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RESUMÉ 

Contexte : Les études sur la consommation de substances en lien avec la santé mentale chez les 

jeunes adultes considèrent généralement chaque substance séparément et se concentrent sur les 

symptômes d'anxiété ou de dépression. Ce mémoire décrit les modes de consommation régulière 

(au moins hebdomadaire) d'alcool, de cannabis et de nicotine et estime l'association entre ces 

modes de consommation (séparément et en combinaison) et les symptômes de dépression, 

d’anxiété ainsi que la santé mentale positive (SMP) chez les jeunes adultes. 

Méthodes : Les données de cette étude transversale sont tirées du cycle 23 (2017-20) de l'étude 

NDIT, lorsque les participants étaient âgés de 31 ans en moyenne. Une régression linéaire ajustée 

pour l'âge, le sexe et le niveau d'éducation modélise les associations entre: (i) le nombre de 

substances consommées; et (ii) les modes de consommation de plusieurs substances et chacun des 

indicateurs de santé mentale. 

Résultats : 37 % des participants n’ont consommé aucune substance régulièrement; 42 %, 16 % 

et 5 % ont consommé une, deux et trois substances, respectivement. Il n'y avait pas d'association 

dose-réponse entre le nombre de substances et les indicateurs de santé mentale. La consommation 

de deux substances était associée aux symptômes d'anxiété (𝛽"(IC95%) = 1,32(0,34;2,31) et à la 

SMP (-3,64(-6,34;-0,95)). La combinaison cannabis-nicotine était associée aux symptômes 

d'anxiété (2,58(1,06;4,10)) et à la SMP (-5,90(-10,04;-1,76)). La combinaison alcool-nicotine était 

associée à la SMP (-3,70(-7,30,-0,10)). 

Conclusion : Les combinaisons de substances en plus des substances individuelles devraient être 

investiguées en lien avec la santé mentale. 

 

Mots clés : consommation de plusieurs substances, cannabis, alcool, nicotine, santé mentale, 

jeunes adultes. 
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ABSTRACT 

Background: Studies on substance use in relation to mental health among young adults generally 

consider each substance separately and in addition, they tend to focus on symptoms of anxiety or 

depression. This thesis describes the patterns of regular (at least weekly) use of alcohol, cannabis 

and nicotine, and estimates the association between these patterns and symptoms of depression, 

anxiety, as well as positive mental health (PMH) among young adults.  

Methods: Data for this cross-sectional study were drawn from cycle 23 (2017-20) of the NDIT 

study when participants were age 31 years on average. The associations between: (i) number of 

substances used; and (ii) pattern of polysubstance use and each of the mental health indicators 

were modeled using linear regression adjusting for age, sex and level of education. 

Results: 37% of participants did not consume any substances regularly; 42%, 16%, and 5% 

consumed one, two and three substances, respectively. There was no dose response association 

between number of substances and any of the mental health indicators. Use of two substances was 

associated with anxiety symptoms (𝛽"(95% CI) = 1.32(0.34,2.31)) and PMH (-3.64(-6.34,-0.95)). 

The cannabis-nicotine combination was associated with anxiety symptoms (2.58(1.06,4.10)) and 

PMH (-5.90(-10.04,-1.76)). The alcohol-nicotine combination was associated with PMH (-3.70(-

7.30,-0.10)). 

Conclusion: Combinations of specific substances in addition to individual substances should be 

investigated in relation to mental health among young adults.   

 

Keywords: polysubstance use, cannabis, alcohol, nicotine, mental health, young adults 
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CHAPTER 1: INTRODUCTION 

Young adults in Canada (and elsewhere) are generally considered physically healthier than older 

adults, but this is not the case for mental health. In 2019, relatively fewer younger than older 

Canadians reported excellent or very good mental health (Garriguet, 2021). The transition to 

adulthood involves demanding life changes such as job searching, career development and family 

planning, which can be mentally challenging for some. As defined by the World Health 

Organization (WHO), mental health is “a state of well-being in which the individual realizes his 

or her own abilities, can cope with the normal stresses of life, can work productively and fruitfully, 

and is able to make a contribution to his or her community” (Galderisi, 2015).  In 2003, the 

percentage of Canadian youth that self-reported excellent or very good mental health was at its 

highest (76%). Since then, it declined to 73% in 2013-14 and, notably, to 60% in 2019 (Garriguet, 

2021). Risk factors for declining mental health among young adults include early pregnancy, 

substance use, loneliness, poor work skills and habits, reading disabilities and stressful life events 

(Population Health and Wellness BC Ministry of Health, 2021). Mental health disorders, including 

depression and problematic substance use, are two leading and often linked causes of years lived 

with a mental health disability (Esmaeelzadeh, 2018). 

 

People use alcohol and drugs for many reasons, including to relax and having fun, to celebrate an 

occasion, and to complement a meal. However, some use alcohol and drugs to cope with problems 

and to deal with negative feelings, stress, and loneliness (Garriguet, 2021), a phenomenon 

sometimes referred to as self-medication (Boileau-Falardeau et al., 2022). With the ubiquitous 

availability of alcohol, the recent legalization of cannabis in Canada in 2018, and the increasing 

popularity of e-cigarettes, polysubstance use has never been as accessible and national surveys 

suggest that the frequency of substance use has increased among adolescents and young adults 

(Zuckermann et al., 2019). Polysubstance use is defined as the use of different substances on the 

same or different occasions within the same timeframe (Konefal et al., 2022). Compared to 

individuals using one substance, polysubstance use is more reliably associated with mental illness, 

negative social and financial impacts, and poor treatment outcomes (Konefal et al., 2022). In 2018, 

Canada’s Chief Public Health Officer’s Report on Public Health highlighted the key concern of 

problematic substance use among Canadian youth and declining mental health (CPOH, 2018).  
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This traditional thesis has two primary aims. First, it describes patterns of past-year regular 

polysubstance use among young adults and second, it estimates the associations between patterns 

of polysubstance use and several indicators of mental health. Data for this project were drawn from 

the Nicotine Dependence in Teens (NDIT) study during the period between 2017 and 2020 (i.e.,  

prior to the COVID-19 pandemic). This thesis includes seven chapters. Chapter 2 reviews the 

literature on mental health indicators (i.e., depression, general anxiety, flourishing positive mental 

health) and substance (i.e., alcohol, cannabis, nicotine) use. The section begins with definitions 

and a description of the epidemiology of the three mental health indicators, followed by a review 

of risk factors associated with declining mental health in young adulthood. The descriptive 

epidemiology of each of the three substances of interest in this thesis follows. The section then 

explores what is known about the association between substance use and mental health, before 

providing a summary of the section. Chapter 3 describes the objectives of this thesis. Chapter 4 

describes the source of the data used in this thesis, the study design, the study variables, data 

analyses, and ethical considerations. Chapter 5 presents the results. Chapter 6 interprets the 

findings, describes the strengths and limitations of the study, and speculates on the implications of 

the findings. Chapter 7 presents the conclusions of this thesis.  
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CHAPTER 2: LITERATURE REVIEW 

2.1. Definitions and descriptive epidemiology of mental health indicators 
Depression 

The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) states that at 

least five symptoms must be present during a two-week period to diagnose a Major Depressive 

Episode (MDE), which is commonly referred to as depression (Tolentino et al., 2018). Anhedonia 

(i.e., loss of interest or pleasure) or a depressed mood should be at least one symptom. Secondary 

symptoms of depression include appetite or weight changes, sleep difficulties (i.e., insomnia or 

hypersomnia), psychomotor agitation/retardation, fatigue/loss of energy, diminished ability to 

think/concentrate, feelings of worthlessness/excessive guilt, and suicidality (Tolentino et al., 

2018). These symptoms are graded in either all or none (0 or 1) fashion and then summed to assess 

the absence or presence of a MDE (Tolentino et al., 2018).  

 

The primary type of depression is Major Depressive Disorder (MDD), which is characterized by 

recurrent depressive episodes (Malhi et al., 2018). Chronic depression is a pattern in which 

depressive episodes persist for extended periods. The condition is known as persistent depressive 

disorder or dysthymia if depressive symptoms have been present (on most days) for at least two 

years without any periods of remission lasting more than two months (Malhi et al., 2018). In the 

DSM-5, major depressive disorders are differentiated from bipolar disorders, with the main 

distinction being that manic symptoms occur only in bipolar disorders (Malhi et al., 2018). 

 

The Global Burden of Disease Project listed major depression as Canada's second most important 

cause of disability-adjusted life years, making it one of the top priorities for global public health 

(Patten et al., 2016). A total of 322 million individuals around the globe suffer from depression, 

and the number of people living with depression increased by 18.4% between 2005 and 2015 

(Friedrich, 2017). In 2015, depressive disorders were the leading cause of nonfatal health losses 

worldwide (Friedrich. 2017). Although a diagnosis of depression can strike anyone at any time in 

their life, women are 1.5 times more likely to experience depression than men (Friedrich, 2017). 

In 2012, major depressive episode was the most common type of mood disorder, with 4.7% of the 

population age 15 or older meeting the criteria (Statistics Canada, 2013). The most likely period for 

the first episode of major depression to begin is between mid-adolescence and mid-forties. 
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However, over 40% of people have their first episode before age 20, with an average age of onset 

in the mid-20s (Malhi et al., 2018).  

 

Generalized Anxiety Disorder 

Generalized Anxiety Disorder (GAD) is characterized by excessive worry and anxiety about a 

range of events or activities (e.g., work or academic performance), which a person finds 

challenging to control as per the DSM-5 (Patriquin et al., 2017). The worry is detrimental in 

various situations (e.g., work, home, and social interactions). Feeling restless, becoming tired 

easily, having difficulty concentrating or going blank, being irritable, having muscle tension, and 

having trouble sleeping are symptoms that must be present for diagnosis (Patriquin et al., 2017). 

The International Classification of Diseases, Version 10 (ICD-10) proposes diagnostic criteria for 

research and places greater weight on somatic symptoms: (i) at least six months of pronounced 

tension, worry, and feelings of apprehension about everyday routines and problems; and (ii) at 

least four symptoms in a list of 22 items, of which at least one of which is from a list of four 

autonomic arousal symptoms (i.e., palpitations/accelerated heart rate, sweating, 

trembling/shaking, dry mouth) (Crocq, 2017). 

 

In the first survey to provide national population estimates for generalized anxiety disorder (GAD) 

in Canada in 2012, an estimated 2.4 million Canadians aged 15 years or older (8.7%) reported 

symptoms compatible with GAD during their lifetime (Pelletier, 2017). Among these individuals, 

30% (2.6% of Canadians) reported symptoms in the 12 months (Pelletier, 2017). The Canadian 

data suggest that immigrant status is protective against GAD, consistent with findings in an 

Australia study (Pelletier, 2017). The survey also showed that a low household income was linked 

to anxiety disorders, particularly GAD (Pelletier, 2017). The cross-sectional design of the survey, 

however, renders studying etiology difficult because GAD may result in a lower income via poor 

work productivity or because poverty itself may be a risk factor (Watterson, 2016). Although 

people with GAD claim to experience anxiety every day of their lives, throughout the disorder, the 

primary sources of worry may change (Statistics Canada, 2015). GAD often begins in childhood 

or adolescence, and women are more likely than men to have the disorder (Statistics Canada, 

2015). One of the major obstacles to early diagnosis of GAD is that those affected seek medical 

attention infrequently and usually only for excessive anxiety or worry (Pelletier, 2017).  
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Positive mental health  

The Public Health Agency of Canada (PHAC) has defined mental health as “the capacity of each 

and all of us to feel, think, and act in ways that enhance our ability to enjoy life and deal with the 

challenges we face. It is a positive sense of emotional and spiritual well-being that respects the 

importance of culture, equity, social justice, interconnections, and personal dignity” (Orpana et al., 

2017). The definition is consistent with that of the World Health Organization (WHO) which 

defines mental health as: "a state of well-being in which the individual realizes his or her own 

abilities, can cope with the normal stresses of life, can work productively and fruitfully, and is able 

to make a contribution to his or her community" (Orpana et al., 2017). These conceptualizations 

challenge the traditional belief that mental health is the absence of psychopathology (Lamers et 

al., 2010). The current definition is based on two enduring traditions in research on a life well 

lived: the hedonic tradition, which is concerned with feelings of happiness, and the eudaimonic 

tradition, which is concerned with optimal functioning at the individual level as well as in a social 

life context (Lamers et al., 2010). The hedonic tradition holds that happiness, and the experience 

of pleasurable emotions are essential components of well-being. Increased mental health results 

from boosting pleasant experiences while minimizing unpleasant ones. This affective side of the 

hedonistic ethos is reflected in research on emotional well-being (Lamers et al., 2010). Emotional 

well-being describes the degree to which a person feels good about themselves and is content with 

their life (Toronto Health Check, 2019). The eudaimonic tradition considers optimal psychological 

functioning in life and has been measured using two multidimensional models—psychological 

well-being and social well-being (Lamers et al., 2010). According to the positive mental health 

paradigm, one's sense of social well-being correlates with belonging to the local community 

(Toronto Health Check, 2019). Psychological well-being is a component of positive mental health 

that measures how accepting people are of who they are as individuals, how confident they are in 

expressing their opinions, how capable they are of handling day-to-day responsibilities, and how 

much they believe they can develop personally (Toronto Health Check, 2019). 

 

In 2012, 76.9% of Canadians were categorized as having flourishing mental health (Statistics 

Canada, 2015). Compared to the range of 11.7% to 69.1% in the United States, the Netherlands, 

South Africa, France, and Korea, the proportion of people with flourishing mental health in Canada 

is higher (Statistics Canada. 2015). In relation to the hedonic emotional well-being factor, among 
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adults in Toronto, 71% rated their mental health as “excellent” or “very good” in 2015-16; 83% 

reported feeling happy “every day” or “almost every day” in the past month; and 84% reported 

being satisfied with their lives “every day” or “almost every day” (Toronto Health Check, 2019). 

In terms of the eudaimonic components of social well-being and psychological well-being, 68% 

reported a “very strong” or “somewhat strong” sense of belonging to their local community; and 

75% scored highly on the psychological well-being scale (Toronto Health Check, 2019). 

Canadians in the lowest household income quintile, without a postsecondary education or a job, 

were less likely to report complete mental health (i.e.,  both flourishing and free of mental illness) 

(Statistics Canada, 2015). Seventy-two percent of people living in urban environments had 

complete mental health compared to 77% of rural residents (Statistics Canada, 2015). Finally,       

76 % of those who reported strong spirituality had complete mental health versus 66 % of those 

without strong spirituality (Statistics Canada, 2015). 

 

2.2 Risk factors for poor mental health in young adulthood 

Risk factors for poor mental health in young adults include social isolation, loneliness, 

homelessness, sexual minority status, and migration (Sax Institute, 2019). In Canada, young 

persons feel lonely more frequently than older persons. Among 15–24-year-olds, about one in four 

felt lonely frequently or always compared to 15% of people ages 25-34 (Statistics Canada, 2021). 

Forty-nine percent of respondents who stated that they always or often felt lonely reported having 

fair or poor mental health (Statistics Canada, 2021). In comparison, 7% of individuals who 

indicated they rarely or never feel lonely, reported fair or poor mental health (Statistics Canada, 

2021). Sleep is a fundamental physiological need that is disrupted during conditions of isolation 

(Wilkialis et al., 2021). Lack of sleep increased the risk for physiological deterioration and 

diminished immune function, as sleep is essential for healthy body maintenance and repair. 

Moreover, a sedentary lifestyle has a range of physiological impacts on the cardiovascular, 

metabolic, and endocrine systems, leading to other health issues (Wilkialis et al., 2021). Strain on 

insulin-related body systems results in body-wide inflammation and oxidative stress. A cascade of 

events can follow, which may lead to insulin resistance, neuro-inflammation, and oxidative stress 

resulting cognitive decline, decreased synaptic plasticity, decreased neuronal survival, increased 

cerebral degeneration, disruption of the hypothalamic-pituitary-adrenal (HPA) axis, and 

impairment of physiological mechanisms of reward, learning, and mood (Wilkialis et al., 2021). 
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Inflammation associated with the limbic system alters the performance of brain regions associated 

with symptoms of generalized anxiety (Wilkialis et al., 2021). 

 

Many homeless young adults have had a troubled upbringing characterized by poverty, broken 

homes, histories of parental rejection, and physical or sexual abuse (Amore et al., 2012). Many 

experience foster care and have poor educational records. Common causes of running away from 

home include conflict, abuse, and pregnancies (Amore et al., 2012). In 2018, Canadians who had 

experienced both unsheltered and hidden homelessness were three times (28% compared to 9%) 

more likely to report fair or poor mental health than individuals who had not experienced 

homelessness (Uppal, 2022). Homeless young people are likely to engage in risky behaviours such 

as an early start to sexual activity, unprotected sex with multiple partners, drug abuse, and 

prostitution. Those who engage in such behaviours experience higher levels of depression and 

suicidality (Amore et al., 2012).  

 

According to the Gay, Lesbian & Straight Education Network's (GLSEN) 2015 National School 

Climate Survey USA report on school climate, about 85% of LGBTQ teenagers experienced verbal 

abuse, 27% experienced physical harassment, and 13% experienced physical assault while in high 

school (McDonald, 2018). A Canadian study in 2015 found that sexual minority groups were more 

likely to have experienced mood or anxiety disorders or suicidality and were less likely to be in 

flourishing mental health (Gilmour, 2019). The predominant explanation for such disparities has 

been linked to the minority stress theory, which posits that members of minority groups suffer a 

higher risk of mental health disorders due to the unique chronic stressors they are exposed to 

through social stigma and discrimination (Scott et al., 2016).  

 

In terms of migration status, the “Healthy Immigrant Effect” (HIE) suggests that immigrants, on 

average, are mentally healthier on arrival in Canada compared to their Canadian-born counterparts 

(Ng et al., 2020). The "Healthy Immigrant Effect" theory, also known as the "Immigrant Paradox," 

contends that immigrants have superior health than those who are native-born (Elshahat et al., 

2021). Based on data from Canada-wide representative surveys, immigrants fare better in self-

reported mental health (SRMH) and mental health disorders (Ng et al., 2020). Over time, the early 

health benefits tend to vanish, possibly because of stress and other difficulties integrating (i.e., the 
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“years since immigration effect (YSIE)” (Elshahat et al., 2021)). In contrast, recent immigrants or 

refugees from war‑torn parts of the world are at a mental health disadvantage upon arrival in 

Canada (Ng et al., 2020).  

 

2.3 Descriptive epidemiology of substance (alcohol, cannabis, and nicotine) use 

Substance use among adolescents and young adults is a growing public health concern in Canada. 

Alcohol, cannabis, and nicotine-containing tobacco are the most frequently used substances by 

adolescents and young adults (Singh, 2019). Alcohol consumption is a leading contributor to the 

global disease burden and the most frequently consumed psychoactive substance among Canadians 

(Health Canada, 2020). The prevalence of alcohol consumption among Canadian adults ages 25 

years or older was 79% in 2017 (Statistics Canada, 2017). Alcohol-related harm is on the rise in 

Canada (Spithoff, 2019). According to a report by Canada's Chief Public Health Officer, alcohol-

related harms include suicide, accidents, pancreatitis, liver illness, psychological disorders, brain 

damage, and mortality. Between 2003 and 2016, the rate of alcohol-related emergency department 

visits in Ontario increased 4.4-fold (Spithoff, 2019). At the societal level, some experts describe 

alcohol as potentially just as harmful to users as cocaine (Spithoff, 2019). Alcohol use by 

Canadians resulted in 14,827 fatalities in 2014, with direct healthcare expenditures accounting for 

$11.1 billion of the $14.6 billion total cost to the public (Spithoff, 2019). 

 

As of October 2018, Canada became the second country in the world to legalize the consumption 

of non-medical use of cannabis for adults (Rotermann, 2019). A fundamental justification for 

legalization was to allow users to switch from a long-established illegal market (i.e., valued at $6 

billion in 2015) to legal sources to obtain regulated and quality-controlled cannabis products 

(Fischer et al., 2018). Cannabis is one of Canada's most widely used substances, with nearly half 

of all Canadians ages 15 years or older reporting consumption (Rotermann, 2019). In 2017, the 

prevalence of past-year cannabis use was 15%, an increase from 12% in 2015 (Statistics Canada, 

2017). Age at initiation of cannabis use has become a strong predictor of many cannabis-related 

problems of public health concern. In 2019, among Canadian National Cannabis Survey 

respondents ages 15-24 years, one in four reported consuming cannabis in the previous three 

months, 14% reported driving within two hours of consuming cannabis, and 12% reported being 

a passenger in a vehicle driven by someone who had used cannabis in the previous two hours 
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(Brubacher et al., 2020). Epidemiological studies suggest a modest increase in crash risk after 

cannabis use, which tends to impair psychomotor skills required for safe driving (Brubacher et al., 

2020). A California-based study (Gerberich et al., 2003) documented that compared to non-users 

of cannabis, all-cause hospitalization rates were 1.5 times higher among cannabis users (Gerberich 

et al., 2003). Recent American estimates also suggest that as many as one in three current users 

meet the criteria for a cannabis-use disorder (CUD) (Fischer et al., 2018), broadly defined as the 

inability to stop consuming cannabis even when it is causing physical and/or psychological harm 

(Connor et al., 2021).  

 

In Canada, tobacco use remains the number one preventable cause of premature mortality (Callard, 

2022). Despite a decline in tobacco consumption, many Canadians still smoke cigarettes, which 

causes 45,000 deaths in the country each year (Callard, 2022). In 2017, among adults ages 25 years 

or older, the prevalence of past-30-day use of at least one tobacco product was 18%, an increase 

from 15% in 2015 (Statistics Canada, 2017). Tobacco use increases the risk of cancer, 

cardiovascular disease, and pulmonary disease (Benowitz, 2010). Additionally, smoking increases 

the probability of developing diabetes, duodenal and gastric ulcers, osteoporosis, reproductive 

disorders, poor wound healing, and respiratory tract infections. Nicotine addiction is a direct cause 

of smoking-induced diseases (Benowitz, 2010). In addition to being highly addictive, nicotine 

adversely affects the heart, reproductive system, lungs, kidneys, etc. and has carcinogenic 

properties (Mishra et al., 2015). To reduce the staggering death and disease burden of tobacco use, 

the Government of Canada allocated a $330 million budget in 2018 to attain a goal of less than 5% 

tobacco use by 2035 (Callard, 2022). As policies are enacted to control tobacco use, young adults 

have instead taken up high nicotine and flavoured e-cigarettes, which also come with health 

concerns (i.e., addiction, headache, nausea, upper respiratory tract irritation, and the risk of lung 

cancer) (Al-Osaimi et al., 2015). In 2017, 15% of Canadians ages 15 years or older had ever tried 

an e-cigarette, representing an increase from 13% in 2015 (Statistics Canada, 2017). 

 

It is common for individuals to report using these substances concurrently (Roche et al., 2019). 

Concurrent polysubstance use refers to when different psychoactive substances are consumed on 

separate occasions; simultaneous use refers to ingestion of two or more substances on a single 

occasion (Earleywine et al., 1997). In the US, over 75% of marijuana users reported alcohol use 
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(Roche et al., 2019). Longitudinal studies suggest that most users who report concurrent use of 

alcohol and marijuana consume these substances simultaneously - which is associated with 

increased heavy-drinking behaviour, drunk driving, other adverse social consequences, and self-

harm (Roche et al., 2019). Cannabis dependence doubles the risk of long-term alcohol 

consequences (Yurasek et al., 2017). Among adults with no alcohol use disorder (AUD), cannabis 

use has been associated with an increased incidence of AUD three years later compared to non-

cannabis users (Yurasek et al., 2017).  

 

Concurrent marijuana and cigarette use is also highly prevalent. Recent findings indicate that more 

than two-thirds of current marijuana users use tobacco concurrently, and up to 53% of current 

tobacco users also consume marijuana (Roche et al., 2019). Tobacco and cannabis can be 

consumed simultaneously in what is referred to as "blunts" or "spliffs" (Jayakumar et al., 2019).  

Blunts are cannabis-filled cigar papers or rolled tobacco leaves that have been partially or totally 

hollowed out. Spliffs are joints (cannabis cigarettes) filled with loose-leaf tobacco and cannabis 

(Jayakumar et al., 2019). Spliff users claim that they mix tobacco with cannabis to lessen the 

latter's potency, lower the use cost, and enhance the burning properties (Jayakumar et al., 2019). 

In the US, in 2017, about 40.9 million people (15.0%) ages 12 or older used cannabis in the last 

year (Kumar et al., 2020). Also, in 2017, approximately one in 11 US cannabis users ages 15 or 

older developed dependent patterns of use, with 4.2 million people meeting diagnostic criteria for 

frequent or problematic use (Kumar et al., 2020). 

 

Alcohol and nicotine dependence are strongly correlated, and alcohol and tobacco use are highly 

comorbid (Adams, 2017). The term "comorbidity," which was first used in 1970, is defined as any 

distinct clinical entity that may occur together with an index disorder, which is regarded as the 

"primary" condition of clinical or research interest (MacLean et al., 2018). People who are 

dependent on tobacco are four times more likely to be dependent on alcohol, and those who are 

dependent on alcohol are three times more likely to smoke than the general population (Adams, 

2017). In  Waves I and II of the National Epidemiologic Survey on Alcohol and Related Conditions 

(NESARC), US researchers found that among those with alcohol dependence, use of alcohol and 

tobacco together (32.5%) was more common than alcohol use alone (27.5%) (MacLean et al., 

2018). Additionally, compared to non-alcohol-dependent smokers, alcohol-dependent smokers 
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have more severe nicotine dependence and a more challenging time quitting (Adams, 2017). In a 

recent study of US veterans, 58% of those with alcohol use disorder (AUD) also had tobacco use 

disorder (TUD) diagnoses (MacLean et al., 2018). 

 

2.4 Substance use and mental health 
Alcohol consumption and mental health 

Numerous cross-sectional studies identify links between alcohol use and both anxiety and 

depression (Haynes et al., 2005). Data from four community-based studies conducted in Europe 

and the US demonstrate a 2-3-fold increase in the lifetime prevalence of anxiety and depression 

among those with DSM–III alcohol abuse or dependence (Haynes et al., 2005). A review by 

Madden (1993) discussed several potential "pathways" linking the physiological effects of heavy 

alcohol consumption to the induction of a depressed state which includes: depression as a 

component of a hangover state; withdrawal depression because of alcohol-induced neurochemical 

changes; and depression as a reaction to the psychological, social, and physical problems linked 

with alcoholism (Patten et al., 1998). Pietraszec et al. (1991) observed that whole-blood serotonin 

was reduced 45 minutes after drinking, and they postulated that alcohol-induced changes in mood 

might relate to changes in serotonin function. Cleare (1997) found that depressed subjects did 

indeed have lower whole blood serotonin (WBS) than controls. However, results of longitudinal 

studies are inconsistent (Haynes et al., 2005). An early meta-analysis of eight longitudinal studies 

found that baseline alcohol consumption was significantly associated with later depression 

(Haynes et al., 2005). In contrast, later studies have generally found no link between alcohol 

consumption and incident depressive illness (Haynes et al., 2005). Wang & Patten (2001) found 

that in a general population sample, alcohol consumption levels were not associated with major 

depression, while extreme patterns of alcohol consumption (which tend to characterize clinical 

samples) were associated with depression. Such drinking patterns, however, are relatively less 

common in the general population in Canada (Wang & Patten, 2001). 

 

Cannabis consumption and mental health 

A systematic review by Degenhardt et al. (2003) which investigated the association between 

cannabis use and the development of depression, concluded that longitudinal studies provided 

mixed evidence on the association between cannabis use and depression. It also emphasized that 
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although heavy cannabis use may increase depressive symptoms, uncontrolled confounding 

factors may underpin this relationship (Lev-Ran, 2013). A study linking cannabis use and 

depression by Lynskey et al. (2004) measured correlations between early cannabis use and lifetime 

cannabis dependence and each of Major Depressive Disorder (MDD), suicidal ideation, and 

suicide attempts among twins. The odds of MDD and suicidal ideation among individuals who 

met the lifetime criteria for cannabis dependence were 1.3 to 3.4 times higher than non–cannabis 

dependent twins. More importantly, there was evidence that shared genetic vulnerabilities could 

account for a substantial component of the link between cannabis dependence and MDD (Lynskey 

et al., 2004). A significant interaction between zygosity and cannabis dependence on the risk of 

MDD was reported, with cannabis dependence being significantly associated with elevated risks 

of MDD (compared to the non–cannabis-dependent twin) in dizygotic twins but not in 

monozygotic twins (Lynskey et al., 2014). In contrast, some preclinical studies suggest that 

cannabis may be therapeutically effective for depression (Adel et al., 2020). If blocking CB1 

(cannabinoid receptors type 1) receptors produces depressive symptoms, activating CB1 receptors 

could alleviate the issue (i.e., marijuana might have antidepressant effects, with agonistic effects 

on the central CB1 receptors) (Stoner, 2017).  

 

Nicotine consumption and mental health 

Nicotine can both stimulate and inhibit the function of neuronal nicotinic ACh receptors (nAChRs) 

(Anderson & Brunzell, 2015). In fact, in vitro and in vivo studies have shown that nicotine can 

both activate and desensitize nAChR ion channels and that low concentrations can desensitize 

nAChRs, making them unavailable for further activation by nicotine (Anderson & Brunzell, 2015). 

Different psychotropic effects may result from this modulation of nAChRs in the brain (Anderson 

& Brunzell, 2015). However, uncertainties still exist regarding specific nAChR subtypes' roles in 

anxiety behaviours (Anderson & Brunzell, 2015). Studies based on rodent models of anxiety-like 

behaviour suggest that nicotine can dose-dependently activate or desensitize β2 subunit-containing 

nicotinic ACh receptors (β2*nAChRs) (Anderson & Brunzell, 2015). Thus, providing direct 

evidence that low-dose nicotine inhibits nAChRs. It also demonstrates that inhibition or 

stimulation of β2*nAChRs supports nicotine's corresponding anxiolytic-like or anxiogenic-like 

effects. Among traditional cigarette smokers, most common motives for continued smoking have 

been enjoyment and stress relief (Fidler and West, 2009). However, consistent with rodent-model 
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studies, high doses of nicotine or repeated exposure may also promote anxiety, as multiple studies 

suggest that smokers experience anxiety more intensely than non-smokers (Anderson & Brunzell, 

2015).  

 

Polysubstance use and mental health  

Polysubstance use of alcohol, marijuana, and tobacco is widespread in populations with mental 

health and substance use problems, with the onset of these issues typically occurring during young 

adulthood (Cohn et al., 2018). A study by Cohn et al. (2018) reported strong associations between 

polysubstance use patterns and mental health problems among US adults. Interestingly, when used 

alone by young adults, alcohol and cigarettes were associated with poorer mental health than when 

used together. Mental health in the Cohn study, was assessed by capturing internalizing and 

externalizing disorders (two broad categories of behavioural problems) using the Global Appraisal 

of Individual Needs–Short Screener (GAIN-SS). Internalizing problems (i.e., withdrawal, anxiety, 

depression, emotional problems) are focused on the self, while externalizing problems (i.e., 

aggression, impulsivity, deviance, hyperactivity) occurs in interaction with the social environment 

(Nikstat et al., 2020). While polysubstance use is associated with poorer mental health among 

American adolescents (Banks et al., 2017), a review by Halladay et al. (2020) suggests that not all 

adolescents who use substances experience mental health issues. Rather, the review suggests for 

future studies to derive distinct patterns of substance use to study its relationship with mental health 

symptomatology (Halladay et al., 2020).  

 

Possible underpinnings linking polysubstance use and mental health.  

Compared to nicotine use alone, the chemistry of combined marijuana and nicotine use is 

characterized by upregulation of α4β2* nicotinic acetylcholine receptor (nAChR) availability in 

the prefrontal cortex and the thalamus (Brody et al., 2016). Animal models are beginning to shed 

light on the function of nAChRs in circuits regulating anxiety and mood, but the mechanisms 

underpinning how nicotine affects aggression-related behavioural states (ARBS) are still unclear 

(Picciotto et al., 2015). Numerous studies suggest that decreasing the activity of α4β2* nAChRs 

can improve symptoms of depression (Picciotto et al., 2015). Labarca et al. (2001) reported that 

mice with increased activity of α4β2* nAChRs showed increased anxiety-like behaviours. 

Functional magnetic resonance imaging (fMRI) assessments of the combined use of nicotine and 
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marijuana suggested increased connectivity disruptions in posterior cortical and frontoparietal 

regions (Vergara et al., 2017). Schultz et al. (2019) showed a negative correlation between the 

intensity of depressive symptoms and the frontoparietal network's between-network global 

connectivity. This suggests that higher levels of depressive symptoms may be associated with 

decreased connectivity between the frontoparietal network and the rest of the brain. These findings 

align with clinical studies supporting the hypothesis that global frontoparietal network connectivity 

plays a domain-general protective role against mental health symptoms (Schultz et al., 2019). 

Alterations in frontoparietal network functional connectivity have been linked to various mental 

disorders such as schizophrenia, anxiety, depression, attention deficit hyperactivity disorder 

(ADHD), and eating disorders (Schultz et al., 2019). Li et al. (2020) found that dysfunction of the 

right frontoparietal network and white matter fractional anisotropy in tracts to the right 

frontoparietal network were highly associated with comorbid-anxiety symptoms in late-life 

depression patients.  

 

Combined alcohol and nicotine consumption also produces neurologic alterations that differ from 

single substance use, including that users become sensitive to the cognitive enhancement effects 

of nicotine (Vergara et al., 2017). The dopamine (DA) neuron activity induced by nicotine and 

alcohol correlates with increased DA release at target areas, including the nucleus accumbens 

(NAc) and ventral pallidum (Doyon et al., 2013). Nicotine and alcohol administered 

simultaneously produce an additive increase in DA release in the NAc compared to each drug 

alone (Doyon et al., 2013). Although the DA system in the NAc has been associated with emotion-

related behaviours, the NAc acts as a common target in comorbid depression and addiction (Xu et 

al., 2020). The NAc and the dopaminergic inputs it receives from the ventral tegmental area (VTA) 

of the midbrain have been identified as one of the most significant anatomical substrates for drug-

related rewards as well as for natural rewards like food, sex, and social interactions (Nestler et al., 

2006). The possible involvement of the VTA-NAc pathway in mood regulation and depression, 

however, is not well studied, and the idea that the path may mediate depression-like behaviours 

was first proposed based on studies with dopamine receptor antagonists (Nestler et al., 2006). It is 

notable that the activation of dopaminergic neurons and other pathways within the mesolimbic 

dopaminergic system by nicotine and alcohol is dependent on nAChRs (Tarren & Bartlett, 2016). 

It is well documented that α4β2* and α7 nAChRs are located in DA cell bodies in the VTA (Tarren 
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& Bartlett, 2016). Moreover, high-affinity nAChRs (i.e., α4β2*) are located on GABAergic 

afferents projecting to key reward areas to regulate dopamine cell firing through the release of 

GABA. Ethanol (alcohol) potentiation in brain nAChRs is postulated to be the outcome of ethanol-

induced stabilization of the open-channel state of the receptor (Tarren & Bartlett, 2016). 

 

Both marijuana and alcohol consumption are linked to changes in structural connectivity in the 

brain, but affect functional connectivity in opposite directions (i.e., alcohol decreases and 

marijuana increases overall connectivity in the brain) (Vergara et al., 2017). The opposite trend 

between alcohol and cannabis does not indicate that detrimental neurocognitive effects will 

diminish because of concurrent use (Vergara et al., 2017). In a study comparing simultaneous 

versus concurrent use of alcohol and cannabis among high-school students in Quebec, Brière et al. 

(2011) reported that simultaneous use was associated with higher depressive symptoms.  As neuro-

inhibitory substances, both alcohol and cannabis cause many of the same behavioural effects, 

including euphoria, analgesia, drowsiness, hypothermia, cognitive and motor dysfunctions (Singh, 

2019). Alcohol and marijuana use together may increase the severity of cognitive and motor 

deficits in occasional cannabis users. Chronic cannabis use, however, may lead to a tolerance to 

the impairing effects of alcohol or cannabis (Singh, 2019). Alcohol and cannabis both increase 

dopamine (DA) levels in the nucleus accubens (NAc) by activating DAergic neurons in the ventral 

tegmental area (VTA), where the mesoaccumbal DA-mediated pathway originates (Singh, 2019). 

Guillot et al. (2018) studied anxiety sensitivity components (i.e., physical, cognitive, and social 

concerns) with the use of cannabis and alcohol, which may also be interlinked with use of alcohol 

and cannabis. Fear of anxiety symptoms and possible adverse effects defines anxiety sensitivity 

(Guillot et al., 2018). The propensity to fear anxiety-related experiences intensifies unpleasantness 

and may cause more psychological suffering, possibly implicated in the development of several 

forms of psychopathology (e.g., panic, generalized anxiety, social anxiety, posttraumatic stress 

disorder, depression, and suicidal ideation) (Guillot et al., 2018). Although knowledge on the 

molecular basis of alcohol-cannabis interaction is limited, recent research has proposed epigenetic 

mechanisms: CB1 and CB2 receptors are both modulated by alcohol and cannabis activating the 

MAPK signalling pathways that further activate: (i) nuclear factors CREB and NF-κB, (ii) histone 

modifications, and (iii) DNA methylation mediated by the epigenetic enzymes (Singh, 2019). The 
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adverse effects of this pathway include synergetic augmentation of addictive response and 

depressive symptoms (Singh, 2019).  

 

2.5 Gaps in knowledge 

This review of the literature suggests a lack of studies describing patterns of polysubstance use 

among young adults. Further, few studies investigate the association between polysubstance use 

and mental health in this age group. To our knowledge, only Cohn et al. (2018) has reported 

patterns of polysubstance use including alcohol, marijuana, and tobacco, at a population-level 

among young adults. This thesis will provide one of the first population-level glimpses of 

polysubstance use among young adults in Canada. It also assesses the association between 

polysubstance use and several indicators of mental health including anxiety and depressive 

symptoms and in particular, flourishing positive mental health, which has been explored only 

infrequently.  
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CHAPTER 3: OBJECTIVES 

The aim of this MSc thesis is to better understand the association between polysubstance use and 

mental health among young adults. There are two specific objectives:  

 

1. To describe patterns of regular (i.e., at least weekly) polysubstance use (i.e., use of two or more 

substances in the same timeframe) in the past year among young adults. Substances of interest 

include alcohol, cannabis, and nicotine.  

 

2. To estimate the associations between patterns of regular polysubstance use and indicators of 

mental health including depressive symptoms, anxiety symptoms and flourishing positive 

mental health. 
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CHAPTER 4: METHODS 

This thesis is a secondary analysis of data drawn from the longitudinal Nicotine Dependence in 

Teens (NDIT) study. This section describes the source of the data, the study design, the methods 

used for data collection, the study variables, the data analysis plan, and ethical considerations.  

 

4.1 Source of data 

The ongoing longitudinal Nicotine Dependence in Teens recruited students in 1999–2000 from all 

grade 7 classes in a purposive sample of 10 high schools in Montreal, Canada (O’Loughlin et al., 

2014). The primary goal of NDIT was to describe the natural course of cigarette smoking and 

nicotine dependence among youth and to identify individual-level and contextual predictors of the 

onset of smoking and nicotine dependence. NDIT, however, also includes investigations of blood 

pressure, adiposity, team sports, physical activity, sedentary behaviour, nutrition, genetics, alcohol 

consumption, use of cannabis, illegal drug use, second-hand smoke, gambling, sleep, and mental 

health (O’Loughlin et al., 2014). 

 

Thirteen high schools in or near Montreal were selected in consultation with local school boards 

and school principals to include a mix of French- and English-language schools; urban, suburban, 

and rural schools; and schools situated in high, moderate, and low socioeconomic-status 

neighbourhoods (O’Loughlin et al., 2014). All grade 7 students in these schools (age 12-13 years) 

received a take-home information package that included a letter for their parents/legal guardians 

describing the research and a consent form for their parents/guardians to complete. One school 

was excluded because the school administration could not guarantee continued participation 

beyond the first year of the study, and two schools were excluded due to low returns of signed 

parental consent forms. Of 2,325 eligible students, 1,294 (56%) completed baseline questionnaires 

in autumn 1999 (nine schools) or in autumn 2000 (one school). 

 

Follow-up questionnaires were completed at school by NDIT participants every three months 

during the 10-month school year for the next five years (i.e., from 1999-2005) until high school 

graduation, for a total of 20 cycles during high school. In cycle 21, which was undertaken post-

high school in 2007-2008, participants (mean age 20 years) completed self-report questionnaires 

which were mailed to their homes. In cycle 22 which was undertaken in 2011-2012, participants 
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(mean age 24 years) completed self-report questionnaires administered in the NDIT research 

offices located at the Centre de recherche du Centre Hospitalier de l'Université de Montréal 

(CRCHUM). During cycle 23 (2017-2020), 99.3% of participants (mean age 31 years) who 

completed a questionnaire provided data before the declaration of a sanitary emergency (i.e., the 

COVID-19 pandemic) in Quebec on March 13, 2020, which resulted in the closure of daycares, 

schools, post-secondary institutions, and non-essential companies as well as restrictions on private 

gatherings. Data in cycle 24 were collected online from participants (mean age 34 years) during 

the COVID-19 lockdown in Canada from December 2020 to June 2021. Data collection for Cycle 

25 ended in March 2023. 

 

4.2 Study design 

The study design to address the objectives of this thesis was cross-sectional. Data on all study 

variables including: (i) the substance use indicators (i.e., use of alcohol, cannabis, and/or nicotine 

at least weekly in the past year); (ii) the mental health indicators (i.e., depressive symptoms, 

anxiety symptoms, positive mental health); and (iii) the covariates (i.e., sex, age, level of 

education) were drawn from cycle 23 (2017-20), when participants were age 31 years on average. 

Note that although the study design was cross-sectional, the data for cycle 23 were collected over 

a 3-year time span. Appendix A includes a copy of the questionnaire used in cycle 23 and Appendix 

D describes each study variable including the questionnaire item(s) used to measure the variable, 

the response choices, re-coding of the response choices for analysis, and the psychometric 

properties of scales and references if applicable. 

 

4.3 Study variables 

Regular alcohol use - Frequency of alcohol consumption was determined by asking participants: 

“In the past 12 months, how often did you… drink alcoholic beverages?”. Response options 

included: never; less than once a month; 1-3 times per month; 1-6 times per week; everyday. 

Regular alcohol use was coded “yes” if participants reported drinking alcoholic beverages 1-6 

times per week or everyday. It was coded “no” if participants reported: never, less than once a 

month or 1-3 times per month.  
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Regular cannabis use - Frequency of cannabis consumption was determined by asking 

participants: “In the past 12 months, how often did you… use marijuana, cannabis or hashish 

without tobacco?” and “In the past 12 months, how often did you… use marijuana, cannabis or 

hashish mixed with tobacco?”. Response options for both items included: never; less than once a 

month; 1-3 times per month; 1-6 times per week; everyday. Regular cannabis use was coded “yes” 

if participants reported 1-6 times per week or everyday for either item. Regular cannabis user was 

coded “no” for all other responses. 

 

Regular nicotine use - Frequency of nicotine consumption was determined by asking participants 

about their consumption of eight products containing nicotine: “In the past 12 months, how often 

did you… (i) use electronic cigarettes with nicotine, (ii) smoke flavored cigarettes or cigarillos, 

(iii) smoke cigars or pipe, (iv) use bidis, chewing tobacco and/or snuff, (v) smoke cigarillos,  (vi) 

use a waterpipe, and (vii) use marijuana, cannabis or hashish mixed with tobacco”. Response 

options included: never; less than once a month; 1-3 times per month; 1-6 times per week; 

everyday. In addition, (viii) the frequency of cigarette use in the past year was determined by 

asking participants to: “Check the box that describes you best...”. Response options included: I 

have smoked cigarettes, but not at all in the past 12 months; I smoked cigarettes once or a couple 

of times in the past 12 months; I smoke cigarettes once or a couple of times each month; I smoke 

cigarettes once or a couple of times each week; I smoke cigarettes everyday. Regular nicotine use 

was coded “yes” if participants reported consuming nicotine from any source 1-6 times per week 

or everyday. Regular nicotine use was coded “no” for all other responses. 

 

We used data on regular alcohol, cannabis and nicotine use in the past year to create two variables 

reflecting polysubstance use (i.e., number of substances used, pattern of polysubstance use). 

Number of substances used was computed as the sum of the number of the three substances of 

interest (i.e., alcohol, cannabis, nicotine) that were used regularly in the past year (range 0-3). A 

value of 0 denoted that the participant did not report any regular use of any of the three substances 

of interest in the past year. A value of 3 indicated that the participant reported regular use of all 

three substances in the past year.  
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Pattern of polysubstance use - To create the pattern of polysubstance use variable, we categorized 

participants into one of eight different patterns based on the number and type(s) of substances used 

regularly: (i) no-substance use included participants who did not report regular use of any of the 

three substances in the past year. Patterns representing regular use of one substance only included: 

(ii) alcohol only; (iii) cannabis only; and (iv) nicotine only. Regular use of two substances 

included: (v) alcohol-cannabis; (vi) alcohol-nicotine; and (vii) cannabis-nicotine. Finally, (viii) 

alcohol-cannabis-nicotine included participants who reported regular use of all three substances.  

 

Depressive symptoms – Depressive symptoms were measured using the Major Depression 

Inventory (MDI), which is a 12-item self-report depression questionnaire that asks participants to 

report on a 6-point rating scale, how frequently they experienced each of 12 depressive symptoms 

in the past two weeks. Response options were: at no time; some of the time; slightly less than half 

of the time; slightly more than half of the time; most of the time; all the time scored 0-5. Items 8 

and 10 had two sub-items (Appendix D), of which only the highest-scored sub-item was retained 

(Bech et al., 2001). Scores were summed across items to yield a score that ranged between 0 and 

50, with higher scores indicative of more frequent depressive symptoms (Bech et al., 2001). 

Internal consistency of the MDI is high (Cronbach’s a = 0.94) (Bech et al., 2001).  

 

Anxiety symptoms – Anxiety symptoms were measured using the Generalized Anxiety Disorder 

scale (GAD-7). The GAD-7 is a 7-item self-report questionnaire used as a diagnostic tool for a 

General Anxiety Disorder (GAD) diagnosis based on an initial 13-item questionnaire reflecting 

DSM-IV symptom criteria for GAD and earlier anxiety scales (Spitzer et al., 2006). The scale also 

quantifies the severity of anxiety symptoms (i.e., higher GAD-7 scores are closely correlated with 

several functional impairments and disability days (Spitzer et al., 2006)). GAD-7 asks participants 

to report, on a 4-point rating scale, how often each of the 7 anxiety-related issues had bothered 

them in the past two weeks. Response options included: not at all; several days; over half the days; 

and nearly every day scored 0 to 3. Scores ranged between 0 and 21, with higher scores indicative 

of more frequent anxiety symptoms; cut points of 5, 10, and 15 might be interpreted as representing 

mild, moderate, and severe levels of anxiety (Spitzer et al., 2006). Cronbach’s a for internal 

consistency was 0.92 in earlier work (Spitzer et al., 2006). 
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Flourishing positive mental health – In accordance with the definition of the World Health 

Organization (WHO), flourishing positive mental health is defined as the presence of emotional, 

psychological, and social well-being (Lamers et al., 2010). Two longstanding traditions in studies 

on “life well-lived” were considered for the definition: the hedonic tradition (i.e., feelings of 

happiness) and the eudaimonic tradition, which focuses on optimal functioning in life (Lamers et 

al., 2010). Derived from several instruments that assess emotional, psychological and social well-

being in the Survey on Midlife Development in the US, the self-report questionnaire of Mental 

Health Continuum-Short Form (MHC-SF) was developed to fully cover all three dimensions of 

mental health (Lamers et al., 2010). There are 14 items on the Positive Mental Health – Flourishing 

scale, which assesses the degree of (1) Emotional well-being (EWB) in items 1-3 - which relates 

to positive affect (PA) and satisfaction with life; (2) Social well-being (SWB) in items 4–8 – which 

relates to each of social acceptance, social actualization, social contribution, social coherence and 

social integration; and (3) Psychological well-being (PWB) in items 9–14 - which includes one 

item on each of the dimensions of autonomy, environmental mastery, personal growth, positive 

relations with others, purpose in life and self-acceptance (Keyes et al., 2008). Response options 

for all items included: never; rarely; sometimes; often; most of the time; always. Scores ranged 

from 0 to 70, with higher scores indicative of more psychological resources and strengths. The 

internal reliability of the MHC-SF as measured with Cronbach’s a is 0.89 (Lamers et al., 2010).  

 

Covariates - We based our selection of covariates primarily on an article which included both a 

systemic review and a meta-analysis (Esmaeelzadeh et al., 2018) on the association and 

directionality of the relationships between cannabis, alcohol, and tobacco use and mental health 

disorders among adolescents and young adults in the U.S. and Canada. Most studies in this review 

controlled for age, sex, ethnicity, parental education, household income and socioeconomic status 

(SES).  The present analysis controlled for participant’s age, sex and level of education. Ethnicity 

was not included because of low ethnic diversity in the NDIT sample (i.e., in Cycle 23, participants 

with Caucasian backgrounds represented 78.0% of the sample). Because the mean age of 

participants in our study was 31 years, participant’s highest level of education attained (rather than 

parental education) was used as a covariate. In epidemiological studies, level of education is 

frequently used as an indicator of socioeconomic position (SEP) and is thought to capture 

knowledge-related assets (Galobardes et al., 2007). Other SEP indicators include household 
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income, household conditions, occupational social class, etc. (Galobardes et al., 2007). However, 

use of a single indicator (rather than several indicators) in this current study avoids the problem of 

overfitting in regression-type models, which can create uncertainty about the scientific validity of 

the findings. Overfitting can produce overly optimistic results that cannot be replicated (Babyak, 

2004).   

 

Sex - In 2019, higher proportions of men than women in Canada had consumed alcohol (78% vs. 

75%), used cannabis (23% vs. 19%), and used tobacco (16% vs. 12%) (Statistics Canada, 2021). 

Similarly, in 2016, males were more likely than females in Canada to report polysubstance use 

(i.e., use of two or more of alcohol, cigarettes, cannabis, and e-cigarettes) (Zuckermann et al., 

2019). Sex is also associated with symptoms of mental health problems. Prior to the COVID-19 

pandemic, population health surveys in Canada indicated that women reported higher anxiety 

levels than men (Moyser, M., 2020). Similarly, the prevalence of depressive symptoms among 

Canadians in 2012, was 5.8% in  women and 3.6% in men (Albert, P., 2015). Data on sex were 

collected in Cycles 1-11 by: “Are you a boy or a girl?” Response options included boy and girl. 

 

Age - Age was also considered as a possible confounding variable in this study. Data from a nation-

wide population survey in Canada (Statistics Canada, 2021) showed that use of alcohol, cannabis, 

and current cigarette smoking varied across age. For example, 44.6% of those age 20-24 had used 

cannabis in the past 12 months compared to 21.9% and 18.5% among 15-19 and ≥25-year-olds, 

respectively (Statistics Canada, 2021). Use of marijuana and cigarettes at age 18 predicts heavy 

drinking at age 35 (Merline et al., 2008). In a 2012 survey in Canada, 48.6% of those age 30-49 

reported both a generalized anxiety disorder (GAD) and a major depressive episode (MDE) 

compared to 22.7% and 28.8% among those age 15-29 and ≥50, respectively (Pelletier et al., 2017). 

Compared to those with MDE only, those with GAD only were older (mean age = 38.0 and 43.8 

years, respectively) (Pelletier et al., 2017). Age in this current study was computed based on the 

participants’ birth date and the date when data were collected for the participant in cycle 23. Age 

was treated as a continuous variable in the analyses.  

 

Level of education - Finally, level of education was considered as a possible confounding variable 

in this current analysis. Dropping out of high school is related to many adverse socioeconomic and 
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health outcomes. A report combining 2002 and 2014 data from the National Survey on Drug Use 

and Health (NSDUH) in the U.S (Tice et al., 2017) suggested that 12th grade dropouts were more 

likely than similarly aged youth still in school to have used a variety of substances (e.g., cigarettes, 

alcohol, binge alcohol use, marijuana, nonmedical use of prescription-type drugs, any illicit drugs) 

in the past month. Also, after considering a comprehensive set of socioeconomic measures across 

the life course in a nationally representative longitudinal cohort in the US, higher educational 

attainment was associated with a reduced risk of depression at age 40 (Cohen et al., 2020). 

Participants were asked in cycle 23: “How far have you gone in school…”. Response options 

included: attended high school, but did not graduate; graduated high school; attended CEGEP, 

community/technical college but did not graduate; graduated CEGEP/technical college; attended 

university (or teachers college) but did not graduate; graduated university with a Bachelors degree; 

graduated university with a Masters degree; graduated university with a PhD; other. For analysis, 

high school graduate was coded yes (i.e., graduated high school; attended CEGEP, 

community/technical college but did not graduate; graduated CEGEP/technical college; attended 

university (or teachers’ college) but did not graduate; graduated university with a Bachelors 

degree; graduated university with a Masters degree; graduated university with a PhD; other) or no 

(i.e., attended high school, but did not graduate).  

 

4.4 Data Analysis 

Descriptive analyses 

Descriptive analyses were undertaken to identify missing data and outliers for all study variables 

and to check the distributions. We compared selected baseline characteristics (i.e., measured in 

NDIT cycle 1) of participants retained in the analytic sample and those not retained (i.e., 

participants who were lost-to-follow-up since cycle 1). Means (standard deviations (SD)) were 

computed for age, and percentages were computed for categorical variables (i.e., born in Canada, 

sex, mother graduated from high school, French-speaking).  

 

The distributions of the scores for the three mental health indicators were assessed in frequency 

distributions and quantile-quantile plots. Because the data for depressive and anxiety symptoms 

were not normally distributed, medians (interquartile ranges (IQR)) were reported in addition to 

means (standard deviations (SD)).  
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Association between polysubstance use and mental health indicators 

We compared the means (SD) and medians (IQR) for depressive symptoms, anxiety symptoms 

and flourishing positive mental health according to the number of substances consumed regularly 

and patterns of polysubstance use. The association between: (i) number of substances consumed 

regularly; and (ii) pattern of polysubstance use and each of the three mental health indicators was 

then examined in multivariable linear regression models. Unadjusted models and models adjusting 

for age, sex, and level of education were considered. Analyses were undertaken to assess the 

normality of the residuals using quantile-quantile plots and the assumption of homoscedasticity by 

plotting residuals against fitted values. The residual analyses suggested that the normality 

assumption for the residuals was violated in the models for depressive and anxiety symptoms. In 

sensitivity analyses, a second set of models were estimated following a square root transformation 

of both the anxiety and depressive symptoms scores. A residual analysis of these models was also 

performed.  

 

All analyses were undertaken using R software version 4.0.3 [RStudio version 1.4.1103] and dplyr 

R package [version 4.0.2] was used.  

 

4.5 Ethical considerations 
At inception, a package including a description of the NDIT study and a consent form (Appendix 

B), was sent home to parents or legal guardians with all eligible students. The Principal 

Investigator visited each study school before the first data collection to explain the research to 

teachers and students and to respond to questions (O’Loughlin et al., 2014). Participation was 

voluntary, and participants could decide to stop participating at any time without providing a 

reason and without any repercussions. In the post-high school data collections, participants were 

of legal age and therefore able to provide consent. They each received 50$ to cover any costs 

associated with participating in the study (O’Loughlin et al., 2014). This current project is 

embedded in the ongoing NDIT study which has received ethics approval (Appendix C) from the 

Montreal Department of Public Health Ethics Review Committee, the McGill University Faculty 

of Medicine Institutional Review Board, the Ethics Research Committee of the Centre de 

Recherche du Centre Hospitalier de l’Université de Montréal and the University of Toronto 

(O’Loughlin et al., 2014). 
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CHAPTER 5: RESULTS 
5.1 Response 

A total of 1,267 students participated in cycle 1 of the NDIT study; 27 students joined the study in 

later cycles (i.e., primarily in cycles 2 to 4) for a total of 1,294 participants. Of the 1,294, 799 

(61.7%) participated in cycle 23 which took place 23 years after the inception of the NDIT study. 

The primary reasons for non-participation include moving to a non-participating school during 

high school, lack of time, and loss of interest in the study (O’Loughlin et al., 2014).  

 
Figure 1. Flowchart describing the derivation of the analytical sample including the number of 

missing values for each study variable. 
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5.2 Comparison of cycle 23 participants and those lost-to-follow-up 

Table 1 compares selected characteristics (measured in cycle 1) of participants who completed 

questionnaires in cycle 23 and those who did not (i.e., lost-to-follow-up). The proportion of males 

in the analytical sample was higher among those lost-to-follow-up than among participants who 

completed questionnaires in cycle 23. There were no notable differences in the proportions of 

Canadian-born participants, participants whose mothers had graduated from high school, or 

participants who were French-speaking.  

 

Table 1. Selected characteristics (measured in NDIT cycle 1 (1999-2000)) of participants who 

completed cycle 23 (2017-2020) and those lost-to-follow-up, NDIT 1999-2020 (n = 1,294) 

 Participants who completed cycle 23 
(n =  799) 

Participants lost-to-follow-up  
(n = 495) 

Age1, y, mean (SD) 12.7 (0.5) 12.9 (0.6) 

Born in Canada1, % 93.7 89.1 

Male1, % 44.0 55.9  

Mother graduated from high school2, % 90.2 91.5  

French-speaking3, % 31.3 30.5 
1Data were available for 789 participants who completed NDIT cycle 23 questionnaire and 478 lost-to-follow-up participants (total = 1267 

participants); 2Data were available for 711 who completed NDIT cycle 23 questionnaire and 248 lost-to-follow-up participants (total = 959 

participants); 3Data were available for 774 who completed NDIT cycle 23 questionnaire and 453 lost-to-follow-up participants (total = 1227 

participants).   

 

Among the 799 participants who completed cycle 23 questionnaires, 66 were missing values for 

one or more study variables (i.e., 3 were missing data on level of education, 22 were missing data 

on depressive symptoms, 16 were missing data on anxiety symptoms, and 27 were missing data 

on flourishing positive mental health) (Table 2). A total of 733 of the 1,294 participants at inception 

(56.6%) were therefore retained for analysis. 
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Table 2. Number of participants missing data on study variables in Cycle 23 (n = 799), NDIT 

2017-2020 

 
Participants missing data 

n % 

Age, y 0 0.0 

Sex 0 0.0 

Level of education of participant 3 0.4 

Regular substance use 12 1.5 

Depressive symptoms  22 2.8 

Anxiety symptoms 16 2.0 

Flourishing positive mental health 27 3.4 

Total 66 8.3 

 

5.3 Distribution of scores for mental health indicators  

Frequency distributions of the scores for the mental health indicators (Appendix E) suggested that 

scores for both depressive and anxiety symptoms were both right skewed. Quantile-quantile plots 

(Appendix F) concurred. A histogram of the distribution (Appendix E) and a quantile-quantile plot 

(Appendix F) both suggested that scores for flourishing positive mental health were normally 

distributed.  

 

5.4 Patterns of substance use 

One-third (36.7%) of cycle 23 participants reported that they had not use any of alcohol, cannabis 

or nicotine regularly in the past year; 42.0%, 16.0% and 5.3% reported regular use of one, two or 

three substances (Table 3). Most single-substance users reported regular use of alcohol only 

(34.0% of all participants). Only 2.6% of all participants used cannabis only, and 5.5% used 

nicotine only. Among participants who regularly used two substances, the most frequently reported 

combination was alcohol and nicotine (7.2% of all participants), followed by cannabis and nicotine 

(5.3%) and then alcohol and cannabis (3.4%).  
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Table 3. Proportion of participants and mean and median scores for depressive symptoms, anxiety 

symptoms and flourishing positive mental health, according to pattern of polysubstance use (n = 

733), NDIT 2017-2020 

  
 

No. 
substances 

used 

 
Pattern of 

polysubstance use 

 
 

Participants % 
(n = 733) 

Mental Health Indicators 
Depressive  
symptoms 

Anxiety  
symptoms 

Flourishing positive 
mental health 

Mean 
(SD) 

Median 
(IQR) 

Mean 
(SD) 

Median 
(IQR) 

Mean 
(SD) 

Median 
(IQR) 

0 Not applicable 36.7 10.2 
(8.6) 

8.0   
(9.0) 

4.7  
(4.7) 

3.0  
(5.0) 

43.8 
(12.2) 

44.0  
(18.0) 

1 

Alcohol only 34.0 9.3  
(8.6) 

8.0  
(7.0) 

4.2  
(4.2) 

3.0  
(5.0) 

45.7 
(11.3) 

45.0  
(18.0) 

Cannabis only 2.6 8.7  
(8.1) 

9.0  
(6.5) 

4.0  
(3.2) 

4.0  
(3.5) 

42.5 
(11.0) 

43.0  
(17.0) 

Nicotine only 5.5 9.6  
(9.3) 

8.5  
(7.3) 

4.5  
(4.9) 

3.0  
(4.5) 

39.5 
(11.8) 

38.5  
(12.3) 

Total 42.0 9.3  
(8.7) 

8.0  
(8.0) 

4.3  
(4.2) 

3.0  
(5.0) 

44.7 
(11.5) 

44.0  
(17.0) 

2 

Alcohol and 
cannabis 3.4 9.8  

(8.1) 
8.0  

(7.0) 
5.2  

(4.0) 
4.0  

(5.0) 
43.6 

(12.2) 
41.0  

(21.0) 
Alcohol and 

nicotine 7.2 11.5 
(8.0) 

8.0  
(10.0) 

5.1  
(4.7) 

4.0  
(6.0) 

39.9 
(14.1) 

41.0  
(20.0) 

Cannabis and 
nicotine 5.3 12.5 

(8.0) 
11.0  

(11.5) 
7.3  

(5.8) 
7.0  

(8.0) 
37.2 

(15.2) 
33.0  

(25.0) 

Total 16.0 11.5 
(8.0) 

8.0  
(10.0) 

5.8  
(5.1) 

5.0  
(6.0) 

39.8 
(14.2) 

40.0  
(21.0) 

3 Alcohol, cannabis 
and nicotine 5.3 11.9 

(10.0) 
10.0  
(8.5) 

4.4  
(3.9) 

4.0  
(6.0) 

41.8 
(11.0) 

40.0  
(17.5) 

Total 100.0 10.1 
(8.1) 

8.0  
(7.0) 

4.7  
(4.6) 

4.0  
(6.0) 

43.4 
(12.3) 

43.0  
(18.0) 

 

5.5 Mental health indicator scores by number and pattern of substances used 

Means (SD) and medians (IQR) of the scores for the three mental health indicators according to 

number and patterns of substance use are shown in Table 3. Because the data were right-skewed, 

medians (IQR) are presented for depressive and anxiety symptoms (although means (SD) are also 

presented for comparative purposes). Participants who reported regular use of three substances had 

the highest median (IQR) depressive symptoms scores (10.0 (8.5)). Participants who used two 

substances regularly had the highest median (IQR) for anxiety symptoms (5.0 (6.0)). Finally, 

participants who reported regular use of two substances reported the lowest median score for  

flourishing positive mental health (39.8 (14.2)).  

Among single-substance users, participants who used cannabis only had the highest median score 

for both depressive and anxiety symptoms (9.0 (6.5) and 4.0 (3.5), respectively). Participants who 

used alcohol-only had the lowest median score for depressive symptoms (8.0 (7.0), as well as the 
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lowest median score for anxiety symptoms (3.0 (5.0)) (although the median score for anxiety 

symptoms was also 3.0 (3.5) among participants who used nicotine only). Participants who used 

alcohol-only had the highest median score for flourishing positive mental health (45.0 (18.0)); and 

participants who used nicotine-only had the lowest median score for flourishing positive mental 

health (38.5 (12.3)).  

 

Among regular dual substance users, the median scores for depressive and anxiety symptoms were 

lowest among participants who reported regular alcohol-cannabis use (8.0 (7.0) and 4.0 (5.0), 

respectively) and regular alcohol-nicotine use (8.0 (10.0) and 4.0 (6.0), respectively). Participants 

with these two patterns also had the highest median scores for flourishing positive mental health 

(41.0 (21.0) and 41.0 (20.0), respectively). The highest median scores for depressive and anxiety 

symptoms were observed among participants who reported cannabis-nicotine use (11.0 (11.5) and 

7.0 (8.0), respectively). These participants also had the lowest median score for flourishing positive 

mental health (33.0 (25.0)).  

 

5.6 Residual analyses 

Appendix G compares the residual versus fitted plots of the adjusted linear regression models for 

the mental health indicators according to number and pattern of polysubstance use. None of the 

models violated the assumption of homoscedasticity. 

 

To assess the assumption of normality of the residuals, Appendix H presents the quantile-quantile 

plots of the adjusted linear regression models for mental health indicators according to the number 

and patterns of polysubstance. Quantile-quantile plots for the residuals of scores for depressive 

and anxiety symptoms for number of substances and patterns (Appendix H) suggested that the 

residuals were all right-skewed (positive-skewed). One treatment recommended to adjust right-

skewed distributions to attain normality is the square root transformation (Lee, 2020). After 

applying the square root transformation, none of the residual versus fitted plots (Appendix G) 

violated the assumption of homoscedasticity and quantile-quantile plots (Appendix H) for each of 

the depressive and anxiety symptom scores suggested that both were now normally distributed. 

Quantile-quantile plots (Appendix H) for the residuals of adjusted linear regression model for 
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flourishing positive mental health score were normally distributed (i.e., prior to any 

transformation).  

 

5.7 Sensitivity analyses 

Table 4 presents the regression coefficients (𝛽	$ ) and 95% confidence intervals (95% CI) from the 

multivariable linear regressions modelling the mental health indicators scores according to pattern 

of polysubstance use adjusting for age, sex, and level of education. Considering, the non-normality 

distributions of the scores for depressive and anxiety symptoms, the results for the adjusted linear 

regression model (i.e., prior to transformation) were compared with square root transformed linear 

regression models. Table S3 (Appendix I) presents regression coefficients and 95% CIs from 

multivariable linear regression models adjusting for sex, level of education and age for the square 

root transformed scores of the mental health indicators according to pattern of polysubstance use. 

The results were consistent with the findings for the non-transformed mental health indicators in 

terms of the sign of the estimated coefficients and the relative magnitude of estimated coefficients 

across patterns of substance use (Table 4). Similarly, all mental health indicator associations with 

number and pattern of polysubstance observed in Table 4 were consistent with the results of the 

unadjusted regression models (Table S1 & Table S2). For ease of analytical references, we 

consider the non-transformed adjusted linear regression models for interpretation of multivariable 

analyses.  
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Table 4. Regression coefficients and 95% confidence intervals from adjusted linear regression 

models for mental health indicators according to pattern of polysubstance use (n = 733), NDIT 

2017-2020  
 
 

No. 
substances 

used 

 
 

Pattern of 
polysubstance use 

Mental Health Indicators 

Depressive symptoms Anxiety symptoms  Flourishing positive mental 
health 

𝛽	#  (95% CI) 𝛽	#  (95% CI) 𝛽	#  (95% CI) 

 
 

 
1  

Alcohol only -0.43 (-1.83, 0.98) -0.07 (-0.85, 0.72) 1.77 (-0.36, 3.91) 

Cannabis only -1.17 (-4.89, 2.56) -0.53 (-2.60, 1.55) -1.15 (-6.81, 4.51) 

Nicotine only -0.80 (-3.46, 1.87) -0.35 (-1.83, 1.14) -3.99 (-8.04, 0.06) 

Total -0.52 (-1.84, 0.81) -0.13 (-0.87, 0.61) 0.76 (-1.26, 2.79) 
 
 
 
2  

Alcohol and cannabis 0.42 (-2.88, 3.73) 1.01 (-0.82, 2.86) -0.05 (-5.07, 4.97) 

Alcohol and nicotine 1.63 (-0.74, 4.00) 0.56 (-0.76, 1.88) -3.70 (-7.30, -0.10) 

Cannabis and nicotine 2.40 (-0.33, 5.13) 2.58 (1.06, 4.10) -5.90 (-10.04, -1.76) 

Total 1.63 (-0.13, 3.39) 1.32 (0.34, 2.31) -3.64 (-6.34, -0.95) 
3  Alcohol, cannabis and 

nicotine 
2.48 (-0.23, 5.19) 0.32 (-1.19, 1.84) -2.16 (-6.31, 1.99) 

*Linear regression model adjusted for sex, age, and level of education. Bold indicates that the CIs for the beta coefficient does not include the null 

value.  

 

5.8 Multivariable analyses 

Relative to no regular substance use, regular use of one substance, regardless of type, was not 

associated with any of the three mental health indicators (Table 4). Regular use of two substances 

was not associated with depressive symptoms, but was associated with higher anxiety symptoms 

scores (𝛽	$ (95% CI) = 1.32 (0.34, 2.31)), and lower flourishing positive mental health scores (3.64 

(-6.34, -0.95)). Regular use of all three substances was not associated with any of the mental health 

indicators.  

 

We also examined the associations between regular use of specific pairs of substances (Table 4). 

Associations were detected between regular use of cannabis and nicotine and both anxiety 

symptoms scores (2.58 (1.06, 4.10)) and flourishing positive mental health scores (-3.70 (-7.30,     

-0.10)). In addition, regular use of alcohol and nicotine was associated with lower flourishing 

positive mental health (-5.90 (-10.04, -1.76)).  
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CHAPTER 6: DISCUSSION 

6.1 Overview of thesis 

The extant literature lacks studies describing patterns of polysubstance use and how these patterns 

relate to mental health among young adults. Further, studies that do examine this association tend 

to examine alcohol, cannabis, or nicotine as single entities without carefully accounting for 

polysubstance use, and they focus either on anxiety or depressive symptoms. Results of this MSc 

thesis begin to address some of these gaps. Using a cross-sectional study design, this thesis 

describes patterns of regular substance use in the past year among young adults. Substances of 

interest included alcohol, cannabis, and nicotine. This study also estimated the associations 

between patterns of regular substance use and mental health indicators, including depressive 

symptoms, anxiety symptoms and, of particular interest, flourishing positive mental health, which 

has been less investigated in the literature. Specifically, we used multivariable linear regression to 

model the associations between number and patterns of substances used regularly in the past year 

and the three mental health indicators.  

 

This discussion begins by comparing results obtained using NDIT data with the extant literature. 

Salient results pertaining to the two objectives of this thesis are then deliberated. Study limitations 

are described, and then research and public health implications of the findings are discussed.   

 

6.2 Comparison of NDIT findings with the literature 

Patterns of regular polysubstance use  

Among participants retained for analysis in this study (mean age 31 years), no use of any substance 

and regular use of alcohol-only were the two most common substance use patterns. These two 

patterns were also observed to be the most prevalent among adults age ≥ 25 years in the study of 

Cohn et al. (2018), which described population-level patterns of alcohol, marijuana, and tobacco 

use among US young adults and adults. Aligned with the 2017 Canadian Statistics Survey, wherein 

76% of participants reported consuming alcoholic beverages in the past year (Statistics Canada, 

2017), alcohol use, whether alone or with other substances, was the most frequently consumed 

substance among NDIT participants in Cycle 23. Only 2.6% of all participants regularly used 

cannabis only, and 5.5% regularly used nicotine only. Among participants who used two 

substances, the most frequently observed combinations were alcohol and nicotine (7.2% of all 
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participants), followed by cannabis and nicotine (5.3%) and then alcohol and cannabis (3.4%). 

Only 5.3% of all participants used all three substances regularly.  

 

One salient finding in our study is that nicotine is often used in combination with either alcohol 

and/or cannabis, suggesting that those who use nicotine may need to supplement their nicotine 

intake with other psychoactive substances. Kohut et al. (2016) described the ubiquitous presence 

of nAChRs in brain function and suggested that this may underpin polysubstance use among 

regular nicotine users. nAChRs are the primary targets for nicotine in the brain and are pentamers 

with a and b subunits which form several different nAChR subtypes in different brain areas 

(Picciotto et al., 2002). Subtypes a4 and b2 are the highest affinity nAChRs (Picciotto et al., 2002). 

Nicotine is known to reduce the sedative effects of alcohol, while alcohol potentiates the rewarding 

effects of nicotine (Adams, 2017). Despite notable differences in their neurobiological 

mechanisms, two main mechanisms may underpin their co-use. The first is cross-reinforcement 

via the mesolimbic dopamine pathway. Cross-reinforcement refers to the ability of one substance 

to enhance motivation to consume another substance by acting on shared neurobiological 

mechanisms that underpin the reinforcement of substance effects (Adams, 2017). Alcohol and 

nicotine both activate the mesolimbic dopamine pathway, amplifying the pleasurable effects of the 

other drug. This is known as a reward activation pathway (Adams, 2017). Dopamine is released 

with the sensation of reward and reward seeking in the mesolimbic pathway for natural rewards, 

such as food and sex (Adams, 2017). Alcohol has also been demonstrated to enhance and inhibit 

the ability of nAChR subtypes to transmit signals and nicotine-induced signalling, suggesting that 

common nAChR sites may influence the dual use of alcohol and nicotine (Adams, 2017).  

 

The second mechanism is cross-tolerance via shared genetic and naChR interaction (Adams, 

2017). Tolerance refers to the process of experiencing a lesser effect (i.e., euphoria, buzz) after 

repeated substance use. Regular consumption of both alcohol and nicotine induces tolerance to 

their pharmacological effects (Adams, 2017). A relatively higher proportion of regular cannabis 

users in NDIT also used nicotine. Epidemiological evidence suggests that cannabis use is more 

common among adults who smoke cigarettes than those who do not, and vice versa (Jayakumar et 

al., 2019). The conditioned place preference (CPP) paradigm is a standard preclinical behavioural 

model used to study the rewarding and aversive effects of substance use (Prus et al., 2009). Studies 
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suggest a relationship between nicotine and CB1Rs (Cannabinoid receptor type 1) and between 

cannabis and nAChRs (Rabin et al., 2015). For example, the CB1R antagonist rimonabant 

(SR141716) and AM251 have been shown to dose-dependently attenuate nicotine self-

administration and block nicotine conditioned place preference (CPP) in rats (Rabin et al., 2015). 

Preclinical studies suggest that the ɑ7 nAChR subtype may play a role in modulating both the 

reinforcing and discriminative stimulus effects of cannabis, while the ɑ4β2* nAChR subtype may 

be involved in modulating the motor and sedative effects of cannabis (Buzzi et al., 2023). The 

results align with clinical studies such as Penetar et al. (2005), which demonstrated that pre-

treatment with transdermal nicotine increased subjective cannabis ratings of “stimulated” and 

“high” on a visual analog scale among users. In sum, both preclinical and clinical studies support 

that tobacco products are often consumed with cannabis to prolong and increase the rewarding 

effects of cannabis (Rabin et al., 2015).  

 

Overall, nicotine appears to interact with substances from other pharmacological classes in 

multiple ways mediated through the pharmacological activity of nicotine (Kohut, 2016). A likely 

common mechanism by which nicotine exposure alters the rewarding effects of other substances 

is the ability of nicotine to increase extracellular dopamine levels by activating nAChR in 

mesolimbic brain regions (Kohut, 2016). This may reinforce the gateway hypothesis first posited 

by Denise Kandel in 1975 (Rabin et al., 2015), which suggests a systematic sequencing in the use 

of psychoactive substances, which begins with alcohol and cigarettes, and then eventually 

progresses to cannabis and then to other “harder” illicit drugs (Rabin et al., 2015).  

 

Patterns of regular polysubstance use and mental health 

Another salient finding in our work is that there was no dose response between the number of 

substances used and any of the mental health indicators. The only associations observed were 

between use of two substances and each of anxiety symptoms and flourishing positive mental 

health. In contrast, Darke & Ross (1997) reported a strong linear relationship between dependence 

on multiple substances (i.e., opioids, alcohol, amphetamines, benzodiazepine, cannabis, cocaine, 

hallucinogens, and inhalants) and multiple mental health diagnoses (i.e., agoraphobia, panic 

attacks with agoraphobia, panic attacks, simple phobia, social phobia, GAD, major depression and 



 49 

dysthymia). Differences across these two studies could relate to the limited number of substances 

considered in our investigation, as well as the fact that we did not study any illicit substances.  

 

Our findings also did not align with those of Cohn et al. (2018), whose study was more similar to 

ours than that of Darke & Ross (1997). Cohn et al. (2018) studied use of alcohol, cannabis, and 

tobacco, and mental health was measured using the Global Appraisal of Individual Needs–Short 

Screener, which captures internalizing and externalizing disorders (i.e., two broad categories of 

behavioural problems). Internalizing problem behaviour (i.e., withdrawal, anxiety, depression, 

emotional problems) is focused on the self. Externalizing problem behaviour (i.e., aggression, 

impulsivity, deviance, hyperactivity) occurs in interaction with the social environment (Nikstat et 

al., 2020). Cohn et al (2018) found that mental health problems were most strongly associated with 

dual and polysubstance use patterns. In contrast, our findings did not support an association 

between number of substances used and mental health in population-based samples of young 

adults.  

 

Among dual-substance users in the NDIT study, two patterns were associated with mental health 

issues (i.e., regular use of cannabis and nicotine related to higher anxiety and lower flourishing 

positive mental health scores; regular dual use of alcohol and nicotine was associated with lower 

flourishing positive mental health scores). Picciotto et al., 2015 reported that nAChrs involved in 

the reward activation pathway and associated with polysubstance use in regular nicotine users 

might also be involved in mood regulation. Pre-clinical rodent-based studies suggest that limiting 

nAChR signalling through a4b2* nAChRs can lead to positive effects on mood symptoms 

(Picciotto et al., 2015). Labarca et al. (2001) found that mice with increased activity of a4b2* 

nAChRs because of a point mutation in the a4 subunit, showed increased anxiety-like behaviour. 

Clinical studies on the role of nicotine in anxiety are challenged. However, they have been 

consistent with preclinical studies in showing that changes in nAChRs may provide relevant 

biomarkers for mood disorders (Picciotto et al., 2015). Thus, the negative association between 

mental health and dual use of alcohol-nicotine and of cannabis-nicotine may be associated with an 

increased number of nAChR stimulations through their molecular interactions. In fact, in 

comparison with single nicotine use, the chemistry of combined cannabis-nicotine use is 

characterized by upregulation of α4β2* nAChR availability in the prefrontal cortex and the 
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thalamus (Brody et al., 2016). Also, a recent preclinical study by Locker et al. (2015) provided 

support for previous findings (Ericson et al., (2003); Liu et al., (2012)) by demonstrating an 

increase in acetylcholine levels through activation of a greater number of nAChRs in regions of 

the reward pathway (specifically frontal cortex) due to alcohol-nicotine interactions compared to 

alcohol-use alone.  

 

6.3 Limitations 

Study design 

Limitations of this study include that the cross-sectional study design limited causal inference 

(Wang & Cheng, 2020). Cross-sectional studies are subject to an antecedent-consequent bias (i.e., 

because both entities were measured at the same time, it is unknown whether the exposure 

preceded the outcome) (Wang & Cheng, 2020). In this current analysis, we could not study 

whetherthe association between polysubstance use and mental health indicators might be 

bidirectional because of the cross-sectional study design. Further, because of length-biased 

sampling, cross-sectional studies can overrepresent “cases” of long duration and underrepresent 

those of short duration (Qin, 2017; Rothman et al., 2008). Associations between substance use and 

mental health problems may differ depending on whether incident, prevalent or a mixture of both 

incident and prevalent “cases” are studied. 

 

Sample size  

Low statistical power associated with small sample sizes can reduce the probability of detecting 

associations (Button et al., 2013). Low statistical power resulting in wide confidence intervals may 

have limited our ability to detect associations in some of the analyses reported herein. For example, 

only 5.3% of participants used all three substances regularly, possibly limiting the ability to detect 

associations between polysubstance use and the three mental health indicators. 

 

Loss-to-follow-up 

Loss-to-follow-up since inception in NDIT could contribute to lack of generalizability of the 

findings to the source and target populations (Sedgwick, 2015). If differential across exposure 

groups, loss-to-follow-up could also contribute to selection bias in the associations estimated.  

Misclassification 
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Although rapid, simple to use, and cost-effective, use of self-report questionnaires could result in 

misclassification error and possibly misclassification bias in the associations estimated. Latkin et 

al. (2017) reported differences in social desirability response bias by levels of depressive 

symptoms and substance use among opiate and cocaine users in Baltimore, Maryland. The recall 

period for the depression and anxiety indicators was two weeks; it was the past month for 

flourishing positive mental health; and substance use was reported for the past year. Participants 

may have provided erroneous responses depending on their ability to recall past events (Althubaiti, 

2016). To minimize recall errors, a short recall period is preferable when participants are asked 

about routine or frequent events (Althubaiti, 2016). Differences in social desirability and recall 

error across exposure groups in NDIT could have resulted in misclassification bias in the 

associations estimated.  

 

Concurrent substance use (i.e., when two or more substances are consumed on separate occasions 

within a specific timeframe such as one year) could not be distinguished in NDIT from 

simultaneous use (i.e., when multiple substances are consumed on the same occasion at the same 

time) (Earleywine et al., 1997). Brière et al. (2011) reported that, compared to concurrent alcohol 

and cannabis use, simultaneous use was associated with depressive symptoms. In the NDIT 

sample, an association between alcohol-cannabis use and mental health symptoms may not have 

been detected due to differences in concurrent vs. simultaneous polysubstance use.  

 

Also, recreational use of cannabis could not be distinguished from medicinal use in this study. In 

the 2015 Canadian, Tobacco, Alcohol and Drug Survey, 47.2% of medicinal users reported daily 

cannabis use compared to 26.4% of exclusive recreational users and in addition, they reported 

worse physical and mental health and greater substance use (excluding alcohol) (Turna et al., 

2020). Because we studied regular consumption, our sample may have included more medicinal 

than recreational users, which may have resulted in the appearance of stronger associations 

between cannabis use and the mental health indicators. 

 

6.4 Implications  

In the 2018 Chief Public Health Officer’s report on the health status of Canadians, Dr. Theresa 

Tam described worrying trends in problematic substance use among young adults. Dr. Tam 
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encouraged research to identify the reasons for harmful substance use, as well as effective 

approaches to prevent problematic use. The report highlighted that major chronic diseases (i.e., 

cancer, cardiovascular diseases, neurological disorders, chronic respiratory diseases, and diabetes) 

continue to be the leading causes of all deaths, and that many can be prevented with public health 

approaches to reduce harmful substance use (CPHO Canada, 2018). Positive mental health, 

described in the report as equally important as physical and mental health (CPHO Canada, 2018) 

was associated with polysubstance use patterns in our study. The work described in this thesis is 

to our knowledge, one of the first population-based Canadian studies in the realm. Because this 

study was cross-sectional, our findings cannot inform causal relationships, but they can help 

generate hypotheses for future studies. For example, the notion that number of substances may not 

have a dose-response association with indicators of mental health is a natural upshot of our 

findings. Further, researchers may need to study the associations between combinations of specific 

substances separately (i.e., nicotine and cannabis, nicotine and alcohol, alcohol and cannabis) 

because these pairings appear to be important in terms of their associations with symptoms of 

depression, anxiety and flourishing positive mental health. In terms of implications for public 

health, we suggest that replication of our findings in longitudinal study designs with larger 

population-based datasets is needed, before exploring their utility in informing public health 

measures programming and policy.   
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CHAPTER 7: CONCLUSION 

In this M.Sc. thesis, we identified patterns of polysubstance use of alcohol, nicotine, and cannabis, 

and we examined the associations between number and patterns of substances consumed regularly 

and each of three mental health indicators (i.e., anxiety symptoms, depression symptoms, 

flourishing positive mental health). No dose-response association was detected between number 

of substances used and any of the three mental health indicators. However, use of two substances 

was associated with anxiety symptoms and flourishing positive mental health. Among the three 

possible combinations of two substances, the cannabis-nicotine combination was consistently 

associated with anxiety and positive mental health, and the combination of alcohol-nicotine was 

associated with the indicator of positive mental health. Future studies may need to investigate the 

associations between combinations of specific psychoactive substances separately because these 

pairings appear to be important in terms of their associations with mental health symptoms.  
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Appendix A: English questionnaire for NDIT Cycle 23, 2017-2020
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Appendix B: NDIT consent form used at study inception in 1999-2000  
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Appendix C: Original ethics approval of the NDIT Study 
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Appendix D: Description of study variables including name of variable, item(s) in the NDIT 
questionnaire used to measure the study variable, response choices, re-coding of response 
choices for analysis, and psychometric properties and references if applicable and available  

Name of variable Questionnaire item Response choices Re-coding of response 
choices for analysis 

Psychometric 
properties and 
references, if 
applicable and 
available 

 
 
Regular alcohol use in 
the past 12 months 

 
In the past 12 months, 
how often did you 
drink alcoholic 
beverages? 

1. Never 
2. Less than once a 
month 
3.1-3 times per month 
4. 1-6 times per month 
5. Everyday 

Yes (1-6 times per 
week; everyday) 
 
No (Never, less than 
once a month; 1-3 
times per month 

 
 
Not applicable 

 
 
 
 
 
Regular cannabis use 
in the past 12 months 

1. In the past 12 
months, how often 
did you use 
marijuana, 
cannabis, or hashish 
without tobacco? 

2. In the past 12 
months, how often 
did you use 
marijuana, 
cannabis, or hashish 
with tobacco? 

 
 
 
1. Never 
2. Less than once a 
month 
3.1-3 times per month 
4. 1-6 times per month 
5. Everyday 

Yes (marijuana, 
cannabis, or hashish 
with or without 
tobacco 1-6 times per 
week; everyday) 
 
No (marijuana, 
cannabis, or hashish 
with or without 
tobacco never, less 
than once a month; 1-
3 times per month 

 
 
 
 
 
 
Not applicable 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Regular nicotine use 
in the past 12 months 

 
 
 
 
 
 

1. Check the box that 
describes you best 

 
 
 
 
 
 
 

1. I have smoked 
cigarettes, but not at 
all in the past 12 
months 

2. I smoked cigarettes 
once or a couple of 
times in the past 12 
months 

3. I smoke cigarettes 
once or a couple of 
times each month 

4. I smoke cigarettes 
once or a couple of 
times each week 

5. I smoke cigarettes 
everyday 

 
 
 
 
 
 
 
 
 
 
 
 
 
Yes (participant 
reported consuming 
nicotine from any 
source 1-6 times per 
week or everyday) 
 
No (all other 
responses) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Not applicable 

2. In the past 12 
months, how often did 
you use electronic 
cigarettes with 
nicotine? 
3. In the past 12 
months, how often did 
you smoke flavored 
cigarettes or 
cigarillos? 
4. In the past 12 
months, how often did 
you smoke cigars or 
pipe, use bidis, 
chewing tobacco 
and/or snuff? 
5. In the past 12 
months, how often did 
you smoke cigarillos? 

 
 
 
 
 
 
 
 
For each substance: 
1. Never 
2. Less than once a 
month 
3.1-3 times per month 
4. 1-6 times per month 
5. Everyday 
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6. In the past 12 
months, how often did 
you use a waterpipe? 
7. In the past 12 
months, how often did 
you use marijuana, 
cannabis or hashish 
mixed with tobacco? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Depression Symptoms 
(MDI) 

1. In the past two 
weeks, how much of 
the time have you…  
felt low in spirits or 
sad? 
2. In the past two 
weeks, how much of 
the time have you… 
lost interest in, or 
could no longer enjoy 
your daily activities?  
3. In the past two 
weeks, how much of 
the time have you… 
felt lacking in energy 
and strength?  
4. In the past two 
weeks, how much of 
the time have you… 
felt less self-
confident?  
5. In the past two 
weeks, how much of 
the time have you… 
had a bad conscience 
or feelings of guilt? 
6. In the past two 
weeks, how much of 
the time have you… 
felt that life wasn’t 
worth living?  
7. In the past two 
weeks, how much of 
the time have you… 
had difficulty 
concentrating (when 
reading the newspaper 
or watching TV)?  
8. In the past two 
weeks, how much of 
the time have you… 
felt very restless? 
9. In the past two 
weeks, how much of 
the time have you… 
felt subdued or slowed 
down?  
10. In the past two 
weeks, how much of 
the time have you… 
had trouble sleeping at 
night or waking up too 
early? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. At no time 
2. Some of the time 
3. Slightly less than 
half of the time 
4. Slightly more than 
half of the time 
5. Most of the time 
6. All the time 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cronbach’s a = 0.94) 
(Bech et al., 2001) 
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11. In the past two 
weeks, how much of 
the time have you… 
suffered from reduced 
appetite?  
12. In the past two 
weeks, how much of 
the time have you… 
suffered from 
increased appetite?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Generalized Anxiety 
Disorder (GAD-7 
Scale) 

1. Over the last 2 
weeks, how often have 
you been bothered by 
the following … 
Feeling nervous, 
anxious, or on edge?  
2. Over the last 2 
weeks, how often have 
you been bothered by 
the following … Not 
being able to stop or 
control worrying?  
3. Over the last 2 
weeks, how often have 
you been bothered by 
the following … 
Worrying too much 
about different things?  
4. Over the last 2 
weeks, how often have 
you been bothered by 
the following … 
Trouble relaxing?  
5. Over the last 2 
weeks, how often have 
you been bothered by 
the following … 
Being so restless that 
it’s hard to sit still?  
6. Over the last 2 
weeks, how often have 
you been bothered by 
the following … 
Becoming easily 
annoyed or irritable?  
7. Over the last 2 
weeks, how often have 
you been bothered by 
the following … 
Feeling afraid as if 
something awful 
might happen?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Not at all  
2. Several days 
3. Over half the days 
4. Nearly every day 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cronbach’s a = 0.92) 
(Spitzer et al., 2006) 

 
 
 
Positive mental health 
(flourishing) 

1. In the past month, 
how often did you feel 
happy? 
2. In the past month, 
how often did you feel 
interested in life? 
3. In the past month, 
how often did you feel 
satisfied with life? 

1. Never  
2. Rarely 
3. Sometimes 
4. Often 
5. Most of the time 
6. Always 

  

Cronbach’s a = 0.89 

(Lamers et al., 2010).  
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4. In the past month, 
how often did you feel 
that you had 
something important 
to contribute to 
society? 
5. In the past month, 
how often did you feel 
that you belonged to a 
community (like a 
social group, or your 
neighborhood)? 
6. In the past month, 
how often did you feel 
that our society is 
becoming a better 
place for people like 
you? 
7. In the past month, 
how often did you feel 
that people are 
basically good? 
8. In the past month, 
how often did you feel 
that the way our 
society works makes 
sense to you? 
9. In the past month, 
how often did you feel 
that you liked most 
parts of your 
personality? 
10. In the past month, 
how often did you feel 
good at managing the 
responsibilities of 
your daily life? 
11. In the past month, 
how often did you feel 
that you had warm and 
trusting relationships 
with others? 
12. In the past month, 
how often did you feel 
that you had 
experiences that 
challenged you to 
grow and become a 
better person? 
13. In the past month, 
how often did you feel 
confident to think or 
express your own 
ideas and opinions? 
14. In the past month, 
how often did you feel 
that your life has a 
sense of direction or 
meaning to it?  

 



 
103 

Appendix E: Distributions of mental health indicators’ scores among young adults (n = 733), 

NDIT 2017-2020 

 

 
Figure 2. Distribution of depressive symptoms’ scores among young adults (n = 733), NDIT 

2017-2020 

 

 

 
Figure 3. Distribution of anxiety symptoms’ scores among young adults (n = 733), NDIT 2017-

2020 
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Figure 4. Distribution of flourishing positive mental health scores among young adults (n = 733), 

NDIT 2017-2020 
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Appendix F: Quantile-Quantile plots of mental health indicators’ scores among young adults 

(n = 733), NDIT 2017-2020 

 
Figure 5. Quantile-Quantile (Q-Q) plot of the distribution of depressive symptoms’ scores among 

young adults (n = 733), NDIT 2017-2020 

 

 
Figure 6. Quantile-Quantile plot (Q-Q plot) of the distribution of the anxiety symptoms’ scores 

among young adults (n = 733), NDIT 2017-2020 
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Figure 7. Quantile-Quantile (Q-Q plot) for the distribution of flourishing positive mental health 

scores among young adults (n = 733), NDIT 2017-2020 
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Appendix G: Residual analyses – residuals versus fitted plots for linear regression models 

for mental health indicators according to the number and pattern of polysubstance use (n = 

733), NDIT 2017-2020 

 
Figure 8. Residuals versus fitted plot for adjusted linear regression model for depressive 

symptoms according to the number of substances consumed by young adults (n = 733), NDIT 

2017-2020 

 

 

Figure 9. Residuals versus fitted plot for adjusted linear regression model for depressive 

symptoms according to pattern of polysubstance consumed by young adults (n = 733), NDIT 

2017-2020 
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Figure 10. Residuals versus fitted plot for adjusted linear regression model for anxiety symptoms 

according to number of substances consumed by young adults (n = 733), NDIT 2017-2020 

 

 
Figure 11. Residuals versus fitted plot for adjusted linear regression model for anxiety symptoms 

according to pattern of polysubstance consumed by young adults (n = 733), NDIT 2017-2020 
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Figure 12. Residuals versus fitted plot for adjusted linear regression model for positive 

flourishing mental health scores according to number of substances consumed by young adults (n 

= 733), NDIT 2017-2020 

 

 
Figure 13. Residuals versus fitted plot for adjusted linear regression model for positive 

flourishing mental health scores according to pattern of polysubstance consumed by young adults 

(n = 733), NDIT 2017-2020 
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Figure 14. Residuals versus fitted plot for adjusted square root transformed linear regression 

model for depressive symptoms according to the number of substances consumed by young 

adults (n = 733), NDIT 2017-2020 

 
Figure 15. Residuals versus fitted plot for adjusted square root transformed linear regression 

model for depressive symptoms according to pattern of polysubstance consumed by young adults 

(n = 733), NDIT 2017-2020 
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Figure 16. Residuals versus fitted plot for adjusted square root transformed linear regression 

model for anxiety symptoms according to the number of substances consumed by young adults 

(n = 733), NDIT 2017-2020 

 

 
Figure 17. Residuals versus fitted plot for adjusted square root transformed linear regression 

model for anxiety symptoms according to pattern of polysubstance consumed by young adults (n 

= 733), NDIT 2017-2020 
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Figure 18. Residuals versus fitted plot for adjusted square root transformed linear regression 

model for positive flourishing mental health scores according to the number of substances 

consumed by young adults (n = 733), NDIT 2017-2020 

 

 
Figure 19. Residuals versus fitted plot for adjusted square root transformed linear regression 

model for positive flourishing mental health scores according to pattern of polysubstance 

consumed by young adults (n = 733), NDIT 2017-2020 
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Appendix H: Residual analyses – quantile-quantile plots for the residuals of linear regression 

models for mental health indicators according to the number and pattern of polysubstance 

use (n = 733), NDIT 2017-2020 

 
Figure 20. Residuals’ quantile-quantile plot for adjusted linear regression model for depressive 

symptoms according to the number of substances consumed by young adults (n = 733), NDIT 

2017-2020 

 
Figure 21. Residuals’ quantile-quantile plot for adjusted linear regression model for depressive 

symptoms according to pattern of polysubstance consumed by young adults (n = 733), NDIT 

2017-2020 
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Figure 22. Residuals’ quantile-quantile plot for adjusted linear regression model for anxiety 

symptoms according to the number of substances consumed by young adults (n = 733), NDIT 

2017-2020 

 
Figure 23. Residuals’ quantile-quantile plot for adjusted linear regression model for anxiety 

symptoms according to pattern of polysubstance consumed by young adults (n = 733), NDIT 

2017-2020 
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Figure 24. Residuals’ quantile-quantile plot for adjusted linear regression model for flourishing 

positive mental health according to the number of substances consumed by young adults (n = 

733), NDIT 2017-2020 

 

 
Figure 25. Residuals’ quantile-quantile plot for adjusted linear regression model for flourishing 

positive mental health according to pattern of polysubstance consumed by young adults (n = 

733), NDIT 2017-2020 
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Figure 26. Residuals’ quantile-quantile plot for adjusted square root transformed linear 

regression model for depressive symptoms according to the number of substances consumed by 

young adults (n = 733), NDIT 2017-2020 

 

 
Figure 27. Residuals’ quantile-quantile plot for adjusted square root transformed linear 

regression model for depressive symptoms according to pattern of polysubstance consumed by 

young adults (n = 733), NDIT 2017-2020 
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Figure 28. Residuals’ quantile-quantile plot for adjusted square root transformed linear 

regression model for anxiety symptoms according to the number of substances consumed by 

young adults (n = 733), NDIT 2017-2020 

 

 
Figure 29. Residuals’ quantile-quantile plot for adjusted square root transformed linear 

regression model for depressive symptoms according to pattern of polysubstance consumed by 

young adults (n = 733), NDIT 2017-2020 
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Figure 30. Residuals’ quantile-quantile plot for adjusted square root transformed linear 

regression model for flourishing positive mental health according to the number of substances 

consumed by young adults (n = 733), NDIT 2017-2020 

 

 
Figure 31. Residuals’ quantile-quantile plot for adjusted square root transformed linear 

regression model for flourishing positive mental health according to the pattern of polysubstance 

consumed by young adults (n = 733), NDIT 2017-2020 
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Appendix I: Sensitivity analyses - regression coefficients and 95% confidence intervals from 

linear regression models for mental health indicators according to the number and pattern 

of polysubstance use (n = 733), NDIT 2017-2020 

 

Table S1. Regression coefficients and 95% confidence intervals from unadjusted linear regression 

models for the mental health indicators according to pattern of polysubstance use (n = 733), NDIT, 

2017-2020 

 
 

No. 
substances 

used 

 
 

Pattern of 
polysubstance use 

Mental Health Indicators 

Depressive symptoms  Anxiety symptoms Flourishing positive mental health  

𝛽	#  (95% CI) 𝛽	#  (95% CI) 𝛽	#  (95% CI) 
 

 
1  

Alcohol only -0.83 (-2.22, 0.56) -0.43 (-1.21, 0.35) 1.85 (-0.24, 3.95) 

Cannabis only -1.43 (-5.19, 2.32) -0.68 (-2.78, 1.43) -1.29 (-6.95, 4.37) 

Nicotine only -0.60 (-3.27, 2.08) -0.15 (-1.66, 1.35) -4.29 (-8.33, -0.25) 
Total -0.84 (-2.15, 0.48) -0.41 (-1.15, 0.33) 0.86 (-1.14, 2.86) 

 
 
 

2  

Alcohol and cannabis -0.33 (-3.64, 2.97) 0.48 (-1.37, 2.34) -0.17 (-5.16, 4.81) 
Alcohol and nicotine 1.32 (-1.06, 3.70) 0.38 (-0.95, 1.71) -3.95 (-7.53, -0.36) 

Cannabis and nicotine 2.32 (-0.39, 5.02) 2.61 (1.08, 4.13)  -6.61 (-10.69, -2.52) 

Total 1.30 (-0.45, 3.05) 1.14 (0.16, 2.13) -4.03 (-6.69, 1.37) 
3  Alcohol, cannabis and 

nicotine 1.73 (-0.98, 4.43) -0.27 (-1.79, 1.26) -2.04 (-6.16, 2.07) 

*Linear regression model adjusted for sex, age, and level of education. Bold indicates that the CIs for the beta coefficient does not include the null 
value. 
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Table S2. Regression coefficients and 95% confidence intervals from unadjusted square-root 

transformed linear regression models for the mental health indicators according to pattern of 

polysubstance use (n = 733), NDIT, 2017-2020 

 
 

No. 
substances 

used 

 
 

Pattern of 
polysubstance use 

Mental Health Indicators 

Depressive symptoms  Anxiety symptoms Flourishing positive mental health  

𝛽	#  (95% CI) 𝛽	#  (95% CI) 𝛽	#  (95% CI) 
 

 
1  

Alcohol only -0.06 (-0.29, 0.16) -0.06 (-0.26, 0.14) 0.16 (-0.40, 0.40) 
Cannabis only -0.13 (-0.73, 0.47) -0.05 (-0.59, 0.49) -0.08 (-0.53, 0.38) 
Nicotine only -0.19 (-0.62, 0.24) -0.07 (-0.45, 0.32) -0.34 (-0.66, -0.01) 

Total -0.08 (-0.30, 0.13) -0.06 (-0.25, 0.13) 0.08 (-0.08, 0.24) 
 
 
 

2  

Alcohol and cannabis 0.05 (-0.48, 0.58) 0.27 (-0.21, 0.75) -0.00 (-0.40, 0.40) 
Alcohol and nicotine 0.19 (-0.19, 0.57) 0.16 (-0.19, 0.50) -0.34 (-0.63, -0.05) 

Cannabis and nicotine 0.38 (-0.05, 0.81) 0.56 (0.17, 0.95) -0.58 (-0.91, -0.25) 

Total 0.22 (-0.06, 0.50) 0.32 (0.06, 0.57) -0.35 (-0.56, -0.13) 
3  Alcohol, cannabis and 

nicotine 0.21 (-0.22, 0.65) -0.03 (-0.42, 0.36) -0.13 (-0.47, 0.19) 

*Bold indicates that the CIs for the beta coefficient does not include the null value. the absence of value of zero within the 95 % confidence interval 
associated with respective beta coefficients. 
 
 
 
Table S3. Regression coefficients and 95% confidence intervals from adjusted square root 

transformed linear regression models for the mental health indicators according to pattern of 

polysubstance use (n = 733), NDIT, 2017-2020 

 
 

No. substances used 

 
 
Pattern of polysubstance use 

Mental Health Indicators 

Depressive symptoms  Anxiety symptoms Flourishing positive  
mental health  

𝛽	#  (95% CI) 𝛽	#  (95% CI) 𝛽	#  (95% CI) 
 

 
1  

Alcohol only -0.00 (-0.23, 0.22) 0.03 (-0.17, 0.23) 0.15 (-0.02, 0.32) 
Cannabis only -0.07 (-0.67, 0.52) -0.00 (-0.53, 0.53) -0.06 (-0.52, 0.39) 
Nicotine only -0.23 (-0.65, 0.20) -0.11 (-0.49, 0.27) -0.31 (-0.64, 0.02) 

Total -0.04 (-0.25, 0.17) 0.01 (-0.18, 0.20) 0.07 (-0.09, 0.24) 
 
 
 

2  

Alcohol and cannabis 0.19 (-0.34, 0.71) 0.43 (-0.05, 0.90) 0.01 (-0.39, 0.42) 

Alcohol and nicotine 0.25 (-0.12, 0.63) 0.22 (-0.12, 0.55) -0.32 (-0.60, -0.03) 

Cannabis and nicotine 0.40 (-0.04, 0.83) 0.57 (0.18, 0.96) -0.51 (-0.85, -0.18) 

Total 0.29 (0.01, 0.57)  0.38 (0.13, 0.63) -0.31 (-0.53, -0.09) 
3  Alcohol, cannabis and nicotine 0.36 (-0.09, 0.77) 0.13 (-0.26, 0.52) -0.14 (-0.48, 0.19) 

*Linear regression model adjusting for sex, age, and level of education. Bold indicates that the CIs for the beta coefficient does not include the null 
value. the absence of value of zero within the 95 % confidence interval associated with respective beta coefficients. 
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SUPPLEMENTARY MATERIAL 

Copy of mini protocol (submitted 01-10-2021) 

 

Context, literature review and rationale Substance use is on the rise in Canada among young 
adults. 25% of Canadian population sample in 2019 said they had used cannabis in the preceding 
12 months, which was up from 22 percent the cycle before [1]. In 2017, 15% of Canadians aged 
15 and over had used an e-cigarette, up from 13% in 2015[2]. With increasing popularity of 
substances, co-use, referring to use of two or more substances (polysubstance) within the same-
time frame (i.e. as in past year) has also increased.  According to several longitudinal studies, 
greater drug use has been linked to increased depressive symptoms in adolescence and young 
adulthood that can persist in later years as well [3]. Crane et al. (2021) reports that while females 
have higher symptoms and rates of both depression and anxiety that emerge during childhood and 
adolescence and males have higher substance use frequency, depressive and anxiety symptoms 
pertaining to polysubstance use was more significant in males [3]. This contradicted the findings 
from the recent longitudinal study of the Add Health nationally representative sample of 7th-12th 
graders (recruited in 1994–1995) [3]. Bailey et al. (2019) found that among adults aged 25 and 
more, alcohol/ cigarette co-use was the most common pattern of polysubstance followed by 
alcohol/cigarette/e-cigarette co-use. It was also determined on the same paper that polysubstance 
use patterns were more prevalent than single-use patterns [4]. With legalization of recreational 
cannabis use in Canada in addition to ever-changing product availability, there is a compelling 
need to monitor the different patterns of substance use in young adults as well as to describe the 
physical and mental health outcomes associated with polysubstance use.   
Objectives 
1. To describe patterns of concurrent psychoactive substance use (within the past year) among 

young adults. Substances of interest include binge drinking, cannabis, cigarette smoking, other 
tobacco products, electronic cigarettes, and opioids  

2. To estimate the association between patterns of concurrent substance use and mental health 
problems (depressive symptoms, symptoms of anxiety) 

3. To assess effect modification by sex in the association between patterns of concurrent 
substance use and mental health problems.   

Study specifications and study population Data are available in the context of the ongoing 
Nicotine Dependence in Teens (NDIT) study, a longitudinal investigation of the natural course of 
cigarette smoking and nicotine dependence among 1294 students recruited in 1999–2000 from all 
grade 7 classes in a purposive sample of ten Montreal-area high schools. Data were collected in 
self-report questionnaires administered at school every 3–4 months from grade 7 to 11, and in four 
cycles post-high school when participants were age 20.4, 24.0, 30.5 and 33.6 years on average. 
This current cross-sectional study will use data collected in 2017–20 when participants were age 
30.5 years on average. 
Study variables Binge drinking was measured by: “In the past 12 months, how often did you… 
drink 5 or more alcoholic beverages on one occasion”. Response options were never, less than 
once a month, 1-3 times per month, 1-6 times per week, everyday. Participants who reported 
engaging in binge drinking once a month or more often will be classified as current binge drinkers. 
Cannabis use  - participants were asked “In the past 12 months, how often did you… use 
marijuana, cannabis or hashish mixed without tobacco?” and “In the past 12 months, how often 
did you… use marijuana, cannabis or hashish mixed with tobacco?”. Response options included 
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were never, less than once a month, 1-3 times per month, 1-6 times per week, everyday. Reports 
of engaging in one or more of these behaviours once a month or more often will be classified as 
current cannabis users. Cigarette smoking was measured by: “Check the box that describes you 
best…” Response options included I have smoked cigarettes, but not at all in the past 12 months; 
I smoked cigarettes once or a couple of times in the past 12 months; I smoke cigarettes once or a 
couple of times each month; I smoke cigarettes once or a couple of times each week; I smoke 
cigarettes everyday. Reports of engaging in one or more of these behaviours once a month or more 
often will be classified as current use of cigarettes. E-cigarette use Students were asked “In the 
past 12 months, how often did you… use electronic cigarettes without nicotine” and “In the past 
12 months, how often did you… use electronic cigarettes with nicotine”. Response options 
included were never, less than once a month, 1-3 times per month, 1-6 times per week, everyday. 
Reports of engaging in one or more of these behaviours once a month or more often will be 
classified as current e-cigarette users. Opioid use was measured by: “In the past month, did you 
take any of the following medications, either prescription or over the counter… codeine, Demerol 
or morphine”. Participants who answered “Yes” will be classified as using opioids. Other tobacco 
products use was measured by: “In the past 12 months, how often did you… smoke cigars or pipe, 
use bidis, chewing tobacco and/or snuff” and “In the past 12 months, how often did you… smoke 
cigarillos”. Reports of engaging in one or more of these behaviours once a month or more often 
will be classified as current other tobacco product users. Number of substances used will be 
calculated by summing the number of substances (i.e., binge drinking, cannabis use, smoking, 
vaping, opioids, other tobacco products) participants currently use. Positive mental health was 
assessed using the Flourishing Scale, a summary measure of perceived success in relationships, 
self-esteem, purpose, and optimism (i.e., Below are 8 statements with which you may agree or 
disagree…….) Scores range from 0 to 70 with higher scores indicative of more psychological 
resources and strengths. Anxiety was assessed using the Generalized Anxiety Disorder 7 (GAD-7) 
scale. Scores range from 0 to 21 with higher scores indicative of more frequent symptoms of 
anxiety. Depressive symptoms was assessed using the Major Depression Inventory (MDI) scale. 
Score range from 0 to 50 with higher scores indicative of more frequent depressive symptoms. 
Sex, age, ethnicity, annual household income, education, sleep quality will be used to describe the 
sample and/or as potential confounders.  
Data management and analysis strategy Preliminary analyses will involve descriptive statistics 
to understand the distributions of each study variable according to sex and to describe the patterns 
of missing data. The “exposure” will be studied as the proportion of males and females using 1, 2, 
3, 4 or more substances and as the frequency of all possible combinations of substance use. The 
distributions of the “outcomes” (i.e., the mental health variables) will also be described according 
to sex. Comparison of two means using t-test will be accomplished comparing the mental health 
indicators for polysubstance users (yes/no) to monosubstance users. A linear regression model will 
be estimated to examine mean differences in the mental health indicators according to the number 
of substances used. Linear regression models will also be used to examine the association between 
the top 5 most prevalent polysubstance patterns with each of the mental health indicators. Effect 
modification by sex will be investigated by including an interaction term between sex and 
substance use in the models. All models will include sex, age, ethnicity, annual household income, 
education, and sleep quality as potential confounders. Model assumptions (normality of errors, 
linearity of associations, homoscedasticity) will be checked using a residual analysis. 
Statistical power and sample size considerations Calculations were performed for the second 
objective, as objective 1 is descriptive and objective 3 is exploratory. We calculated the detectable 
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differences between two independent means (mental health of polysubstance users vs. others) 
assuming a statistical power of 80% and a significance level of 5%. The mean GAD-7 score found 
in the literature for young adults in the province of Quebec in 2018 was of 4.73, and the minimal 
difference in means was calculated to be ± 0.65 (SD = 4.61) [5]. As for the mean MDI score found 
in the literature for young adults from Montreal in 2011-2012 was of 8.48, and the minimal 
difference in means was calculated to be of ± 1.12 (SD = 7.96) [6]. Finally, for the flourishing 
scale, the mean score found for adults across Canada in 2015 was of 56.5, and the minimal 
difference in means was calculated to be of ±1.8 (SD = 12.5) [7].  
Potential bias considerations Self-report measures can be affected by social desirability and other 
reporting errors increasing the potential for misclassification. NDIT did not differentiate 
simultaneous (i.e., in the same session) and concurrent substance use (i.e., within the same time 
reference period). Opioid use may be underestimated because of an incomplete list of opioids. 
Loss-to-follow-up since NDIT inception may also resulted in selection bias and the relatively small 
sample could result in lack of statistical power. The cross-sectional study design limits causal 
inference.  
Ethical considerations and Feasibility  
Parents provided informed consent during high school. Participants (who had attained legal age) 
provided informed consent post high school. All data necessary for the conduct of the study are 
available. The team brings together expertise in biostatistics (Marie-Pierre Sylvestre, ESPUM) and 
epidemiology (Jennifer O’Loughlin, ESPUM). 
 
Calendar 

Project tasks  Months (2021-2022) 
Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
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Data 
preparation and 
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Statistical 
analysis 

           

Thesis drafting 
and revision 

           

Manuscript 
preparation 

           

Thesis  
submission and 
final correction  
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Appendix 

Question Response options Coding for analyses 
Binge drinking 

In the past 12 months, how 
often did you… Drink 5 or 

1. Never 
2. Less than once a month 

3. 1-3 times per month 

 
2,3,4,5 = current binge 

drinker 
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more alcoholic beverages on 
one occasion 

4. 1-6 times per week 
5. Everyday 

1 = excluded 

Cannabis use 
In the past 12 months, how 

often did you… use 
marijuana, cannabis or 
hashish without tobacco 

 
Or 

 
In the past 12 months, how 

often did you… use 
marijuana, cannabis or 

hashish mixed with tobacco 

 
 

1. Never 
2. Less than once a month 

3. 1-3 times per month 
4. 1-6 times per week 

5. Everyday 

 
 

 
3,4,5 = current cannabis user 

1,2 = excluded 

Cigarette smoking 
 
 
 

Check the box that describes 
you best… 

1. I have smoked cigarettes, 
but not at all in the past 12 

months 
2. I smoked cigarettes once or 
a couple of times in the past 

12 months 
3. I smoke cigarettes once or 
a couple of times each month 
4. I smoke cigarettes once or 
a couple of times each week 

5. I smoke cigarettes 
everyday 

 
 

3,4,5 = current cigarette 
smokers 

1,2 = excluded 

E-cigarette smoking 
In the past 12 months, how 

often did you… use electronic 
cigarettes without nicotine 

 
Or 

  
In the past 12 months, how 

often did you… use electronic 
cigarettes with nicotine 

 
 

1. Never 
2. Less than once a month 

3. 1-3 times per month 
4. 1-6 times per week 

5. Everyday 

 
 
 

3,4,5 = current e-cigarette 
smoker 

1,2 = excluded 

Opioid use 
In the past month, did you 
take any of the following 

medications, either 
prescription or over-the-

counter… codeine, Demerol 
or morphine 

 
1. No 
2. Yes 

 
2 = current opioid user 

1 = excluded 

Other tobacco products 



 
126 

In the past 12 months, how 
often did you… smoke cigars 
or pipe, use bidis, chewing 

tobacco and/or snuff 

1. Never 
2. Less than once a month 

3. 1-3 times per month 
4. 1-6 times per week 

5. Everyday 

 
3,4,5 = current other tobacco 

products user 
1,2 = excluded 

 

 

 


