variation in the quadratic slope. The model 

could not estimate standard errors for any of the random parameters. In instances where 

there are problems of model convergence, parameter estimates and standard errors may be 

invalid and it is suggested that these should be “interpreted with caution” (374).  

 

Issues of convergence on the standard errors could be the result of variance components 

with estimates close to 0, suggesting that the estimate of the random quadratic slope may 

be equal to zero (namely, that there is no random variation in the degree of curvature). 

Given such a small fixed estimate of the curvature / quadratic parameter, and visual 

inspection of the plots (See Chapter 4) this is plausible. The findings of this exercise 

therefore confirm the findings of the exploratory plots conducted in Chapter 4, where the 

quadratic function did not appear to fit the predicted data better than the linear function. 

The linear form was deemed an adequate representation of the form of change in cocaine 

use in this sample, and modelling therefore proceeded with a linear change term.  
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Table 5.10 Testing functions of time: no change, linear change, and quadratic change models   
 No  

Change 
Parameter 

Estimate (SE) 

p value Linear  
Change 

Parameter 
Estimate (SE) 

p value Quadratic 
 Change 

Parameter 
Estimate (SE) 

p value 

Fixed effects        

For Intercept  

Intercept g00   11.07 (0.78) <0.001 13.92 (0.87) <0.001 14.96 (0.91) <0.001 

For time slope        

Time (linear) - - -0.27 (0.04) <0.001 -0.56 (0.09) <0.001 

Time (quadratic) - - - - 0.01 (0.002) <0.001 

Random effects  

Level-1: Residual "#  65.20 (3.01) <0.001  58.84 (4.04) <0.001 57.32 (3.87) <0.001 

Level-2: Intercept $%#  90.27 (11.08) <0.001 93.34 (14.38) <0.001 94.68 (14.35) <0.001 

Linear Term 

  Level-2: Time slope	$'#  - - 0.073 (0.03) 0.008 0.078 (0.03) 0.005 

Level-2: Cov. (I, S) $'%  - - -0.65 (0.52) 0.105 -0.73 (0.51) 0.076 

Model Fit        

AIC 8089.86 - 7985.77 - 7973.23 - 

BIC 8104.87 - 8020.78 - 8013.24 - 

Deviance -8083.86 - -7971.76 - -7957.24 - 

Df 3 - 7 - 8  

Chi-square statistic - - 112.09 - 14.54 - 

Chi-square critical 
value 

- - 14.07 - 20.09 - 

Footnote: SE=Standard Error; Cov. (I,S)=Covariance of intercept and slope; Df=degrees of freedom; AIC=Akaike Information Criterion; BIC=Bayesian 
Information Criterion; AIC and BIC are measures of model fit, lower numbers mean better model fit. Models were run on 1098 observations, with the 
exponential correlation structure.; Level-1 residual is the within-person variance; Level-2 intercept reflects the between-person variance; The Level-2 time slope 
reflects variability in the rate of change, 3 decimal places are used for estimates of the Level-2 time slope to demonstrate difference between linear and quadratic 
estimates; Level-2-Cov. reflects covariance of the intercept and slope.  
 

5.4.5.1 Unconditional growth model 

The comparison of the unconditional means model and unconditional growth model offer 

the same comparison outlined above in Table 5.10 in comparing models of “no change” 

and of “linear change”. Here, the fixed and random effects are interpreted, variance 

reduction is calculated, and model fit estimates are compared. These are conducted as a 
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first step, prior to extending to adding variables (beyond time), that can help to further 

explain within and between-person variation in cocaine use. 

 

• The intercept (g00) in the unconditional means model represents the overall average 

score (grand mean), of cocaine use across all data time-points across the study.  

• The level-1 residual ("#) represents the within-person variance, namely, the 

deviation between each person’s observed score (reported number of cocaine use 

days) and person specific true mean.  

• The Level-2 residual ($%#) represents the between-person variance, namely, the 

deviation between the person specific true mean of cocaine use, and the grand mean 

(g00). 

 

P values from z-tests indicated that variance was significant at both levels. Model building 

therefore proceeded, with the intent of explaining the within and between-person 

variability in cocaine use. The first step taken was to enter the time variable, as both a 

fixed and a random effect. With adjustment for these time coefficients, the intercept 

reflects the estimate of cocaine use at the starting point (baseline). This value (Estimate 

(SE): 13.92(0.87), p<0.001) was higher than the grand mean (Estimate (SE): 11.07 (0.78), 

p<0.001) reported in the unconditional means model suggesting that overall cocaine use 

was reduced from baseline values over time. The fixed effect of time (g10) reflects the 

slope, or rate of change of the change trajectory across the study period. Cocaine use 

decreased on average by 0.27 days with each unit increase in time (each month that passes 

since baseline). In addition to the significant fixed effect of time, there were two additional 
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random parameters in the unconditional growth model. The first was a random slope (	$'#). 

The coefficient for the random slope was significant (Estimate (SE): 0.073 (0.03), 

p=0.008), suggesting that the rate of change of cocaine use over the study varied from one 

individual to the next. The second was the covariance estimate between the intercept and 

the slope (t10). This value was negative (Estimate (SE): -0.65 (0.52), p=0.105), which 

reflects a negative correlation between the starting point (intercept) and the rate of change 

(slope). This means that an individual with higher cocaine use at baseline has greater 

declines in cocaine use over time (while not statistically significantly different). 

 

In the unconditional growth model, the level-1 residual was reduced. This reflected that the 

addition of the fixed and random effects of time helped to explain within-person variation 

in cocaine use. In order to understand the extent to which the effect of time helped to 

explain within-person variation in cocaine use, the proportion variance reduction was 

calculated as follows.  

 

Proportion variance reduction:	()	*+,-+./0/-+12	341+5	3-.426	()*+,-+./0/-+12	78-90:	3-.42()*+,-+./0/-+12	341+5	3-.42 		 

 

This calculation demonstrated that the time effect explained approximately 10% of the 

variation in cocaine use. The level-2 residual was increased when the effect of time was 

adjusted for. Typically, level-2 variables (time-invariant variables) help to explain 

between-person variation in cocaine use. Time was a level-1 predictor, situated at the 

within-person level, and thus is not expected to help explain differences between people in 

cocaine use.  
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The model fit statistics suggest that the unconditional growth model was significantly 

better. The BIC for example was reduced by 84 points. Typically a reduction of at least 6 

points suggests that the model had a better fit (375). The likelihood ratio test (!2 Statistic: 

112.09, p<0.001) further suggested that the unconditional growth model was statistically 

significantly better, and that the fixed and random effects of time added to the model 

should be retained. 

Table 5.11: Unconditional growth model vs. Unconditional means model 
 

 Unconditional means model 

 

Unconditional growth model  

  Parameter 
Estimate (SE) 

 
 

z- 
statistic 

 
 
 

p value 
 
 
 
 

Parameter 
Estimate (SE) 

 
 
 
 

z- 
statistic 

 
 
 

p value 
 
 
 
 

Fixed effects        
For Intercept        

Intercept  11.07 (0.78) 14.19 <0.001 13.92 (0.87) 15.99 <0.001 

For time slope        

Intercept  - - - -0.27 (0.04) -7.07 <0.001 

Random effects        

Level-1: Residual "#  65.20 (3.01) 3.01 <0.001 58.84 (4.04) 14.56 <0.001 

Level-2: Intercept $%#  90.27 (11.08) 8.15 <0.001 93.34 (14.38) 6.49 <0.001 

Level-2: Time slope	$'#  - - - 0.073 (0.03) 2.43 0.008 

Level-2: Cov. (I, S) $'% 
  

- - - -0.65 (0.52) -1.25 0.105 

Variance reduction        

Level-1:  Residual "# - - - 9.8% - - 

Level-2: Intercept $%#  - - - -3.4% - - 

Level-2:  Time slope	$'# - - - - - - 

Model Fit        

AIC 8089.86 - - 7985.77 - - 

BIC 8104.87 - - 8020.78 - - 
Deviance -8083.86 - - -7971.76 - - 

Chi-square statistic - - - 112.09 - - 
Chi-square p value - - - <0.001 - - 
Footnote: SE=Standard Error; Cov.(I,S)=Covariance of intercept and slope; Df=degrees of freedom; AIC=Akaike Information Criterion; BIC=Bayesian 
Information Criterion; AIC and BIC are measures of model fit, lower numbers mean better model fit. Models were run on 1098 observations, with the 
exponential correlation structure.; Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote). 
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5.4.5.2 Conditional growth models 

Conditional growth model with level-1 predictors 

In building on the unconditional growth model, level-1 variables were added to explain 

within-person variation in cocaine use (See Table 5.12). The fixed effects in Table 5.12 

can be interpreted to understand the average effect of level-1 variables on cocaine use 

across the study period. On average, holding other variables constant, each additional day 

receiving treatment was associated with a significant reduction in cocaine use (Estimate 

(SE): -0.05 (0.02), p=0.004). Each additional physical health symptom experienced was on 

average associated with significant increases in cocaine use (Estimate (SE): 0.10(0.03), 

p=0.002). Reporting living with someone that uses psychoactive drugs was on average 

associated with significant increases in cocaine use (Estimate (SE): 2.47 (0.75), p=0.001). 

On average with each additional year increase in age, there were increases in cocaine use 

(Estimate (SE): 0.16 (0.08), p=0.053). 

 

Variables were grand mean centered, to improve the interpretation of the intercept. As 

such, the intercept can be interpreted as the estimate of baseline cocaine use (time=0), for 

participants reporting the average number of days engaged in treatment, the average 

number of physical health symptoms, and not reporting living with someone using 

psychoactive substances. The intercept remained statistically significant (Estimate (SE): 

13.32 (0.88), p<0.001), suggesting that the average number of days of cocaine use across 

the study was statistically significantly different from zero. The slope remained statistically 

significant, suggesting that on average, as time passed, significant reductions in cocaine 

use were experienced (Estimate (SE): -0.28 (0.04), p<0.001).  
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In referring to the random effects parameters, the level-1 residual ("#) (Estimate (SE): 

56.77(3.83), p<0.001) was reduced as compared to the unconditional growth model. The 

proportion variance reduction calculation demonstrated that this model explained 

approximately 13% of the within-person variation in cocaine use, and therefore contributed 

to explaining approximately 3% more within-person variation in cocaine use than the 

unconditional growth model. The covariance parameter between the intercept and slope 

($'%) was negative (Estimate (SE): -0.87 (0.52), p= 0.047), suggesting that participants 

starting with higher baseline cocaine use had a significantly greater declines in cocaine use 

over time. The random effects parameter for the intercept ($%#) was significant (Estimate 

(SE): 91.81 (14.05), p<0.001). The proportion variance reduction demonstrated that the 

model did not improve on the explanation of between-person variation in the initial 

(baseline) cocaine use as compared to the unconditional means model. Further the random 

effect parameter for the random slope (	$'#) (Estimate (SE): 0.077 (0.03) ,p=0.005) was not 

better explained by this model than by the unconditional growth model. Modeling 

proceeded, entering level-2 time-invariant variables to seek to explain between-person 

variation in cocaine use. 
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Table 5.12: Conditional growth model with level-1 predictors vs. unconditional growth model  
 Unconditional growth model 

 
Conditional growth model (Level-1 

Predictors) 
 
  Parameter 

Estimate (SE) 
z-  

statistic 
p value Parameter 

Estimate (SE) 
z- 

statistic 
p value 

Fixed effects        
For Intercept        
Intercept  13.92 (0.87) 15.99 <0.001 13.32 (0.88) 14.99 <0.001 
Level-1 Predictors       
Days receiving injectable or oral 
HDM or DAM(a) 

- - - -0.05 (0.02) -2.92 0.004 

Physical health score(b) - - - 0.10 (0.03) 3.35 0.002 
Living with someone that uses 
psychoactive drugs(c) 

- - - 2.47 (0.75) 3.29 0.001 

Age (years)(d)  - - - 0.16 (0.08) 1.93 0.053 
For time slope         
Intercept  -0.27 (0.04) -7.07 <0.001 -0.28 (0.04) -7.21 <0.001 
Random effects        

Level-1: Residual "#  58.84 (4.04) 14.56 <0.001 56.77 (3.83) 14.82 <0.001 

Level-2: Intercept $%#  93.34 (14.38) 6.49 <0.001 91.81 (14.05) 6.53 <0.001 

Level-2: Time slope	$'#  0.073 (0.03) 2.43 0.008 0.077 (0.03) 2.57 0.005 

Level-2: Cov. (I, S) $'%  -0.65 (0.52) -1.25 0.105 -0.87 (0.52) -1.67 0.047 
Variance reduction        

Level-1:  Residual "# 9.8% - - 12.9% - - 

Level-2: Intercept $%#  -3.4% - - -1.7% - - 

Level-2:  Time slope	$'# - - - -5.5% - - 
Model Fit        
AIC 7985.77 - - 7957.31 - - 
BIC 8020.78 - - 8012.32 - - 
Deviance -7971.76 - - -7935.30 - - 
Chi-square statistic - - - 36.46 - - 
Chi-square p value - - - <0.001 - - 
Footnote: SE=Standard Error; Cov(I,S)=Covariance of intercept and slope; Df=degrees of freedom; AIC=Akaike Information Criterion; BIC=Bayesian Information Criterion; AIC 
and BIC are measures of model fit, lower numbers mean better model fit. Models were run on 1098 observations, with the exponential correlation structure.; Random effects 
interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote). 
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or injectable HDM or DAM, 
across the study period. This variable was retrieved from the clinical database. (b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer 
health. The gynecological items (n=2) were excluded given this domain was not applicable to men and thus the score ranges from 0-49, each point reflects the presence of 1 symptom 
in the prior month. (c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  
(d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age.    
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Conditional growth model with Level-1 and Level-2 Predictors 

With the addition of level-2 predictors, there were new fixed effects for time-invariant 

covariates to be interpreted. First, gender was significant, where men on average used 

significantly less cocaine compared to women (Estimate (SE): -6.15 (1.50), p<0.001). 

Lifetime years of regular cocaine use was also significant, where with every 5-year 

increase in years of regular lifetime use of cocaine reported at baseline, there was an 

increase, on average of approximately 1 day of cocaine use in the prior month (Estimate 

(SE): 1.05 (0.46), p=0.022). Lastly, reporting ever regularly using cocaine at baseline was 

associated on average, with a nearly 5-day increase in cocaine use (Estimate (SE): 4.88 

(2.46), p=0.047). The addition of these level-2 predictors did not contribute to any 

significant changes in the fixed effects of any of the level-1 variables already present in the 

model. The intercept was slightly lower, given the interpretation of the intercept was now 

reflecting the average number of days of cocaine use across all observations, holding level-

2 variables constant (i.e. at the reference for gender (women), at the reference for ever 

regular cocaine use (no), and at the mean number of lifetime years of regular cocaine use). 

The addition of these Level-2 variables did not change the effect of time as compared to 

the conditional growth model with level-1 predictors only, as expected, given time was a 

level-1 variable.  

 

In terms of the random effects, the intercept  ($%#) remained statistically significant 

(Estimate (SE): 13.11 (2.50), p<0.001), however the proportion variance reduction 

calculation determined that the gender, lifetime years of regular use, and ever regular use 

variables contributed to explaining approximately 21% of the variation in the intercept. 
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This did not come at the expense of the model’s ability to explain within-person effects, 

where the model explained nearly the same proportion of level-1 within person effects as 

the model with level-1 predictors only. This model did not contribute to reducing the level-

2 slope variance (	$'# ) and as such, modeling proceeded to test interaction terms between 

level-2 variables and time, with the objective of explaining variation in the random slope.  

Table 5.13: Conditional growth model with level-1 and level-2 predictors vs. conditional 
growth model with level-1 predictors 

 Conditional growth model  
 (Level-1 Predictors) 

Conditional growth model  
 (Level-1 and 2 Predictors) 

 Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

z- 
statistic 

p value 

Fixed effects        

For Intercept        

Intercept  13.32 (0.88) 14.99 <0.001 13.11 (2.50) 5.23 <0.001 

Level-1 Predictors       

Days receiving injectable or oral HDM 
or DAM (a) 

-0.05 (0.02) -2.92 0.004 -0.05 (0.02) -2.98 0.003 

Physical health score (b) 0.10 (0.03) 3.35 0.002 0.10 (0.03) 3.28 0.001 

Living with someone that uses 
psychoactive drugs (c) 

2.47 (0.75) 3.29 0.001 2.46 (0.74) 3.32 0.001 

Age (years (d) 0.16 (0.08) 1.93 0.053 0.14 (0.08) 1.79 0.073 

Level-2       

Gender (man)(e) - - - -6.15 (1.50) -4.1 <0.001 

Lifetime years of regular cocaine use (f) - - - 1.05 (0.46) 2.29 0.022 
Ever regularly use cocaine(g) - -  4.88 (2.46) 1.98 0.047 

For time slope        

Intercept  -0.28 (0.04) -7.21 <0.001 -0.28 (0.04) -7.2 <0.001 

Random effects        

Level-1: Residual "#  56.77 (3.83) 14.82 <0.001 57.02 (3.90) 14.62 <0.001 

Level-2: Intercept $%#  91.81 (14.05) 6.53 <0.001 71.60 (12.16) 5.88 <0.001 

Level-2: Time slope	$'#  0.077 (0.03) 2.57 0.005 0.076 (0.03) 2.53 0.005 

Level-2: Cov. (I, S) $'%  -0.87 (0.52) -1.67 0.0472 -0.62 (0.49) -1.26 0.103 

Variance reduction        

Level-1:  Residual "# 12.9% - - 12.6% - - 

Level-2: Intercept $%#  -1.7% - - 20.7% - - 

Level-2:  Time slope	$'# -5.5% - - -4.1% - - 

Model Fit        
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 Conditional growth model  
 (Level-1 Predictors) 

Conditional growth model  
 (Level-1 and 2 Predictors) 

 Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

z- 
statistic 

p value 

AIC 7957.31 - - 7934.31 - - 

BIC 8012.32 - - 8004.33 - - 

Deviance -7935.30 - - -7906.30 - - 

Chi-square statistic  - - 29.00 - - 

Chi-square p value    <0.001   
Footnote: SE=Standard Error; Cov(I,S)=Covariance of intercept and slope; Df=degrees of freedom; AIC=Akaike Information Criterion; BIC=Bayesian 
Information Criterion; AIC and BIC are measures of model fit, lower numbers mean better model fit. Models were run on 1098 observations, with the 
exponential correlation structure.; Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote). 
Chi-square statistic and p value are from likelihood ratio test (LRT) 
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or 
injectable HDM or DAM, across the study period. This variable was retrieved from the clinical database.  
(b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded 
given this domain was not applicable to men and thus the score ranges from 0-49, each point reflects the presence of 1 symptom in the prior month. 
(c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  
(d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age.    
(e) The presented coefficient reflects an estimate for men compared to women 
(f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants 
reporting a number for both, the higher of the two was used (given total number of years of both together was not collected). The presented coefficient reflects 
the effect if a 5-year increase in years regular cocaine use on the outcome of number of days of cocaine use across the study period. 
(g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  

 

Conditional growth model with level-1 and level-2 predictors and interaction term 

Interactions between time and predictors of interest were tested in an effort to explain the 

random slope (between-person variation in the rate of change of cocaine use over time). 

The tested interaction between time and gender was not significant (p=0.686), suggesting 

that while on average the fixed effect of gender was significant (men used less cocaine 

than women over the study period), the rate of change in cocaine use over time did not 

vary significantly by gender. Similarly, the tested interaction of ever regularly using 

cocaine with time was not significant (p=0.154), suggesting that while on average those 

reporting ever regularly using cocaine in life used more days of cocaine across the study 

period, the reduction in cocaine use over time did not differ significantly by history of 

regular use.  
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The tested interaction of lifetime years of regular cocaine use and time was statistically 

significant (p=0.01), such that the effect of time on prior month cocaine use depended on 

lifetime years of regular cocaine use.  For example, for participants reporting 10 years of 

lifetime regular cocaine use at baseline, the estimate of prior month cocaine use at baseline 

was 13.07 days (95% Confidence Interval (CI): 11.42-14.73) and declined to 6.99 days 

(95% CI: 4.38-9.00) at 24-months. For participants reporting 30 years of lifetime regular 

use at baseline, the estimate of prior month cocaine use at baseline was 19.59 days (95% 

CI: 15.88-23.29) and declined to 8.16 days (95% CI: 4.13- 12.19) at 24-months.	 

 

By adding the interaction term to the model, there were no significant changes to the 

model’s fixed effects. The random effects parameters demonstrated reduction in the level-2 

random slope parameter (	$'#), without compromising the model’s ability to explain within-

person variation (level-1–residual: "#), or between-person variation in the intercept ($%#). 

The interaction term explained approximately 10% of the variation between people in the 

rate of change of cocaine use over the study period (where change was faster for those with 

more lifetime baseline years of cocaine use, who also started with more days of use). The 

interaction term is displayed graphically (Figure 5.1), and numerically (Table 5.15). At 

each time-point, days of use descended from highest to lowest from those with the most to 

the least baseline years of cocaine use (See Table 5.15 for estimates and 95% Confidence 

Intervals).  
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Table 5.14: Conditional growth model with level-1 and level-2 predictors and interaction 
term vs. conditional growth model with level-1 and level-2 predictors 

 Conditional growth model 
 (Level-1 and 2 Predictors) 

Final Conditional growth model 
 (Level-1 and Level-2 Predictors + 

Interaction term) 
 Parameter 

Estimate (SE) 
z- 

statistic 
p value Parameter Estimate 

(SE) 
z- 

statistic 
p value 

Fixed effects        
For Intercept        
Intercept  13.11 (2.50) 5.23 <0.001 13.14 (2.50) 5.25 <0.001 
Level-1       
Days receiving injectable or 
oral HDM or DAM(a) 

-0.05 (0.02) -2.98 0.003 -0.05 (0.02) -2.99 0.003 

Physical health score(b) 0.10 (0.03) 3.28 0.001 0.10 (0.03) 3.32 0.001 
Living with someone that uses 
psychoactive drugs (c) 

2.46 (0.74) 3.32 0.001 2.51 (0.74) 3.39 0.001 

Age (years)(d) 0.14 (0.08) 1.79 0.073 0.14 (0.08) 1.78 0.076 
Level-2       

Gender (man)(e) -6.15 (1.50) -4.1 <0.001 -6.12 (1.50) -4.09 <0.001 
Lifetime years of regular 
cocaine use (f) 

1.05 (0.46) 2.29 0.022 1.60 (0.51) 3.17 0.002 

Ever regularly use cocaine(g)  4.88 (2.46) 1.98 0.047 4.81 (2.45) 1.96 0.050 

For time slope        
Intercept -0.28 (0.04) -7.2 <0.001 -0.28 (0.04) -7.26 <0.001 
Lifetime years cocaine use * 
time(h) 

- - -      -0.01 (0.004) -2.59 0.010 

Random effects        

Level-1: Residual "#  57.02 (3.90) 14.62 <0.001 57.22 (3.95) 14.48 <0.001 

Level-2: Intercept $%#  71.60 (12.16) 5.88 <0.001 70.53 (12.02) 5.87 <0.001 

Level-2: Time slope	$'#  0.076 (0.03) 2.53 0.005 0.066 (0.03) 2.2 0.013 

Level-2: Cov. (I, S) $'%  -0.62 (0.49) -1.26 0.103 -0.54 (0.47) -1.15 0.125 
Variance reduction        

Level-1:  Residual "# 12.6% - - 12.3% - - 

Level-2:  Intercept $%#  20.7% - - 21.9% - - 

Level-2:  Time slope	$'# -4.1% - - 9.6% - - 

Model Fit        
AIC 7934.31 - - 7929.74 - - 
BIC 8004.33 - - 8004.76 - - 
Deviance -7906.30 - - -7899.74 - - 
Chi-square statistic - - - 6.56 - - 
Chi-square p value - - - 0.01 - - 
Footnote: SE=Standard Error; Cov(I,S)=Covariance of intercept and slope; Df=degrees of freedom; AIC=Akaike Information Criterion; BIC=Bayesian 
Information Criterion; AIC and BIC are measures of model fit, lower numbers mean better model fit. Models were run on 1098 observations, with the 
exponential correlation structure.; Chi-square statistic and p value are from likelihood ratio test (LRT) 
Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote). (a) Days receiving injectable or oral HDM or DAM 
refers to the average number of days in the prior month participants’ received treatment with oral or injectable HDM or DAM, across the study period. This 
variable was retrieved from the clinical database. (b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. 
The gynecological items (n=2) were excluded given this domain was not applicable to men and thus the score ranges from 0-49, each point reflects the 
presence of 1 symptom in the prior month. (c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to 
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the prior 30-day period at each time point. (d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age. 
(e) The presented coefficient reflects an estimate for men compared to women (f) Lifetime years cocaine use refers to the maximum number of years in life 
reporting the use of either crack cocaine or cocaine powder. For participants reporting a number for both, the higher of the two was used (given total number of 
years of both together was not collected). The presented coefficient reflects the effect if a 5-year increase in years regular cocaine use on the outcome of 
number of days of cocaine use across the study period. (g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported 
regular use of cocaine powder or crack cocaine at baseline.  (h)The interaction of time and lifetime years cocaine use is significant; with the effect of time on 
cocaine use depends on lifetime number of years using cocaine, reported at baseline. 

 

Figure 5.1. Predicted prior month days of any cocaine use by lifetime number of years of 

regular cocaine use reported at baseline (with 95% Confidence Intervals) 

 

Footnote: CI= confidence interval; Data reflect margins plot of predicted days cocaine use, along with 95% confidence intervals run 
from the model presented in table 5.16. Lifetime number of years using cocaine (reported at baseline) ranged from 0-39.  Values for 
every five years, ranging from 0-35 years are selected to provide a visualization of the relationship between time (months since 
baseline), and lifetime years cocaine use on the outcome (number of days of cocaine use). 
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Table 5.15: Predicted prior month number of days of cocaine use by lifetime number of years of regular cocaine use  
 

 T0 
Estimate (95%CI) 

T3 
Estimate (95%CI) 

T6 
Estimate (95%CI) 

T9 
Estimate (95%CI) 

T12 
Estimate (95%CI) 

T18 
Estimate (95%CI) 

T24 
Estimate (95%CI) 

Yrs. cocaine 
use 

       

0 9.82 (6.82-12.81) 9.39 (6.57-12.21) 8.96 (6.27-11.65) 8.53 (5.91-11.16) 8.11 (5.50-10.72) 7.25 (4.48-10.02) 6.40 (3.27-9.53) 
5 11.44 (9.24-13.65) 10.85 (8.78-12.92) 10.26 (8.29-12.22) 9.66 (7.75-11.57) 9.07 (7.16-10.96) 7.88 (5.85-9.91) 6.69 (4.38-9.00) 
10 13.07 (11.42-14.73) 12.31 (10.77-13.85) 11.55 (10.10-13.01) 11.92 (10.53-13.30) 10.03 (8.62-11.44) 8.51 (6.99-10.03) 6.99 (5.23-8.75) 
15 14.70 (13.11-16.30) 13.77 (12.28-15.26) 12.84 (11.42-14.26) 13.04 (11.20-14.89) 10.99 (9.64-12.38) 9.13 (7.63-10.64) 7.28 (5.52-9.02) 
20 16.31 (14.25-18.40) 15.23 (13.27-17.19) 14.14 (12.26-16.02) 14.17 (11.63-16.71) 11.95 (10.10-13.80) 9.76 (7.76-11.76) 7.57 (5.29-9.86) 
25 17.95 (15.12-20.79) 16.69 (14.01-19.38) 15.43 (12.85-18.02) 15.30 (11.97-18.62) 12.91 (10.36-15.46) 10.39 (7.65-13.12) 7.87 (4.76-10.97) 
30 19.59 (15.88-23.29) 18.15 (14.64-21.67) 16.73 (13.34-20.11) 13.13 (11.28-14.97) 13.87 (10.53-17.21) 11.01 (7.45-14.58) 8.16 (4.13-12.19) 

 
Footnote: Yrs.= years; T=visit number; CI= confidence interval; Data reflect predicted days of prior month cocaine use, along with 95% confidence intervals run from the final model presented in table 
5.16. The “Years cocaine use” column refers to lifetime number of years of regular cocaine use reported at baseline. Values reported ranged from 0-39. Values for every five years ranging from 0-30 years 
are selected to provide a visualization of the relationship between time (months since baseline), and lifetime years cocaine use on the outcome (number of days of cocaine use in the prior month, reported 
over the study period).  
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 Table 5.16 Final conditional growth model (with robust standard errors)  
  

Parameter 
Estimate (SE) 

 
z- 

statistic 

 
p value 

    Fixed effects     
For Intercept     
Intercept  13.14 (1.80) 7.30 <0.001 
Level-1       
Days receiving injectable or oral HDM or DAM(a) -0.05 (0.02) -2.56 0.010 
Physical health score(b) 0.10 (0.03) 3.01 0.003 
Living with someone that uses psychoactive drugs (c) 2.51 (0.79) 3.16 0.002 
Age (years)(d) 0.14 (0.08) 1.78 0.074 
Level-2       
Gender (man)(e) -6.12 (1.56) -3.93 <0.001 
Lifetime years of regular cocaine use (f) 1.60 (0.49) 3.28 0.001 
Ever regularly use cocaine(g)  4.81 (1.75) 2.75 0.006 
For time slope        
Intercept -0.28 (0.04) -7.31 <0.001 
Lifetime years cocaine use * time(h) -0.01 (0.004) -2.36 0.018 
Random effects     
Level-1: Residual !"  57.22 (5.80) 9.86 <0.001 
Level-2: Intercept #$"  70.53 (10.14) 6.95 <0.001 
Level-2: Time slope	#&"  0.066 (0.035) 1.89 0.03 
Level-2: Cov. (I, S) #&$  -0.54 (0.50) -1.08 0.14 
Variance reduction     
Level-1: Residual !" 12.3% - - 
Level-2: Intercept #$"  21.9% - - 
Level-2: Time slope	#&" 9.6% - - 
Model Fit     
AIC 7929.74 - - 
BIC 8004.76 - - 
Deviance -7899.74 - - 
Footnote: SE=Standard Error; Cov(I,S)=Covariance of intercept and slope; Df=degrees of freedom; AIC=Akaike Information Criterion; BIC=Bayesian 
Information Criterion; AIC and BIC are measures of model fit, lower numbers mean better model fit. Models were run on 1098 observations, with the 
exponential correlation structure; Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote). 
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or 
injectable HDM or DAM, across the study period. This variable was retrieved from the clinical database.  
(b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded 
given this domain was not applicable to men and thus the score ranges from 0-49, each point reflects the presence of 1 symptom in the prior month. 
(c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  
(d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age.    
(e) The presented coefficient reflects an estimate for men compared to women 
(f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants 
reporting a number for both, the higher of the two was used (given total number of years of both together was not collected). The presented coefficient reflects 
the effect if a 5-year increase in years regular cocaine use on the outcome of number of days of cocaine use across the study period. 
(g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  
(h)The interaction of time and lifetime years cocaine use is significant; with the effect of time on cocaine use depends on lifetime number of years using 
cocaine, reported at baseline.  
 
 



 235 

 
 
 

5.4.5.3 Between-within model  

The Between-within model extended on the final model, disaggregating the within and 

between-person effects of the level-1 variables (See Table 5.17). In considering the 

model’s fixed effects, it was clear that when disaggregated, the within-person effect of 

treatment days was statistically significant (Estimate (SE): -0.05 (0.02), p=0.018), while 

the between-person effect was not (Estimate (SE): -0.13 (0.10), p=0.189). This meant that 

the significant treatment days effect which was seen in the final model, was driven 

particularly by intra-individual changes in days engaged in treatment over time, rather than 

by between-person differences in days engaged in treatment. Similarly, the physical health 

score variable was disaggregated, and the within-person effect was significant, where each 

additional health symptom a person experienced, over their own person specific mean 

number of health symptoms was associated with a significant increase in days of cocaine 

use (Estimate (SE): 0.11 (0.04), p=0.003). The between-person effect was not significant 

(Estimate (SE): 0.06 (0.07), p=0.366), suggesting that between-person differences in 

physical health status did not help to explain variation in cocaine use. The variable “living 

with someone that uses psychoactive drugs” was significant in the final model, and when 

disaggregated, both the within (Estimate (SE): 1.80 (0.80), p=0.033) and between-person 

effects (Estimate (SE): 7.35 (2.10), p=0.001) of this variable were found to be statistically 

significant.  

 

The model’s random effects help to understand any potential additional variation in the 

model being explained by disaggregating the within and between-person effects. The level-
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1 residual changed very little as compared to the final model (See comparison of Final 

model and Between-within model in Table 5.17). This is because, for both physical health, 

and days in treatment, only the within-person effects were statistically significant. These 

variables are both level-1 variables, and thus the level-1 variation to be explained, was 

already explained when the aggregated versions of these variables were added to prior 

models.  

 

While the disaggregation of “living with someone that uses psychoactive drugs” 

allowed for the identification of significant within and between-person effects, it also 

showed that the between-person effect (Estimate (SE): 7.35 (2.29), p=0.001 ) was more 

strongly associated with cocaine use than was the within-person effect (Estimate (SE): 1.80 

(0.84), p=0.033). In the final model, the within-person and between-person effects were 

assumed to be the same, and this additional between-person variation explained by the 

“living” variable was not represented. As such, the reduction (albeit small) in the level-2 

variance for the intercept in the disaggregated model (Estimate (SE): 69.97 (10.63), 

p<0.001) is expected to be driven by the disaggregation of the “living with someone that 

uses psychoactive drugs” variable.  

 

The intercept (estimate of baseline cocaine use) was also reduced (Estimate (SE): 11.85 

(2.06), p<0.001) as compared to the final model by about one day. This could have been 

driven by the disaggregation of the variable “living with someone that uses psychoactive 

drugs”. The association of this variable is such that not living with someone using 

psychoactive drugs (reference=0), means lower cocaine use. When this variable is 
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disaggregated, it contributes two parameters to the model, and the interpretation of the 

intercept at reference “0” (i.e. not living with someone using psychoactive drugs) for both 

within and between-person effects, could pull the estimate of the mean number of days of 

cocaine use toward zero. This is hypothesized, given the difference in cocaine use days 

between people living vs. not living with someone using psychoactive drugs was much 

greater than the within-person fluctuations in living arrangements over time. 

 

The proportion variance reduction demonstrates that with the exception of the small 

increase in the variance reduction in the intercept (~0.5%) in the disaggregated model, 

overall the variance reduction in these two models was similar. Furthermore, the model 

BIC (which, unlike the AIC, penalizes for the number of parameters in the model) 

suggested that the final model had a better fit to the data. Overall, in this modeling, most of 

the variation to be explained in the level-1 variables was explained without disaggregating 

them. However, the exercise of disaggregating these variables allowed for the 

determination of whether it is the within-person change, or between-person differences (or 

both) in the level-1 predictors, which explain variation in the outcome.   

Table 5.17: Final conditional growth model vs. Between-within model 
 Final Conditional growth model  

 
Between-within model 

 Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

z- 
statistic 

p value 

Fixed effects  

 
      

For Intercept        
Intercept  13.14 (1.80) 7.30 <0.001 11.85 (2.06) 5.74 <0.001 
Level-1          
Treatment days (Overall) (a)  -0.05 (0.02) -2.56 0.01 - - - 
Within  - - - -0.05 (0.02) -2.37 0.018 
Between  - - - -0.13 (0.10) -1.31 0.189 
Physical Health (Overall)(b) 0.10 (0.03) 3.01 0.003 - - - 
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 Final Conditional growth model  
 

Between-within model 

 Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

z- 
statistic 

p value 

Within  - - - 0.11 (0.04) 3.02 0.003 
Between  - - - 0.06 (0.07) 0.90 0.366 
Living with someone that uses 
psychoactive drugs (overall)(c) 

2.51 (0.79) 3.16 0.002 - - - 

Within  - - - 1.80 (0.84) 2.13 0.033 
Between  - - - 7.35 (2.29) 3.20 0.001 
Age (years)(d) 0.14 (0.08) 1.78 0.076 0.17 (0.08) 2.13 0.033 
Level-2       
Gender (man)(e) -6.12 (1.56) -3.93 <0.001 -5.91 (1.57) -3.76 <0.001 
Lifetime years regular cocaine use(f)  1.60 (0.49) 3.28 0.001 1.63 (0.50) 3.26 0.001 
Ever regularly use cocaine(g) 4.81 (1.75) 2.75 0.006 4.72 (1.91) 2.48 0.013 
For time slope           
Intercept -0.28 (0.04) -7.31 <0.001 -0.28 (0.04) -7.44 <0.001 
Lifetime years cocaine use * time(h) -0.01 (0.004) -2.36 0.018 -0.01(0.004) -2.35 0.019 
Random effects        
Level-1: Residual !"  57.22 (5.80) 9.86 <0.001 57.19 (5.81) 9.84 <0.001 
Level-2: Intercept #$"  70.53 (10.14) 6.95 <0.001 69.97 (10.63) 6.58 <0.001 
Level-2: Time slope	#&"  0.066 (0.035) 1.89 0.030 0.066 (0.034) 1.94 0.025 
Level-2: Cov. (I, S) #&$   

-0.54(0.50) 

 

-1.08 

0.140 -0.67 (0.50) -1.34 0.090 
Variance reduction        
Level-1: Residual !" 12.3% - - 12.3% - - 
Level-2: Intercept #$"  21.9% - - 22.5% - - 
Level-2: Time slope	#&" 9.6% - - 9.6% - - 
Model Fit        
AIC 7929.74 - - 7928.32 - - 
BIC 8004.76 - - 8018.35 - - 
Deviance -7899.74 - - -7892.32 - - 
Footnote: SE=Standard Error; Cov(I,S)=Covariance of intercept and slope; Df=degrees of freedom; AIC=Akaike Information Criterion; BIC=Bayesian Information 
Criterion; AIC and BIC are measures of model fit, lower numbers mean better model fit. Models were run on 1098 observations, with the exponential correlation 
structure. 
Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote);  
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or injectable 
HDM or DAM, across the study period. This variable was retrieved from the clinical database.  
(b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded given this 
domain was not applicable to men and thus the score ranges from 0-49, each point reflects the presence of 1 symptom in the prior month. 
(c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  
(d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age.    
(e) The presented coefficient reflects an estimate for men compared to women 
(f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants reporting a 
number for both, the higher of the two was used (given total number of years of both together was not collected). The presented coefficient reflects the effect if a 5-year 
increase in years regular cocaine use on the outcome of number of days of cocaine use across the study period. 
(g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  
(h)The interaction of time and lifetime years cocaine use is significant; with the effect of time on cocaine use depends on lifetime number of years using cocaine, 
reported at baseline.  
The between-person effect (person mean score): this parameter estimate reflects the effect of a one unit increase above the overall sample mean. (This reflects 
the effect of each person’s average number of days in treatment across the time points) 
The within-person effect (deviation from person mean score): this parameter estimate reflects the effect of a one unit increase at the individual level, away from 
an individual’s own person mean. (This reflects the effects of each person’s variation in number of days in treatment, across the time-points) 
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Model diagnostics 

Model diagnostics were run on the final conditional growth model and on the Between-

within model (Table 5.17) using the same procedures. Diagnostics are presented for the 

final conditional growth model as follows: 

 

Quantile-quantile plots were carried out plotting model residuals against associated normal 

scores. Data points forming along a straight line indicate a normal distribution and 

departures from linearity reflect departures from normality.  The probability plots appeared 

in general to be linear. The plots of the level-2 residual variance in the intercept and slope 

appeared to have potential departures from linearity in the lower and upper tails (Figure 

5.2). This could be explained by the bounded nature of the outcome variable with a range 

from 0-30 (days in the prior month), with a higher proportion of participants clustering 

around 30 days of use at baseline, as compared to other values of the outcome. 

Furthermore, the Level-2 slope residual describes the model’s unpredicted inter-individual 

variation in rates of change, with an outcome variable whose “floor” of zero, imposes 

limits on the possible rates of change (319).  

 

In order to further investigate these potential departures from non-normality, residuals 

were plotted by participant ID (See Figure 5.3). Residuals appeared to be normally 

distributed around zero, with a few potential outliers. Highly influential observations were 

explored, identifying the 10 observations with the lowest and highest estimates of residual 

variance were identified. One participant for example, was a highly influential observation 

for the slope residual (-2.67), given its sharp decline in use over time, from 30 days at 



 240 

T0,6, and 9, to 1 day at T18, and 0 days at T24.  

 

When influential observations are deemed to be the result of measurement error, or are 

deemed to be from a subpopulation that is not of interest, they can be deleted. In the 

present analysis, these influential observations came from the target population in which 

modeling was occurring and thus their influence was deemed important to model. In the 

present study influential observations reflected a treatment experience we wished to 

capture, for example, although “highly influential” it was important to include in our 

analysis of cocaine use over time, cases where reductions existed over time in cocaine use 

from 30 days to 0 days, even if the decline occurred later in the study (i.e. after 9 month 

assessment).  

 

MLM assumes linearity between the level-2 intercept and level-2 slope and independent 

variables. Scatterplots revealed that in general, the relationship between the level-2 

intercept (Figure 5.4) and level-2 slope (Figure 5.5) had a linear relationship with the 

independent variables, with some departures for the variables “days receiving HDM or 

DAM” and “lifetime years using cocaine”.  

 

The assumption of homoscedasticity of the residuals was explored by plotting raw level-2 

residuals against independent variables. The assumption holds if the variability is 

approximately equal at every predictor value. Level-1 residuals were presented and 

appeared homoscedastic across all visits (Figure 5.6). Level-2 intercept residuals (Figure 

5.7) and level-2 slope residuals (Figure 5.8) appeared to be homoscedastic across values of 
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age and physical health score, and living with someone who uses psychoactive drugs. 

There appeared to be more observations aligned with higher and lower values of “lifetime 

years using cocaine” and both higher and lower values of the “days receiving HDM or 

DAM” variable for both the slope and intercept residuals. The final model was rerun with 

robust standard errors which are robust to heteroscedasticity and non-normality and 

accurate when group size is >100 (n=164 in this analysis) (See Table 5.16). The estimated 

standard error for the “days receiving HDM or DAM” variable was increased slightly and 

the overall significance of the relationship between this variable and the outcome was 

reduced (from p=0.003 to p=0.01). While model diagnostics are not presented again for the 

Between-within model, similar conclusions were reached with respect to model 

assumptions overall being met, with the exception of homoscedasticity of residuals for the 

within and between person effects of the days receiving HDM or DAM variable. To 

correct for this, the Between-within model was also re-run using robust SEs (Table 5.17).  

 

Figure 5.2: Quantile-quantile plots for level-1 and level-2 residuals
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Figure 5.3: Scatterplots for level-1 and level-2 standardized residuals by participant ID

 

Figure 5.4. Scatterplot of level-2 linearity for the intercept vs. independent variables 
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Figure 5.5. Scatterplot of level-2 linearity for the linear slope vs. independent variables  

 

Figure 5.6. Residual dispersion plot for level-1 residuals vs. visit number  
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Figure 5.7: Residual dispersion plot for level-2 intercept residuals vs. independent variables 

 

Figure 5.8: Residual dispersion plot for level-2 slope residuals vs. independent variables 
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5.4.6 Sensitivity analysis 

Missing data  

The study follow-up rate was high (97% overall), with the total number of observations 

across the 7 time points being 1125 (n=37 missed visits in 20 participants). A full summary 

of missed visits is outlined in Chapter 4. Item non-response was low (<2.5%; n= 31 items 

among 27 data time-points: See Table 5.7). Multiple imputation was therefore carried out 

as a means of sensitivity analysis. 

 

The “Multiple Imputation by Chained Equations” (MICE) procedure was carried out using 

10 cycles of imputation to generate one imputed dataset. The fraction of missing data 

(FMI) is the total proportion of sampling variance due to missing data. It is recommended 

that the number of imputations should be at least equal to the highest FMI percentage 

(376). In both imputation models, the FMI was low, ranging from 0.1% to 5.6%. 

Therefore, the number of imputations used (n=10) was deemed adequate. 

 

Data were imputed on continuous variables however the imputation model could not 

converge for the categorical variable (living with someone who uses psychoactive drugs). 

In models with large numbers of variables (as in the present analysis) challenges with the 

imputation of categorical variables have been outlined as common, particularly where 

categories become rare. Given relationships between variables are modelled via cross 

tabulation, the size of contingency table grows exponentially with the addition of variables 

and often exceeds the capabilities of the software (377). This can sometimes be avoided if 

the missing data pattern is monotone (i.e. dropout or missing occurs and does not occur 
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again) (378), however that was not the case for most missing cases in the present analysis. 

A recent paper has outlined that little guidance exists on imputation of missing values in 

time-dependent (or time-varying) categorical variables, and that methods for imputing 

categorical data remain experimental and require further research (379).  

 

As such, any observations with missing data on this categorical variable (n=37 missed 

visits + 7 item non-response= 44 observations) could not be run (1162-44= 1118). The 

imputed model therefore offered 1118 observations, compared to the complete case model 

(n=1098 observations). The MICE model and complete case model were nearly identical, 

with no changes in the direction or significance of results (See Appendix N, Multiple 

imputation model with imputed cases on all continuous variables).  

 

In order to build an imputed dataset on the full sample and confirm the consistency of 

model findings between the complete case and imputed datasets, the categorical variable 

was dropped from the complete case model and from the MICE model. This allowed 

imputation on all cases with missing observations. Comparison of the complete case model 

and imputed model are presented in Appendix O. While the model excludes one variable 

included in the final presented model (categorical variable: living with someone that uses 

psychoactive drugs) the consistency between the complete case model and imputed dataset 

provides confidence in the complete case model findings (See Appendix O, Multiple 

imputation model with imputed cases on all variables, excluding one categorical variable).  

For both models the relative efficiency (i.e. how well the true population parameters are 

estimated) was between 99.4- 99.9%. 



 247 

Crack cocaine and cocaine powder 

Models were rerun, shifting only the outcome, from total days of cocaine use, to total days 

of crack cocaine use, and total days of cocaine powder use. Overall, it was clear that most 

of the cocaine use days in the total cocaine use variable were derived from the use of crack 

cocaine. The estimate of the intercept was 11.14 days (SE: 2.40) for crack cocaine use, and 

2.15 days (SE: 1.72) for cocaine powder. The slope estimates revealed significant declines 

in the use of crack cocaine (Estimate (SE): -0.26 (0.04), p<0.001) and cocaine powder 

(Estimate (SE): -0.07 (0.03), p=0.009) over time. Each additional day engaged in treatment 

was associated with significant declines in cocaine powder use (Estimate (SE): -0.04 

(0.01), p=0.006), but not in the use of crack cocaine (Estimate (SE):-0.02 (0.02), p=0.351). 

Similarly, as physical health scores increased the use of cocaine also increased, this 

increase was significant for the use of cocaine powder (Estimate (SE): 0.05 (0.02), 

p=0.018), but not for crack cocaine (Estimate (SE): 0.04 (0.03), p=0.172).  

 

While gender was not significantly associated with days of cocaine powder use, men on 

average used significantly less crack cocaine compared to women (Estimate (SE): - 6.35 

(1.42), p<0.001). Both lifetime years of cocaine use (Estimate (SE): 1.51 (0.49), p=0.002) 

and the interaction between lifetime years of cocaine use and time (Estimate (SE): -0.01 

(0.004), p=0.012) were significant in the model for crack cocaine use, but not for cocaine 

powder use. Furthermore, living with someone that used psychoactive substances on 

average was associated with increase crack cocaine use (Estimate (SE): 2.49 (0.78), 

p=0.001) but not increased cocaine powder use (Estimate (SE): -0.24 (0.50), p=0.636). 
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Random effects parameters revealed that there was significant intra-individual variation in 

the use of both crack cocaine (p<0.001) and cocaine powder (p<0.001) over time, as well 

as significant inter-individual variation in both baseline use (cocaine powder: p<0.001 and 

crack cocaine: p<0.001), and the rate of change of (cocaine powder: p=0.002 and crack 

cocaine: p<0.001). The negative covariance parameters revealed that those starting with 

higher cocaine use had significantly greater declines in crack cocaine use over time 

(p<0.001), but not in cocaine powder use (p=0.071).  
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Table 5.18: Final conditional growth model run on the outcome of number of prior month days of any cocaine use, crack cocaine use, and 
cocaine powder use 

 Days any cocaine use  
(n=164; 1098 observations) 

Days crack cocaine use 
(n=164; 1095 observations) 

Days cocaine powder 
(n=164; 1097 observations) 

 Parameter 
Estimate (SE) 

z-  
statistic 

p value Parameter 
Estimate (SE) 

z-  
statistic 

p value Parameter 
Estimate (SE) 

z- 
statistic 

p value 

Fixed effects           
For Intercept           
Intercept  13.14 (1.80) 7.30 <0.001 11.14 (1.75) 6.36 <0.001 2.15 (0.97) 2.23 0.026 
Level-1             
Days receiving injectable or oral 
HDM or DAM(a) 

-0.05 (0.02) -2.56 0.01 -0.02 (0.02) -0.93 0.351 -0.04 (0.02) -2.75 0.006 

Physical health score(b) 0.10 (0.03) 3.01 0.003 0.04 (0.03) 1.37 0.172 0.05 (0.02) 2.37 0.018 
Living with someone that uses 
psychoactive drugs (c) 

2.51 (0.79) 3.16 0.002 2.49 (0.78) 3.21 0.001 -0.24 (0.50) -0.47 0.636 

Age (years)(d) 0.14 (0.08) 1.78 0.074 0.13 (0.07) 1.79 0.073 0.03 (0.05) 0.65 0.516 
Level-2             
Gender (man)(e) -6.12 (1.56) -3.93 <0.001 -6.35 (1.53) -4.13 <0.001 -0.16 (1.04) -0.16 0.876 
Lifetime years of regular cocaine 
use (f) 

1.60 (0.49) 3.28 0.001 1.51 (0.49) 3.05 0.002 0.22 (0.31) 0.71 0.478 

Ever regularly use cocaine(g)  4.81 (1.75) 2.75 0.006 4.00 (1.63) 2.45 0.014 2.53 (1.01) 2.50 0.012 
For time slope              
Intercept -0.28 (0.04) -7.31 <0.001 -0.26 (0.04) -7.3 <0.001 -0.07 (0.03) -2.63 0.009 
Lifetime years cocaine use * 
time(h) 

-0.01 (0.004) -2.36 0.018 -0.010 (0.004) -2.52 0.012 -0.001 (0.003) -0.49 0.626 

Random effects           
Level-1: Residual !"  57.22 (5.80) 9.86 <0.001 41.92 (4.77) 8.78 <0.001 28.67 (5.02) 5.71 <0.001 
Level-2: Intercept #$"  70.53 (10.14) 6.95 <0.001 94.38 (10.75) 8.77 <0.001 34.27 (8.38) 4.09 <0.001 
Level-2: Time slope	#&"  0.066 (0.035) 1.89 0.03 0.083 (0.026) 3.19 <0.001 0.046 (0.023) 2.00 0.002 
Level-2: Cov. (I, S) #&$  

 
-0.54 (0.50) -1.08 0.14 -1.77 (0.49) -3.61 <0.001 -0.41 (0.28) -1.46 0.071 

 



 250 

Footnote: SE= Standard Error; HDM= hydromorphone; DAM=diacetylmorphine; Cov. I,S= Covariance of the Intercept and Slope 
Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote);  
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or injectable HDM or DAM, across the study period.  
This variable was retrieved from the clinical database.  
(b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded given this domain was not applicable to men and thus the score 
ranges from 0-49, each point reflects the presence of 1 symptom in the prior month. 
(c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  
(d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age.    
(e) The presented coefficient reflects an estimate for men compared to women 
(f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants reporting a number for both, the higher of the two 
was used (given total number of years of both together was not collected). The presented coefficient reflects the effect if a 5-year increase in years regular cocaine use on the outcome of number of days of 
cocaine use across the study period. 
(g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  
(h) The interaction of time and lifetime years cocaine use is significant; with the effect of time on cocaine use depends on lifetime number of years using cocaine, reported at baseline.  
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  Cocaine use from speedball 

It was hypothesized that the association of treatment engagement and declines in cocaine 

powder injection could potentially be explained by observations where cocaine use 

reflected the co-injection of cocaine powder and illicit opioids, thus reflecting a group that 

was already less engaged in treatment due to their ongoing illicit opioid use (as compared, 

for example, to those reporting smoking crack cocaine, where the association with 

treatment engagement was not significant as shown in Table 5.18). Cocaine powder as 

derived from the use of speedballs (i.e. combined cocaine and opioid) was explored with 

descriptive statistics in Chapter 4.  

 

Analyses were carried out to explore the potential influence of speedball observations on 

the final model’s conclusions. Given the small number of observations where speedball use 

was reported (n=98), it was not possible to run a multilevel model on this group alone. 

Instead, the model was rerun on the outcome of cocaine powder (n=1000), excluding 

observations where cocaine powder use reflected speedball injection (n=98) (See Table 

5.19).  

 

The intercept (i.e. grand mean number of days of cocaine use across the study period) was 

reduced by approximately 2 days in the model excluding cocaine from speedball use. This 

was in line with expectations, given the exploration in Chapter 4 demonstrated that cocaine 

use was significantly higher among observations where cocaine use was derived from the 

use of speedball, rather than the use of cocaine powder alone (Appendix H).  
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The significant association between treatment engagement and cocaine powder use 

remained in this analysis, suggesting this association was not simply driven by the co-use 

of illicit opioids. The only covariate that changed in terms of statistical significance was 

age, where in the overall model it was not statistically significant (p=0.074), but when 

removing the speedball observations, it became significant (p=0.020). The model 

excluding the use of speedball from the total number of days of cocaine powder use 

(n=1000) found that on average, cocaine use increased significantly with increasing age. 

This suggests that in the overall model (n=1098), it is the younger participants reporting 

higher days of speedball use that are pulling the relationship between higher age and more 

cocaine use away from statistical significance (i.e. p=0.074). While this sensitivity analysis 

revealed an important finding with respect to age, it demonstrates that including 

observations where speedball use was reported in the overall estimate of cocaine use in this 

sample does not significantly shift the conclusions of the model with respect to change in 

cocaine use over time. 
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Table 5.19: Final conditional growth model, including and excluding days of cocaine use from speedball  
 Days any cocaine use 

(n=164; 1098 observations) 
Days any cocaine use excluding speedball 

(n=164; 1000 observations) 

 Parameter 
Estimate (SE) 

z-  
statistic 

p value Parameter 
Estimate (SE) 

z-  
statistic 

p value 

Fixed effects        
For Intercept        
Intercept  13.14 (1.80) 7.30 <0.001 11.07 (2.62) 4.23 <0.001 
Level-1          
Days receiving injectable or oral HDM or 
DAM(a) 

-0.05 (0.02) -2.56 0.01 -0.04 (0.02) -2.07 0.039 

0.039 Physical health score(b) 0.10 (0.03) 3.01 0.003 0.08 (0.03) 2.73 0.006 
Living with someone that uses psychoactive 
drugs (c) 

2.51 (0.79) 3.16 0.002 2.12 (0.74) 2.87 0.004 

Age (years)(d) 0.14 (0.08) 1.78 0.074 0.19 (0.08) 2.33 0.020 
Level-2          
Gender (man)(e) -6.12 (1.56) -3.93 <0.001 -6.49 (1.49) -4.35 <0.001 
Lifetime years of regular cocaine use (f) 1.60 (0.49) 3.28 0.001 1.26 (0.53) 2.36 0.018 

Ever regularly use cocaine(g)  4.81 (1.75) 2.75 0.006 5.68 (2.46) 2.31 0.021 
For time slope           
Intercept -0.28 (0.04) -7.31 <0.001 -0.30 (0.04) -7.59 <0.001 
Lifetime years cocaine use * time(h) -0.01 (0.004) -2.36 0.018 -0.01 (0.005) -2.27 0.023 
Random effects        
Level-1: Residual !"  57.22 (5.80) 9.86 <0.001 51.20 (3.74) 13.69 <0.001 
Level-2: Intercept #$"  70.53 (10.14) 6.95 <0.001 82.57 (13.32) 6.19 0.001 
Level-2: Time slope	#&"  0.066 (0.035) 1.89 0.03 0.072 (0.031) 2.32 0.010 
Level-2: Cov. (I, S) #&$  

 
-0.54 (0.50) -1.08 0.14 -1.14 (0.52) -2.19 0.014 

Footnote: SE= Standard Error; HDM= hydromorphone; DAM=diacetylmorphine; Cov. I,S= Covariance of the Intercept and Slope. Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote);  
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or injectable HDM or DAM, across the study period. This variable was retrieved from the clinical database.  
(b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded given this domain was not applicable to men and thus the score ranges from 0-49, each point reflects the 
presence of 1 symptom in the prior month. (c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  (d) Age in years is time-varying, such that participants’ 
age at each follow-up is modeled, rather than baseline age. (e) The presented coefficient reflects an estimate for men compared to women (f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or 
cocaine powder. For participants reporting a number for both, the higher of the two was used (given total number of years of both together was not collected). The presented coefficient reflects the effect if a 5-year increase in years regular cocaine use on the 
outcome of number of days of cocaine use across the study period. (g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  (h) The interaction of time and 
lifetime years cocaine use is significant; with the effect of time on cocaine use depends on lifetime number of years using cocaine, reported at baseline.  
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Models stratified by gender 

The final model was rerun separately among men and women, to determine the extent to 

which the associations determined in the overall sample were relevant among men and 

among women. The model for women was run on 352 observations from 54 individuals, 

and for men, was run on 746 observations among 110 individuals (Table 5.20). On 

average, holding all other variables constant, at baseline women used an average of 12.31 

days of cocaine (SE: 2.82), and men used an average of 7.48 days (SE: 1.45). The 

estimated decline in cocaine use over time was nearly identical among men and women, 

following with the estimate of the slope in the overall model (Estimate (SE): -0.28(0.04), 

p<0.001) (See Figure 5.9). Engagement in treatment was associated with reduced cocaine 

use among both women (Estimate (SE): -0.05(0.03)) and men (Estimate(SE): -0.06(0.02)), 

as in the overall sample, however this association was only significant among men 

(p=0.024). Similarly, each additional physical health symptom was on average associated 

with more cocaine use among women (Estimate (SE):0.09(0.05)), and among men 

(Estimate(SE): 0.10(0.04)), however was only statistically significant among men 

(p=0.017) and not among women (p=0.094). The random effects parameters suggested that 

there was significant within-person variation (level-1 residual: !") and between-person 

variation (level-2 intercept:	$%") in cocaine use across the study, for both men and women. 

The random slope for time (	$&" ) was significant for men (p=0.008), but not for women 

(p=0.421), suggesting that there was significant between-person variation in the rate of 

change of cocaine use among men but not among women.  
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Figure 5.9: Average number of days of prior month any cocaine use over the study period by 

gender  

 

Footnote: Any cocaine use refers to the combined total number of prior month days reporting either  
cocaine powder or crack cocaine use; Y axis is total number of prior month days cocaine use.
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Table 5.20: Final conditional growth model presented for the full sample, among women, and among men 
 Full sample 

(n=164; 1098 observations) 
Women 

(n=54; 352 observations)  
Men 

(n=110; 746 observations) 
 Parameter 

Estimate (SE) 
z- 

statistic 
p value Parameter 

Estimate (SE) 
z- 

statistic 
p value Parameter 

Estimate (SE) 
z- 

statistic 
p value 

Fixed effects           
For Intercept           
Intercept  13.14 (1.80) 7.30 <0.001 12.31 (2.82) 4.37 <0.001 7.48 (1.45) 5.16 <0.001 
Level-1             
Days receiving injectable or 
oral HDM or DAM(a) 

-0.05 (0.02) -2.56 0.01 -0.05 (0.03) -1.26 0.209 -0.06 (0.02) -2.26 0.024 

Physical health score(b) 0.10(0.03) 3.01 0.003 0.09 (0.05) 1.67 0.094 0.10 (0.04) 2.40 0.017 
Living with someone that uses 
psychoactive drugs (c) 

2.51(0.79) 3.16 0.002 2.88 (1.35) 2.14 0.033 

 

 

 

2.12 (0.96) 2.20 0.028 

Age (years)(d) 0.14 (0.08) 1.78 0.074 0.18 (0.15) 1.15 0.250 0.13 (0.09) 1.42 0.156 
Level-2             
Gender (man)(e) -6.12 (1.56) -3.93 <0.001 - - - - - - 
Lifetime years of regular 
cocaine use (f) 

1.60 (0.49) 3.28 0.001 1.84 (1.07) 1.72 0.086 1.53 (0.54) 2.86 0.004 

Ever regularly use cocaine(g)  4.81 (1.75) 2.75 0.006 5.68 (3.34) 1.70 0.089 4.48 (1.77) 2.52 0.012 
For time slope              
Intercept -0.28 (0.04) -7.31 <0.001 -0.28 (0.06) -4.19 <0.001 -0.28 (0.05) -6.14 <0.001 
Lifetime years cocaine use * 
time(h) 

-0.01 (0.004) -2.36 0.018 -0.015 (0.008) -1.70 0.088 -0.010 (0.005) -1.82 0.069 

Random effects           
Level-1: Residual !"  57.22 (5.80) 9.86 <0.001 70.06 (9.34) 7.50 <0.001 51.46 (7.50) 6.86 <0.001 
Level-2: Intercept #$"  70.53 (10.14) 6.95 <0.001 71.49 (19.15) 3.73 <0.001 69.21 (12.22) 5.66 <0.001 
Level-2: Time slope	#&"  0.066 (0.035) 1.89 0.03 0.01 (0.05) 0.2 0.421 0.086 (0.04)           2.15           

2.15 

0.016 
Level-2: Cov. (I, S) #&$  -0.54 (0.50) -1.08 0.14 0.39 (0.86) 0.45 0.254 -0.91 (0.61) -1.49 0.068 
Footnote: SE= Standard Error; HDM= hydromorphone; DAM=diacetylmorphine; Cov. I,S= Covariance of the Intercept and Slope. Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote);  
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or injectable HDM or DAM, across the study period. This variable was retrieved from the clinical database.  
(b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded given this domain was not applicable to men and thus the score ranges from 0-49, each point reflects the presence of 1 symptom in the  
prior month. (c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  (d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age.    
(e) The presented coefficient reflects an estimate for men compared to women (f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants reporting a number for both, the higher of the two was used  
(given total number of years of both together was not collected). The presented coefficient reflects the effect if a 5-year increase in years regular cocaine use on the outcome of number of days of cocaine use across the study period. (g) Regular use was defined as using at least 3 days per week.  
This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  (h) The interaction of time and lifetime years cocaine use is significant; with the effect of time on cocaine use depends on lifetime number of years using cocaine, reported at baseline.  
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Models stratified by ethnicity  

In the model building process, Indigenous ancestry was tested as a fixed covariate, and was 

not associated with the outcome of cocaine use (Estimate (SE): 0.33 (1.61), p=0.983). The 

likelihood ratio test suggested that this variable should be dropped from the model 

(p=0.98) and the BIC was increased by approximately 7 points. As such, modeling 

proceeded without the inclusion of this variable in the models. 

 

Sub-group analyses were performed by Indigenous ancestry to identify further potential 

associations, given prior studies have suggested higher rates of cocaine use among 

Indigenous participants. The model run on Indigenous participants included 364 

observations in 56 participants, and the model run on non-Indigenous participants included 

734 observations in 108 participants (See Table 5.20). The average number of days of 

cocaine used at baseline was higher among Indigenous participants (Estimate (SE): 16.47 

(2.13), p<0.001) as compared to non-Indigenous participants (Estimate (SE): 10.53 (2.35), 

p<0.001). There was significant variation in baseline use among both groups, suggesting 

that variation existed in the average number of cocaine use days at baseline among 

Indigenous participants, and among non-Indigenous participants. In both groups, women 

used more cocaine than men and on average increases in physical health symptoms were 

associated with increased days of cocaine use for both groups. The decline in cocaine use 

over the study period was statistically significant for both groups, and was higher for 

Indigenous participants (Estimate (SE): -0.40 (0.07), p<0.001) than it was for non-

Indigenous participants (Estimate (SE): -0.22 (0.04, p<0.001). The days engaged in 

treatment variable was associated with reduced cocaine use for non-Indigenous participants 
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(Estimate (SE): -0.05( 0.02), p=0.031), but not for Indigenous participants (Estimate (SE): 

-0.05 (0.04), p=0.214).  

 

The random effects revealed that among both Indigenous, and non-Indigenous participants, 

significant variation existed at level-1 (!") and at the level-2 intercept (i.e. baseline cocaine 

use; #$"), but significant variation did not exist at the level-2 slope (rate of change of 

cocaine use; 	#&") within Indigenous or non-Indigenous participants. Significant variation 

existed however, in the overall model with respect to the rate of change in cocaine use. 

Given no significant variation existed within Indigenous participants, or within non-

Indigenous participants, it was hypothesized that the variation in the rate of change might 

be explained by ethnicity given the sensitivity analysis revealed that Indigenous 

participants had a faster rate of change (Estimate (SE): -0.40 (0.07)) as compared to non-

Indigenous participants (Estimate (SE): -0.22 (0.04)).  

 

As such, an interaction between time and Indigenous ancestry was tested and was found to 

be statistically significant (p=0.016). As compared to the final model, this term explained 

an additional 16.7% of the variation in the random slope (Table 5.22). As compared to the 

final model however, the model BIC was increased by 7 points. In addition, including 

multiple interaction terms increases the complexity of model interpretation. Given these 

points, and the fact that this interaction was not hypothesized a priori as an important 

interaction to test, this interaction term was not included in the “final model”, but remains 

presented as part of the sensitivity analyses as it helps to enhance our understanding of 

variables that contribute to explaining variations in the rate of change of cocaine use.  
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Table 5.21: Final conditional growth model presented for the full sample, among Indigenous participants, and among non-Indigenous 
participants 

 Full sample 
(n=164; 1098 observations) 

Indigenous 
(n=56; 364 observations) 

Non-Indigenous 
(n=108; 734 observations) 

 Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

z-  
statistic 

p value Parameter 
Estimate (SE) 

z-  
statistic 

p value 

Fixed effects 
  

         
For Intercept           
Intercept  13.14 (1.80) 7.30 <0.001 16.47 (2.13) 7.73 <0.001 10.53 (2.35) 4.46 <0.001 
Level-1             
Days receiving injectable or 
oral HDM or DAM(a) 

-0.05 (0.02) -2.56 0.01 -0.05 (0.04) -1.24 0.214 -0.05 (0.02) -2.15 0.031 

Physical health score(b) 0.10 (0.03) 3.01 0.003 0.12 (0.05) 2.33 0.020 0.08 (0.04) 2.14 0.032 
Living with someone that uses 
psychoactive drugs (c) 

2.51 (0.79) 3.16 0.002 2.36 (1.69) 1.40 0.162 2.40 (0.82) 2.95 0.003 

Age (years)(d) 0.14 (0.08) 1.78 0.074 -0.06 (0.14) -0.42 0.677 0.21 (0.10) 2.05 0.040 
Level-2              
Gender (man)(e) -6.12 (1.56) -3.93 <0.001 -7.34 (2.15) -3.41 0.001 -5.54 (2.26) -2.45 0.014 
Lifetime years of regular 
cocaine use (f) 

1.60 (0.49) 3.28 0.001 2.25 (0.72) 3.13 0.002 1.23 (0.69) 1.79 0.074 

Ever regularly use cocaine(g)  4.81 (1.75) 2.75 0.006 2.16 (2.27) 0.95 0.342 6.43 (2.26) 2.84 0.004 

For time slope              
Intercept -0.28 (0.04) -7.31 <0.001 -0.40 (0.07) -5.49 <0.001 -0.22 (0.04) -5.05 <0.001 
Lifetime years cocaine use * 
time(h) 

-0.01 (0.004) -2.36 0.018 -0.007 (0.009) -0.79 0.429 -0.130 (0.005) -2.88 0.004 

Random effects           
Level-1: Residual !"  57.22 (5.80) 9.86 <0.001 72.28 (9.56) 7.67 <0.001 50.12 (7.29) 6.87 <0.001 
Level-2: Intercept #$"  70.53 (10.14) 6.95 <0.001 53.31 (17.30) 3.08 0.001 73.65 (12.73) 5.78 <0.001 
Level-2: Time slope	#&"  0.066 (0.035) 1.89 0.03 0.075 (0.06) 1.25 0.1056 0.042 (0.039) 1.08 0.141 
 Level-2: Cov. (I, S) #&$  -0.54 (0.50) -1.08 0.14 -0.54 (0.93) -0.58 0.2807 -0.30 (0.58) -0.51 0.303 
Footnote: SE= Standard Error; HDM= hydromorphone; DAM=diacetylmorphine; Cov. I,S= Covariance of the Intercept and Slope. Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote);  (a) Days receiving 
injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or injectable HDM or DAM, across the study period. This variable was retrieved from the clinical database. (b) Physical health score is 
derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded given this domain was not applicable to men and thus the score ranges from 0-49, each point reflects the presence of 1 symptom in the 
prior month. (c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  (d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, 
rather than baseline age. (e) The presented coefficient reflects an estimate for men compared to women (f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants reporting 
a number for both, the higher of the two was used (given total number of years of both together was not collected). The presented coefficient reflects the effect if a 5-year increase in years regular cocaine use on the outcome of number of days of cocaine use across 
the study period. (g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  (h) The interaction of time and lifetime years cocaine use is significant; with the effect of 
time on cocaine use depends on lifetime number of years using cocaine, reported at baseline. 
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Table 5.22: Final conditional growth model vs. final conditional growth model + interaction of ethnicity and time 
  

Final conditional growth model 
(n=164; 1098 observations) 

 
 

 
Final conditional growth model + Interaction of 

Ethnicity*Time (n=164; 1098 observations)  
  Parameter Estimate 

(SE) 
z- 

statistic 
p value Parameter Estimate 

(SE) 
z- 

statistic 
p value 

Fixed effects        
For Intercept        
Intercept  13.14 (2.50) 5.25 <0.001 12.38 (2.60) 4.76 <0.001 
Level-1          
Days receiving injectable or oral HDM or 
DAM(a) 

-0.05 (0.02) -2.99 0.003 -0.05 (0.02) -2.97 0.003 

Physical health score(b) 0.10 (0.03) 3.32 0.001 0.10 (0.03) 3.37 0.001 
Living with someone that uses psychoactive 
drugs (c) 

2.51 (0.74) 3.39 0.001 2.53 (0.74) 3.42 0.001 

Age (years)(d) 0.14 (0.08) 1.78 0.076 0.14 (0.08) 1.67 0.095 
Level-2          
Gender (man)(e) -6.12 (1.50) -4.09 <0.001 -6.06 (1.54) -3.92 <0.001 
Lifetime years of regular cocaine use (f) 1.60 (0.51) 3.17 0.002 1.59 (0.51) 3.14 0.002 
Ever regularly use cocaine(g)  4.81 (2.45) 1.96 0.05 4.83 (2.46) 1.96 0.049 
Ethnicity (Indigenous)(h) - - - 2.04 (1.78) 1.15 0.251 
For time slope              
Intercept -0.28 (0.04) -7.26 <0.001 -0.07 (0.07) -1.02 0.309 
Lifetime years cocaine use * time(i)      -0.01 (0.004) -2.59 0.01      -0.01 (0.004) -2.58 0.010 
Ethnicity *time(j) - - - -0.21 (0.08) -2.64 0.016 
Random effects              
Level-1: Residual !"  57.22 (3.95) 14.48 <0.001 57.23 (3.94) 14.52 <0.001 

Level-2: Residual !" 70.53 (12.02) 5.87 <0.001 69.50 (11.87) 5.85 <0.001 
Level-2: Time slope	#&"  0.066 (0.03) 2.2 0.013 0.056 (0.028) 2.00 0.022 
Level-2: Cov. (I, S) #&$  -0.54 (0.47) -1.15 0.1253 -0.44 (0.46) -0.96 0.169 
Variance reduction              
Level-1: Residual !" 12.27%  - - 12.22% - - 
Level-2: Intercept #$"  21.9% - - 25.54% - - 

Level-2: Time slope	#&" 9.59% - - 26.03% - - 
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Final conditional growth model 

(n=164; 1098 observations) 
 
 

 
Final conditional growth model + Interaction of 

Ethnicity*Time (n=164; 1098 observations)  
 

 Parameter Estimate 
(SE) 

z- 
statistic 

p value Parameter Estimate 
(SE) 

z- 
statistic 

p value 

Model Fit       
AIC 7929.74 - - 7926.95 - - 
BIC 8004.76 - - 8011.97 - - 
Deviance 
 

-7899.74 - - -7892.94 - - 
Chi-square statistic - - - 6.79 - - 
Chi-square p value - - - 0.034 - - 
       
Footnote: SE= Standard Error; HDM= hydromorphone; DAM=diacetylmorphine; Cov. I,S= Covariance of the Intercept and Slope 
Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote);  
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or injectable HDM or DAM, across the study period. This variable  
was retrieved from the clinical database.  
(b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded given this domain was not applicable to men and thus the score 
ranges from 0-49, each point reflects the presence of 1 symptom in the prior month. 
(c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  
(d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age.    
(e) The presented coefficient reflects an estimate for men compared to women 
(f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants reporting a number for both, the higher of the two was used  
(given total number of years of both together was not collected). The presented coefficient reflects the effect if a 5-year increase in years regular cocaine use on the outcome of number of days of cocaine use across the 
 study period. 
(g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  
(h) Indigenous ancestry reflects all those reporting First Nations, Metis, or Inuit ancestry. Reference is non-Indigenous 
(i) The interaction of time and lifetime years cocaine use is significant; the effect of time on cocaine use depends on lifetime number of years using cocaine, reported at baseline.  
(j) The interaction of time and ethnicity is significant; the effect of time on cocaine use depends on ethnicity 
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The interaction between time and ethnicity is plotted graphically (Figure 5.10), where it 

was clear that Indigenous participants used more cocaine at baseline, and had a steeper 

decline in days of use by the 3-month visit. By the 3-month visit Indigenous participants 

nearly reached the same number of days of use as non-Indigenous participants, despite 

having baseline use that was on average nearly 5 days more than non-Indigenous 

participants. At the 24-month visit, participants in both groups were reporting on average 

nearly the same number of days of use.  

Figure 5.10: Average number of days of prior month any cocaine use over the study period 

by ethnicity  

 

Footnote: Any cocaine use refers to the combined total number of prior month days reporting either cocaine powder or crack cocaine 
use; Y axis is total number of prior month days cocaine use. Ethnicity is self-report; Indigenous refers to self-reporting identifying as 
Metis, Inuit, or First Nations. Indigenous n=56; non-Indigenous n=108.  
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Models stratified by age group  

Age groups were split at the mean age (45 years) with groups of participants aged less than 

or equal to 45 at baseline, and those aged over 45 at baseline (See Table 5.23). On average, 

the younger group used 15.75 days of cocaine at baseline (SE: 2.27) and the older group 

used 10.18 days (SE: 2.57). The rate of decline in cocaine use was significant in both 

groups, but was faster in the younger group (Estimate (SE): -0.35 (0.06), p<0.001) than in 

the older group (Estimate (SE): -0.23 (0.05), p<0.001). Being engaged in treatment more 

days was significantly associated with less days of cocaine use in the younger group 

(Estimate (SE): -0.07 (0.03), p=0.021), and while this association moved in the same 

direction for the older group it was not statistically significant (Estimate (SE): -0.04 (0.03), 

p=0.203). Living with someone that used psychoactive substances was on average 

associated with more days of cocaine use for younger participants (Estimate (SE): 3.56 

(1.06), p=0.001), however this association was not significant for older participants 

(Estimate (SE): 1.09 (0.98), p=0.269). In both groups, having more lifetime years of 

cocaine use was on average associated with more days of cocaine use. 
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Table 5.23 Final conditional growth model presented for the full sample, among participants aged less than or equal to the mean age at 

baseline, and among those aged greater than the mean age at baseline 

 Full Sample 
(n=1098) 

Age ≤45 
(n=89; 593 Observations) 

Age >45 
(n=75; 505 observations) 

 Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

z- 
statistic 

p value 

Fixed effects           
For Intercept           
Intercept  13.14 (1.80) 7.30 <0.001 15.75 (2.27) 6.91 <0.001 10.18 (2.57) 3.97 0.019 
Level-1             
Days receiving injectable or 
oral HDM or DAM(a) 

-0.05 (0.02) -2.56 0.01 -0.07 (0.03) -2.30 0.021 -0.04 (0.03) -1.27 0.203 

Physical health score(b) 0.10 (0.03) 3.01 0.003 0.10 (0.04) 2.27 0.023 0.08 (0.05) 1.64 0.100 
Living with someone that uses 
psychoactive drugs (c) 

2.51 (0.79) 3.16 0.002 3.56 (1.06) 3.37 0.001 1.09 (0.98) 1.10 0.269 

Age (years)(d) 0.14 (0.08) 1.78 0.074 0.23 (0.16) 1.42 0.156 0.31(0.20) 1.49 0.137 
Level-2             
Gender (men)(e) -6.12 (1.56) -3.93 <0.001 -7.05 (1.89) -3.72 <0.001 -5.58 (2.57) -2.17 0.030 
Lifetime years of regular 
cocaine use (f) 

1.60 (0.49) 3.28 0.001 1.73 (0.83) 2.08 0.037 1.47 (0.62) 2.39 0.017 

Ever regularly use cocaine(g)  4.81 (1.75) 2.75 0.006 3.98 (2.22) 1.79 0.073 5.45 (2.65) 2.05 0.040 
For time slope              
Intercept -0.28 (0.04) -7.31 <0.001 -0.35 (0.06) -6.06 <0.001 -0.23 (0.05) 4.31 <0.001 
Lifetime years cocaine use * 
time(h) 

-0.01 (0.004) -2.36 0.018 -0.016 (0.007) -2.39 0.017 -0.01(0.007) -1.46 0.146 

Random effects           
Level-1: Residual !"  57.22 (5.80) 9.86 <0.001 65.59 (9.91)          6.62 <0.001 49.26 (6.74) 7.30 <0.001 

Level-2: Intercept #$"  70.53 (10.14) 6.95 <0.001 64.79 (16.32) 3.96 <0.001 75.28 (12.28) 6.13 <0.001 



 265 

 Full Sample 
(n=1098) 

Age ≤45 
(n=89; 593 Observations) 

Age >45 
(n=75; 505 observations) 

 Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

z- 
statistic 

p value 

Level-2: Time slope	#&"  0.066 (0.035) 1.89 0.03 0.079 (0.056) 1.41 0.079 0.037 (0.034) 1.09 0.138 
Level-2: Cov. (I, S) #&$  -0.54 (0.50) -1.08 0.14 -0.97 (0.82) -1.18 0.118 -0.023 (0.50) -0.046 0.482 
Footnote: SE= Standard Error; HDM= hydromorphone; DAM=diacetylmorphine; Cov. I,S= Covariance of the Intercept and Slope 
Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote);  
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or injectable HDM or DAM, across the study period. This variable  
was retrieved from the clinical database.  
(b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded given this domain was not applicable to men and thus the score 
ranges from 0-49, each point reflects the presence of 1 symptom in the prior month. 
(c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  
(d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age.    
(e) The presented coefficient reflects an estimate for men compared to women 
(f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants reporting a number for both, the higher of the two was used  
(given total number of years of both together was not collected). The presented coefficient reflects the effect if a 5-year increase in years regular cocaine use on the outcome of number of days of cocaine use across the  
study period. 
(g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  
(h) The interaction of time and lifetime years cocaine use is significant; with the effect of time on cocaine use depends on lifetime number of years using cocaine, reported at baseline.  
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Engagement with a nurse or physician  

Among Indigenous participants, women, and participants in the older age group (over the 

mean age of 45) the prior month number of days of treatment engagement (HDM/DAM) 

was not significantly associated with reduction in cocaine use over time. As such, a new 

binary variable for prior month engagement with a nurse or physician at Crosstown Clinic 

was derived, and was tested . 

 

For the overall sample, this association was statistically significant, where having engaged 

in a visit with a physician or nurse was on average associated with reduced cocaine use 

(Estimate (SE): -2.17 (0.52), p<0.001). For women, on average this association held, where 

those who had prior month engagement with a physician or nurse had significant 

reductions in their cocaine use (Estimate (SE): -3.01 (1.01), p=0.003). Within and 

between-person effects were separated and were both found to be significant, such that 

women who had engaged with a nurse or physician on average used less cocaine than 

women who had not, (Estimate (SE): -12.28 (6.12), p=0.045) and when women engaged 

with a care provider their cocaine use was significantly reduced (-2.82 (1.02), p=0.006). 

 

Among Indigenous participants this association was also significant, where those who had 

a prior month visit with a physician or nurse on average reported less cocaine use over the 

study period (Estimate (SE): -2.30 (1.01), p=0.023)). This was also true among the “older” 

group of participants, aged on average above the mean age of 45 years. In this group, prior 

month physician or nurse visits were on average associated with significantly reductions in 

cocaine use (Estimate (SE): -1.51 (0.75), p=0.045). 
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5.5 Discussion 

This study built on existing investigations of cocaine use in OAT and iOAT, by 

highlighting the heterogeneity that exists in cocaine use among patients who otherwise 

might be considered homogeneous (i.e. people who have been injecting opioids for many 

years with multiple prior oral treatment attempts). The modeling of fixed effects allowed 

for conclusions about the overall population effect of predictors, identifying particular 

factors (e.g. demographic characteristics) associated with more or less cocaine use. The 

random effects reflected the random probability distribution around the fixed effects. All 

tested random effects were significant, suggesting that variation existed in cocaine use 

within people (over time), and between people, both in baseline cocaine use (intercept), 

and in the rate of change of cocaine use over time (slope).  

 

This confirmed that there were both intra-individual changes and inter-individual 

differences in cocaine use to be disentangled.  Associations with patient and treatment 

characteristics were explored to begin to explain this variation. Days receiving treatment 

was a key variable of interest, given prior studies have found that the use of cocaine is 

associated with treatment retention (105, 110). In addition, modest declines in use over 

time have been observed in iOAT, but have not previously been directly linked to iOAT 

engagement. In this study, the within-person effect of HDM/DAM treatment days was 

associated with significant reductions in cocaine use, while the between-person effect was 

not. Namely, cocaine use was significantly reduced with each additional day an individual 

engaged in treatment above his or her own average number of treatment days across the 

study. However, having more days in treatment as compared to the population average did 
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not translate to significant reductions in cocaine use. This suggests that participants’ 

cocaine use reductions were benefitted by each additional day of treatment engagement, 

regardless of the overall number of days engaged.  

 

Cocaine use has been reported as a deterrent to OAT retention (34, 105, 221).  Patients 

with lower levels of treatment engagement might not be considered “retained” when 

following more stringent definitions of engagement (e.g. daily attendance). This may not 

allow for the benefits of iOAT on outcomes such as cocaine use to be fully captured. For 

example, this analysis suggests that each additional day of treatment engagement is 

meaningful to the outcome of cocaine use. iOAT is delivered daily, and this finding 

strengthens the idea that each time a patient makes contact with the health care system, 

there is an opportunity to connect with them about any number of care needs, including the 

use of cocaine. Future analyses among iOAT patients therefore may wish to broaden the 

definition of what constitutes meaningful treatment engagement, particularly when the goal 

is to capture potential relationships with other outcomes such as cocaine use.  

 

It is important to further note that the treatment engagement variable was defined as the 

number of days engaged in treatment with injectable or oral HDM or DAM. Days 

receiving methadone maintenance treatment were not included in this variable, given the 

effect of engagement in methadone was expected to differ from the effect of engagement in 

HDM or DAM. Sensitivity analyses were conducted to compare the trajectory of cocaine 

use based on retention in treatment after Phase 1. Retention was compared between those 

that were retained in HDM or DAM after six months, and those that were not retained in 
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HDM or DAM after six months, but that were retained on methadone. Both groups 

experienced sustained declines in cocaine use after 6 months, but the decline was more 

pronounced among those retained in HDM or DAM (injectable or oral) (Appendix P: Days 

of any cocaine use by retention in methadone vs. HDM or DAM after Phase I).  This 

suggests that it could be something about the HDM or DAM medication, or access to a 

structured setting of care that supports patients to maintain reductions in their cocaine use 

long-term.  

 

Physical health status is another common outcome in studies of OAT or iOAT. In the 

present study, the physical health variable was significant at the within-person level, where 

intra-individual improvements in physical health were associated with reductions in 

cocaine use. The between-person effect however was not significant suggesting that better 

health as compared to the population-level average did not result in greater reductions in 

cocaine use. This means that the impact of access to HDM or DAM on reducing cocaine 

use was not exclusive to patients presenting to care in better health, and was observed 

across patients with a range of physical health profiles. This finding was not unexpected, 

given the underlying philosophy of iOAT is to meet patients where they are at (138). 

 

Such an individualized approach to care is important when considering the unique and 

heterogeneous cocaine use profiles of SALOME participants. For example, the estimated 

covariance between the slope and intercept was negative meaning that those with more 

days of cocaine use at baseline had greater reductions in their cocaine use over the 24-

month study period. Furthermore, the finding that there was significant variation in the 
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random effect of time (slope), suggests that the rate of change in cocaine use varied from 

one participant to the next. Some of this variation was explained by years of regular 

cocaine use, where there was a greater reduction in use among those that had been 

regularly using cocaine for more years. Importantly, these participants also began with 

more days on average of cocaine use at baseline, suggesting that even among those using 

frequently (e.g. daily), reductions in use were witnessed over time while engaged in iOAT.  

finding is consistent with studies of treatment interventions for stimulant use disorder, 

where those with more severe use profiles (i.e. more frequent use) at baseline tend to 

experience greater outcome improvement over time(380). 

 

Participants’ unique histories of use therefore have implications for their cocaine use while 

engaged in iOAT. Care providers can work to communicate with their patients about these 

histories, using them to inform treatment goals and guide treatment plans. These 

conversations can be started at treatment entry and continued throughout treatment to 

inform shared expectations and decisions around the potential suitability of treatment 

supports and interventions (261, 381-383).   

 

While cocaine use history might have important associations with current use, patients may 

not readily disclose these histories in the absence of strong patient-provider rapport (384, 

385). Providers could use brief tools that evaluate factors relating to patients’ life 

circumstances, (such as the structural vulnerability tool) (386) to make sense of potential 

variability in cocaine use both within and between individual patients. Specific groups 

might be overrepresented among people who use cocaine, for example women and 
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Indigenous peoples were overrepresented among iOAT patients who reported the use of 

crack cocaine over six months in SALOME (140) and over the duration of the study period 

as the present analysis demonstrated. 

 

On average, women reported more days of use across the study as compared to men. 

Interestingly however, there was a statistically significant decline in cocaine use over time 

for both men and women, and this decline was nearly identical for both genders. This 

suggests that despite starting higher, women have the possibility to experience declines in 

use over time.  

 

While prior studies have focused on women’s use being consistently high, the GCM 

allowed for the progress in reducing use over time to be captured, and highlighted that this 

progress was possible among women, regardless of their baseline use profile. This is an 

important implication for providers working with patients reporting the daily use of 

cocaine, recognizing that reduction in use is possible even among those reporting “heavy” 

use, which has typically been associated with a greater burden in terms of associated social 

problems, morbidity, and mortality (387). Furthermore, significant variability in the rate of 

change existed among men but not among women. This suggests a potentially 

homogeneous profile of change in cocaine use over time among women, which further 

supports the possibility of successful intervention opportunities across women with a 

diversity of cocaine use profiles.   
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It is important to highlight one other difference between subgroup analyses, that is, the 

effect of treatment engagement. Each additional day engaged in treatment was associated 

with significantly less days of cocaine use for the overall sample, and in subgroup analyses 

this association held for men, for non-Indigenous participants, and for younger 

participants.  This association was not significant among women, Indigenous participants, 

or participants aged older than the mean age at baseline. Interestingly, this association was 

also observed when comparing the models run on cocaine use type. While both types of 

use declined significantly over time, treatment engagement was associated with this 

decline for the use of cocaine powder and not for the use of crack cocaine. This suggests 

something potentially important might be missed with regard to measuring what it is that 

explains the declines in cocaine use for women, Indigenous participants, and older 

participants, who are also those that are overrepresented among those reporting crack 

cocaine use.  

 

Prior studies for example have reported on the importance of health care engagement and 

health care provider relationships to participants’ OAT outcomes, and qualitative studies 

have revealed these relationships to be particularly important for women (137, 388, 389). 

Given the findings of these subgroup analyses, where declines for women, Indigenous 

participants, and older participants were witnessed but were not well explained by the 

treatment engagement variable (i.e. number of days engaged in HDM or DAM), a new 

binary variable was created from the dataset to reflect prior month engagement with a 

physician or nurse at Crosstown Clinic (yes vs.no).  
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It was found that the health care provider engagement variable was associated with 

declines in cocaine use in each of these groups and when the outcome of crack cocaine use 

was explored again, engagement with a nurse or physician was significantly associated 

with declines in use over time. This confirms the importance of considering broadening 

definitions of “treatment engagement”, given meaningful outcomes can be achieved, not 

just through daily treatment “adherence” but by regular engagement with health care 

providers. This finding further suggests that this engagement was particularly important for 

specific groups of patients, including women and Indigenous participants. As treatment 

begins to expand to other settings, and potentially be offered with different approaches 

(e.g. with more or less contact with care providers), these patient characteristics can be 

kept in mind to individualize approaches to service delivery to offer the best chance of 

success in meeting patients’ treatment goals and needs. 

 

In efforts to understand cocaine use among women and Indigenous participants, it is 

important to note that cocaine use has in prior studies been identified to be associated with 

sex work, primarily among women (115, 199, 390). The German analysis of iOAT 

outcomes by gender found that sex work was one of the main sources of income generation 

among women in the sample, and ongoing sex work was found to mediate the primary 

outcome of reduction in illicit substance use (114). In the present study, among all 

observations across the study period where sex work was reported, 92.3% were among 

women (n=96 of the n=104 cases). These observations included a small number of 

participants at baseline (n=19) that was reduced slightly over the study period (i.e. to n=13 

by 24-months). Nevertheless, the average number of days of cocaine was high at baseline 
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(21.05, SD: 12.42) for those reporting sex work, and remained high over the study period 

(17.78 days, SD: 12.86). This presents a higher number of days of cocaine use than was 

reported over the study period for those engaged in drug dealing (13.98, SD: 13.29), and 

those engaged in property theft (12.87, SD: 13.50). The small number of participants 

reporting engagement in sex work does not allow a more meaningful sub-analysis of 

cocaine use and sex work, however the presented data (Appendix M: Cocaine use by drug 

dealing, property theft, and sex work over the 24-month study period) reveal that there is a 

potentially unique experience of cocaine use among participants (primarily women) 

engaging in sex work, which could be the focus of future study to better understand how 

iOAT patients engaging in sex work can be supported in the management of their cocaine 

use, if and when desired.  

 

There are a number of limitations of the presented analyses. First, diagnostics run on the 

final model revealed that assumptions appeared to be met however, from visual inspection 

of residual plots it appeared that the assumption of homogeneity of residual variance (for 

the level-2 intercept and slope) was potentially violated for the “days receiving HDM or 

DAM” variable. When using maximum likelihood methods to analyze multilevel data, 

non-normally distributed residual errors have little or no effect on estimates of fixed effects 

but can cause problems when the interest is in the significance of the variance terms at 

level-2 (between-person variance). In the present study, all random effects were of interest, 

including the between-person differences in the intercept and rate of change (level-2). As 

such, the final model was re-run using robust standard errors (SEs) (Table 5.16).     
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It has been suggested that running models with Robust SEs can be a useful exercise to 

identify possible model misspecification (391). Great differences between classical and 

robust SEs are said to indicate possible model misspecification and strong models are 

indicated by robust and classical standard errors that approximately coincide (392). In the 

present study, the estimates of the “Days receiving HDM or DAM” variable were close 

when using robust and classical SEs. The estimate with classical SEs was: Estimate (SE): -

0.05 (0.018), z-statistic= -2.99, p value= 0.003) and with the robust SEs was: Estimate 

(SE): -0.05 (0.021), z-statistic= -2.56, p value= 0.010). Otherwise, there were few 

differences between the model estimated using robust SEs and the classical SEs.  

 

Given robust SEs are based on observed residuals, they require a reasonable (n=>100) 

level-2 sample size to be accurate (393). Even in the presence of heteroscedasticity robust 

SEs have been characterized as accurate when the sample size includes >100 groups(394, 

395). Given the presented analyses were conducted with more than 100 groups (n=164) the 

robust SEs were seen to offer a reasonable correction for the potential violation of  the 

homoscedasticity assumption. 

 

It is important to note however, that other approaches to multilevel modeling exist that 

could allow for further diagnosis of potential violations of model assumptions, however 

such approaches are beyond the scope of the dissertation. For example, multilevel 

structural equation modeling produces Chi-square goodness of fit tests, and there are 

several robust Chi-square variants that have been proposed that can correct excessive 

skewness when it is observed in data (396, 397). Furthermore, bootstrapping methods can 
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be used to estimate model parameters and standard errors from the sample, without 

reference to a theoretical sampling distribution. The multilevel nonparametric residual 

bootstrap however is currently implemented in MLwin software and not in the software 

used for the presented analyses. More generally, carrying out model diagnostics in 

multilevel modeling suffers from software limitations, where unlike packages for multiple 

regression approaches, a large range of diagnostic tests do not exist to assess potential 

violations of assumptions (398). Where they do exist, they can be implemented only in 

some software packages (e.g. HLM) and not others. This can explain, in part, why 

multilevel analyses are seldom presented alongside a discussion of how their assumptions 

were examined (399).   

 

The multilevel models presented in the dissertation were carried out by the candidate after 

taking a course on multilevel modeling at UBC (i.e. EPSE 683) and after seeking 

additional training in these methods and other longitudinal modeling approaches outside of 

UBC (Statistical Horizons workshop taught by Dr. Paul Allison). The approaches to 

analysis (e.g. multilevel modeling via structural equation modeling), and additional 

diagnostic testing outlined above will require additional training and access to resources 

(i.e. time, data, software). These will be pursued for future analyses carried out by the 

candidate, complemented and strengthened by the lessons learned by conducting the 

dissertation analyses presented in Chapter 5.  

 

In multilevel modeling, sample size estimation comes along with increasing complexity, 

given multiple hypotheses are often tested. For example, questions of interest can pertain 
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to making inferences with regard to fixed or random of level-1 or level-2 variables, or 

potential cross-level interactions. Sample size determinations require approximations using 

computer simulations (400). A number of simulation studies have provided guidelines that 

are used to determine appropriate sample sizes. For example, adequate statistical power has 

been suggested with 30 groups of 30 observations each, 60 groups with 25 observations 

each, and 150 groups with 5 observations each (401). More recent simulation studies, have 

concluded that issues of underestimated standard errors become concerning only where the 

number of level-2 groups is substantially smaller than 100 (395). In the present study the 

number of groups (i.e. participants) used for the multilevel modeling was 164. 

Furthermore, simulation studies have demonstrated that higher power is achieved without 

inflating Type I error if a model selection criterion is used to select a random effect 

structure that is supported by the data (402). In the present study, an exponential 

correlation structure was deemed suitable to the data (See Table 5.9) and all models were 

run using this structure.	 

 

In the presented analyses on cocaine use, there was no potential for control over the sample 

size given data were already collected (i.e. derived from SALOME). Furthermore, even if 

there was an interest in extending the analysis to a larger sample this would not be 

possible, given at the time of the analysis, SALOME participants were the only patients in 

North America receiving this treatment. Nevertheless, decisions were made in the model 

building approach to limit the number of parameters being estimated, to reserve degrees of 

freedom for model estimation. For example, only one cross-level interaction term was 

added to the model, and while a random effect of time was included, no other parameters 
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were entered as random effects. In future studies with research questions that make use of 

multilevel data, power curves can be applied to directly estimate potential power-sample 

size trade-offs prior to study recruitment. These considerations can support researchers in 

making practical decisions with regard to required sample sizes to answer research 

questions of interest (403).  

 

Importantly, while the models did explain variation in cocaine use, both at the within-

person and between-person levels, significant variation existed in the final model in all of 

the random effects, suggesting that there are other sources of variation in cocaine use that 

have not been explained by the presented analyses. Potential variables of interest that could 

be collected in future studies are outlined in Chapter 6.  
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Chapter 6: Discussion, recommendations, and conclusion 

6.1 Summary of study findings 

Cocaine use remains prevalent among people receiving treatment for opioid use disorder 

(OUD). In the absence of approved treatments for cocaine use disorder in Canada, a 

framework to guide services and supports for people who use cocaine is lacking. When 

people using cocaine enter OUD treatment settings, the emphasis is often on evaluation of 

opioid use and cocaine use is a “secondary” focus. As such, an in-depth exploration of the 

profile of concurrent cocaine use in iOAT is an important first step toward improving care 

for people with OUD who use cocaine. 

 

Using both qualitative and quantitative methods, this dissertation has explored engagement 

in cocaine use among iOAT patients, accounting for the use of crack cocaine and cocaine 

powder, identifying particular characteristics associated with patterns of use over time. 

Taken together, this evidence can support the development of more comprehensive 

approaches to inquiring about and responding to the use of cocaine, in both research and 

clinical practice settings in order to better meet the diversity of care needs of people with 

OUD who use cocaine.  

 

The qualitative exploration of cocaine and crystal methamphetamine use in Chapter 3 

revealed that in the absence of treatment supports, participants were engaged in a process 

of stimulant use self-management, working to reduce their use or reduce its associated 

harms. This fits with literature identifying that people who use drugs hold particular 

strengths and skills with regard to keeping themselves and their peers safe in the presence 
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of risk of harm (205, 404, 405). Individuals’ self-management skills have long been 

accounted for in the literature on self-management of chronic disease, where patients are 

seen as partners in care and the efforts they make are acknowledged and accounted for in 

care planning (170, 246, 406). The qualitative analysis outlined for example that patients 

transitioned their routes of use (e.g. from injecting to smoking to reduce difficulty injecting 

and injection site infection) or reduced the frequency of use in order to reduce harm. These 

are important contextual elements of planning care, and of supporting harm reduction, 

where treatment is either not desired or not available. 

 

The heterogeneity of participants’ engagement in the self-management process was 

associated with aspects of their social and environmental conditions, echoing the focus of 

prior literature on the social structural conditions surrounding substance use, particularly in 

an environment of risk (250). This heterogeneity was also aligned with participants’ self-

identified motivations for use. These findings are situated well within recent discussions in 

the field of addiction treatment. For example, a systematic review of the evidence for 

pharmacological treatments for stimulant use disorder was published this year, and  

identified heterogeneity across stimulant use profiles. The review concluded that future 

clinical trials should identify and account for diversity in study inclusion criteria, 

considering different types and routes of stimulant use and varying patterns of concurrent 

conditions (126).  

 

The self-management process participants engaged in after initiation of iOAT, outlined in 

Chapter 3, was echoed by quantitative data which reflected these efforts through a general 
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reduction in cocaine use over time. Furthermore, the heterogeneity outlined in the 

qualitative interviews was confirmed by analyses that quantified the extent of intra- and 

inter-individual variation over time. Significant variability was present both within and 

between people in cocaine use over time. Heterogeneity in use was further explored by 

describing the profiles of participants reporting different types of use at baseline and across 

all study visits over 24-months.  

 

Furthermore, in Chapter 5, a number of models were built to determine what factors 

explained reductions in use. Associations between key variables of interest were explored. 

For example, it was found that for the overall sample, every additional day engaged in 

treatment was associated with reduced cocaine use. This finding supports the notion that 

the iOAT setting can serve to promote the self-management of stimulant use, and overall 

reduction in use over time. Sensitivity analyses added further context however, revealing 

for instance that for women and Indigenous participants the number of days engaged in 

treatment was not associated with significant reductions in cocaine use. These analyses 

help identify participants with key profiles who may benefit (in terms of reducing cocaine 

use) from particular approaches to iOAT provision. For example, the benefits gained with 

respect to reduction in cocaine use for some participants might be present just with daily 

access to medication, while others may require more contact with care (e.g. regular 

connection with care providers such as nurses, physicians, pharmacists, social workers) in 

order to obtain such benefits.  
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Furthermore, where possible, associations that participants described in the one-on-one 

interviews were explored and identified in the quantitative data in relation to patterns of 

use. For example, social factors such as living with a partner that used cocaine, and 

environmental factors such as the availability of cocaine in the neighbourhood were 

identified by participants as playing a role in their patterns of use. Such variables were 

therefore explored in the modeling. It was found that overall, living with someone that 

used psychoactive drugs was associated with significantly higher cocaine use over the 

study period. 

 

This suggests therefore that beyond pharmacological treatment interventions, participants 

could benefit from additional social supports. While to a certain extent, these may extend 

beyond what can be provided in a clinical treatment setting, referrals to social services may 

be important. Furthermore, the desire for a social network of peers with similar goals was 

outlined, and could be a priority for ancillary care, for example by organizing peer support 

groups in clinical settings where space allows. As such, the present study outlines 

heterogeneity of cocaine use in iOAT, identifies specific factors that explain this 

heterogeneity, and uses these findings to inform discussion of potential areas of 

intervention, informed by the expertise and experience of participants. 

 

6.2 Limitations and recommendations for future research 

Development of measures sensitive to capturing variation in cocaine and other 

stimulant use among people with opioid use disorder 
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There are several limitations to be considered with respect to the presented analyses which 

can be used to inform directions for future research. First, data were derived from a clinical 

trial that tested the non-inferiority of hydromorphone to diacetylmorphine for the treatment 

of OUD. Measures were thus not collected with the intent of explaining variation in 

cocaine use. While variation in cocaine use was explained by the models presented in 

Chapter 5, significant variation remained in each of the random effects parameters in the 

final model. This suggests that there may be a number of other important variables that 

could help explain variation in cocaine use that were not collected as part of this study. 

 

For example, some emerging research on the use of stimulants suggests the relevance of 

social and environmental factors such as the individual’s daily routines and activities, drug 

source, accessibility, and availability (259, 407-410). These domains could be the focus of 

future studies seeking to investigate the use of cocaine and other stimulants in iOAT. 

While efforts are underway to develop more comprehensive outcome measures among 

people with substance use disorder, such as measuring quality of life (411) and recovery 

(412), measures of structural vulnerability could prove important for making sense of the 

use of stimulants among participants in the present study and in other OAT settings. 

Clinical measures are beginning to account for the relevance of such structural 

vulnerabilities (e.g. financial security, risk environment, legal status, food access, 

discrimination, social networks) for example in emergency department chronic acute care 

settings (386). However, to our knowledge, there are no validated measures focused on 

measuring structural vulnerability among people with opioid or stimulant use disorder, or 

substance use disorder more broadly. Such a measure could be informative with respect to 
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identifying predictors of variation in patterns of substance use among people with 

stimulant use disorder.  

 

It is also important to note that while the qualitative study presented in Chapter 3 was used 

to inform the quantitative analyses that followed in Chapters 4 and 5, quantitative data was 

already collected prior to qualitative data collection. As such, the qualitative analysis 

informed independent variable selection from questionnaire data that was already collected 

in the SALOME study, rather than informing questionnaire development or primary 

quantitative data collection. In many cases because of the diversity of questionnaires 

collected in the SALOME study, it was possible to explore concepts participants had 

discussed in the qualitative interviews (e.g. intimate partner status, concurrent substance 

use, days engaging in treatment, living situation) in the quantitative analysis. There were, 

however, specific concepts of interest that participants highlighted that were not collected. 

For example, the contextual categories included reference to participants’ motivations for 

stimulant use, and the associated harms of use. These were determined to be central to 

making sense of participants’ engagement in the stimulant use self-management process 

that was presented in Chapter 3. As such, it could be valuable for questionnaires to be 

developed and validated that measure these concepts, in order to capture a broader 

representation of motivations and harms across participants over time.  

 

Expanding definitions of treatment engagement  

The quantitative analyses in Chapter 5 revealed that more days engaged in treatment over 

time was associated with reductions in cocaine use. In sensitivity analyses however, this 
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association did not hold for older participants, for women, and for Indigenous participants. 

While the use of cocaine declined over time in these groups, the number of days engaged 

in treatment was not significantly associated with this decline. This suggests that for these 

participants in particular, there were other variables that were potentially important with 

respect to supporting reductions in cocaine use that were not captured by the modeling. 

Further sensitivity analyses were conducted, creating a new variable representing 

engagement with a nurse or physician, rather than just engagement with treatment (i.e. 

receiving the medication). It was found that for older participants, women, and Indigenous 

participants engagement with either a nurse or a physician at the Crosstown Clinic in the 

prior month was significantly associated with reductions in cocaine use. This sensitivity 

analysis supports the notion that measures of treatment engagement can be expanded to 

better capture the ways in which treatment engagement is meaningful to participants 

presenting to care with different profiles.  

 

Studies have long shown for example that women present a unique profile of engagement 

with stimulant use, with studies in Vancouver pointing to intersections with Indigenous 

ancestry, sex work, and a number of structural vulnerabilities (121, 264, 265). As such, 

more nuanced measures are required to be able to capture the aspects of care that may be 

most meaningful to specific participants, accounting for characteristics such as gender and 

ethnicity. In the qualitative analysis presented for example, one participant (Natalie) 

outlined the benefits she gained from engaging with a peer support group, from counselling 

and from access to an Indigenous healer. Future studies could more systematically track 

participants’ engagement with ancillary supports, and use qualitative methods to inquire 
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about what aspects of those services participants found to be most impactful. This inquiry 

could allow for identification of the benefits that can be gained by becoming more 

connected to care, which could complement more traditional measures of treatment 

engagement (e.g. the number of days the medication was received). Such analyses could 

also serve to identify service gaps facing particular groups, that may not be traditionally 

measured (e.g. education and employment supports). 

 

Our team has previously identified a similar mismatch with respect to measuring the 

outcome of physical health among iOAT patients, where findings collected through 

qualitative one-on-one interviews have revealed great improvements in physical health 

when engaged in iOAT (137) yet quantitative health scores are similar over time (63).  In 

the present study, the reductions in cocaine use were not accompanied by significant 

improvements in health scores. It is possible that the study’s inclusion criterion led to the 

selection of a specific group of people whose needs and interests were primarily focused 

around the reduction of illicit opioid use which did not extend to significant overall 

improvements in other areas, such as health. Additionally, prior analyses of the quality of 

various standardized health measures such as the MAP, and EQ-5D have been conducted 

in our treatment setting with NAOMI clinical trial data, and some limitations of these 

measures have been identified (413). As such, limitations of the health measures used 

could serve as another possible explanation for the lack of observed improvements. In 

moving forward, it will be important to work toward the development of more systematic 

approaches to actively involve patients in the development of measures, by moving for 
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example beyond simply using patient reported outcome measures, to developing patient 

generated outcome measures (414).  

 

It is important to further note that these exploratory analyses by subgroup were in some 

cases run on a small number of participants (e.g. n=54 women), and further studies could 

explore these associations in larger samples. Larger samples would also allow for a more 

intersectional analysis, for example, by looking more in-depth at a group of older 

Indigenous women, women involved in sex work, or younger men, which was not possible 

in the present study. 

 

Extending analyses to people with a more heterogenous profile of opioid and 

stimulant use 

Participants were all former SALOME clinical trial participants, and as such had a 

relatively homogeneous profile of opioid use, having been regularly injecting opioids 

almost daily, for many years. As such, the homogeneous profile of participants meant that 

findings may not be representative of patients in other settings. Furthermore, there were 

differences in the study with respect to those that were and were not lost to follow-up. 

Participants who were lost to follow-up and that missed visits were younger and reported 

less cocaine use and more crystal methamphetamine use. As iOAT continues to expand to 

other settings it will be important for future research to account for the experiences of 

younger people, and of people who report the concurrent use of crystal methamphetamine, 

to understand their specific care needs so they can be better engaged in treatment for OUD 

(and stimulant use disorder if so desired). This is particularly important in the present 
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context given recent data indicates increasing rates of crystal methamphetamine use in 

British Columbia (287). 

 

The presented analyses nevertheless were conducted among a group of iOAT patients who 

were primarily reporting the use of cocaine by smoking, with more days of crack cocaine 

use (smoked) reported across the study as compared to cocaine powder use (injected). 

Furthermore, the use of crystal methamphetamine remained relatively low across the study 

sample. This was true, despite sensitivity analyses revealing that for a few participants the 

use of crystal methamphetamine was rising alongside a decline in cocaine use near the end 

of the study. This coincided with participants’ discussions in the qualitative study about the 

higher availability and lower cost of crystal methamphetamine compared to cocaine.  

 

It is further important to acknowledge that the qualitative data were collected in 2017-

2018, which was after the collection of quantitative data (2011-2016). As such, some 

participants’ discussions of more recent transitions to crystal methamphetamine use may 

not have been reflected by the quantitative data. Therefore, the trends identified with 

population level data of rising crystal methamphetamine use are important to further 

investigate in people reporting concurrent opioid and stimulant use disorder using more 

current data. Nevertheless, it is likely that these trends may not be best observed among a 

sample of long-term opioid injectors who have been using cocaine for many years (mostly 

by smoking). Instead, these questions may best be answered by population-level data or 

within specific subgroups for whom the use of crystal methamphetamine might be more 

prevalent (e.g. younger men).  
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Informing outcome measure and inclusion criteria selection for clinical trials of 

pharmacological treatment interventions   

The cocaine use processes and patterns outlined in the present study have important 

implications for informing future studies seeking to study the effectiveness of interventions 

for people who use cocaine. While some studies have found promising results, small 

sample sizes, high dropout, and more stringent outcome measures (e.g. negative urine tests 

for cocaine metabolites (i.e. abstinence)) have limited conclusions of effectiveness (415) 

and thus, systematic reviews conclude that the overall strength of evidence is low (416). As 

such, studies on the treatment of cocaine use disorder could benefit from further 

consideration of the populations of focus (i.e. who is eligible for the treatment in the 

context of the specific intervention) and outcome measures of importance (i.e. what 

outcome is required to reflect “effectiveness”, and from whose perspective is the treatment 

effective) in order to reduce dropout and be able to make conclusions. 

 

An overview of “lessons learned” from OAT studies has identified the importance of 

selecting a sample among whom the outcome might be most likely, for example where 

abstinence is the outcome of interest, seeking a population that is motivated to stop use will 

be important (417). Recent studies that have had conclusive results, for example, have been 

in very specific settings and with specific patients. A Dutch trial of dextroamphetamine for 

the treatment of cocaine use disorder for example was conducted with people who were 

smoking crack cocaine and were receiving heroin assisted treatment in a controlled setting 

(127).  
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Furthermore, with respect to outcome measures, a recent overview of evidence for 

pharmacological treatments of crystal methamphetamine use has highlighted the 

importance of extending outcomes, acknowledging that a focus on abstinence might not 

always reflect the goals of participants. Outcome measures such as the number of days of 

use have been suggested, which allow for an investigation of change in use, without 

focusing explicitly on abstinence (126). Other outcomes of interest to clients might include 

improvements in health. This is echoed by clinical trials that have identified that the 

benefits of pharmacological treatment for stimulant use disorder can extend beyond the 

reduction of illicit stimulant use, to broader physical and social outcomes (418). While the 

present study did not evaluate an intervention, findings support the importance of 

extending beyond measures of abstinence as the only indicator of treatment benefit, given 

that participants on average experienced declines in cocaine use over time, that were in 

part attributed to their iOAT engagement. These reductions were statistically and clinically 

significant, but for many participants, would not meet a criterion of total abstinence.   

 

Clinical trial outcome selection can further be informed by addressing and identifying the 

heterogeneity that exists in cocaine use. This could be achieved for example, by narrowing 

the study population to be more homogeneous in terms of characteristics such as coexisting 

conditions, severity of disorder, motivations for use, and route of use (126). The present 

study found that participants’ motivations for use could have important implications for 

determining the suitability of prescribed stimulant medication. For example, in the 

qualitative interviews, William outlined that the dextroamphetamine was not effective for 

him, given the effect was not comparable to crystal methamphetamine and was mild in 
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comparison to the effect he was “looking for”. It is possible that such an effect might not 

be obtained from a slow release medication like dextroamphetamine. There is therefore 

also an important role for prescribers to play in both clinical trial and treatment program 

settings, with respect to communicating with patients about their expectations of potential 

effects that could be offered by prescribed pharmacological medications. Clinical trials 

tend to eventually be summarized in systematic reviews that are then used to guide 

decision-making and develop clinical guidelines. As such, decisions with regard to 

populations of focus and outcomes of interest in clinical trials hold real world implications 

for patients.  

 

6.3 Implications and considerations for policy and practice 

The following section outlines considerations of relevance for both clinical practice and 

policy in relation to the care of people who use cocaine and other stimulants in OAT 

settings. These are based on findings of the dissertation and were developed with reference 

to the current evidence with respect to pharmacological and psychosocial treatment 

approaches for cocaine use disorder. Recommendations are situated in the current political 

context in British Columbia, where people who use drugs are presently facing dual 

overlapping public health emergencies relating to opioid overdose and COVID-19.  

 

Applying a self-management lens to stimulant use disorder 

First, the self-management framework that was outlined with reference to stimulant use in 

the setting of iOAT reflects the skills that patients hold with respect to managing their use, 

reducing harm, and gaining a sense of “control” over use. Self-management approaches are 
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common in the chronic disease literature and can be extended to conceptualizing the 

provision of support for people who use cocaine. Broadly, self-management refers to the 

daily actions a person takes to manage the symptoms of their condition and promote well-

being (282). The goals of substance use treatment are similar to the goals of management 

of other chronic conditions, including elimination and reduction of symptoms, improved 

general health and functioning, and increased motivation or support to manage the 

condition (349, 419). Nevertheless, individuals’ self-management efforts are meant to be 

complementary, i.e. to support rather than replace standard pharmacological and 

psychosocial treatments (170).  

 

This suggests that in order to approach care of people who use cocaine with a similar self-

management or chronic disease management lens, a stronger effort on the part of health 

systems is required to provide patients with access to evidence-based treatments. These 

treatments will have the greatest chance of success when providers work collaboratively 

with clients to communicate about their goals and care needs in order to identify an 

intervention that is deemed suitable. One approach to fostering communication is a 

“measurement-based care” (MBC) approach which is common in the management of 

chronic conditions, and refers to the practice of basing approaches to clinical care on client 

data that is collected over time (420). Clinical symptoms and treatment response are 

measured, recorded and discussed with clients in efforts to increase engagement. 

Furthermore, MBC has been proposed as a potentially effective approach in the 

management of OUD, where discussion with clients about their motivations for opioid use 

and associated health risks and social consequences are outlined (421). Given the high 
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prevalence of cocaine use among people with OUD, it has been suggested that cocaine use 

(and other substance use) could also be monitored where MBC approaches are used in the 

treatment of OUD.  

 

Given the present study found heterogeneity in cocaine use based on factors such as 

motivations for use, and substance use history, the MBC approach could be relevant in the 

care of people with stimulant use disorder. If collected at intake and at various subsequent 

stages of intervention (e.g. pre, during, and post) key factors influencing an individual’s 

treatment response could be captured and used to inform next steps in the approach to care. 

Furthermore, pharmacological treatment interventions provided for stimulant use disorder 

are newer than those provided for other conditions (e.g. OUD). As such, regular 

monitoring of and communication with patients about medication effects and dose 

tolerance will be important to adjusting care plans (e.g. discontinuing treatment, increasing 

dose) and could bolster confidence among prescribers in providing these medications as 

evidence continues to mount for their use. Where clinical capacity and resources are 

limited (e.g. time, staffing), single global patient reported outcome measures are suggested 

(421). Given clinical diagnoses of disorders already require diagnostic criteria to be 

documented, the MBC approach offers a simple extension of diagnosis, by suggesting that 

the prescriber and patient discuss symptoms and use these discussions to inform care 

planning.  
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Evidence-based practice in the context of dual public health emergencies 

In considering approaches to treatment for stimulant use disorder, the offer of interventions 

can be placed in the current Canadian context. Recent data have identified increasing rates 

of cocaine and crystal methamphetamine use, alongside increasing risk of harm through 

contamination of the illicit drug supply with cutting agents and far more potent 

psychoactive compounds (422). Proposals for access to prescribed stimulants in Canada 

have been put forward (80, 256), however uptake has not been widespread. As the use of 

cocaine and methamphetamine may continue to rise in Canada, the associated harms of 

illicit use will persist and the need to address this gap in service provision will become 

more critical. 

 

While evidence supporting pharmacological and psychosocial supports continues to 

evolve, health service providers serve as “gatekeepers” (423), especially to new 

pharmacological treatments. In decisions around providing care, prescribers can be guided 

by the principles of good medical practice, namely “first, do no harm”, balancing the 

potential positive effects compared to potential harms (424). In the present study for 

example, a few participants had received access to dextroamphetamine prescriptions at the 

time interviews were conducted, and reported that it supported them to reduce their use of 

stimulants. Nevertheless, some patients did not benefit from the medication, and simply 

discontinued their prescription, without any adverse events or harm. 

 

Furthermore, in Canada and other settings around the world, the potential consequence of 

lack of efficacy of treatment can be weighed by prescribers against the potential harm of 
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not providing interventions. This is of critical relevance now, in the context of increased 

risk of harm in an unregulated supply of illicit stimulants, and overlapping public health 

emergencies of the overdose crisis, and COVID-19 (72, 425). Despite calls by advocates 

for a safe supply for stimulants (80), steps have not been taken to support this approach at 

the health systems level until very recently. In March of 2020, BC’s Ministry of Health 

developed guidelines for prescribing safe alternatives during COVID-19, including the 

prescription of dextroamphetamine to patients with stimulant use disorder (72). 

Unfortunately, this policy only resulted due to the intersecting public health crises facing 

the province, and currently provides only a temporary and partial stopgap.  

 

While clinical trials are underway to generate more evidence for pharmacological 

treatment interventions for stimulant use disorder, the overall state of research for this 

indication has not been as successful as for OUD. Consensus on overall effectiveness of 

interventions can take decades to develop and thus, opportunities to support people where 

evidence already exists is imperative. For example, in the present study some participants 

had attempted dextroamphetamine. The medication worked to reduce craving and illicit 

stimulant use for some, but not for others. This suggests that further research is required to 

identify safe and effective treatments that meet the needs of patients with a diversity of 

goals and desired treatment effects. It is important however, that alongside the promotion 

of new studies to advance evidence, that the studies conducted to date be critically 

appraised, and used to make informed decisions about implementation.  
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This might entail considering the specifics of treatment settings, patient profile, and 

feasibility of integrating supports. For example, mixed amphetamine salts (Adderall®) 

have been found to be effective at reducing both the use of cocaine and ADHD symptoms 

among people with a diagnosis of cocaine use disorder and ADHD (348). Furthermore, the 

Dutch trial of dextroamphetamine found high treatment adherence. This was suggested to 

be an outcome of the daily supervised intake of opioid medication which motivated 

patients to attend the clinic (127). Additionally, care providers offered medication 

reminders and monitored side-effects, strategies which are known to optimize treatment 

adherence (426). The study concluded that dextroamphetamine could support reductions in 

cocaine use and could be established in iOAT clinics or other settings where clients take 

medication “supervised” by care providers (e.g. oral opioid agonist treatment clinics) to 

support reductions in cocaine use.  

 

Following this evidence, prescribers at the Crosstown Clinic began to offer this medication 

to patients, as part of their daily care, rather than as part of a clinical trial. While the 

evidence of effectiveness from the Dutch trial supported this decision, the Crosstown 

Clinic was also situated in a setting that was amenable to the introduction of this 

medication. For example, from an implementation lens, the Crosstown Clinic was well 

positioned to support clients, by delivering dextroamphetamine in a setting similar to that 

of the Dutch trial (i.e. with daily supervision, medication reminders, in a setting that 

patients already visited daily for their iOAT medication) to a group of patients with similar 

characteristics to those in the Dutch trial (i.e. engaging in long-term opioid injection, and 

crack cocaine smoking). In the current environment of elevated risk of illicit stimulant use, 
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other settings are seeking to offer patients access to pharmacological treatments for 

stimulant use disorder, including dextroamphetamine. The logistical aspects of the clinical 

setting, and capacity for procedures to improve retention (e.g. medication reminders) will 

be important consideration to factor into decisions relating to how such treatments can be 

integrated into the care setting. 

 

The role of interdisciplinary implementation research efforts 

Oftentimes, treatment providers are faced with implementation barriers, including a lack of 

knowledge, resources, or personally held negative attitudes toward interventions (427). As 

such, in moving evidence for effective interventions for stimulant use disorder to practice, 

implementation research has an important role to play with respect to identifying the 

specific processes and factors that are associated with successful integration of evidence-

based interventions within particular settings (428). 

 

The problem of slow implementation is not specific to substance use treatment, but is 

present across medicine, where it has been suggested that on average, it takes 

approximately 17 years to translate research findings to practice (429). Nevertheless, 

public health research efforts have historically played a critical role in addressing crises 

relating to substance use and infectious disease. Policies, collaborations, and focus on 

evidence-based practices have guided these systems changes which have been grounded 

firmly in addiction science (430). 

 

Many Crosstown Clinic patients who received dextroamphetamine achieved reductions in 

cocaine use and craving. In 2019 the Crosstown Clinic’s clinical team partnered with 
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researchers (H.N.P and Dr. Oviedo-Joekes) on a project funded by Providence Health 

Care’s Knowledge Translation Challenge to promote the practice of dextroamphetamine 

prescribing in iOAT clinics in Canada (431). The project focused on identifying system 

level barriers and supports to implementation, and on communicating evidence about the 

practice of dextroamphetamine to potential prescribers. Knowledge translation efforts to 

date have included a presentation at the Canadian Society of Addiction Medicine Annual 

Conference (432), dissemination of an evidence summary (See Appendix Q: 

Dextroamphetamine Evidence Summary) (433), sharing of dosing protocols with interested 

prescribers, a patient story telling article (434), and patient case report (currently under 

review for publication). These efforts have contributed to the initiation of 

dextroamphetamine prescribing by prescribers across Canada (in Alberta, New Brunswick, 

and Ontario) and have generated interest from researchers in Seattle planning to begin a 

clinical trial of stimulant replacement for methamphetamine use (435). Efforts put forth 

through the Knowledge Translation Challenge project have highlighted that in the context 

of systems willing to change, open communication between health care administrators, 

clinicians, and researchers is critical to the implementation and uptake of evidence-based 

interventions.  

 

Furthermore, beyond simply advocating for pharmacological interventions, efforts to 

understand how combination approaches could be best integrated into care are important as 

a means of responding to patients’ heterogenous patterns of use and subsequent care needs 

(122). For example, participants in the present study reported their desire for access to 

pharmacological treatment interventions, but also for a network of peers with similar 
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substance use goals. Support groups and psychosocial services can be resource intensive 

and thus implementation research and practice efforts could continue to focus on how these 

supports could be offered in a way that both meets patients’ needs and remains feasible for 

the health system. These collaborative efforts on the part of interdisciplinary teams of 

public health researchers, health care administrators, clinicians, and people with lived 

experience can serve to continue to move the evidence and eventual practice toward an 

integrated system of care, offering a comprehensive range of options to meet the treatment 

needs and improve outcomes for people with stimulant use disorder.  

 

6.4 Conclusion 

In conclusion, it is important to reiterate the high prevalence of cocaine use among patients 

in iOAT care settings. Systems of support can be built up around patients, to complement 

the existing skills and expertise they hold with respect to managing their use of cocaine. 

While efforts to determine the most effective interventions are ongoing, the presented 

dissertation findings suggest that the integration of supports will benefit from relying on 

patients as experts, to take into account the great heterogeneity that exists in motivations 

for use and social-structural influences on use. Specific patterns of cocaine use have been 

identified over time, and have been explained by key demographic, social, health, 

treatment, and drug use factors. These factors can be used to support care providers in 

planning and adjusting programs to meet the needs of a diversity of people who use 

cocaine in OAT care settings. Efforts to further advance treatment for people who use 

cocaine will require collaboration among decision makers, health service providers, 

patients, and researchers. Public health researchers can continue to contribute to these 
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efforts by developing standardized measures that: 1) capture influences on cocaine use that 

are of relevance to patients; and 2) have not been investigated to date, such as structural 

vulnerabilities and motivations for use. This research can be extended outside of the 

specific setting of iOAT to broader populations who use both stimulants and opioids 

concurrently.  
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Appendices 

Appendix A: Memo: Sampling people reporting less than daily stimulant use 

Date: July 5th 2017 

Sampling of participants thus far has included only those that reported daily stimulant use, 

with the expectation that these participants could provide rich insights over the experience 

of engaging in stimulant use in the iOAT care setting. Participants’ descriptions are 

revealing insights around reasons for using stimulants, personal reflections on use, and the 

emergence of goals in other areas of life. The current daily use of stimulants was 

associated with significant efforts in terms of time and money. Even where participants did 

not specifically outline personal “goals”, there was recognition that their stimulant use was 

taking away from the possibility of engaging in other activities. For example, Mathew (#4) 

discussed how his use interferes with the possibility of taking on other recreational 

activities:  

“The money and time and energy I am putting towards that takes away from your know 

other aspects, like creating or enjoying art, or music or film, skateboarding, whatever 

right.” 

Other participants similarly described having broader personal goals such as reconnecting 

with family but saw these as goals for the future. Andy (#7) a participant that used cocaine 

daily described his dependence on cocaine and that he did not currently see change in this 

dependence as possible:  

 

“Well I would like to hook up more with my family. I have tried calling my son. He called 

me back once and we just left messages. That’s important to me… I miss my family, quite a 
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bit. I used to spend my money on that. I have got grandkids too, and I just, I took off from 

them all quite a few years ago, ten years ago, I came to Vancouver from the island. We 

have gotten out of touch. I like to escape from that hey, it makes me feel depressed a little 

and it’s hard to fit in my own skin. It’s easier if I am high, to stand myself. That way you 

know, you wake up and realize that you don’t like yourself and the only way you can like 

yourself is to do more dope, and when you do the dope you hate yourself for doing more 

dope and so … I would like it to be different. I would like to be able to not have to use it all 

the time. Not to be addicted to anything, but I don’t think my body could go through it. I 

don’t think I could live without it. I don’t have the energy.” 

 

It is clear from the descriptions of the first seven interview participants who broader goals 

exist, but that the daily use of stimulants is a resource intensive activity (time, money) and 

thus limits the potential to engage in efforts toward goals. To understand the connection 

between iOAT engagement and stimulant use, further probing into participants’ broader 

life goals is required. Given it seems that the burden of daily stimulant use is hindering 

some participants’ efforts to achieve or work toward these goals, participants who use 

stimulants less frequently (less than daily) might be able to expand on this relationship. For 

example, it is possible that there are participants at Crosstown Clinic that have reduced 

their stimulant use from daily to non-daily. These participants may be able to speak to 

efforts they made to move from daily to non- daily use, and how broader personal goals 

might or might not have played a role in this shift. These participants can respond to 

questions around how their personal goals were defined and achieved, and how stimulant 

use was related to the development and or achievement of these goals.  
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Appendix B: Memo: Sampling former iOAT patients  

Date: July 25th 2017  

Participants who were not daily users of stimulants were interviewed, following reflection 

after the first 7 interviews and the determination that there was a further relationship to be 

explored between participants’ use of stimulants and their broader personal goals. It was 

hypothesized that participants not reporting daily stimulant use might be engaged in other 

daily activities, or efforts to achieve broader personal goals like reconnecting with family 

or finding other activities to pass time with.  

 

The next three interviews were with people not reporting daily use, and each of them 

discussed reductions in their use as related to their iOAT access, and described access to 

other positive activities. For example, one participant that had reduced her cocaine use 

from daily to non- daily said:  

 

“I think that with more stability and feeling better about myself. I was craving it less. That 

simply comes from Crosstown and the medication every day. Being able to get out and just 

do things. If I want to work, I can work, or seeing family, it all goes down to getting the 

meds there… I still get cravings and I just try to do different things to try to get my mind off 

it. … swimming rollerblading just going for a walk go to crab park, watch TV, or write. 

Whatever I feel like doing at the time.” (Pam #9) 

 

Some participants who had reduced their use similarly discussed taking on alternative 

activities, and taking action toward these broader goals, such as participant #9. I expect 
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that this may not be representative of the range of iOAT participants, many of whom might 

not have physical mobility, or social or material resources to engage in these types of 

activities.  

 

It could then be important to sample participants who are no longer currently receiving 

iOAT or are not receiving iOAT daily. This might outline some of the challenges of 

engaging in stimulant use in iOAT care that are not experienced or reported by participants 

represented in the sample to date.  

 

Questioning of former iOAT patients could include a focus on questions such as:   

• Why did they disengage from iOAT? How does this relate to their cocaine use? 
• Did their stimulant use interfere with or interrupt their engagement with iOAT?  
• Do they have unique experiences relating to motivations or reasons for use? 

 

In addition: it will be important to ensure that further sampling of participants incorporates 

questions about the resources available (e.g. like #9 do they have access to/capacity to do 

physical activities, or have a social network) In addition, drawing connections to reasons 

for use will be important, is it feasible to just replace cocaine use with other activities if 

you report being “dependent” on cocaine?  
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Appendix C: Memo: Reflection on line of questioning to connect stimulant use and 

iOAT access 

Date: August 10th 2017 

The participant descriptions make a clear connection between access to a stable opioid at 

Crosstown Clinic and distance from the street environment, where he is no longer required 

to hustle for an opioid, and this means less of a connection to the street hustle for cocaine 

too. This is something that can be further probed in future interviews, does regular access 

to iOAT lessen contact with the street environment for heroin (we know from prior studies 

this is true for most)? If so, how does this affect other drug use? 

Interview Excerpt: 

HP: Ok and then I know you said you have your set times where you go to the clinic so 

where does the crack fit into your day amongst all of that? 

P: Well it’s not something I plan it’s something that just happens right. Usually in the 

morning I go for my shot and then I go home and I get my morning 10$ rock like people 

have a morning coffee. When I leave here and I will go home and get my 10$ rock. 

Whether I came here or not that is my routine. I take my dog for a walk and then I go for 

my afternoon shot and come home and have my afternoon rock.  Or, you know Unless 

something out of my sphere of knowledge happens. Like if I run into somebody, you know, 

people go hey [name] lets go for a coffee or hey [name] let’s go for a toke. But it’s not my 

driving force anymore either. Like my whole life is not focused on going and getting more 

crack, more crack. Like it used to be when I was a crack head. Laughs 

HP: So, when did that change for you? 

P: It changed when I started here. That driving force, yeah.  
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HP: And being [here] at the clinic, what changed there? 

P: Probably a combination of things. The stability of the program gave me a wakeup call 

to stop chasing the dope, you know. That is the one bad thing about crack, cocaine in 

general, I think. The first one is always the best and you are chasing that the rest of the 

time. That was the way it was when I was chasing coke. Once and a hundred is not enough.  

HP: Is it like that now with the crack? 

P: No, it isn’t. No. I am just I am you know like that was chasing dope was my whole life 

before and it’s become. I don’t know what my whole life is anymore but it’s not that. And I 

am happy for that. I don’t know whether it’s because I am getting older, or because of the 

program, or what. Or maybe it’s a combination of everything. But I am happy I am not, my 

whole life is not focused on (panting…) … 

HP: Ok, and when you say chasing the dope you are referring to heroin or cocaine or… 

P: Everything, all of it. Yah.  

HP: So then being at Crosstown meant you didn’t have to chase the heroin, so did that 

affect your cocaine use? 

P: It did affect the cocaine use because it took me away from the trenches of the street 

right. I was always a hustler I was always down there; my life was buying dope to sell it to 

get more dope. Just more and more and more, more, more was the operative word. And 

now that I don’t have to do that for the down it sort of rubs off on the other drugs too right. 

More stability in my life enabled me not to have to do that. Unless I want, to not because I 

have to right. 
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Appendix D:  Memo: How does iOAT offer “control” with respect to cocaine use? 

Date: August 25th 2017 

This participant’s description builds a clear connection between having access to a safe and 

stable opioid and reducing his cocaine use. He explained that the sense of “fear” and 

uncertainty relating to not knowing what the next day would bring (i.e. dope sickness, and 

having to secure a supply of opioids) meant he would spend all his money on “dope” 

(cocaine and opioids). The certainty of a supply of safe opioids at the clinic eased up that 

fear, and “slowed down the cravings” for cocaine.  

 

HP: Okay. And can you maybe share a bit more about how you think this change happened 

since coming to Crosstown? 

 

P: it has just slowed down the cravings have slowed down a bit, I don’t know 100% why 

but it’s just probably because there is no more fear of not having the down right. Like not 

being dope sick and stuff. I don’t know how that comes into terms and relates to it but it 

just seems to be different. It seems to be easier now to not chase after the rock. Before 

when we got a chunk of money, we would spend it all right. You never knew what 

tomorrow was going to bring, now that we know that we are going to wake up tomorrow 

now we don’t spend it all on dope anymore. We have other things to wake up to, I think. 

 

This echoes what some others have referred to in prior interviews, for example, an early 

interview with a woman using almost daily for many years described her cocaine use now 

being “manageable”. This management of use was allowed by not having to “spend all my 
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waking hours getting my drug habit, my heroin habit taken care of”. The idea that use is 

“manageable” has some overlap potentially with the “control” that the participant above is 

speaking of. In the following interviews it will be important to see if reflections of a new 

found sense of “control” are outlined- recognizing that there might be broader depictions 

of control, without using the word “control”--- e.g. a sense that use is “manageable” of 

having “ease” in the crack habit as the participant below outlines: 

 

P: Well I have been using crack for a long time, long time. 20 years or so and what can I 

tell you? Since I started going to the clinic my usage has gone down quite a bit and I have 

gotten down…And I would say it’s almost manageable, since I started going to the clinic, 

but… 

 

HP: what do you mean by manageable? 

 

P: I am not spending every single cent I have on it, and I am not um… standing on the 

corner waiting for a drug dealer all the time, how else can I put it? Because I don’t have 

to spend all my waking hours getting my drug habit, my heroin habit taken care of, you 

know? That used to take up a big chunk of my day, and I would worry about it because I 

didn’t have a lot of money. The fact that I am not spending all my money on heroin, frees 

up money for other things, and sets some kind of ease as far as my crack habit goes, 

because I have more money.  
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Appendix E: Memo: Reflection on “Stages of Change”   

Date: Jan 10th 2018 

Participants’ descriptions revealed a progression in many aspects of their lives since 

engaging in treatment with injectable opioids. For some, this included changes in the use of 

stimulants. Some participants outlined goals of reducing their use, and described different 

actions they took to make this reduction a reality, and to maintain these reductions. This 

progression led me to literature on stages of change, including the transtheoretical model 

(TTM), developed by Prochaska and DiClemente in the late 1970s to examine the 

experiences of people attempting to quit smoking. The model has been adapted to recovery 

settings, and programs, for example, SMART recovery training, the goal typically being 

abstinence.  

 

The TTM is focused on the view that in adopting new patterns of behavior people move 

through a sequence of stages from no intention to change (pre-contemplation) to 

contemplation (intention to change), to action (adopt behavior (e.g. abstinence) but not 

regularly), to maintainers (performing behavior regularly). The TTM has faced a number 

of criticisms, which I investigated as related to the data and determined that it was not 

suitable to understanding and explaining participants’ experiences of stimulant use in the 

setting of iOAT.  

 

For example, Bandura has written about some of the challenges of stage theories, and notes 

that while they were growing as guiding schemes in the 1990s in the field of health 

research, they were undergoing a “dignified burial” in the field of psychology (Flavell, 
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1978) due to these many criticisms. Nevertheless, stage theories are still used in recovery 

models and treatment programs (e.g. ongoing SMART Recovery meetings offered in 

Vancouver). He notes a number of flaws in the TTM, stating for example, that in those that 

simply stop smoking cigarettes and stay abstinent, there is no progression through stages. 

Furthermore, genuine stage progression does not permit cycling through the stages but it is 

known that people move through periods of abstinence, use, reductions, relapse, etc. as 

outlined in the present study. He notes that people do not “fit neatly into prefixed 

categories”, and that even genuine stage theories are at best “descriptive, rather than a 

dynamic process model”. 

 

In considering the dynamic changes in use experienced both within and between 

participants, and the range of factors relating to these changes, work referring to self-

regulation of substance use, and the role of social and environmental influences was 

determined to be more fitting to the emerging analysis. Furthermore, in considering 

participants’ discussions of the role of social support and desire for treatment supports, 

Bandura’s work on collective efficacy was explored. This work recognized that 

participants’ self-regulation and self-efficacy could be driven by the perceived 

“impediments and opportunities in the social environment”. This recognition of the role of 

social and environmental conditions was important to reflect, given participants referenced 

aspects of their social relationships and environmental conditions (e.g. housing, partner’s 

substance use) as related to their stimulant use. 
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Appendix F:  Characteristics of study visits by cocaine use groupings 

Table F1. Characteristics of study visits over the 24-month study period by crack cocaine use 

 Total 
observations 

No crack 
cocaine use 

Crack  
cocaine use 

p value 

 
N=1116 
(100%) 

Mean ± SD / 
 N (%) 

N=495 
(44.4%) 

Mean ± SD /  
N (%) 

N=621 
(55.6%) 

Mean ± SD /  
N (%)  

Demographic characteristics(a) 
    

Gender (woman)  363 (32.4) 104 (21.0) 259 (41.5) <0.001 
Ethnicity (Indigenous) 369 (33.1) 129 (26.1) 240 (38.7) <0.001 
Age (years) 45.16 ± 9.16 44.08 ± 8.94 46.01 ± 9.25 <0.001 
Education (high school or higher) 565 (50.6) 282 (57.0) 283 (45.6) <0.001 
Health characteristics(b) 

    

Lifetime chronic condition interfering with life 630 (56.5) 285 (57.6) 345 (55.6) 0.499 
Physical health score  21.38 ±11.61 20.65 ± 11.38 21.95 ± 11.76 0.031 
Psychological health score 9.02 ± 8.53 9.19 ± 8.45 8.90 ± 8.60 0.293 
Quality of life score  0.77 ± 0.22 0.77 ± 0.22 0.77 ± 0.02 0.655 
Any depression  408 (36.6) 186 (37.6) 222 (35.8) 0.542 
Any anxiety 499 (44.8) 215 (43.4) 284 (45.8) 0.429 
Any problems concentrating, understanding or 
remembering things 

457 (41.0) 205 (41.4) 253 (40.7) 0.813 

Substance use characteristics(c) 
    

Days of cocaine use 10.92 ± 12.42 3.77 ± 8.51 16.61 ± 12.10 <0.001 
Days crack cocaine use 8.32 ± 11.65 0 14.94 ± 12.06 <0.001 
Days cocaine powder 3.71 ± 8.21 3.67 ± 8.39 3.74 ± 8.06 0.559 
Days illicit opioid use 11.60 ± 12.45 10.66 ± 12.21 12.36 ± 12.60 0.013 
Days crystal methamphetamine use 3.70 ± 7.69 5.16 ± 8.87 2.52 ± 6.33 <0.001 
Ever regularly use cocaine 992 (88.9) 412 (83.2) 580 (93.4) <0.001 
Lifetime years cocaine use 12.72 ± 8.76 10.54 ± 8.54 14.45 ± 8.55 <0.001 
Lifetime years heroin use 15.66 ± 9.46 14.36 ± 8.97 16.68 ± 9.72 <0.001 
Treatment history(d) 

    

Baseline number days receiving MMT  16.42 ± 13.64 16.62 ± 13.59 16.26 ± 13.69 0.328 
Number of MMT attempts since 1995 4.99 ± 3.42 4.88 ± 3.41 5.06 ± 3.43 0.187 
Housing characteristics(e) 

    

Prior 3 years non-stable housing 766(68.6) 314 (63.4) 452 (72.8) 0.001 
Prior month non-stable housing 685(61.4) 283 (57.2) 402 (64.7) 0.010 
Prior 3 years lived in street places 249(22.3) 129 (26.1) 120 (19.3) 0.007 
Prior month lived in street places 47(4.2) 24 (4.9) 23 (3.7) 0.340 
Social relationships(f) 

    

Intimate partner 361(32.7) 152 (31.1) 209 (34.0) 0.308 
Living with someone who uses psychoactive drugs 295(26.6) 123 (25.0) 172 (27.9) 0.273 
Living alone 732(65.8) 329 (66.5) 403 (65.2) 0.661 
Spends most of free time alone 586(52.5) 281 (56.8) 305 (49.1) 0.011 
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 Total 
observations 

No crack 
cocaine use 

Crack  
cocaine use 

p value 

 
N=1116 
(100%) 

Mean ± SD / 
 N (%) 

N=495 
(44.4%) 

Mean ± SD /  
N (%) 

N=621 
(55.6%) 

Mean ± SD /  
N (%)  

Spends most of free time with friends of family who 
use psychoactive drugs 

424(38.0) 163 (32.9) 261 (42.0) 0.002 

Spends most of free time with friends or family who 
don’t use psychoactive drugs 

103(9.2) 50 (10.1) 53 (8.5) 0.369 

Income sources(g) 
    

Any employment income  256(22.9) 125 (25.3) 131 (21.1) 0.101 
Days drug dealing  5.81±10.88 4.44 ± 9.57 6.90 ± 11.73 <0.001 
Days property theft  1.31±5.44 1.20 ± 5.10 1.40 ± 5.69 0.273 
Days sex work  1.02±4.31 0.68 ± 3.69 1.31 ± 4.72 0.008 
HDM/DAM Engagement (h) 

    

Days receiving oral or injectable HDM or DAM 16.21 ± 14.29 16.84 ± 14.28 15.72 ± 14.29 0.097 

Footnotes: MMT= methadone maintenance treatment; HDM=hydromorphone; DAM=diacetylmorphine. Variables that refer to lifetime period 
were reported at baseline. All other variables are time-varying and refer to prior month period. (a) Demographics: Three participants self-identified 
as transgender women are included in the analyses as women. Indigenous ancestry reflects all those reporting First Nations, Metis, or Inuit ancestry. 
Reference is non-Indigenous: Caucasian and other. Age is a time-varying covariate, reflecting each participant’s age at the time of each interview.  
(b) Health: Physical health: Opiate Treatment Index. Higher score = poorer health. Score range from 0-49, each point reflects the presence of 1 
symptom in the prior month. Psychological health: Maudsley Addiction Profile. Higher score = poorer health. Scores range from 0 (no symptoms 
present) to 40. Quality of life score was derived from the EQ-5D with Canadian weights. Scores range from 0-1; higher score=better quality of life. 
Anxiety, and problems understanding, remembering, concentrating: psychological health section of the EuropASI. Chronic condition: a condition 
that participants identified as interfering with their daily lives reported at baseline in the Medical section of the EuropASI. (c) Substance use: Any 
cocaine= cocaine powder or crack cocaine. Any illicit opioid = heroin, fentanyl, hydromorphone, etc. Regular use = using at least 3 days per week. 
(d) Treatment history data were retrieved from provincial drug dispensation database (PharmaNet). Records date back to 1995. New treatment 
attempts reflect MMT restarts after 30 days or more with no treatment. (e) Housing: Variables refer to reporting at least one day in the reference 
period. Non-stable housing=  single resident occupancy hotel rooms with restrictions or living with a family or friend; Living in street places = 
living in any of the following places: indoor public place (e.g. train station), abandoned building, private vehicle, tent, on street or outside. (f) 
Social relationship variables were retrieved from the social relationships section of the EuropASI. (g) Income: Employment income reflects at 
least one day of income from licit work in the prior month retrieved from the EuropASI’s employment section. Days drug dealing, property theft, 
and sex work were retrieved from the EuropASI. (h) HDM or DAM: prior month days receiving oral or injectable HDM or DAM is derived from 
the Crosstown Clinic’s clinical database (range: 0-30 days).   
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Table F2. Characteristics of study visits over the 24-month study period by cocaine powder 

use  

 Total  
No cocaine 
powder use 

Cocaine 
powder use 

p value 
  

 
N=1118  
(100%) 

Mean ± SD /  
N (%) 

N=720 
(64.4%) 

Mean ±SD / 
 N (%) 

N=398 
(35.6%) 

Mean ±SD /  
N (%) 

 

Demographic characteristics(a) 
    

Gender (woman)  363 (32.4) 238 (33.1) 125 (31.4) 0.573 
Ethnicity (Indigenous) 368 (32.9) 239 (33.19) 129 (32.4) 0.790 
Age (years) 45.16 ± 9.16 45.09 ± 9.54 45.29±8.44 0.366 
Education (high school or higher) 567 (50.7) 359 (49.9) 208 (52.3) 0.442 
Health characteristics(b) 

    

Lifetime chronic condition interfering with life 631 (56.4) 414 (57.5) 217 (54.5) 0.336 
Physical health score  21.34 ± 11.62 20.12 ± 11.30 23.57 ± 11.97 <0.001 
Psychological health score 9.02 ± 8.53 8.32 ± 8.28 10.29 ± 8.83 <0.001 
Quality of life score  0.77 ± 0.22 0.78 ± 0.22 0.74 ± 0.22 0.002 
Any depression  409 (36.6) 242 (33.7) 167 (42.0) 0.006 
Any anxiety 499 (44.6) 293 (40.8) 206 (51.8) 0.001 
Any problems concentrating, understanding or 
remembering things 

458 (41.0) 277 (38.6) 181 (45.5) 0.025 

Substance use characteristics(c) 
    

Days of cocaine use 10.89 ± 12.41 7.68 ± 11.44 16.73 ± 11.98 <0.001 
Days crack cocaine use 8.29 ± 11.65 7.55 ± 11.33 9.63 ± 12.08 0.002 
Days cocaine powder 3.72 ± 8.23 0 10.46 ± 10.97 <0.001 
Days illicit opioid use 11.56 ± 12.45 10.63 ± 12.12 13.26 ± 12.84 0.010 
Days crystal methamphetamine use 3.70 ± 7.69 4.11 ± 8.12 2.98 ± 6.82 0.010 
Ever regularly use cocaine 993 (91.2) 634 (88.1) 359 (90.2) 0.276 
Lifetime years cocaine use 12.72 ± 8.75 11.78 ± 8.40 14.39 ± 9.13 <0.001 
Lifetime years heroin use 15.65 ± 9.45 15.57 ± 9.68 15.81 ± 9.04 0.337 
Treatment history(d) 

    

Baseline number days receiving MMT  16.44 ± 13.64 16.68 ± 13.50 16.03 ± 13.90 0.222 
Number of MMT attempts since 1995 4.99 ± 3.42 5.20 ± 3.52 4.60 ± 3.21 0.002 
Housing characteristics(e) 

    

Prior 3 years non-stable housing 767 (68.6) 499 (69.3) 268 (67.3) 0.497 
Prior month non-stable housing 686 (61.4) 443 (61.5) 243 (61.1) 0.877 
Prior 3 years lived in street places 251 (22.5) 167 (23.2) 84 (21.1) 0.423 
Prior month lived in street places 47 (4.2) 27 (3.8) 20 (5.0) 0.309 
Social relationships(f) 

    

Intimate partner 360 (32.6) 233 (32.8) 127 (32.2) 0.833 
Living with someone who uses psychoactive drugs 295 (26.5) 190 (26.5) 105 (26.5) 0.994 
Living alone 734 (65.8) 466 (65.0) 268 (67.3) 0.429 
Spends most of free time alone 588 (52.6) 361 (50.1) 227 (57.0) 0.027 
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 Total  
No cocaine 
powder use 

Cocaine 
powder use 

p value 
  

 
N=1118  
(100%) 

Mean ± SD /  
N (%) 

N=720 
(64.4%) 

Mean ±SD / 
 N (%) 

N=398 
(35.6%) 

Mean ±SD /  
N (%) 

 

Spends most of free time with friends of family who 
use psychoactive drugs 

423 (37.8) 276 (38.3) 147 (36.9) 0.644 

Spends most of free time with friends or family who 
don’t use psychoactive drugs 

104 (9.3) 81 (11.3) 23 (5.8) 0.003 

Income sources(g) 
    

Any employment income  256 (22.9) 168 (23.3) 88 (22.1) 0.641 
Days drug dealing  5.77 ± 10.86 5.50 ± 10.71 6.26 ± 11.10 0.135 
Days property theft  1.31 ± 5.43 0.74 ± 3.82 2.34 ± 7.42 <0.001 
Days sex work  1.03 ± 4.30 1.03 ± 4.49 1.01 ± 3.94 0.469 
HDM/DAM Engagement (h) 

    

Days receiving oral or injectable HDM or DAM 16.24 ± 14.29 16.74 ± 14.19 15.32 ± 14.44 0.055 

Footnotes: MMT= methadone maintenance treatment; HDM=hydromorphone; DAM=diacetylmorphine. Variables that refer to lifetime period 
were reported at baseline. All other variables are time-varying and refer to prior month period. (a) Demographics: Three participants self-identified 
as transgender women are included in the analyses as women. Indigenous ancestry reflects all those reporting First Nations, Metis, or Inuit ancestry. 
Reference is non-Indigenous: Caucasian and other. Age is a time-varying covariate, reflecting each participant’s age at the time of each interview.  
(b) Health: Physical health: Opiate Treatment Index. Higher score = poorer health. Score range from 0-49, each point reflects the presence of 1 
symptom in the prior month. Psychological health: Maudsley Addiction Profile. Higher score = poorer health. Scores range from 0 (no symptoms 
present) to 40. Quality of life score was derived from the EQ-5D with Canadian weights. Scores range from 0-1; higher score=better quality of life. 
Anxiety, and problems understanding, remembering, concentrating: psychological health section of the EuropASI. Chronic condition: a condition 
that participants identified as interfering with their daily lives reported at baseline in the Medical section of the EuropASI. (c) Substance use: Any 
cocaine= cocaine powder or crack cocaine. Any illicit opioid = heroin, fentanyl, hydromorphone, etc. Regular use = using at least 3 days per week. 
(d) Treatment history data were retrieved from provincial drug dispensation database (PharmaNet). Records date back to 1995. New treatment 
attempts reflect MMT restarts after 30 days or more with no treatment. (e) Housing: Variables refer to reporting at least one day in the reference 
period. Non-stable housing=  single resident occupancy hotel rooms with restrictions or living with a family or friend; Living in street places = 
living in any of the following places: indoor public place (e.g. train station), abandoned building, private vehicle, tent, on street or outside. (f) 
Social relationship variables were retrieved from the social relationships section of the EuropASI. (g) Income: Employment income reflects at 
least one day of income from licit work in the prior month retrieved from the EuropASI’s employment section. Days drug dealing, property theft, 
and sex work were retrieved from the EuropASI. (h) HDM or DAM: prior month days receiving oral or injectable HDM or DAM is derived from 
the Crosstown Clinic’s clinical database (range: 0-30 days).   
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Table F3. Characteristics of study visits over the 24-month study period by both crack 

cocaine and cocaine powder use  

 Total 
 

No use or use 
of only one 

type of 
cocaine 

Both crack 
cocaine and 

cocaine 
powder 

p value 
 

 
N=1119  
(100%) 

Mean ± SD / 
 N (%) 

N=886 
(79.2%) 

Mean ± SD / 
 N (%) 

N=233 
(20.8%) 

Mean ± SD /  
N (%) 

  

Demographic characteristics(a) 
    

Gender (woman)  363 (32.4) 271 (30.6) 92 (39.5) 0.010 
Ethnicity (Indigenous) 369 (33.0) 272 (30.7) 97 (41.6) 0.002 
Age (years) 45.16 ± 9.16 45.22 ± 9.22 44.94 ± 8.95 0.333 
Education (high school or higher) 552 (49.3) 426 (48.1) 226 (54.1) 0.103 
Health characteristics(b) 

    

Lifetime chronic condition interfering with life 631 (56.4) 512 (57.8) 119 (51.1) 0.067 
Physical health score  21.34 ± 11.62 20.37 ± 11.38 25.03 ± 11.79 <0.001 
Psychological health score 9.02 ± 8.53 8.70 ± 8.52 10.24 ± 8.47 0.008 
Quality of life score  0.77 ± 0.22 0.78 ± 0.22 0.74 ± 0.22 0.008 
Any depression  409 (36.6) 315 (35.6) 94 (40.3) 0.180 
Any anxiety 499 (44.6) 374 (42.3) 125 (53.7) 0.002 
Any problems concentrating, understanding or 
remembering things 

458 (41.0) 340 (38.5) 118 (50.6) 0.001 

Substance use characteristics(c) 
    

Days of cocaine use 10.92 ± 12.42 8.42 ± 11.56 20.41 ± 10.90 <0.001 
Days crack cocaine use 8.31 ± 11.65 6.17 ± 10.66 16.42 ± 11.72 <0.001 
Days cocaine powder 3.72 ± 8.23 2.08 ± 6.60 9.95 ± 10.55 <0.001 
Days illicit opioid use 11.58 ± 12.45 11.02 ± 12.33 13.73 ± 12.68 0.002 
Days crystal methamphetamine use 3.70 ± 7.69 3.99 ± 8.02 2.62 ± 6.18 0.008 
Ever regularly use cocaine 

    

Lifetime years cocaine use 12.72 ± 8.75 11.69 ± 8.51 16.57 ± 8.60 <0.001 
Lifetime years heroin use 15.66 ± 9.45 15.42 ± 9.51 16.55 ± 9.19 0.052 
Treatment history(d) 

    

Baseline number days receiving MMT  12.74 ± 14.02 11.75 ± 13.80 16.50 ± 14.26 <0.001 
Number of MMT attempts since 1995 4.99 ± 3.42 5.11 ± 3.43 4.53 ± 3.39 0.01 
Housing characteristics(e) 

    

Prior 3 years non-stable housing 768 (68.6) 603 (68.1) 165 (70.8) 0.42 
Prior month non-stable housing 687 (61.4) 535 (60.4) 152 (65.2) 0.176 
Prior 3 years lived in street places 251 (22.4) 218 (24.6) 33 (14.2) 0.001 
Prior month lived in street places 47 (4.20) 38 (4.3) 9 (3.9) 0.773 
Social relationships(f) 

    

Intimate partner 361 (32.6) 285 (32.6) 76 (32.8) 0.957 
Living with someone who uses psychoactive drugs 296 (26.6) 236 (26.8) 60 (26.0) 0.81 
Living alone 734 (65.8) 573 (64.9) 161 (69.1) 0.229 
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 Total 
 

No use or use 
of only one 

type of 
cocaine 

Both crack 
cocaine and 

cocaine 
powder 

p value 
 

 
N=1119  
(100%) 

Mean ± SD / 
 N (%) 

N=886 
(79.2%) 

Mean ± SD / 
 N (%) 

N=233 
(20.8%) 

Mean ± SD /  
N (%) 

  

Spends most of free time alone 588 (52.6) 460 (51.9) 128 (54.9) 0.412 
Spends most of free time with friends of family who 
use psychoactive drugs 

424 (37.9) 334 (37.7) 90 (38.6) 0.795 

Spends most of free time with friends or family who 
don’t use psychoactive drugs 

104 (9.3) 90 (10.2) 14 (6.0) 0.052 

Income sources(g) 
    

Any employment income  256 (22.9) 209 (23.6) 47 (20.2) 0.269 
Days drug dealing  5.79 ± 10.87 5.32 ± 10.60 7.63 ± 12.06 0.002 
Days property theft  1.31 ± 5.43 1.01 ± 4.65 2.46 ± 7.61 <0.001 
Days sex work  1.03 ± 4.31 1.01 ± 4.44 1.07 ± 3.72 0.424 
HDM/DAM Engagement (h) 

    

Days receiving oral or injectable HDM or DAM 16.22 ± 14.29 16.46 ± 14.28 15.30 ± 14.32 0.134 

Footnotes: MMT= methadone maintenance treatment; HDM=hydromorphone; DAM=diacetylmorphine. Variables that refer to lifetime period 
were reported at baseline. All other variables are time-varying and refer to prior month period. (a) Demographics: Three participants self-identified 
as transgender women are included in the analyses as women. Indigenous ancestry reflects all those reporting First Nations, Metis, or Inuit ancestry. 
Reference is non-Indigenous: Caucasian and other. Age is a time-varying covariate, reflecting each participant’s age at the time of each interview.  
(b) Health: Physical health: Opiate Treatment Index. Higher score = poorer health. Score range from 0-49, each point reflects the presence of 1 
symptom in the prior month. Psychological health: Maudsley Addiction Profile. Higher score = poorer health. Scores range from 0 (no symptoms 
present) to 40. Quality of life score was derived from the EQ-5D with Canadian weights. Scores range from 0-1; higher score=better quality of life. 
Anxiety, and problems understanding, remembering, concentrating: psychological health section of the EuropASI. Chronic condition: a condition 
that participants identified as interfering with their daily lives reported at baseline in the Medical section of the EuropASI. (c) Substance use: Any 
cocaine= cocaine powder or crack cocaine. Any illicit opioid = heroin, fentanyl, hydromorphone, etc. Regular use = using at least 3 days per week. 
(d) Treatment history data were retrieved from provincial drug dispensation database (PharmaNet). Records date back to 1995. New treatment 
attempts reflect MMT restarts after 30 days or more with no treatment. (e) Housing: Variables refer to reporting at least one day in the reference 
period. Non-stable housing=  single resident occupancy hotel rooms with restrictions or living with a family or friend; Living in street places = 
living in any of the following places: indoor public place (e.g. train station), abandoned building, private vehicle, tent, on street or outside. (f) 
Social relationship variables were retrieved from the social relationships section of the EuropASI. (g) Income: Employment income reflects at 
least one day of income from licit work in the prior month retrieved from the EuropASI’s employment section. Days drug dealing, property theft, 
and sex work were retrieved from the EuropASI. (h) HDM or DAM: prior month days receiving oral or injectable HDM or DAM is derived from 
the Crosstown Clinic’s clinical database (range: 0-30 days).   
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Table F4. Characteristics of study visits over the 24-month study period by only cocaine 

powder  

 Total 

No use or 
cocaine 

powder and 
crack cocaine 

use 

Only cocaine 
powder use P value 

 1118(100%) 953(85.2%) 165(14.8%)        
Demographic characteristics(a)     
Gender (woman)  b 363(32.44) 330(34.63) 33(30.00) <0.001 
Ethnicity (Indigenous)  c 368(32.93) 336(35.26) 32(19.39) <0.001 
Age (years) 45.16±9.16 45.06±9.40 45.80±7.67 0.168 
Education (high school or higher) 567(50.72) 466(48.90) 101(61.21) 0.003 
Health characteristics(b)     
Lifetime chronic condition interfering with life  631(56.39) 533(55.93) 98(59.39) 0.407 
Physical health score f 21.34±11.62 21.32±11.57 21.52±11.95 0.4187 
Psychological health score g 9.02±8.53 8.80±8.36 10.36±9.33 0.017 
Quality of life score h 0.77±0.22 0.77±0.22 0.75±0.22 0.135 
Any depression i 409(36.58) 336(35.29) 73(44.24) 0.028 
Any anxiety i 499(44.63) 418(43.91) 81(49.09) 0.216 
Any problems concentrating, understanding or 
remembering things i 

458(41.00) 395(41.54) 63(38.18) 0.419 

Substance use characteristics(c)     
Days of cocaine use 10.89±12.43 10.79±12.56 11.51±11.53 0.245 
Days crack cocaine use  8.29±11.65 9.73±12.04 0 <0.001 
Days cocaine powder  3.72±8.23 2.43±6.74 11.18±11.51 <0.001 
Days street opioid use k 11.58±12.45 11.64±12.43 11.22±12.66 0.358 
Days methamphetamine use 3.72±7.69 3.75(7.71) 3.48(7.61) 0.336 
Ever regularly use cocaine (TIC) m 993(88.82) 856(89.82) 137(83.03) 0.011 
Lifetime years cocaine use (TIC) n 12.72±8.76 12.98±8.70 11.30±8.98 0.012 
Lifetime years street heroin use 15.65±9.45 15.80±9.56 14.74±8.75 0.093 
Treatment history (d)     
Baseline number days receiving methadone  16.44±13.64 16.61±13.54 15.50±14.23 0.169 
Lifetime number of methadone treatment attempts  4.99±3.42 5.04±3.50 4.70±2.95 0.123 
Housing characteristics(e)     
Non-stable housing in prior 3 years (TIC) d 767(68.60) 664(69.67) 103(62.42) 0.064 
Prior month Non-stable housing d 686(61.36) 595(62.43) 91(55.15) 0.076 
street housing in prior 3 years 251(22.45) 200(20.99) 51(30.91) 0.005 
prior month street housing 47(4.20) 36(3.78) 11(6.67) 0.088 
Social relationships(f)     
Intimate partner 360(32.55) 309(32.77) 51(31.29) 0.71 
Living with someone who uses psychoactive drugs 295(26.53) 250(26.40) 45(27.27) 0.815 
Living alone 734(65.77) 627(66.00) 107(64.58) 0.773 
Spends most of free time alone 588(52.59) 489(51.31) 99(60.00) 0.039 
Spends most of free time with friends of family who 
use psychoactive drugs 

423(37.84) 366(38.41) 57(34.55) 0.345 

Spends most of free time with friends or family who 
don’t use psychoactive drugs 

104(9.30) 95(9.97) 9(5.45) 0.065 

Income sources(g)     
Any employment income 256(22.90) 215(22.56) 41(24.85) 0.518 
Days drug dealing 5.77±10.86 6.01±11.08 4.35±9.32 0.036 
Days property theft 1.31±5.43 1.61±5.07 2.19±7.16 0.013 
Days sex work 1.03±4.30 1.04±4.31 0.93±4.25 0.374 
HDM/DAM engagement(h)     
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 Total 

No use or 
cocaine 

powder and 
crack cocaine 

use 

Only cocaine 
powder use P value 

 1118(100%) 953(85.2%) 165(14.8%)   
Days receiving oral or injectable HDM or DAM 16.23±14.29 16.39±14.23 15.34±14.65 0.807 

Footnotes: MMT= methadone maintenance treatment; HDM=hydromorphone; DAM=diacetylmorphine. Variables that refer to lifetime period 
were reported at baseline. All other variables are time-varying and refer to prior month period. (a) Demographics: Three participants self-
identified as transgender women are included in the analyses as women. Indigenous ancestry reflects all those reporting First Nations, Metis, or 
Inuit ancestry. Reference is non-Indigenous: Caucasian and other. Age is a time-varying covariate, reflecting each participant’s age at the time of 
each interview.  
(b) Health: Physical health: Opiate Treatment Index. Higher score = poorer health. Score range from 0-49, each point reflects the presence of 1 
symptom in the prior month. Psychological health: Maudsley Addiction Profile. Higher score = poorer health. Scores range from 0 (no symptoms 
present) to 40. Quality of life score was derived from the EQ-5D with Canadian weights. Scores range from 0-1; higher score=better quality of 
life. Anxiety, and problems understanding, remembering, concentrating: psychological health section of the EuropASI. Chronic condition: a 
condition that participants identified as interfering with their daily lives reported at baseline in the Medical section of the EuropASI. (c) 
Substance use: Any cocaine= cocaine powder or crack cocaine. Any illicit opioid = heroin, fentanyl, hydromorphone, etc. Regular use = using at 
least 3 days per week. (d) Treatment history data were retrieved from provincial drug dispensation database (PharmaNet). Records date back to 
1995. New treatment attempts reflect MMT restarts after 30 days or more with no treatment. (e) Housing: Variables refer to reporting at least one 
day in the reference period. Non-stable housing=single resident occupancy hotel rooms with restrictions or living with a family or friend; Living 
in street places = living in any of the following places: indoor public place (e.g. train station), abandoned building, private vehicle, tent, on street 
or outside. (f) Social relationship variables were retrieved from the social relationships section of the EuropASI. (g) Income: Employment 
income reflects at least one day of income from licit work in the prior month retrieved from the EuropASI’s employment section. Days drug 
dealing, property theft, and sex work were retrieved from the EuropASI. (h) HDM or DAM: prior month days receiving oral or injectable HDM 
or DAM is derived from the Crosstown Clinic’s clinical database (range: 0-30 days).   
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Table F5. Characteristics of study visits over the 24-month study period by only crack 

cocaine  

 Total 

No use of 
crack cocaine 

and cocaine 
powder use 

Only crack 
cocaine use P value 

 1116(100%) 728(65.2%) 388(34.8%)   
 

    
Demographic characteristics(a) 

    
Gender (man)  b 363(32.53) 196(26.92) 167(43.04) <0.001 
Ethnicity (Indigenous)  c 369(33.06) 226(31.04) 143(36.86) 0.049 
Age (years) 45.16±9.16 44.36±8.94 46.67±9.39 <0.001 
Education (high school or higher) 565(50.63) 289(53.43) 176(45.36) 0.01 
Health Characteristics(b)     
Lifetime chronic condition interfering with life  630(56.45) 404(55.49) 226(58.25) 0.377 
Physical health score f 21.38±11.62 22.05±11.70 20.11±11.38 0.004 
Psychological health score g 9.02±8.53 9.53±8.90 8.08±8.59 0.005 
Quality of life score h 0.77±0.22 0.76±0.22 0.78±0.22 0.053 
Any depression i 408(36.59) 280(38.46) 128(33.07) 0.075 
Any anxiety i 499(44.75) 340(46.70) 159(41.09) 0.072 
Any problems concentrating, understanding or 
remembering things i 

457(41.02) 323(44.37) 134(34.72) 0.002 

Substance Use Characteristics(c)     
Days of cocaine use 10.92±12.42 9.10±12.14 14.32±12.22 <0.001 
Days crack cocaine use  8.32±11.65 5.26±10.13 14.06±12.17 <0.001 
Days cocaine powder  3.71±8.22 0 5.68±9.59 <0.001 
Days street opioid use k 11.60±12.46 11.66±12.44 11.53±12.51 0.554 
Days methamphetamine use 3.70±7.69 4.35±8.17 2.46±6.53 <0.001 
Ever regularly use cocaine (TIC) m 992(88.89) 634(87.09) 258(92.27) 0.009 
Lifetime years cocaine use (TIC) n 12.72±8.76 12.50±9.00 13.18±8.28 0.11 
Lifetime years street heroin use 15.66±9.46 15.07±9.10 16.76±10.04 0.002 
Treatment history (d)     
Baseline number days receiving methadone  16.42±13.64 16.55±13.61 16.18±13.72 0.331 
Lifetime number of methadone treatment attempts  4.99±3.42 4.77±3.40 5.38±3.42 0.002 
Housing Characteristics(e)     
Non-stable housing in prior 3 years (TIC) d 766(68.64) 479(65.80) 287(37.47) 0.005 
Prior month Non-stable housing d 685(61.38) 435(59.75) 250(64.43) 0.126 
street housing in prior 3 years 249(22.31) 162(22.25) 87(22.42) 0.948 
prior month street housing 47(4.21) 33(4.53) 14(3.61) 0.464 
Social relationships(f)     
Intimate partner 361(32.70) 228(31.62) 133(34.73) 0.295 
Living with someone who uses psychoactive drugs 295(26.58) 183(25.28) 112(29.02) 0.179 
Living alone 732(65.77) 490(67.31) 242(62.86) 0.137 
Spends most of free time alone 586(52.51) 409(56.18) 177(45.62) 0.001 
Spends most of free time with friends of family 
who use psychoactive drugs 

424(37.99) 253(34.75) 171(44.07) 0.002 

Spends most of free time with friends or family 
who don’t use psychoactive drugs 

103(9.23) 64(8.79) 39(10.05) 0.488 
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 Total 

No use of 
crack cocaine 

and cocaine 
powder use 

Only crack 
cocaine use P value 

 1116(100%) 728(65.2%) 388(34.8%)   
Income sources(g)     
Any employment income 256(22.94) 172(23.63) 84(21.65) 0.454 
Days drug dealing 5.81±10.89 5.45±10.52 6.47±11.53 0.069 
Days property theft 1.31±5.44 1.60±6.05 0.77±4.01 0.007 
Days sex work 1.03±4.31 0.81±3.70 1.45±5.24 0.009 

 
 

HDM/DAM engagement(h)     
Days receiving oral or injectable HDM or DAM 16.21±14.30 16.32±14.31 16.01±14.28 0.636 

Footnotes: MMT= methadone maintenance treatment; HDM=hydromorphone; DAM=diacetylmorphine. Variables that refer to lifetime period 
were reported at baseline. All other variables are time-varying and refer to prior month period.  
 
(a) Demographics: Three participants self-identified as transgender women are included in the analyses as women. Indigenous ancestry reflects 
all those reporting First Nations, Metis, or Inuit ancestry. Reference is non-Indigenous: Caucasian and other. Age is a time-varying covariate, 
reflecting each participant’s age at the time of each interview. (b) Health: Physical health: Opiate Treatment Index. Higher score = poorer health. 
Score range from 0-49, each point reflects the presence of 1 symptom in the prior month. Psychological health: Maudsley Addiction Profile. 
Higher score = poorer health. Scores range from 0 (no symptoms present) to 40. Quality of life score was derived from the EQ-5D with Canadian 
weights. Scores range from 0-1; higher score=better quality of life. Anxiety, and problems understanding, remembering, concentrating: 
psychological health section of the EuropASI. Chronic condition: a condition that participants identified as interfering with their daily lives 
reported at baseline in the Medical section of the EuropASI. (c) Substance use: Any cocaine= cocaine powder or crack cocaine. Any illicit 
opioid = heroin, fentanyl, hydromorphone, etc. Regular use = using at least 3 days per week. (d) Treatment history data were retrieved from 
provincial drug dispensation database (PharmaNet). Records date back to 1995. New treatment attempts reflect MMT restarts after 30 days or 
more with no treatment. (e) Housing: Variables refer to reporting at least one day in the reference period. Non-stable housing=  single resident 
occupancy hotel rooms with restrictions or living with a family or friend; Living in street places = living in any of the following places: indoor 
public place (e.g. train station), abandoned building, private vehicle, tent, on street or outside. (f) Social relationship variables were retrieved 
from the social relationships section of the EuropASI. (g) Income: Employment income reflects at least one day of income from licit work in the 
prior month retrieved from the EuropASI’s employment section. Days drug dealing, property theft, and sex work were retrieved from the 
EuropASI. (h) HDM or DAM: prior month days receiving oral or injectable HDM or DAM is derived from the Crosstown Clinic’s clinical 
database (range: 0-30 days).   
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Appendix G: Example of calculation of days of speedball use from reported illicit 

substance use data from the drug use questionnaire 

 

Total days 
speedball 

Total 
days 

opioids 

 Total 
days 

cocaine  

Total  
days crystal 

methamphetamine 

Days 
speedball 

calculated 
from cocaine 

Any 
speedball 

calculated 
from cocaine 

Example 1 30 30 30 0 30 1 
Example 2 30 30 30 30 ? ? 
Example 3 20 20 0 20 0 0 
Example 4 10 10 15 0 10 1 

 
Footnote: Examples are instances of participants’ responses to the drug use questionnaire at a follow-up interview. Variables collected 
from the interview were total days of speedball, opioids, cocaine, and crystal methamphetamine (bolded). The speedball could only be 
determined to be derived from the use of cocaine where “total crystal methamphetamine days” =0, and days of cocaine was>0 , given at 
the time of the interview, speedball was collected to account for combined use of opioid and either cocaine or crystal methamphetamine.  
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Appendix H: Comparing days of cocaine powder use and illicit opioid use: cocaine 

powder alone vs. cocaine powder via speedball  

 

 Any cocaine 
powder use  

No  
speedball use 

 

Any  
speedball use 

 
 

p value 
 

 

 
398(100%) 

Mean ±SD / 
N (%) 

300(75.38%) 
Mean ±SD / 

 N (%) 

98(24.62%) 
Mean ±SD / 

 N (%) 
 

Days cocaine powder use (a) 
  

10.46 ± 10.97 8.83 ± 10.12 15.43 ± 11.96 <0.001 

Days illicit opioid use (b) 
  

12.26 ± 12.84 11.71 ± 12.85 18.06 ± 11.62 <0.001 

Footnote:  SD=standard deviation  
(a) Days cocaine powder use in the prior month, across all timepoints.  
(b) Days illicit opioid use (any illicit opioid) in the prior month across all time points. 
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Appendix I: Prior month health status across the study period by age group 

 Total Age≤45 Age>45 p value 

 

1119 (100%) 
Mean  ± SD /  

N (%) 

563 (50.31%) 
Mean ± SD / N 

(%) 

556 (49.69%) 
Mean ± SD / 

 N (%)  
Physical health score(a) 21.34 ± 11.62 22.14 ± 10.99 20.52 ± 12.18 0.01 
Psychological health score(b) 9.02 ± 8.53 9.73 ± 8.66 8.31 ± 8.34 0.003 
Prior month anxiety(c) 499 (44.6) 278 (49.5) 221 (39.8) 0.001 

Problems understanding 
concentrating remembering 
things(c) 458 (41.0) 264 (47.1) 194 (34.9) <0.001 

 

Footnote: SD=standard deviation 
(a) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items 
(n=2) were excluded given this domain was not applicable to men and thus the score ranges from 0 to 49, each point in the score reflects 
the presence of 1 symptom in the prior month. 
(b) Psychological health score is derived from the Maudsley Addiction Profile (MAP), with 10 items measuring participants’ 
psychological health symptoms. Participants’ scores for each item range from 0-4 with higher scores indicating poorer health. MAP 
scores range from 0 (no symptoms present) to 40. 
(c) Self-reported depression, anxiety, and problems understanding, remembering, concentrating in the prior month is derived from the 
psychological health section of the Addiction Severity Index  
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Appendix J: Additional Details on Statistical Analysis for Chapter 5 

Model Estimation: Maximum Likelihood  

Maximum likelihood (ML) is the most popular approach to statistical estimation and has 

robust results with large random samples from well-defined populations (1). Maximum 

likelihood identifies the parameter estimates that maximize the probability of arriving at 

estimates of the dependent variable that are equal to observed values (2). It ignores both 

the variability in the fixed effect estimates and the degrees of freedom used to estimate the 

fixed effects. As such, maximum likelihood estimates can be biased in smaller samples by 

underestimating the variance components and parameter estimates. In studies with smaller 

samples, restricted maximum likelihood (REML) is often used, given it accounts for the 

uncertainty associated with estimating the fixed effects, prior to estimating the variance 

components. However, the magnitude of bias introduced by using ML tends to be 

negligible in larger sample sizes, with suggestions ranging from a minimum of 30 – 100 

individuals to support the use of ML (395, 436).  

 

The choice of estimator can also be determined based on the research purpose. For 

example, REML produces fit statistics that describe only the fit of the model to the random 

effects, while ML estimates the fit of the entire model. When using ML therefore, both 

fixed effects coefficients, and random variance components can be compared between 

nested models. Given model selection in the present analysis relied on comparing changes 

in both the model’s fixed effects and variance components across nested models, ML was 

preferred, and was not expected to introduce bias given a sample size for modeling of 

n=164. In sensitivity analyses, the final model was run with REML with very similar 
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results to the ML output. In both models, there was random variation in the Level-1 and 

Level-2 random effects. The estimates of the Level-1 residual and Level-2 slope were 

nearly identical, while the Level-2 variance was slightly higher (3 points) using REML. 

 

Correlation Structure 

In many statistical programs, including that used for the present study (Stata 13.1) (437) 

there is a default independent residual error structure applied that does not account for the 

correlation that exists between residual errors. There are other structures that allow for 

these correlations to be accounted for, each with its own requirements around the timing 

and spacing of measurements. The possible suitable correlation structures to our data (i.e. 

default, unstructured, exponential) were compared to determine the best fit to the data. 

Models run with each of these correlation structures were compared using fit statistics. The 

exponential correlation structure provided the best model fit (i.e. lowest LL model, 

AIC/BIC) and was used in all modeling that proceeded.   

 

Testing functions of time  

Based on the exploratory plots presented in Chapter 4, linear and quadratic functions of 

time were explored. This testing allows for confirmation of whether a linear change model 

best fits the data, or whether a polynomial term should be fitted to allow departures from 

linearity. Following Singer and Willet (319) models of no change, linear change, or 

quadratic change were tested as follows: 

 



 363 

No change model: the “no change” model reflects a “zero order” polynomial function 

(Time0=1).  Such a model allows each individual to have a different intercept with flat 

slopes (no change).  

 

Linear change model: the linear change trajectory is a “first order” polynomial 

(Time1=1), allowing each individual to possess a different intercept and slope.    

 

Quadratic change model: the quadratic change trajectory is a “second order” polynomial 

for quadratic change, including two time predictors: Time and Time2. This allows for both 

the instantaneous rate of change to be estimated (Time) and a curvature parameter (Time2) 

to estimate the changing rate of change. Decisions to keep or drop each time function were 

made based on the deviance reduction. Where deviance was greater than the critical value 

from the Chi-square test, the variable was retained.  

 

Random growth curve model building steps  

Step 1: Conducting descriptive statistics  

The dependent and independent variables of interest were explored with descriptive 

statistics, presenting means and standard deviations for continuous variables, and counts 

and proportions for categorical variables. The distribution of variables of interest were 

explored. For continuous variables this included exploring the mean, median, standard 

deviations, skewness, kurtosis, histograms, potential outliers. For categorical variables, 

frequency tables and bar charts were examined. 
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Step 2: Exploring associations 

In order to gather an early understanding of the association between selected predictors and 

the outcome of cocaine use, MLR models were carried out to test the association of each 

predictor with the outcome. This allowed for variables with the strongest association with 

the outcome to be identified to be carried forward to the next step of model building.  

 

Step 3: Building the level-1 model 

Predictors associated (p< 0.20) with cocaine use in univariate MLR models (adjusted only 

for the selected predictor) were considered for inclusion in the modeling. First, level-1 

(time-varying variables) were added as fixed effects to help explain within-person 

variation in cocaine use. Next, random effects were tested, to allow the effect of level-1 

variables to vary from one person to the next. Variables were retained based on the model 

selection procedure, which is detailed below under the heading “Model Selection”. 

 

Step 4: Building the level-2 model 

Level-2 (time-invariant) variables that were associated with cocaine use (p<0.2) were 

added to the model to help explain between-person variation in the random intercept. 

Variables were retained based on model selection procedure outlined under the heading 

“Model Selection” below. In order to help explain the random slope (time) hypothesized 

interactions between time and level-2 variables were tested (i.e. gender, regular cocaine 

use, and lifetime years of regular cocaine use). Variables that helped to explain variation in 

the random slope were retained in the model. 
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Random growth curve model selection 

Model selection was supported by comparisons of nested models (where one model is a 

special case of another). For example, Model A is nested within Model B if Model A has 

reduced parameters compared to Model B, but Model B includes all the parameters defined 

in Model A. Comparing nested models can support the determination of the extent to 

which the added variable is useful in achieving the goal of explaining variation in the 

outcome.  

 

Proportion variance reduction 

The proportion variance reduction is a local effect size measure used to support model 

selection in MLM. The proportion variance reduction was calculated with the addition of 

each variable, to allow for the identification of the proportion of additional variance being 

explained by the added variable. Proportion variance can be calculated on any nested 

models (i.e. models where one model is a special case of the other). For example, 

unconditional growth models include only the predictor of time. When variables are added 

to the model, the model is considered a “conditional growth model”. The proportion 

variance reduction can be calculated, to determine how much additional variation in the 

outcome is explained by the addition of the predictor, at either level-1 or level-2:   

 

For example, to determine the additional variation explained in σ" (Level-1 residual) when 

comparing an unconditional and conditional model, the level-1 random effect parameter 

(σ") in the nested models are compared: 
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Level-1 variance reduction:	$
!%&'(&)*+*(&,-	./(0+1	2()3-4	$!'(&)*+*(&,-	./(0+1	2()3-

$!&'(&)*+*(&,-	./(0+1	2()3- 		 

 

To determine the additional variation explained in τ6" (level-2 intercept) comparing an 

unconditional and conditional model, the level-2 intercept random effect parameter (τ6") in 

the nested models are compared: 

Level-2 variance reduction: 7"
!	%&'(&)*+*(&,-	./(0+1	2()3-4	7"!'(&)*+*(&,-	./(0+1	2()3-

7"!%&'(&)*+*(&,-	./(0+1	2()3-
		 

 

Likelihood ratio tests 

Likelihood ratio tests (LRT) were also used to compare the addition of fixed effects 

parameters. The distribution of the LRT test statistic is Chi-square ( X2 ) with df equal to 

the difference in the number of fixed effects parameters in the two models. The models 

were run separately, the deviance values were obtained from the models, and the difference 

of the deviances was used to determine whether one model contributes significantly more 

to explaining variation in the outcome. A significant p-value suggested the added variable 

should be retained in the model (319). 

 

Model fit statistics 

In addition to comparing proportion variation reduction, and conducting likelihood ratio 

tests, measures of model fit were calculated for each model (AIC and BIC). The BIC is 

preferred to the AIC, given it penalizes for the number of model parameters (lower values 

of AIC and BIC indicate better model fit).  
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The sum of information arising from each of these parameters was considered when 

determining if a variable was to be retained in the model or not. For example, the addition 

of a variable might increase the BIC slightly, but be retained in the model given it 

contributed to explaining within and/or between-person variation in the outcome. Grades 

of evidence corresponding to BIC difference suggest that differences of 0-2 points provide 

weak evidence of better model fit, and thus minor increases in BIC were tolerated with the 

addition of predictors, where additional variation in the outcome was explained (375).  

 

Random growth curve model diagnostics 

Model diagnostics were run on the final conditional growth model and Between-within 

model. There are four important assumptions to test in growth curve modeling: 

independence, normality, linearity, and homogeneity of variance. The first assumption is 

accounted for by the multilevel modeling approach, which acknowledges the clustering of 

data within groups (level-2) and over time (level-1). The next three assumptions were 

tested. The assumption of normality of level-1 residuals, and level-2 residuals for both the 

intercept and the slope was examined using histograms and normal QQ plots in order to 

visualize the distribution of model residuals. Highly influential observations were 

identified (i.e. those with the 10 highest and lowest residual estimates). Linearity of the 

relationship between level-1 and level-2 residuals vs. independent variables were explored 

with scatterplots. Homogeneity of variance was explored, by plotting model residuals 

against each independent variable. Given the assumption of homoscedasticity of level-2 

residuals appeared to be violated the model was rerun with robust standard errors which 

are robust to outliers, heteroscedasticity, and non-normality (398).  It is important to note 
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that model fit statistics cannot be calculated when models are run with Robust SEs. As 

such, robust SEs were not applied during the model building process, when nested models 

were being compared to one another on fit statistics.  
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Appendix K: Prior month cocaine and crystal methamphetamine use over the 24-

month study period 

  

Footnote: Yellow highlight reflects participants for whom trajectories indicate a potential transition from  
cocaine to crystal methamphetamine use. Y axis reflects number of prior month days of use of either cocaine  
or crystal methamphetamine. 
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Appendix L: Engagement in drug dealing, property theft, and sex work over the 24-month study period 

 T0 T3 T6 T9 T12 T18 T24 

 
Mean ±SD/ 

N (%) 
Mean ±SD/ 

N (%) 
Mean ±SD/ 

N (%) 
Mean ±SD/ 

N (%) 
Mean ±SD/ 

N (%) 
Mean ±SD/ 

N (%) 
Mean ±SD/ 

N (%) 

N=166 N=164 N=165 N=162 N=161 N=156 N=151 
Any drug dealing 81 (52.3) 33 (20.6) 31 (19.5) 34 (21.1) 43 (27.0) 47 (30.1) 44 (29.9) 
N(%) missing  11 (6.6) 4 (2.4) 6 (3.6) 1 (0.6) 2 (1.2) 0 (0) 4 (2.7) 
Prior month # days 
among those w / any 
involvement 

20.65 ± 11.02 
 
 

21.90 ± 9.30 
 
 

16.12 ± 11.92 
 
 

22.1 ± 11.74 
 
 

20.67 ± 10.86 
 
 

19.32 ± 10.42 
 
 

20.80 ± 11.07 
 
 

Any property theft 27 (17.1) 13 (8.1) 11 (7.0) 10 (6.2) 16 (10.0) 11 (7.1) 12 (8.1) 
N(%) missing  8 (4.8) 3 (1.8) 7 (4.2) 0 (0) 1 (0.6) 0 (0) 2 (1.3) 
Prior month # days 
among those w / any 
involvement 

16.22 ± 12.68 
 
 

11.38 ± 10.54 
 
 

9.63 ± 9.04 
 
 

14.70 ± 11.88 
 
 

14.56 ± 12.35 
 
 

18.18 ± 11.95 
 
 

14.58 ± 11.98 
 
 

Any sex work 19 (11.7) 16 (9.9) 13 (8.2) 16 (9.9) 14 (8.7) 13 (8.3) 13 (8.7) 
N(%) missing   3 (1.8) 3 (1.8) 6 (3.6) 1 (0.6) 1 (0.6) 0 (0) 2 (1.3) 
Prior month # days 
among those w / any 
involvement 

13.89 ± 10.45 
 
 

9.75 ± 8.20 
 
 

12.30 ± 10.00 
 
 

8.94 ± 9.97 
 
 

8.42 ± 9.23 
 
 

11.46 ± 9.79 
 
 

11.31 ± 8.99 
 
 

 
   Footnote: w/= with;  T= visit number; ±SD= standard deviation; T= visit number 
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Appendix M: Cocaine use by drug dealing, property theft, and sex work over the 24-month study period 

Table M1. Drug dealing, property theft, and sex work over the 24-month study period 

 Any drug dealing Any property theft Any sex work 
 Total No Yes Total No Yes Total No Yes 
 N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) 
T0-T24 1097 (100) 784 (71.5) 313 (28.53) 1104 (100) 1004 (90.1) 100 (9.1) 1109 (100) 1005 (90.6) 104 (9.4) 
T0 155 (100) 74 (47.7) 81 (52.26) 158 (100) 131 (82.9) 27 (17.1) 163 (100) 144 (88.3) 19 (11.7) 
T3 160 (100) 127 (79.4) 33 (20.62) 161 (100) 148 (91.9) 13 (8.1) 161 (100) 145 (91.0) 16 (9.9) 
T6 159 (100) 128 (80.5) 31 (19.50) 158 (100) 147 (93.0) 11 (7.0) 159 (100) 146 (91.8) 13 (8.2) 
T9 161 (100) 127 (78.9) 34 (21.11) 162 (100) 152 (93.4) 10 (6.2) 161 (100) 145 (90.1) 16 (9.9) 
T12 159 (100) 116 (73.0) 43 (27.04) 160 (100) 144 (90.0) 16 (10.0) 160 (100) 146 (91.3) 15 (9.4) 
T18 156 (100) 109 (69.9) 47 (30.12) 156 (100) 145 (93.0) 11 (7.1) 156 (100) 143 (91.7) 13 (8.3) 
T24 147 (100) 103 (70.1) 44 (29.93) 149 (100) 137 (92.0) 12 (8.1) 149 (100) 136 (91.3) 13 (8.7) 

 
Footnote: T= visit number; In T0-T24 column data reflect N (%)for total number of completed visits across all study time-points, all other columns refer to N(%) for prior 30-day period “Any” refers to 
reporting at least one day in the prior month of engagement with the reported activity.  
 

Table M2. Days of cocaine use by reported drug dealing, property theft, and sex work over the 24-month study period 

 Any drug dealing Any property theft Any sex work 
 Total No Yes Total No Yes Total No Yes 
Days of 
cocaine use 

Mean ± SD 
 

Mean ± SD 
 

Mean ± SD 
 

Mean ± SD 
 

Mean ± SD 
 

Mean ± SD 
 

Mean ± SD 
 

Mean ± SD 
 

Mean ± SD 
 

T0-T24 10.82±12.41 9.56±11.82 13.98±13.29* 10.92±12.42 10.62±12.28 13.87±13.50* 10.91±12.42 10.20±12.15 17.78±12.86* 
T0 16.29±12.80 16.54±12.76 16.06±12.93 16.44±12.69 16.50±12.46 16.14±14.03 16.08±12.68 15.43±12.62 21.05±12.42* 
T3 10.91±12.34 9.76±11.49 15.33±14.53* 10.93±12.30 10.93±12.33 10.92±12.39 10.93±12.30 10.06±11.92 18.81±13.25* 
T6 11.28±12.27 10.72±12.15 13.61±12.68 11.34±12.28 11.13±12.18 14.18±13.90 11.46±12.33 10.81±12.12 18.85±12.79* 
T9 10.17±12.34 8.57±11.51 16.14±13.63* 10.11±12.32 9.78±12.20 15.10±13.72 10.17±12.34 9.22±11.88 18.81±13.48* 
T12 10.15±12.15 9.07±11.55 13.04±13.37* 10.27±12.22 9.94±12.10 13.18±13.29 10.27±12.22 10.02±12.21 12.86±12.39 
T18 8.66±11.87 7.91±11.41 10.40±12.83 8.66±11.87 8.05±11.40 16.72±15.27 8.66±11.87 8.16±11.61 14.15±13.76* 
T24 8.19±11.56 6.37±10.26 12.45±13.31* 8.54±11.72 8.51±11.67 8.92±12.88 8.54±11.72 7.60±11.23 18.38±12.60* 

 
Footnote: * p<0.05; T= visit number; ±SD= standard deviation; T= visit number; In T0-T24 column data reflect Mean ± SD for total number of completed visits across all study time-points, all other 
columns refer to Mean± SD for prior 30-day period.  
The denominator for the comparisons in Table K2 are derived from Table K1. For example, at T0, the total of 16.29 days of drug dealing was derived from a denominator of n=155 participants in the 
“Total” column for “any drug dealing” in Table K1.  
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Appendix N: Multiple imputation model with imputed cases on all continuous 

variables  

 Final Model  
(n=164; 1098 observations) 

Final Model Multiple Imputation (n166; 
=1118 observations) 

 Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate (SE) 

t- 
statistic 

p value 

Fixed effects        
For Intercept        
Intercept  13.14 (1.80) 7.30 <0.001 12.60 (1.76) 7.16 <0.001 
Level-1             
Days receiving injectable 
or oral HDM or DAM(a) 

-0.05 (0.02) -2.56 0.01 -0.05 (0.02) -2.64 0.008 

Physical health score(b) 0.10 (0.03) 3.01 0.003 0.10 (0.03) 2.88 0.004 
Living with someone that 
uses psychoactive drugs (c) 

2.51 (0.79) 3.16 0.002 2.34 (0.80) 2.94 0.003 

Age (years)(d) 0.14 (0.08) 1.78 0.074 0.14 (0.08) 1.78 0.075 
Level-2             
Gender (men)(e) -6.12 (1.56) -3.93 <0.001 -6.10 (1.55) -3.94 <0.001 
Lifetime years of regular 
cocaine use (f) 

1.60 (0.49) 3.28 0.001 1.60 (0.49) 3.25 0.001 

Ever regularly use 
cocaine(g)  

4.81 (1.75) 2.75 0.006 5.10 (1.77) 2.88 0.004 

For time slope               
Intercept -0.28 (0.04) -7.31 <0.001 -0.27 (0.04) -7.07 <0.001 
Lifetime years cocaine use 
* time(h) 

-0.01 (0.004) -2.36 0.018 -0.06 (0.02) -2.45 0.014 

Random effects a       
Level-1: Residual !"  7.56 (0.39) 19.38 <0.001 7.49 (0.38) 29.08 <0.001 
Level-2: Intercept #$"  8.39 (0.60) 13.98 <0.001 8.52 (0.59) 11.65 <0.001 
Level-2: Time slope	#&"  0.26 (0.06) 4.33 <0.001 0.26 (0.06) 4.33 <0.001 
 Level-2: Cov. (I, S) #&$  -0.25 (0.17) 0.21 0.41 -0.27 (0.16) -1.68 0.045 

Footnote: SE= Standard error; Cov. I,S= Covariance intercept and slope; HDM=hydromorphone; DAM= diacetylmorphine. Model fit 
statistics cannot be calculated on imputation models and thus are not presented. P values are derived from the z statistic for the final 
model, and t statistic for the multiple imputation model. This model was run on 1118 observations, given imputation could not converge 
on the categorical variable “living with someone that uses psychoactive drugs”.  
Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote);  
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or 
injectable HDM or DAM, across the study period. This variable was retrieved from the clinical database.  
(b) Physical health score is derived from the Opiate Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded given 
this domain was not applicable to men and thus the score ranges from 0-49, each point reflects the presence of 1 symptom in the prior month. 
(c) Living with someone who uses psychoactive drugs is a categorical variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  
(d) Age in years is time-varying, such that participants’ age at each follow-up is modeled, rather than baseline age.    
(e) The presented coefficient reflects an estimate for men compared to women 
(f) Lifetime years cocaine use refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants 
reporting a number for both, the higher of the two was used (given total number of years of both together was not collected). The presented coefficient reflects 
the effect if a 5-year increase in years regular cocaine use on the outcome of number of days of cocaine use across the study period. 
(g) Regular use was defined as using at least 3 days per week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline.  
(h)The interaction of time and lifetime years cocaine use is significant; with the effect of time on cocaine use depends on lifetime number of years using cocaine, 
reported at baseline.  
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Appendix O: Multiple imputation model with imputed cases on all variables, 

excluding one categorical variable 

 
 Final Model  

(n=164; 1098 observations) 
Final Model Multiple Imputation 

(n=166; 1162 observations) 

 Parameter 
Estimate (SE) 

z- 
statistic 

p value Parameter 
Estimate 

(SE) 

t- 
statistic 

p value 

Fixed effects        

For Intercept        
Intercept  13.83 (1.75) 7.89 <0.001 13.11 (1.74) 7.50 <0.001 
Level-1             
Days receiving injectable or 
oral HDM or DAM(a) 

-0.05 (0.02) -2.58 0.010 -0.06 (0.02) -2.65 0.008 

Physical health score(b) 0.11 (0.03) 3.37 <0.001 0.10 (0.03) 3.15 0.002 
Living with someone that uses 
psychoactive drugs (c) 

- - - - - - 

Age (years)(d) 0.13 (0.08) 1.55 0.126 0.13 (0.08) 1.56 0.120 
Level-2             
Gender (men)(e) -6.23 (1.58) -3.95 <0.001 -6.18 (1.57) -3.94 <0.001 
Lifetime years of regular 
cocaine use (f) 

1.59 (0.49) 3.23 0.001 1.53 (0.49) 3.13 0.002 

Ever regularly use cocaine(g)  4.88 (1.73) 2.82 0.005 5.27 (1.79) 2.93 0.003 
For time slope              
Intercept -0.28 (0.04) -7.42 <0.001 -0.26 (0.04) -7.09 <0.001 
Lifetime years cocaine use * 
time(h) 

-0.01 (0.004) -2.28 0.022 -0.05 (0.02) -2.18 0.029 

Random effects a             
Level-1: Residual !"  7.60 (0.40) 19.00 <0.001 7.60 (0.39) 19.48 <0.001 
Level-2: Intercept #$"  8.46 (0.61) 13.87 <0.001 8.46 (0.61) 13.86 <0.001 
Level-2: Time slope	#&"  0.25 (0.07) 3.57 0.013 0.24 (0.06) 4.00 <0.001 
Level-2: Covariance (I, S) #&$  -0.20(0.19) -1.05 0.1253 -0.19 (0.19) -1.00 0.159 

 
Footnote: SE=Standard error; Cov. I,S= Covariance intercept and slope; HDM=hydromorphone; DAM= diacetylmorphine. Model fit 
statistics cannot be calculated on imputation models and thus are not presented. P values are derived from the z statistic for the final 
model, and t statistic for the multiple imputation model. This model was run on all possible 1162 observations, imputation could not 
converge on the categorical variable “living with someone that uses psychoactive drugs”. For this imputation model, this variable was 
dropped. Random effects interpretations are identical to those outlined under Table 5.10 (See Table 5.10 footnote);  
(a) Days receiving injectable or oral HDM or DAM refers to the average number of days in the prior month participants’ received treatment with oral or 
injectable HDM or DAM, across the study period. This variable was retrieved from the clinical database.  (b) Physical health score is derived from the Opiate 
Treatment Index; a higher score indicates poorer health. The gynecological items (n=2) were excluded given this domain was not applicable to men and thus the 
score ranges from 0-49, each point reflects the presence of 1 symptom in the prior month. (c) Living with someone who uses psychoactive drugs is a categorical 
variable (yes vs. no), reported in reference to the prior 30-day period at each time point.  (d) Age in years is time-varying, such that participants’ age at each 
follow-up is modeled, rather than baseline age. (e) The presented coefficient reflects an estimate for men compared to women (f) Lifetime years cocaine use 
refers to the maximum number of years in life reporting the use of either crack cocaine or cocaine powder. For participants reporting a number for both, the 
higher of the two was used (given total number of years of both together was not collected). The presented coefficient reflects the effect if a 5-year increase in 
years regular cocaine use on the outcome of number of days of cocaine use across the study period. (g) Regular use was defined as using at least 3 days per 
week. This variable reflects self-reported regular use of cocaine powder or crack cocaine at baseline. (h) The interaction of time and lifetime years cocaine use is 
significant; with the effect of time on cocaine use depends on lifetime number of years using cocaine, reported at baseline.  
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Appendix P: Days of any cocaine use by retention in methadone vs. HDM or DAM 

after Phase I 

 

Footnote: Any cocaine use refers to the combined total number of prior month days reporting either cocaine powder or crack cocaine 
use. Phase I is the first six months of the study; Y axis reflects prior month number of days of cocaine use.  
Cohorts are defined as those retained (20/30 days in the prior month) in at least one of the 4 visits that followed Phase I (T9,12,18,24), 
on HDM or DAM (n=124; red) or on oral methadone (and not HDM or DAM) (n=35; blue). The 20/30 day retention definition comes 
from our prior studies, allowing some flexibility to miss some days of treatment, while still be engaged in care more than half of the days 
in the prior month. 
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Appendix Q: Dextroamphetamine Evidence Summary  

 

 


