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Abstract 

 

Background: High proportion of adolescents use substances such as tobacco, alcohol, and illicit 

drugs. Polysubstance use, the concurrent use of several substances, is particularly deleterious to 

health. Evidence suggests that movement behaviours (physical activity, screen time, and sleep) 

are associated with substance use. However, these behaviours have been studied in isolation and 

treated as independent behaviours rather than codependent that constitute a composition. The 

aim of this study was to examine the relationship between the movement behaviour composition 

and the risk of polysubstance use. 

Methods: 8,641grades 6-8 students and 5,960 grades 9-10 students from the Canadian 

component of the 2017/2018 Health Behaviour in School-Aged Children study were studied. 

Time spent in physical activity, screen time, and sleep were assessed by questionnaire. High 

polysubstance use was based on a composite measure of 21 items that reflected the frequency of 

using cigarettes, alternative tobacco products, alcohol, cannabis, and other illicit drugs. 

Compositional data analysis was used to investigate relationships between the movement 

behaviour composition and polysubstance use. Compositional isotemporal substitutions estimate 

whether relocating equal time from one movement behaviour to another was associated with a 

change in the risk of high polysubstance use. 

Results: The movement behaviour composition was significantly associated with high 

polysubstance use (p<0.001). Strength and direction of the association between movement 

behaviours and polysubstance use differed based on grade and gender. In grades 6-8 boys, grades 

6-8 girls, and grades 9-10 girls, the amount of time spent in sleep relative to other movement 

behaviours was negatively associated with high polysubstance use whereas relative time spent in 
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screen time was positively associated with high polysubstance use (p<0.01). In grades 9-10 boys, 

none of the movement behaviours were associated with high polysubstance use (p>0.05). Time 

displacement estimates showed that the greatest reduction in high polysubstance use risk was 

when more time was reallocated into sleep in grades 6-8 students and grades 9-10 girls 

regardless of which movement behaviour(s) this time was removed from.  

Conclusion: The movement behaviour composition and movement behaviour time 

displacements were associated with high polysubstance use among Canadian adolescents. The 

nature of these associations was different in grades 9-10 boys than in grades 9-10 girls and 

grades 6-8 students. 
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Chapter 1 

Introduction 

1.1 Overview 

Substance use among adolescents is a serious public health concern. (1) In 2018/19, 15% 

and 30% of grade 10 Canadian students used cannabis and partook in binge drinking, 

respectively. (2) It is well recognized that substance use in adolescents is associated with short and 

long-term effects on physical and mental health. (1, 3, 4) Also, substance use during adolescence is 

a significant predictor of substance use and abuse during adulthood. (5, 6)  

Polysubstance use, the concurrent use of many substances, has been increasing over time. 

(7) Recent statistics indicate that approximately 13.5% of Ontario and Alberta grade 9–12 

students concurrently use cannabis, vaping, and alcohol. (7) Evidence shows that adolescents who 

use multiple substances are more likely to maintain this pattern of use or start using even more 

substances as they get older. (7) Polysubstance use is particularly harmful to health because the 

additional substances have an additive/synergistic effect. (8-11)  

Several factors are associated with substance use in youth; family, friend, and community 

support have positive effects on substance use in youth while team sport participation has 

negative effect on substance use. (4, 12) Gender and race/ethnicity are also related to substance use, 

in particular boys and Indigenous students are more frequency users of substances. (2) In general, 

most public health interventions and programs that target polysubstance use focus on adults and 

very few target adolescents. Understanding the determinants of polysubstance use in adolescents 

may provide information that can be used to develop strategies for polysubstance use prevention 

and intervention. 
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Research has demonstrated that movement behaviours including sleep, sedentary 

behaviour, and physical activity are associated with substance use.(3, 13-16) Most sedentary 

behaviour research has focused on screen time due to its consistent detrimental effects on 

adolescents health.(16-18) Traditionally, researchers have investigated the relationship between 

individual movement behaviours and substance use and other health indicators.(19) Recently, 

there has been an interest in exploring the association between combinations of movement 

behaviours and health outcomes.(19) This typically has been done by treating movement 

behaviours as independent variables by using traditional regression approaches that statistically 

adjust the associations of one movement behaviour for one or more of the others.(15, 19, 20) This 

approach may result in spurious findings for three reasons. First, movement behaviours should 

not be treated as independent of each other because they are co-dependent with one another since 

changing time spent in any movement behaviour must result in an equal but opposite change in 

time spent in one or more of the remaining movement behaviours. (15, 21) Second, traditional 

statistical methods deal with unconstrained data that were designed to be used with values that 

can range from −∞ and +∞. (21, 22) Movement behaviours are time-constrained finite variables. 

Third, due to the intrinsic co-dependency between movement behaviours, multicollinearity issue 

will arise if they all included in the same regression model. (21-23)  

Compositional data analysis (CoDA) is a branch of statistical analysis that is suitable for 

co-dependent and time-constrained data, such as movement behaviours, and can be used to 

overcome the issues mentioned above. Although CoDA is well established in several scientific 

fields of study (eg, geology, biology, ecology, economics), it has only recently been adopted in 

movement behaviour research. (21, 22) CoDA enables researchers to determine if the entire 

movement behaviour composition and its individual components are associated with health 
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indicators. Furthermore, researchers can use CoDA results to estimate the health effects of 

equivalent time substitutions between the compositional components (e.g., estimated changes in 

substance associated with reducing screen time by 30 min/day while simultaneously increasing 

sleep by 30 min/day). 

The conceptual model in Figure 1.1 shows the compositional nature of the movement 

behaviours that are made up of sleep, screen time, and physical activity. This figure also shows 

the association between movement behaviours and polysubstance use and what variables may 

confound or modify this relationship.  

Figure 1.1. Conceptual model of the association between movement behaviours composition and 

polysubstance use 

 

1.2 Objectives and Hypotheses 

 

The objective of this thesis is to use CoDA to: (1) examine whether the composition of time 

spent in sleep, screen time, and physical activity is associated with the risk of polysubstance use 

among Canadian adolescents in grades 6-8 and 9-10; (2) estimate whether changing time in any 
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given movement behaviour within the movement behaviour composition is associated with 

changes in polysubstance use risk. 

It is hypothesized that: (1) the composition of time spent in sleep, screen time, and physical 

activity will be significantly associated with polysubstance use risk ; and (2) the relative amount 

of time spent in physical activity and sleep will be beneficially associated with polysubstance use 

risk while the time spent in screen time will be detrimentally associated with polysubstance use 

risk. 

1.3 Scientific and Public Health Significance 

 

According to World Health Organization, health is “a state of complete physical, mental, 

and social well-being, and not merely the absence of disease”.(24) Evidence shows that substance 

use has negative effects on adolescents’ physical, mental, and social health.(1, 3, 4)  In contrast, 

studies demonstrate that students who engage in healthy lifestyle such as meeting physical 

activity, screen time, and sleep guidelines experience greater health and well-being.(25) Sleep, 

screen time, and physical activity have been studied in isolation in relation to substance use. 

Understanding the effect of these movement behaviours collectively on substance use can 

provide insightful information for creating prevention and interventions strategies that address 

substance use and thus improving the state of well- being for students that can reflect better 

overall health.  

1.4 Thesis Organization 

 

 This thesis follows the guidelines provided by the Queen’s University School of Graduate 

Studies for a manuscript-based thesis. The second chapter presents a literature review of the 

effects of sleep, screen time, physical activity, and combinations of these movement behaviours 
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on substance use in adolescents. Chapter 2 also discusses methodological and statistical 

approaches that can be applied to examine how combinations of movement behaviours are 

associated with health. The third chapter is the main Manuscript, which explores the 

compositional effects of sleep, screen time, and physical activity on high polysubstance use 

among Canadian adolescents in grades 6-10. Finally, the fourth chapter provides a general 

discussion of the study results and their significance in the field of physical activity 

epidemiology and movement behaviour research. 
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Chapter 2 

Literature Review 

2.1 Introduction 

The purpose of the literature review chapter is to summarize the scientific evidence that 

has explored the association between movement behaviours and combinations of these 

behaviours with substance use among adolescents. This review starts by providing information 

about the public health importance of substance use in adolescents. A summary of current 

evidence for the association between individual movement behaviours and substance use is 

provided. This is followed by a summary of the available research on the relationship between 

time spent in combinations of movement behaviours and substance use. Then, a critique of 

common methodological approaches used to study these combined behaviours is explained. Key 

gaps and limitations in current and available evidence are highlighted. Finally, compositional 

data analysis and compositional isotemporal substitution modeling, the statistical methods used 

in this thesis research, are explained.   

2.2 Public Health Importance of Substance Use among Adolescents 

Substance use is common among adolescents and it is on the rise in Canadian 

adolescents, especially after the recent legalization of recreational marijuana.(1) In the 2014 

Canadian Health Behaviour in School-aged Children Survey (HBSC), the prevalence of cannabis 

use for both boys and girls in grade 10 was 23%.(2) For alcohol use, the HBSC survey showed 

that 28% of boys and 27% of girls in Grades 10 had been drunk at least twice in their life.(2) 

Although cigarette use has been on the decline in recent decades, recently e-cigarette use has 

become a concern in youth.(1, 2)  In the 2014 HBSC around 26% of boys and 21% of girls in 

grades 10 reported having at least tried e-cigarettes.(2)  More recent Canadian data from 2018/19 
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indicates that 15% and 30% of grades 10 students used cannabis and partook in binge drinking, 

respectively.(3) Data also shows that 13.5% of Ontario and Alberta grade 9–12 students 

concurrently use cannabis, vaping, and alcohol.(1) This concurrent use of multiple substance is 

known as polysubstance use. (4-8)   

Polysubstance use is particularly problematic as it is associated with greater risk of traffic 

accidents, toxicity, overdose, suicide attempts, and death than using one substance. (4-8) This is 

because polysubstance use might exert an additive/synergistic effect that predisposes adolescents 

to greater hazards.(4, 5, 7, 9) For example, Cheryl et al examined the effect of alcohol use only vs 

alcohol combined with other substances on intentional injury among Canadians aged 18 and 

older.(7) They found that, by comparison to those who did not use substances, people who used 

alcohol only were almost 4 times more likely (OR = 3.73 [95%CI: 1.60–8.69]) to report an 

intentional injury while those who used alcohol combined with other substances were 18 times 

more likely (OR=17.75 [95% CI: 6.57–47.96]) to report intentional injury.(7) Furthermore, 

Kokkevi et al found that there is a gradient or dose-response relationship between the number of 

substances used and the odd of reporting suicide attempts among adolescents. The odds of 

reporting suicide attempts were almost doubled with every extra substance used. (8)  

Substances are highly addictive (10) and substance use during adolescence is a significant 

predictor of substance use and abuse during adulthood.(11, 12) Studies have been shown the risk of 

developing substance abuse or dependence is higher among individuals who start using these 

substances in adolescence or early adolescence than for those who start using them during 

adulthood.(10, 11, 13, 14) For example, evidence from a prospective study found that participants 

who were early drug users (aged 13 or older) had 3.16  times higher likelihood of developing 

drug dependence than those who were late-drug users.(14) However, early initiation of alcohol did 
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not significantly increase the odd of alcohol dependence after controlling for confounders (OR = 

1.41, p = .14) which might attributed to the study power that was limited by its sample size .(14) 

In the 2012 National Survey on Drug Use and Health, 13.2% of adults aged 18 or older who 

were classified with illicit drug dependence or abuse have first tried marijuana when they were 

14 years old or younger; this percentage was six times greater than that for adults who first used 

marijuana at the age of 18 years or older (2.2%).(15)  

The ongoing neuromaturation of the brain during the adolescence period make 

adolescents more prone to the neurochemical effects of drugs and other substances. In fact, the 

effects of substance use on adolescents’ brains are more severe compared with other 

developmental periods.(16, 17) Substance use during adolescence can result in permanent damage 

to cognitive functions that involve memory, decision-making, motivation, and impulsivity.(17) In 

addition, drug use during adolescence is associated with higher incidence of comorbid mental 

and physical health conditions and premature mortality.(17) Substance use is also associated with 

increased risk of injury, unwanted or unprotected sex, trauma, violence, and social disruption.(2, 

16, 18, 19)  

2.3 Associations Between Individual Movement Behaviours and Substance Use  

Research studying movement behaviours in isolation has suggested that sleep, sedentary 

behaviour (SB), and physical activity (PA) are each associated to substance use among 

adolescents. (17, 20-23)  

2.3.1 Sleep Duration 

 Sleep duration is defined as the amount of time from lights out at night to lights on or 

getting out of bed in the morning.(24) Sleep is an important factor for healthy child and adolescent 

development; it has wide benefits for mental, social, and physical health.(25-27) According to the 



13 
 

Canadian 24-Hour Movement Guidelines, children aged 5-13 years should get 9 to 11 hours of 

sleep per night and teenagers aged from 14-17 years should get 8 to 10 hours of sleep per 

night.(22)  Data from the 2013/2014 Canadian HBSC showed that 31% of 11-13 year olds and 

26% of 14-16 year olds had an average sleep that was shorter than these recommendations.(25) 

Inadequate sleep among adolescents is associated with risk taking behaviours including 

substance use.(27-29) Evidence suggests that the relationship between inadequate sleep and 

substance use seems to be reciprocal.(27) For example, adolescents might use substances to mask 

the feeling of tiredness or fatigue that result from poor sleep; however, regular use of substance 

may also distort adolescents’ ability to get sufficient sleep without engagement in such behaviour 

which lead to further substance use to induce sleep.(27)  

  A potential explanatory mechanism for this relation is that insufficient sleep can impact 

both the limbic system and the prefrontal cortex in the brain. The limbic system is responsible 

for emotional regulation while the prefrontal cortex is responsible for executive functions such as 

decision-making, problem-solving, affect regulation, and impulse control. (28) Short sleep 

duration negatively impacts the executive functions and the emotional functions which may 

result in poor impulse control and emotional dysregulation. (28) 

Several studies demonstrate that sleep duration is associated with substance use and 

abuse among adolescents.(27, 28, 30) For example, a recent cross-sectional study of adolescents in 

grades 8, 10, and 12 reported that for each hour less of sleep, the odds of tobacco, alcohol, and/ 

or marijuana use increased by 23% and the odds of illicit/prescription drugs use increased by 

37%.(30) Also, a systematic review of prospective studies revealed that insufficient sleep duration 

on weekdays is associated with an increased likelihood of cigarette smoking and that inadequate 

sleep on both weekend and weekdays is associated with an increased likelihood of marijuana 
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consumption.(27) Recent evidence from a cross-sectional study of a large sample of grade 8 

students indicated that there is a dose-response pattern between sleep duration and risk-taking 

behaviours including substance use; meaning that as sleep duration increases to the optimal 

range (9 hours), the odds of substance use decreases.(28) For instance, compared to adolescents 

who slept 9 hours, those who slept ≤ 4 hours, 5 hours, and 6 hours were 5.35 (95% CI: 3.65, 

7.83), 4.09 (95% CI: 2.83, 5.89), and 3.57 (95% CI: 2.66, 4.81) times more likely to initiate early 

substance use, respectively.(28)  However, the study showed that this dose-response pattern is not 

linear; once participants were in the healthy sleep duration zone, there was no further 

improvement for most substances.(28)  

2.3.2 Sedentary Behaviour (SB) 

SB is defined as any waking behaviour characterized by an energy expenditure ≤1.5 

METs performed in a seated, reclined, or prone position.(31) A common SB among school-aged 

children and adolescents is screen time, which refers to the used of electronic devices such as 

TV, video games, smartphones, computers, or tablets.(31)  Most SB research has focused on 

screen time due to its consistent detrimental effects on adolescents health.(23, 32, 33)According to 

the 24 Hour Movement Guidelines, children and youth aged 5-17 years should limit their 

recreational screen time to 2 hours/day or less.(22) In the 2016/17 Canadian Health Measures 

Survey, only 26% of adolescents met this recommendation.(26) 

Adolescents spend a large amount of their screen time on social media, watching TV and 

videos, and playing video games.(23)According to social learning theory, an individual learns how 

to engage in certain behaviours by observing relevant others.(23, 34) Social media, TV, and video 

games (in particular violent video games) portray alcohol and other substances use in a positive 

social context such as depicting adolescents who drink alcohol as a smart and popular people; 
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consequently, affecting adolescents’ perception, attitude, and values toward a positive view and 

assumption of alcohol and other substances use.(23, 34, 35)  

Abundant evidence suggested there is a relationship between screen time and substance 

use, particularly alcohol and nicotine use.(23, 34, 36-38) In a cross-sectional study of a large and 

representative sample of Canadian adolescents, Carson et al studied the association between 

screen time and multiple risk behaviour scores that include substance use.(38) They found that 

high levels of  screen time (particularly computer use) was associated with increased risk for 

multiple risk behaviour scores by 39% (95%CI: 1.30–1.46) and 53% (95% CI: 1.29–1.77) in 

grades 6-8 and grades 9-10, respectively.(38)  Pengpid and Peltzer conducted a similar cross-

sectional study on a sample of adolescents from five Southeast Asian countries (N= 32,696). 

Similar to the previous findings, they found that compared to <1 h leisure-time SB (that includes 

screen time), adolescents who spent ≥5 h in leisure-time SB were 1.55 (95% CI: 1.22, 1.98) 

times more likely to current use tobacco, and 1.52 (95% CI: 1.25, 1.85) time more likely to 

current use alcohol. (36)  

Furthermore, a recent longitudinal study of 3612 Canadian adolescents examined the 

association between screen time (social media, TV, and video gaming) and alcohol use.(23) The 

study result shows that each one-hour per day increase in average amount of time spent on social 

media was associated with a 0.45 unit increase in alcohol use (β=.45, 95% CI: 0.40, 0.49, 

p<.001); whereas, video gaming was negatively associated with alcohol use (β= −.10, 95% CI: 

−0.15, −0.05).(23) Other longitudinal study founds a positive association between the engagement 

in glorifying video games and alcohol and cigarette use.(35)  
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2.3.3 Physical Activity (PA) 

PA is defined as any movement that occurs during waking hours that results in energy 

expenditure.(39) The primary domains in which children and adolescents get their PA, particularly 

moderate-to-vigorous PA (MVPA), are active transportation, organized sports and programs, 

physical education classes, active outdoor play, and exercise.(32) 

The 24-Hour Movement Guidelines recommend that school-aged children and youth 

accumulate at least 60 minutes/day of MVPA. (22) In the 2016/17 Canadian Health Measures 

Survey, only 31% Canadian adolescents met this target. (26) 

 Preclinical and clinical studies suggest that PA may benefit substance use by promoting 

behavioural, social, and neurobiological pathways. (17) For example, PA increases executive 

function and cognition, stress management, social integration, and the release of 

neurotransmitters such as dopamine and serotonin. (17, 40) 

There has been mixed evidence surrounding the relationship between PA and substance 

use.(17, 41-45) Also, the strength and direction of this association varies based on gender and the 

type of substance being used.(17, 42)  For instance, a recent cross-sectional study examining the 

association between type of sport participation and substance use among 13,817 Canadian 

adolescents showed that team sport participation increased the risk for binge drinking and 

cannabis use by 33% (RR 1.33 [95% CI: 1.13–1.56]) and 68% (RR 1. 68 [95% CI: 1.34–2.10] ) 

for boys, respectively, and by 21% (RR 1.21 [95% CI: 1.06–1.38]) and 32%  for girls (RR 1.32 

[95% CI: 1.01–1.72]), respectively.(42) However, team sport participation decreased the risk for 

current cigarette smoking by 31% (RR 0.69 [95% CI: 0.51–0.92]) for boys and by 49% (RR 0.51 

[95% CI: 0.39–0.66]) for girls.(42) For other substances, such as prescription medications and 

illicit drugs, team sport did not yield any significant results for either boys or girls.(42) In contrast, 
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individual sports such as running, cycling, and skating were not significantly associated with 

substances use for boys; yet, for girls, individual sports were negatively associated with current 

cigarette smoking (RR 0.71 [95% CI: 0.52–0.96]) and smokeless tobacco (RR 0.80 [95% CI: 

0.65–0.97]).(42)  

Similarly, in a cross-sectional study of a large and representative sample of Canadian 

adolescents, Milicic et al studied the association between physical activity and e-cigarette use. 

They found adolescents who use e-cigarettes were more likely to participate in PA (OR 1.29 

[95%CI: 1.16–1.43]), competitive sport (OR 1.26 [95%CI: 1.12–1.41]), and team sport (OR 1.30 

[95% CI: 1.18–1.44]) than those who do not use e-cigarettes. (46) 

Literature surrounding the associations between PA intensity and frequency with 

substance use have reported inconsistent results.(43, 47, 48) For example, Nelson and Gordon found 

that adolescents who engaged in ≥5 bouts per week of MVPA were 16% less likely to get drunk 

more than once per month and were 27% less likely to use illegal drugs other than marijuana.(43)  

Another study reported that high intensity PA was positively associated with binge drinking (β = 

.07, p < .05) and marginally with alcohol use, but inversely associated with marijuana use (β = -

.07, p < .05).(48) Delisle et al showed that adolescents who participated in high levels of vigorous 

PA (≥5 times/week)  had significantly lower mean scores for marijuana and cigarette use than 

those who participated in low (0–1 times/week) and medium levels (2–4 times/week) of vigorous 

PA. The study finding regarding the effect of moderate PA did not reach any significance. (47)  

2.4 Limitations and Gaps of Past Research 

There are a few consistent limitations within existing studies that examine the 

relationship between movement behaviours and substance use. Most studies relied on self-

reported measures. Although self-reported measures have some degree of random error that can 
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lead to non-differential misclassification of movement behaviours (meaning the point estimate 

are biased toward the null), the large sample size of most of the studies can decrease the chance 

of random error. (28, 49) Also, most studies are cross-sectional and therefore temporality and causal 

inference can not be established. 

 Although the limitation noted in the previous paragraph were not addressed in my thesis 

research, there are other important limitations and gaps that this thesis attempted to address. For 

instance, most studies analyzed each movement behaviour in isolation of others. Although some 

studies have done such adjustment, they did not use a proper statistical technique and treated 

movement behaviours as independent variables rather than co-dependent. Furthermore, almost 

all the studies that examined the association between each movement behaviour and substance 

use were limited to focusing only on few or specific substances rather than polysubstance use. (34, 

36, 37, 42, 43, 47, 48)   

Finally, future research should consider the effect of PA domains, other than team sport 

participation, such as active transportation, active outdoor play, and physical education class 

(PE) on substance use behaviour. Finding from a study indicated that adolescents who participate 

in PE classes were less likely to engage in substance use than non-participants, particularly 

alcohol, cigarettes, and marijuana.(44) In addition, most sleep research has focused on sleep 

duration and has not considered other sleep characteristics such as sleep quality, sleep 

consistency, and sleep pattern.(24, 50) In fact, some studies suggest that sleep quality has a stronger 

effect on emotional and behavioural state among school-aged children.(51)  
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2.5 Approaches for Studying the Association Between Combinations of Movement 

Behaviours and Substance Use 

Different approaches can be used to study how combinations of movement behaviours 

are associated with health outcomes. (52, 53) The most common approach is the covariate 

approach. This approach enables researchers to examine the relationship of a specific movement 

behaviour with health outcomes independent of the other movement behaviours. (52, 53) This can 

be done by including the movement behaviours of interest as covariates in the same regression 

model. (52, 53)  

A few studies have considered how one movement behaviour is related to substance use 

after adjusting for other movement behaviours through the covariate approach. (36) For example, 

Pengpid and Peltze studied the relationship between SB and substance use and adjusted for PA 

by including both SB and PA (and several confounders) as covariates in the same regression 

model. (36) They found that, adolescents who spent >7 hour/day sedentary were 1.87 (95% CI: 

1.61, 2.18) and 1.55 (95% CI: 1.14, 2.11) times more likely to use alcohol and nicotine, 

respectively, compared with adolescents who spent <1 hour/day sedentary. (36)  

The use of covariate approach for analyzing movement behaviours is problematic. The 

covariate approach treats movement behaviours as independent and unconstrained absolute 

values rather than co-dependence variables that constitute a composition. (53-55) Since the amount 

of time spent in sleep, SB, and PA must add up to a whole constant of 24 hours per day, any 

change in time spent in one movement behaviour will result in a subsequent change in time spent 

in at least one of the remaining behaviours. Therefore, movement behaviour variables are time-

constrained and co-dependant variables that carry relative information which can be interpreted 

as a proportion of that constant. (53, 54) The closed nature of the compositional data result in 
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perfect multicollinearity between its components, which is the main limitation of the covariate 

approach. (53, 54, 56)  

The perfect collinearity between movement behaviour variables by nature violate one of 

the basic assumptions of the traditional regression techniques which is that the independent 

variables should show no multicollinearity (i.e., the predictor variables that are not highly 

correlated). (55, 57, 58) Therefore, using the covariate approach for analyzing movement behaviour 

data might result in spurious findings.  

Another common approach that researchers have used to examine how different 

movement behaviours are associated with heath outcomes is called iso-temporal substitution 

modelling using observational study data. (53, 59, 60) This approach allows researchers to estimate 

the effect of substituting time from one movement behaviour (e.g., MVPA) with another (e.g., 

SB) on health outcomes. Although the iso-temporal substitution modelling approach has been 

extensively used for a wide range of health outcomes such as obesity, cardiovascular disease, and 

mortality, (53) it has not been used in the substance use area. 

 For illustrative purposes, iso-temporal substitution modelling is explained in the context 

of body mass index (BMI) as the health outcome.(53, 59) To estimate the effect of reallocating 60 

minutes spent in SB to MVPA on BMI, time spent in SB would be omitted from a regression 

model that includes MVPA, total time spent in both activities, and other covariates as 

independent variables and BMI as dependant variable.(53) The regression coefficient for the total 

time would represent the estimated effect of omitting 60 minutes of SB on BMI, whereas, the 

coefficient for MVPA would represent the estimated effect of replacing 60 minutes of SB with 

MVPA while adjusting for total time and other covariates.(53, 59, 61)  Using this isotemporal 
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substitution approach, Loprinzi and his colleagues estimated that replacing 60 minutes of time 

spent in SB with MVPA resulted in 4.6 % reduction in total body fat among children.(62) 

Although the isotemporal substitution approach provides a simple and interpretable 

method of investigating the effect of time substitution between movement behaviours on health, 

it has the same methodological issues previously mentioned in the covariate approach. (52, 53, 61) 

2.6 Covariates that Should be Considered when Examining the Relationship Between 

Movement Behaviours and Substance Use  

There are several factors that are associated with substance use and movement behaviours 

in youth. First to consider is demographic characteristics such as grade, gender, and ethnicity. 

Grade plays an important role in this association; as students move to older grades, their physical 

activity time and sleep decrease, and their screen time increases.(2, 63) Evidence shows substance 

use is more prevalent in older grades than younger.(2, 3) For gender and ethnicity, studies suggest 

that boys and Indigenous students are more likely to use substances than girls and other ethnicity 

groups.(3) Furthermore, boys are more likely to adhere to the PA recommendations while less 

likely to meet the screen time limit guidelines.(2) However, PA and SB are varies between 

different race/ethnicity groups.(64, 65) 

Second is family factors such as socioeconomic status, family structure, immigration 

status, and number of siblings. Socioeconomic status and family structure (dual parents vs single 

parent) are predictive of substance use and movement behaviours in adolescents.(3, 64, 66-69) For 

instance, adolescents who come from a lower parental socioeconomic status background are 

more likely to use substances, engage more in screen time behaviour, and have lower sleep 

duration.(64, 69, 70) Immigration status is also important in this association; a growing body of 

evidence suggests that adolescents who come from immigrant families are less likely to meet PA 
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recommendations (71) although substance use behaviour is less common among immigrant 

adolescents, especially first generation, than in Canadian-born adolescents.(72) Adolescents’ 

substance use also has been associated with older siblings’ engagement in this behaviour through 

acting as social modelling or facilitation of substance use.(73) The processes of social modeling 

and facilitation can also be applied to movement behaviours. Evidence shows that adolescents 

who have older siblings are more likely to engage in sport participation. (74)   

Third is the support factors such as  family, friend, and community support which are all 

negatively associated with substance use and screen time in youth while positively associated 

with PA.(2, 73, 75-77) Evidence shows that boys who have a high level of friend support were more 

likely to meet screen time limit recommendations.(2) Finally, unhealthy diet is also linked to 

excessive screen-based SB, physical inactivity, and substance use, especially in girls.(78-80) In 

addition, unhealthy diet such as skipping breakfast, fast food consumption, and regular 

consumption of sweets is associated with short sleep duration in adolescents.(81) 

2.7 Compositional Data Analysis (CoDA)  

CoDA is a statistical technique that has been developed to be used with data that is 

compositional in nature. CoDA can be used to overcome the limitations that arise from using 

traditional regression techniques including the covariate and isotemporal substitution modelling 

approaches.(53, 54) CoDA has been newly adopted in the movement behaviours field but is a well 

established branch of statistics used in several scientific fields such as geology, biology, ecology, 

and economics.(53, 54) Unlike data used in the traditional regression techniques which are 

unconstrained data and take any real value between −∞ and +∞, compositional data are 

constrained data and take only positive values.(53-55)  Also, such data have an intrinsic co-

dependent nature, no matter if the data are closed to a whole constant or not. Therefore, data 
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quantifying movement behaviours carry relative information, and the amount of time spent in 

one behaviour is only meaningful in relation to the others. (53-55)  

  Moreover, in the CoDA paradigm, researchers are able to estimate the effect of time 

substitutions between the compositional components on health taking into consideration that 

movement behaviours are codependent data that convey relative information. (61) Therefore, 

analyzing movement behaviours in isolation or as independent variables can lead to misleading 

results. Rather, ones should appreciate that movement behaviours form a composition that 

consists of three or four components. (53-55) 

In CoDA, the movement behaviour composition can be expressed as log-ratio 

coordinates.(53-55) Each log ratio coordinate gives information about one component relative to 

other components (e.g. amount spent in SB relative to the remaining).(53-55) The aim of 

expressing compositional data as log ratio coordinates is that data can be transformed from 

constrained simplex space to unconstrained real space; therefore, the traditional multivariate 

statistics can be applied after such transformation.(53-55)  The most appropriate type of log-ratio 

transformation is the isometric log-ratio (ilr) coordinates system as it expresses the compositional 

data as orthonormal coordinates, so it maps onto standard real space.(53-55)  

To date, no study has used CoDA to examine the association between movement 

behaviour composition and substance use (either an individual and/or collective substances use). 

However, a recent cross-sectional study of 46,413 Canadian adolescents used CoDA to examine 

whether movement behaviour time substitutions were associated with mental health indicators. 

In that study, reallocating time from either screen time or MVPA into sleep was associated with 

lower depression and anxiety scores, especially for adolescents not meeting sleep duration 

recommendations. (82) 
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For illustrative purposes, an example of how CoDA has been used to examine the 

association between movement behaviour composition and BMI is provided. (54) Dumuid et al. 

investigated the relationship between movement behaviour composition and BMI in children 

aged 9-11-year-olds. (54) Movement behaviour variables first were transformed to ilr coordinates. 

Four set of ilr coordinates were created with each time one behaviour represents the first 

compositional part in relation to the geometric mean of the rest behaviors. For example, sleep in 

relation to the geometric mean of the SB, LPA, and MVPA is the first ilr coordinate. Then, the 

four sets of ilr coordinates were used in multiple linear regression that produced four regression 

coefficients -0.82 for sleep, 0.35 for sedentary time, 1.34 for LPA, and -0.87 for MVPA. These 

regression coefficients indicate that there is a negative relationship between BMI and the relative 

time spent in sleep and MVPA; whereas, there is a positive association between BMI and relative 

time spent in LPA and SB. (54) 

Dumuid et al. also used linear regression models to estimate the change in BMI 

associated with reallocating time from one behaviour to another around the average composition. 

They found that replacing MVPA with SB exerted the largest effect on BMI. For example, 

relocating 30 minutes from MVPA to SB was associated with a 0.26 increase in BMI-z score 

[95% CI: 0.07, 0.45]. On the other hand, when 30 minutes of SB reallocated to MVPA, the zBMI 

only decreased by 0.18 [95% CI: 0.30, 0.07], which indicates there is an asymmetrical 

relationship between MVPA and the other behaviours. (61)  

2.6 Summary and Conclusion 

Substance use among adolescents is an important public health concern. Around 30% of 

grade 10 Canadian students used cannabis and participated in binge drinking, and 13.5% of grade 

9–12 students concurrently use cannabis, vaping, and alcohol. As summarized in Table 2.1, 
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several studies have examined the association between movement behaviours and specific 

substance use using conventional regression techniques. Overall, PA has a mix of positive, 

negative, and null association with substance use. The literature suggests that screen time is 

positively associated with substance use while sleep duration is negatively associated with 

substance use. However, there is missing information regarding the association between 

movement behaviours and polysubstance use.  

Table 2.1. Summary of The Association Between Movement Behaviors and Substance Use 

 Physical activity Screen time Sleep 

Cigarettes ↔ ↑ ↓ 

Alternative tobacco 

products 

↔ Unknown ↓ 

Alcohol ↔ ↑ ↓ 

Cannabis ↔ ↑ ↓ 

Illicit drugs 

 

↓,~ Unknown ↓ 

Polysubstance use  Unknown  Unknown Unknown 

Note: ↑: mostly positive association, ↓: mostly negative association, ↔: mixed (combination 

of positive, negative, and null associations), ~: mostly null. 

 

Using traditional regression approaches to study the associations between movement 

behaviours in isolation and substance use may result in spurious findings because movement 

behaviours are not independent of each other. Rather, they are codependent time-use components 

that must add up to a constant. The closed nature of the compositional data result in perfect 
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multicollinearity between its components which by nature violate the basic assumption of 

conventional regression techniques. The relationship between movement behaviours and 

polysubstance use requires further investigation with a statistical approach that takes into 

consideration the compositional and codependent nature of compositional data. 
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3.1 Abstract 

 

Purpose: The objective of this study was to use CoDA to examine the relationship between the 

movement behaviour composition (time spent in sleep, screen time, and physical activity) and 

the risk of polysubstance use.  

Methods: This cross-sectional study included 8,641grades 6-8 students and 5,960 grades 9-10 

students from the Canadian component of the 2017/2018 Health Behaviour in School-Aged 

Children study. The exposure variable was the composition of time spent in physical activity, 

screen time, and sleep as assessed by questionnaire. The outcome of interest was high 

polysubstance use, which was based on a composite measure of 21 items that reflected the 

frequency of using cigarettes, alternative tobacco products, alcohol, cannabis, and other illicit 

drugs. CoDA was used to investigate relationships between the movement behaviour 

composition and polysubstance use, and compositional isotemporal substitutions was conducted 

to estimate how relocating time from one movement behaviour with another influenced the risk 

of high polysubstance use. 

Results: The movement behaviour composition was significantly associated with high 

polysubstance use (p<0.001). Strength and direction of the association between movement 

behaviours and polysubstance use was different based on grade and gender. In grades 6-8 boys, 

grades 6-8 girls, and grades 9-10 girls, the amount of time spent in sleep relative to other 

movement behaviours was negatively associated with high polysubstance use whereas relative 

time spent in screen time was positively associated with high polysubstance use (p<0.01). In 

grades 9-10 boys, none of the movement behaviours were associated with high polysubstance 

use (p>0.05). Time displacement estimates in grades 6-8 students and grades 9-10 girls showed 

that reallocating time from either physical activity or screen time into sleep was associated with a 
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lower risk of high polysubstance.  In grades 9-10 boys taking 60 minutes from physical activity 

and reallocating it into either screen time or sleep was associated with a higher risk of high 

polysubstance use. 

Conclusion: The movement behaviour composition and movement behaviour time 

displacements across movement behaviours were associated with high polysubstance use among 

Canadian adolescents. The nature of these associations was different in grades 9-10 boys than in 

grades 9-10 girls and grades 6-8 students.   
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3.2 Introduction 

Substance use has short and long-term effects on the physical and mental health of 

adolescents.(1-3) Despite the health risks related with their use and the policies that prohibit their 

consumption, a large proportion of youth use alcohol, tobacco, cannabis, and illicit drugs. For 

example, approximately a quarter of grades 10 students in Canada have been drunk at least twice 

in their life.(3) Polysubstance use, the concurrent use of many substances, is particularly 

problematic because it is associated with greater health risks than using one substance.(4-8) One 

study of 45,086 16-year-olds from 16 countries reported that the relative odds of suicide attempts 

doubled with every additional substance used.(8) 

Sleep, sedentary behaviour, and physical activity are movement behaviours that are 

mutually exclusive time-use variables.(9) Research studying these movement behaviours in 

isolation has suggested that they are related to substance use among adolescents.(1, 10-13)  

Recently, studies have used traditional regression approaches to explore the independent 

association between multiple movement behaviours and health indicators.(14) Most commonly, 

studies have examined the relationship between screen time, a common sedentary behaviour, and 

physical activity with substance use by including both of these movement behaviours and several 

confounders in the same regression model. Two of these studies found that the harmful 

association between screen time, alcohol, and nicotine use in adolescents was independent of 

physical activity. (15, 16) Using traditional regression approaches to study the independent 

association between movement behaviours and health indicators is inappropriate because 

movement behaviours are not independent of each other. Rather, they are co-dependent with one 

another since changing time in one movement behaviour must result in an equal change in time 

in some combination of the other movement behaviours. (9, 12)  Also, traditional statistical 
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methods were developed for unconstrained data that can range between −∞ and +∞ and are 

therefore not appropriate for movement behaviours as they are time-constrained finite 

variables.(9, 17, 18) Consequently, using common regression approaches in movement behaviour 

research might lead to spurious findings.(18)  

Data that are co-dependent and time-constrained, such as movement behaviours, are 

compositional. Compositional data analysis (CoDA) is a branch of statistical analysis designed 

for compositional data. CoDA is well established in several scientific fields and has recently 

been adopted in movement behaviour research.(9, 17)  Movement behaviour researchers can use 

CoDA to determine if the entire movement behaviour composition and its individual components 

are associated with health indicators. Moreover, CoDA results can be used to estimate the health 

effects of equivalent time substitutions between the compositional components (e.g., estimated 

changes in substance associated with reducing screen time by 30 min/day while simultaneously 

increasing sleep by 30 min/day).(19) 

To my knowledge, no study has used CoDA to examine the association between 

movement behaviours and substance use (either an individual and/or polysubstance use). 

Therefore, the objective of the study was to use CoDA to: (1) examine whether the composition 

of time spent in sleep, screen time, and physical activity is associated with the risk of 

polysubstance use among Canadian adolescents in grades 6-10; (2) estimate whether changing 

time in any given movement behaviour within the movement behaviour composition is 

associated with changes in polysubstance use risk. 

3.3 Study Design and Methods 

 

3.3.1 Data Source and Study Participants 
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 The study sample was from the Canadian component of the 2017/2018 cycle of Health 

Behaviour in School-Aged Children (HBSC) study. The HBSC is an ongoing World Health 

Organization sponsored cross-sectional study conducted every four years in 50 countries that are 

primarily located in Europe with a few exceptions, such as Canada.(20) Its purpose is to 

understand the mental, physical, social, and spiritual health of 11-15 year-olds.(3)  The Canadian 

HBSC followed the international sampling protocol and a cluster sampling technique was used, 

with school class being the sample unit. (3, 21) A weighted probability method was used to sample 

schools and classes to ensure proportional representation based on the 10 Canadian provinces 

and three territories and important demographic characteristics such as urban–rural geographic 

location, language of instruction, religion, and community size.(3, 21) Students enrolled in private, 

special needs, on-reserve, or faith schools were excluded. 

Participation in the HBSC involved completion of a standardized questionnaire at school. 

The HBSC questionnaire items are constantly developed, piloted, and validated at the national 

and international levels. The results of these validity studies are typically summarized in the 

HBSC protocol manual rather than peer-reviewed literature.(3, 21) Students in grades 6-8 were 

given an abbreviated version of the questionnaire as items of a more sensitive nature, such as 

illicit drug use and sexual behaviour, were omitted from the questionnaire administered to grades 

9-10 students.(3) Because of these differences in substance use assessment, all analyses were 

performed separately in these two grades groups. 

The ethics approval for the Canadian HBSC was obtained from the General Research 

Ethics Board at Queen’s University. Additional ethics approval for the secondary analyses 

conducted in this thesis was obtained from the Queen’s General Research Ethics Board (see 
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Appendix A). Consent for participation was obtained by school boards, individual schools, 

parents/guardians, and participating students.  

The 2017/2018 Canadian HBSC sample consisted of 21,752 participants; 13,122 grades 

6-8 students and 8,630 grades 9-10 students. Participants with missing data for any of the study 

variables were excluded (4,481 students in grades 6-8 and 2,670 students in grades 9-10). A 

flowchart summarizing participant inclusion can be seen in Figure 3.1.   

 

Figure 3.1. Flowchart of study participants 
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3.3.2 Exposure Variable: Movement Behaviour Composition 

 The exposure variable was the composition of time spent in physical activity, screen 

time, and sleep. 

Physical activity 

Youth accumulate their physical activity primarily through physical education and other 

curriculum-based school activities, organized sports and programs, exercising, playing outdoors, 

and active transportation.(3) Time spent in these physical activity domains were assessed by 

asking the students “How many hours a week do you usually spend …” (1) “…doing physical 

activity that makes you out of breath or warmer than usual in your class time at school (e.g., gym 

class),?”, (2) “…organized sports that are not part of gym class (e.g., school sports team, hockey 

team, dance practice, swim club)?”, (3) “…exercising that is not part of gym class or organized 

sports (e.g., jogging, lifting weights, spin class, hiking, snowshoeing, CrossFit)?”, (4) “…doing 

activities outdoors that are not part of gym class or organized sports (e.g., active games with 

friends at recess, pick-up basketball in your driveway, skateboarding for fun?”, and (5) “…using 

active ways like walking or cycling to get to places such as school, the bus stop, the shopping 

centre, or to visit friends?”. Participants indicated how much time per week they spent in each of 

these physical activity domains with the following response options: “None at all,” “About half 

an hour a day,” “About 1 hour,” “About 2 hours,” “About 3 hours,” “About 4 hours and more.” 

The average daily time spent in physical activity was estimated by summing the time spend in 

the individual physical activity domains. The HBSC physical activity items have acceptable 

reliability and Intraclass Correlation Coefficients (ICC) for repeated measures that range from 

0.57 to 0.82.(22, 23)  

Screen time 
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 Screen time was assessed by asking “How many hours a day, in your free time, do you 

usually spend….” (1) “…watching TV, videos (including YouTube or similar services), DVDs 

and other entertainment on a screen?”, (2) “...playing games on a computer, games console, 

tablet (like iPad), smartphone or other electronic device (not including moving or fitness 

games)?”, and (3) “…using electronic devices such as computers, tablets (like iPad) or 

smartphones for other purposes (e.g., homework, emailing, tweeting, Facebook, chatting, surfing 

the internet)?” Separate items were included to assess use on weekdays and weekends. Response 

options to these questions were: “None at all,” “About half an hour a day,” “About 1 hour,” 

“About 2 hours,” “About 3 hours and more”. The average daily time spent in each type of screen 

time was estimated by weighting the weekday and weekend responses. The average daily total 

screen time was estimated by summing the time spent in the individual screen time types. Screen 

time items have acceptable test-retest reliability, with ICC values that indicate moderate to a 

substantial agreement.(22, 23) 

Sleep 

 For sleep duration, participants were asked “When do you usually go to bed?” and 

“When do you usually wake up?” separately for school days and non-school days. Sleep duration 

on school and non-school days was calculated by using these reported times. The average nightly 

sleep duration was estimated by weighting school nights and non-school nights. Self-reporting 

items that assess sleep duration in adolescents have moderate (ICC = 0.64) to good (ICC = 0.83) 

reliability.(22, 23) 

3.3.3 Outcome Variable: High Polysubstance Use  
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The outcome variable was high polysubstance use, which was based on a composite 

measure that reflected the frequency of using cigarettes, alternative tobacco products (e.g., e-

cigarettes, chewing tobacco), alcohol, cannabis, and other illicit drugs (e.g., ecstasy, pain 

medication). Because grades 6-8 students were only asked about cigarettes, alternative tobacco 

products, and alcohol use, their polysubstance use measure reflected these substances alone.  

 Substance use was measured using 21 items in grades 9-10 students and 9 items in 

grades 6-8 students. These items have moderate to good reliability with ICC values for repeated 

assessments that range from 0.50 to 0.85.(22, 24) The HBSC substance use items had a different 

number of response options (either 5 or 6) that assessed substance use over different time frames 

(e.g., lifetime, last year, last month). Because of these differences, the response options for each 

item were re-categorized into the same three categories that captured never/no use, moderate use, 

and frequent use. This re-categorization approach is based on recent precedence established by 

Kwan and colleagues and is shown in Table 3.1.(25)  

The next step involved in determining high polysubstance use consisted of creating a 

polysubstance use score that was based on the frequency of use of cigarettes, alternative tobacco 

products, alcohol, cannabis, and illicit drugs. Initially, summary scores were derived for 

alternative tobacco use, alcohol use, and illicit drugs use since these substances were assessed 

using 5, 3, and 11 items, respectively. Conversely, cigarette and cannabis use were each assessed 

with a single item. For alternative tobacco products, the summary variable was created by taking 

the highest response from the 5 individual items. For instance, if the student was coded as a 

never user for flavoured tobacco, nicotine gum, cigars, and chewing tobacco but a moderate user 

for e-cigarettes, they were coded as a moderate alternative tobacco products user. The summary 
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variables for alcohol and illicit drugs were derived in the same manner as explained for 

alternative tobacco products. 

Next, scores of 0 (never used), 1 (moderate use), or 2 (frequent use) were assigned to the 

cigarette, summary alternative tobacco, summary alcohol, cannabis, and summary illicit drug use 

variables. These values were then summed to determine a polysubstance use score.  Finally, high 

polysubstance use, the primary outcome for the statistical analyses, was determined when the 

polysubstance use score was ≥ 1. Scores of ≥ 1 corresponded to an average of moderate use 

across all substances.   

Table 3.1. Reclassification of substance use items in the 2017/2018 Canadian HBSC. 

Type of substance and questionnaire item 
Re-categorization of response options 

Never use Moderate user Frequent user 

Cigarettes    

1. No. days smoked cigarettes in life 0 1–29 >29 

Alternative tobacco products    

1. No. times used e-cigarette in last 30 days 0 1–29 days 30 days 

2. No. times used cigarillos or little cigars in 

last 30 days   

0 1 >1 

3. No. times used cigars in last 30 days 0 1 >1 

4. No. times used smokeless tobacco in last 30 

days 

0 1 >1 

5. No. times used nicotine patches, gum, 

lozenges, or inhalers in last 30 days 

0 1 >1 

Alcohol    

1. Frequency of alcohol consumption  Never Rarely Monthly to 

daily 

2. No. times got drunk in life 0 1 >1 

3. Frequency of binge drinking in last year 

 

0 up to 1 month >1 month 

Cannabis    

1. No. days used cannabis in life 

 

0 1–5 days >5 days 
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Illicit drugs    

1. No. times used ecstasy/MDMA in the last 

year 

0 1 >1 

2. No. times used amphetamines (speed) in the 

last year 

0 1 > 1 

3. No. of times used crystal meth in last year 0 1 > 1 

4. No. times used heroin in last year 0 1 > 1 

5. No. times used cocaine in the year 0 1 >1 

6. No. times used glue or solvents (e.g., 

gasoline, butane, glue) in last year  

0 1 >1 

7. No. times used LSD and other hallucinogens 

(e.g., PCP, mushrooms, mescaline, Salvia) in 

the last year 

0 1 >1 

8. No. times used pain relievers (e.g., Percodan, 

Demerol, Codeine) to get high in the last year 

0 1 >1 

9. No. times used stimulants (e.g., Ritalin, 

Concerta, Adderall) to get high in the last year  

0 1 >1 

10. No. times used sedatives/tranquillizers 

(e.g., Valium, Ativan, Xanax) to get high in last 

year  

0 1 >1 

11. Number of times used cold medicines to get 

high in the last year 

0 1 >1 

 

 

3.3.4 Covariates 

Potential covariates were identified in a literature review and included here if they were 

collected in the HBSC survey. Covariates are known to be associated with at least one movement 

behaviour and one substance use variable. (1, 3, 26-30)  The covariates were school grade, gender, 

race/ethnicity, immigration status, perceived family wealth, family structure (single vs. dual 

parent), number of siblings, unhealthy diet, family support, peer support, and teacher support.(3, 

31)  It is important to note that grade and gender were treated as potential effect modifiers and all 
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analyses were stratified by these characteristics. The other covariates were confounding variables 

and controlled for in regression analyses. 

Grade was categorized into grades 6-8 and 9-10; in most school jurisdictions in Canada 

students transition into high school at grades 9. Gender was categorized as male or female. 

Race/ethnicity was categorized as White, mixed White, Indigenous, South Asian, East and 

Southeast Asian, Black, Arab, Latin American, multiple visible minority/other.(3, 30, 31) 

Immigration status was categorized as born in Canada, new Canadian (lived in Canada for <5 

years), and established Canadian (lived in Canada for 5+ years).(32) Perceived family wealth was 

recategorized into three response categories well off, average, and not well off.(31) Family 

structure was categorized into single parent, dual parent, and other.(3) Number of siblings was 

assessed by asking participants how many brothers and sisters they had.(3) An unhealthy diet 

index was created based on the frequency of consuming sweets (candy or chocolate), potato 

chips, coke or other soft drinks, and energy drinks (3) Family support, peer support, and teacher 

support scales were created using established scales.(3)  

3.3.5 Statistical Analysis  

Statistical analyses were conducted in IBM SPSS version 26 (IBM Corp., Armonk, NY) 

and the Open CoDA shiny app.(33) Study design and sample weights were adjusted for by using 

complex sample functions in SPSS. All analyses were conducted separately in the two grades 

groups and boys and girls since preliminary analyses indicated effect modification (interaction) 

by these factors. Standard descriptive statistics were conducted (e.g., means, frequency, and 

prevalence) for the variables of interest. Chi-square tests were performed to assess differences in 

key sociodemographic characteristics between the complete and non-complete cases. CoDA was 
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used to examine the associations between the movement behaviour composition and 

polysubstance use. 

The first step of the CoDA was to calculate the geometric means for the proportion of 

time spent in each movement behaviour as they are more appropriate measure for central 

tendency of compositional data than conventional arithmetic means.(34)  Then, the variability 

between movement behaviours was assessed using the variation matrix. The variation matrix was 

calculated by using pair-wise log ratio variances between all behaviours for both age groups 

(e.g., variance of ln (sleep/screen time)) and scaled to help in explanation of the variation matrix 

(𝑒−𝑡2/2 where t is any log ratio variance).(18) Variance that is close to one indicates a high co-

dependence between behaviours whereas variance that is further from one indicates a lower co-

dependence between behaviours.(18)  

 The next step of the CoDA was to conduct Cox proportional hazards regression models to 

examine the association between movement behaviours and polysubstance use. However, it is 

important to note that linear regression was explored to use first, but the residual of the 

regression line was not normally distributed which restricted us from using linear regression. 

This led us to dichotomize the outcome into lower users and higher users in order to run Cox 

regression. Cox regression was chosen to be used over logistic regression because first CoDA 

has been developed for the Cox regression model and not for others and second it provides us 

with a better approximation for the relative risk than in the odd ratio.  

For these Cox models, the follow-up time was set as 1 for all participants since it was a 

cross-sectional dataset. Before fitting the Cox regression models, the movement behaviour 

variables were transformed from their natural space, the constrained simplex Sd onto real space, 

where standard statistical techniques can be used. This transformation was done by using an 



51 
 

isometric log ratio (ilr) coordinate system which  resulted in the expression of movement 

behaviour composition as ratio of its parts.(18) As the original composition consists of three parts 

(physical activity, screen time, sleep), two ilr transformed variables [𝑧𝑖1,𝑧𝑖2] for each movement 

behaviour were created based on sequential partition. As an example, for physical activity the 

two ilr transformed variables can be written as:(18) 

Z1= √
2

3 
𝐼𝑛

𝑃ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

√𝑠𝑐𝑟𝑒𝑒𝑛 𝑡𝑖𝑚𝑒×𝑠𝑙𝑒𝑒𝑝
2   and Z2=√

1

2 
𝐼𝑛

𝑠𝑐𝑟𝑒𝑒𝑛 𝑡𝑖𝑚𝑒

√𝑠𝑙𝑒𝑒𝑝1      

The ilr-transformed variable Z1 represented the ratio between time spent in physical 

activity and all the others and Z2 represented the ratio between time spent in screen time and 

sleep. After the movement behaviour data were transformed, Cox proportional hazards 

regression models were used to estimate the proportional hazards of high polysubstance use 

based on the corresponding set of two ilr coordinates for each movement behaviour and the 

confounding variables. For these Cox models, the follow-up time was set as 1 for all participants 

since it was a cross-sectional dataset. The regression coefficient and p-value related to the first ilr 

coordinate variable were used to examine if that specific movement behaviour was significantly 

associated with polysubstance use relative to time spent in the remaining movement behaviours. 

It is important to note that only the first ilr coordinate variable in each model was interpreted 

because it has all the relevant information regarding a participant’s movement behaviour 

composition (e.g., physical activity relative to screen time and sleep) while the second ilr 

coordinate variable was used simply to fit the mode.(18, 35) Cox regression enter approach was 

conducted to find if there was any covariate that is not related to polysubstance use.  

Since the Cox proportional hazard regression parameters of the ilr coordinates was 

calculated after using the ilr transformation system, they can not be easily interpreted as 
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proportional change in high polysubstance risk associated with increase in time spent in a 

specific behaviour.(35) Therefore, an inverse log-ratio transformation was used to quantifying the 

effect of displacing times with one movement behaviour or the remaining behaviours on high 

polysubstance use. These inverse log-ratio transformations were obtained from the results of  he 

Cox proportional hazard regression models by taking the beta coefficients that correspond to 

each ilr coordinate.(36)  Then, the hazard ratio (HR) was calculated as the following: HR= 

ê{𝐵1 ∗ 𝑍1 + 𝐵2 ∗ 𝑍2 + 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒)|ê(𝐵1 ∗ 𝑍1 + 𝐵2 ∗ 𝑍2 + 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒} to quantifying the 

effect of changing time between movement behaviours on polysubstance use. For example, HR 

associated with removing 15 minutes/day from time spent in physical activity and adding 15 

minutes/day to the average time spent in sleep was calculated based on a reference point. (17, 18, 35) 

The study sample mean movement behaviour composition was the reference point. (17, 18, 35) 

3.4 Results 

 

3.4.1 Descriptive Characteristics 

The 2017/18 Canadian HBSC included 21,752 participants (13,122 in grades 6-8, and 

8,630 in grades 9-10). Analyses were limited to the 14,601 participants (8,641 in grades 6-8, 

5,960 in grades 9-10) with complete data on the study variables. In grades 6-8 boys, grades 6-8 

girls, grades 9-10 boys, and grades 9-10 girls there were no significant differences in perceived 

family wealth between those included and excluded from the analyses (p > 0.01). However, in all 

grades and gender groups the proportion of new Canadians was higher in the excluded 

participants (p < 0.01). Furthermore, in grades 9-10 boys and girls the proportion who were non-

white was higher in the excluded participants (p < 0.05). 
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The demographic characteristics of the participants included in the final analyses are 

summarized in Table 3.2. In all grades and gender groups, the majority were white, born in 

Canada, had an average perceived family wealth, and came from a dual parent household.  
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Table 3.2. Participant characteristics. 

Variable Grades 6-8 boys  Grades 6-8 girls Grades 9-10 boys Grades 9-10 girls 

 n % n % n % n % 

Race/Ethnicity         

     White 2771 68.7 2960 66.4 1833 67.6 2128 68.4 

     Indigenous  294 7.3 336 7.5 153 5.6 185 5.9 

     Black 130 3.2 142 3.2 80 2.9 80 2.6 

     East and Southeast Asian 118 2.9 153 3.4 111 4.1 98 3.2 

     East Indian and South Asian 96 2.4 84 1.9 70 2.6 107 3.4 

     Arab and West Asian 43 1.1 47 1.1 47 1.7 46 1.5 

     Latin American 37 0.9 47 1.1 21 0.8 31 1.0 

     Other (including mixed) 543 13.5 689 15.5 397 14.6 436 14.0 

Immigration status         

     Canadian born 2997 74.3 3485 78.2 2074 76.5 2513 80.8 

     ≤ 5 years in Canada 269 6.7 301 6.8 184 6.8 177 5.7 

     > 5 years in Canada 766 19.0 672 15.1 454 16.7 421 13.5 

Perceived family wealth         

     Not well off 365 9.1 432 9.7 196 7.2 253 8.1 

     Average 2517 62.4 2899 65.0 1865 68.8 2237 71.9 

     Very well off 1150 28.5 1127 25.3 651 24.0 621 20.0 

Family structure         

     Dual parent 2940 72.9 3262 73.2 1949 71.9 2202 70.8 

     Single parent 654 16.2 697 15.6 477 17.6 567 18.2 

     Other 438 10.9 499 11.2 286 10.5 342 11.0 
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The prevalence of never, moderate, and frequent use of the individual substances is described in 

Table 3.3. Greater than 70% had never used cigarettes, alternative tobacco products, cannabis, or 

illicit drugs. While the majority (>75%) of grades 6-8 students had never used alcohol, 56% of 

grades 9-10 boys and 60% of grades 9-10 girls had used alcohol moderately or frequently.  In all 

grades and gender groups, alcohol was the most commonly used substance while cigarette 

smoking was the least common. Substance use was higher in grades 9-10 students than in grades 

6-8 students. The distribution of the polysubstance use score in grades 6-8 boys (panel A), grades 

6-8 girls (panel B), grades 9-10 boys (panel C), and grades 9-10 girls (panel D) is shown in 

Figure 3.2. Approximately 4.3% of boys and 4.2% of girls in grades 6-8 were classified as 

having high polysubstance use scores, whereas 15.7% of boys and 15.4% of girls in grades 9-10 

were classified as having high polysubstance use scores. 

 

Table 3.3. Frequency of use of individual substances. 

Substance Frequency of substance use 

Never Moderate Frequent 

Cigarettes    

     Grades 6-8 boys 95.0 4.1 0.9 

     Grades 6-8 girls 94.9 4.0 1.1 

     Grades 9-10 boys 83.7 11.2 5.2 

     Grades 9-10 girls 82.2 12.2 5.0 

Alternative tobacco products    

     Grades 6-8 boys 88.8 6.0 5.2 

     Grades 6-8 girls 90.9 5.1 4.0 

     Grades 9-10 boys 71.8 16.6 11.6 

     Grades 9-10 girls 75.3 17.8 6.9 

Alcohol    

     Grades 6-8 boys 75.6 21.2 3.2 

     Grades 6-8 girls 79.4 17.1 3.5 

     Grades 9-10 boys 43.9 32.6 23.5 

     Grades 9-10 girls 39.7 34.8 25.5 

Cannabis     

     Grades 6-8 boys - - - 

     Grades 6-8 girls - - - 
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     Grades 9-10 boys 77.0 9.6 13.5 

     Grades 9-10 girls 76.5 9.9 13.5 

Illicit drugs    

     Grades 6-8 boys - - - 

     Grades 6-8 girls - - - 

     Grades 9-10 boys 80.3 12.4 7.3 

     Grades 9-10 girls 79.3 13.4 7.3 

Note: data are presented as prevalence (%).  Grades 6-8 students were only asked 

about cigarette, alternative tobacco products, and alcohol use. 
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Figure 3.2. Distribution of polysubstance use scores in grades 6-8 boys (panel A), grades 6-8 girls (panel B), grades 9-10 boys (panel 

C), and grades 9-10 girls (panel D) 
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The geometric and arithmetic means for physical activity, screen time, and sleep are in 

Table 3.4. Physical activity accounted for 7.1- 8.1%, screen time accounted for 26.1-33.3%, and 

sleep accounted for 59.1-67.1% of the total time spent in the three movement behaviours. By 

comparison to grades 6-8 boys and girls, the relative proportion of screen time was 4.7-5.2% 

higher and the relative proportion of sleep was 4.1-5.1% lower in their grades 9-10 counterparts. 

Table 3.5 summarizes the compositional variation matrix of time spent in physical activity, 

screen time, and sleep; these variances can range from 0 (lowest codependence) to 1 (highest 

codependence). For all grades and gender groups, the highest pair-wise log ratio variances were 

between sleep and screen time and the lowest variances were between physical activity and 

screen time.   

 

Table 3.4. Compositional and arithmetic means of time spent in physical 

activity, screen time, sleep. 

Movement behaviour Compositional mean,  

proportion of total 

composition 

Arithmetic mean ± SD, 

hours: minutes 

Physical activity   

     Grades 6-8 boys 0.08 1:23 ± 0:25 

     Grades 6-8 girls 0.08 1:14 ± 0:24 

     Grades 9-10 boys 0.08 1:22 ± 0:40 

     Grades 9-10 girls 0.07 1:10 ± 0:23 

Screen time   

     Grades 6-8 boys 0.28 4:47 ± 2:21 

     Grades 6-8 girls 0.26 4:11 ± 1:35 

     Grades 9-10 boys 0.33 5:22 ± 2:16 

     Grades 9-10 girls 0.30 4:30 ± 1:58 

Sleep    

     Grades 6-8 boys 0.64 9:08 ± 1:00 

     Grades 6-8 girls 0.67 9:00 ± 1:00 

     Grades 9-10 boys 0.59 8:30 ± 1:02 

     Grades 9-10 girls 0.63 8:25 ± 1:02 
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Table 3.5. Compositional variation matrix of time spent in physical activity, screen 

time, and sleep. 

Group Physical activity and 

screen time pairing 

Physical activity 

and sleep pairing 

Screen time and 

sleep pairing 

Grades 6-8 boys 0.19 0.25 0.99 

Grades 6-8 girls 0.16 0.22 0.71 

Grades 9-10 boys 0.15 0.15 0.98 

Grades 9-10 girls 0.22 0.30 0.99 

 

3.4.2 Association between movement behaviours and high polysubstance use 

 

Risk estimates for high polysubstance use associated with time spent in each movement 

behaviour relative to time spent in the remaining movement behaviours are shown in Table 3.6. 

The adjusted regression models included race/ethnicity, immigration status, perceived family 

wealth, unhealthy diet, number of parents in household, number of siblings, family support, peer 

support, and teacher support as covariates. In all grades and gender groups, the movement 

behaviour composition was significantly associated with high polysubstance use (p < 0.001). The 

hazard ratios (HR) for these models can be explained as the proportional change in the risk of 

high polysubstance use associated with increase in time spent in a specific behaviour relative to 

time spent in the remaining two movement behaviours. There was an age pattern in the 

associations between the movement behaviours and high polysubstance use that differed by 

gender. Specifically, the relative time spent in each of the three movement behaviours was 

significantly associated with high polysubstance use in grades 6-8 boys while none of the 

movement behaviours were associated with high polysubstance use in grades 9-10 boys. 

Conversely, the pattern of association was identical in grades 6-8 girls and grades 9-10 girls such 

that relative time spent in screen time and sleep, but not physical activity, were significantly 

associated with high polysubstance use. The significant associations observed in Table 3.6 



60 
 

indicated that relative time in physical activity and screen time were positively associated with 

high polysubstance use while relative time in sleep was negatively associated with high 

polysubstance use.    

 

 

3.4.3 Compositional Isometric Substitution Modelling 

Figure 3.3 illustrates how parameter estimates from the Cox proportional regression 

models were used to estimate changes in the risk of high polysubstance use associated with 

equivalent time displacements from one movement behaviour to another (e.g., adding 30 min to 

physical activity by taking away 30 min from screen time or 30 min from sleep). Figure 3.4 

Table 3.6. Compositional proportional hazard regression model estimates for high 

polysubstance use. 

 Model Physical activity, Screen time, Sleep, 

 p-value HR (95% CI) HR (95% CI) HR (95% CI) 

Grades 6-8 boys  

Unadjusted <0.001 1.57 (1.08, 2.27) 3.45 (1.29, 9.25) 0.18 (0.06, 0.59) 

Adjusted* <0.001 1.61 (1.19, 2.19) 2.18 (1.29, 3.70) 0.28 (0.15, 0.53) 

Grades 6-8 girls  

Unadjusted <0.001 1.30 (0.87, 1.94) 3.54 (1.87, 6.67) 0.22 (0.11, 0.43) 

Adjusted* <0.001 1.34 (0.86, 2.09) 2.89 (1.53, 5.47) 0.26 (0.12, 0.59) 

Grades 9-10 

boys 
 

Unadjusted 0.001 1.22 (0.89, 1.67) 0.96 (0.68, 1.37) 0.86 (0.50, 1.47) 

Adjusted* <0.001 1.28 (0.95, 1.74) 0.88 (0.66, 1.17) 0.88 (0.57, 1.36) 

Grades 9-10 

girls 
 

Unadjusted <0.001 1.04 (0.83, 1.30) 2.53 (1.77, 3.60) 0.38 (0.25, 0.58) 

Adjusted* <0.001 1.02 (0.81, 1.29) 1.89 (1.27, 2.22) 0.54 (0.32, 0.89) 

Note: Data presented as hazard ratio (95% confidence interval). 

* Adjusted for race/ethnicity, immigration status, perceived family wealth, unhealthy diet, 

number of parents in household, number of siblings, family support, peer support, and 

teacher support. 
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illustrates the estimated change in high polysubstance use risk associated with changing time 

spent in one movement behaviour by displacing that time proportionately from the remaining 

two movement behaviours (e.g., adding 30 minutes to physical activity by taking away 30 

minutes from a combination of screen time and sleep). In these figures the mean movement 

behaviour composition was used as the reference point and the range of estimates extend from ± 

2 SD of the mean of each movement behaviour. The specific HR estimates that occurred with 30 

min/day time displacements are provided in Table 3.7. HR estimates that occurred with other 

time displacements ranging from 15 to 120 min/day are provided in the supplementary tables.     

Three interesting patterns emerged from the compositional isotemporal substitutions.  

First, in grades 6-8 boys, grades 6-8 girls, and grades 9-10 girls reallocating time from either 

physical activity or screen time into sleep was associated with a lower risk of high polysubstance 

use. For example, reallocating 60 minutes/day from screen time into sleep was associated with a 

HR of 0.76 (95% CI: 0.61, 0.93) in grades 6-8 boys, 0.68 (95% CI: 0.55, 0.83) in grades 6-8 

girls, and 0.83 (95% CI: 0.70, 0.94) in grades 9-10 girls. The opposite occurred when time was 

removed from sleep and added to physical activity or screen time. Second, in boys and girls in 

grades 6-8 but not in grades 9-10, reallocating time from physical activity into screen time was 

associated with a reduced HR for high polysubstance use. For instance, reallocating 60 

minutes/day from physical activity into screen time was associated with a HR of 0.58 (95% CI: 

0.47, 0.71) in grades 6-8 boys and 0.67 (95% CI: 0.54, 0.81) in grades 6-8 girls. Third, in grades 

9-10 boys the only significant changes in high polysubstance use risk occurred when 60 

minutes/day was removed from physical activity and reallocated to screen time or sleep; this 

time displacement was associated with increased HR estimates. Specifically, reallocating 60 
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minutes/day from physical activity into screen time and sleep was associated with a HR of 1.25 

(95% CI: 1.09, 1.42) and 1.19 (95% CI: 1.04, 1.36), respectively.
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Note: Data presented as hazard ratio (95% confidence interval) and were adjusted for race/ethnicity, immigration status, perceived 

family wealth, unhealthy diet, number of parents in household, number of siblings, family support, peer support, and teacher support. 

Hazard ratios reflect the estimated change in the risk of high polysubstance use associated with reallocating 30 minutes from the 

Table 3.7. Estimated change in risk of high polysubstance that would occur by replacing 30 minutes of movement behaviour in rows 

with 30 minutes of movement behaviour in columns. 

Movement behaviour Physical activity Screen time Sleep Combination of remaining 
two movement behaviours 

Physical activity  

     Grade 6-8 boys - 0.87 (0.70, 1.07) 0.77 (0.62, 0.94) 0.80 (0.61, 1.03) 

     Grade 6-8 girls - 0.96 (0.78, 1.17) 0.81 (0.66, 0.99) 0.85 (0.66, 1.08) 

     Grade 9-10 boys - 1.07 (0.93, 1.22) 1.05 (0.91, 1.20) 1.06 (0.89, 1.24) 

     Grade 9-10 girls - 1.04 (0.91, 1.18) 0.96 (0.84, 1.08) 0.98 (0.83, 1.14) 

Screen time  

     Grade 6-8 boys 1.05 (0.85, 1.29) - 0.87 (0.70, 1.07) 0.91 (0.70, 1.17) 

     Grade 6-8 girls 0.96 (0.78, 1.17) - 0.83 (0.67, 1.01) 0.86 (0.67, 1.10) 

     Grade 9-10 boys 0.94 (0.82, 1.07) - 0.97 (0.84, 1.10) 0.96 (0.81, 1.13) 

     Grade 9-10 girls 0.94 (0.82, 1.06) - 0.91 (0.80, 1.03) 0.92 (0.78, 1.07) 

Sleep   

     Grade 6-8 boys 1.20 (0.97, 1.47) 1.13 (0.91, 1.39) - 1.16 (0.89, 1.49) 

     Grade 6-8 girls 1.16 (0.94, 1.41) 1.18 (0.96, 1.44) - 1.18 (0.92, 1.50) 

     Grade 9-10 boys 0.97 (0.84, 1.10) 1.02 (0.89, 1.16) - 1.00 (0.84, 1.17) 

     Grade 9-10 girls 1.03 (0.90, 1.16) 1.08 (0.95, 1.22) - 1.06 (0.90, 1.23) 
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movement behaviour in the row to the movement behaviour in the column using the mean movement behaviour composition as the 

reference. 

Figure 3.3. Estimated hazard ratios associated with hypothetical time displacements in boys and girls from displacing time (panel A, 

panel D) into or out of physical activity from screen time and sleep, (panel B, panel E) into or out of screen time from physical activity 

and sleep, and (panel C, panel F) into or out of sleep from physical activity and screen time.   
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Figure 3.4. Estimated hazard ratios associated with hypothetical time displacements out of or into one movement behaviour 

proportionally from the remaining two movement behaviours in boys (panel A) and girls (Panel B). 
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3.5 Discussion 

 

This study used CoDA to investigate the association between movement behaviours and 

the risk of high polysubstance use in Canadian adolescents in grades 6-10. The movement 

behaviour composition was associated with high polysubstance use. In boys and girls in grades 

6-8 and girls in grades 9-10, the amount of time spent in sleep relative to other movement 

behaviours was negatively associated with high polysubstance use whereas relative time spent in 

screen time was positively associated with high polysubstance use. Furthermore, time 

displacement estimates in these three groups indicated that reallocating time from either physical 

activity or screen time into sleep was associated with a lower risk of high polysubstance use. The 

pattern of findings was different in grades 9-10 boys than the other three groups. In this group, 

taking 60 minutes/day from physical activity and reallocating it into either screen time or sleep 

was associated with a higher risk of high polysubstance use. 

To our knowledge, this is the first study to use CoDA to analyze the associations between 

movement behaviours and substance use. We found that relative time spent in sleep was 

beneficially associated with polysubstance use risk in grades 6-8 boys, grades 6-8 girls, and 

grades 9-10 girls. This result is consistent with past research that used conventional statistical 

approaches and demonstrated harmful associations between short sleep duration and substance 

use.(14, 37, 38) For example, a recent cross-sectional study of grades 8, 10, and 12 students reported 

that for each hour less of sleep, the odds of tobacco, alcohol, and/or marijuana use increased by 

23% and the odds of illicit/prescription drugs use increased by 37%.(37)  

We found that relative time spent in screen time was positively associated with the risk of 

high polysubstance use in 3 of the 4 groups defined by grade and gender. While some previous 

studies reported a negative association between absolute screen time and substance use, the 
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majority reported that screen time is positively associated with substance use.(13, 15, 39, 40) A recent 

cross-sectional study of 3612 Canadian adolescents examined the relationship between screen 

time  (social media, television, and video gaming) and alcohol use and found that each one-hour 

increase in time spent on social media was associated with a 0.45 (95% CI: 0.40, 0.49) unit 

increase in alcohol use(13) . However, video gaming was negatively associated with alcohol use 

(β= −.10, 95% CI: −0.15, −0.05).(13) In contrast, a longitudinal study found that there is a positive 

association between the engagement in glorifying video games and alcohol and cigarette use.(41) 

These findings highlight that the type and content of screen time may influence the relationship 

between screen time and substance use.  

Previous literature surrounding the relationship between physical activity and substance 

use has reported mixed results with positive, null, and negative findings.(1, 30, 42-45) Some studies 

have also reported that the strength and direction of these relationships differ based on gender, 

type of physical activity, and type of substance.(1, 30)  For instance, Boyes et al. examined the 

association between type of sport participation and substance use among 13,817 Canadian 

adolescents. They reported that in both boys and girls participation in team sport (e.g., volleyball, 

hockey, soccer) increased the risk for binge drinking and cannabis use but decreased the risk of 

cigarette smoking.(30) In contrast, participation in individual physical activities (e.g., running, 

cycling, skating) were not significantly associated with substances use for boys, but for girls 

participation in these activities was associated with a reduced risk of cigarette smoking and 

smokeless tobacco use.(30) In the present study the time displacements for physical activity also 

varied according to grade and gender. Specifically, displacing time from physical activity into 

screen time or sleep was associated with a decreased risk of high polysubstance use in boys and 
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girls in grades 6-8, no change in risk in grades 9-10 girls, and an increased risk in grades 9-10 

boys. 

Substance use and movement behaviour levels are different in boys and girls and change 

as students get older, which may in part explain why the relationship between the movement 

behaviours and substance use varied somewhat by age and gender. In the present study, boys had 

higher daily physical activity (1:23 vs 1:10 hours:mins) and screen time (4:58vs 4:16 

hours:mins) levels than girls, and grade 9-10 students slept less (8:45 vs 9:16 hours:min) and 

accumulated more screen time (4:52 vs 4:26 hours:min) than grade 6-8 students. The relationship 

between movement behaviours and substance use may have also differed by age and grade 

because the composition of screen time and physical activity differs in these groups. In this 

study, boys spent a greater proportion of their screen time playing video games (35.1 vs. 22.8%) 

and a smaller proportion of their screen time using a computer for other purposes (29.8 vs 

39.1%) relative to girls, and grades 9-10 students spent a larger proportion of their screen time 

using a computer for other purposes than did younger students (37.2 vs 31.5%). Furthermore, the 

proportion of physical activity time devoted to outdoor play was higher in grades 6-8 students 

than in grades 9-10 students (21.4 vs 16.3%).   

Most movement behaviour and health research in children and adolescents that used 

CoDA has examined physical health outcomes.(17, 46, 47) However, a recent cross-sectional study 

of 46,413 adolescents used CoDA to examine whether movement behaviour time substitutions 

were associated with mental health indicators.(48) Similar to our findings for substance use, that 

study concluded that reallocating time from either screen time or moderate-to-vigorous physical 

activity into sleep was associated with less depression and anxiety, especially for adolescents not 

meeting sleep duration recommendations.(48) In contrast, studies that have used CoDA to 
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examine the relationships between movement behaviours and physical health outcomes (e.g., 

body mass index, cardiometabolic biomarkers) report that reallocating more time into moderate-

to-vigorous physical activity from sleep and screen time was beneficial.(17, 46)  Thus, while the 

movement behaviour composition is consistently associated with different types of health 

outcomes in children and adolescents, the components of the movement behaviour composition 

that are most important appear to differ across different types of health outcomes.  

A key implication of the findings of this study is that promoting that movement across 

the whole day matters and not just time spent in a single movement behaviour. Also, our results 

suggest that prevention and intervention strategies focused on adolescent substance use may 

want to consider increasing sleep duration by replacing screen time with an earlier bedtime. 

However, longitudinal studies and experimental studies that examine the association between 

multiple movement behaviours and substance use are needed to gain a better understanding of 

the causal relationship between these variables.   

Strengths of the present study are that it utilized a novel analytical approach to examine 

the association between combinations of movement behaviours and polysubstance use in a large 

and representative sample of Canadian adolescents. Unlike other studies that focused on a few 

individual substances or a specific substance, this study focused on high polysubstance use, a 

form of substance use particularly harmful to adolescent health. However, the study is limited by 

its use of cross-sectional study design. Therefore, temporality and causal inference between 

movement behaviour composition and polysubstance use can not be established. Also, the study 

used self-reported measures that are prone to recall biases. These biases result in differential or/ 

and non-differential misclassification that would have affected the strength of the observed 

associations between the movement behaviour composition and polysubstance use. The study 
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also lacked measures of light physical activity, non-screen based sedentary behaviours, and the 

full 24-hour movement behaviour composition.  

3.6 Conclusion 

 

The composition of time spent in sleep, screen time, and physical activity was 

significantly associated with polysubstance use among Canadian adolescents in grades 6-10. In 

grades 9-10 girls and students in grades 6-8, increasing sleep duration at the expense of 

decreasing screen time would decrease the risk of high polysubstance use. Future CoDA research 

is needed to investigate the association between different domains of physical activity (e.g., sport 

participation, individual PA), different types of screen time (e.g., social media, video games, and 

TV) and other sleeping behaviour measures (e.g., sleep efficiency) with polysubstance use. 
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Chapter 4 

General Discussion 

4.1 Study Summary 

The objective of this thesis was to investigate the relationship between the movement 

behaviour composition and the risk of polysubstance use using a compositional data analysis 

(CoDA) approach. Data were obtained from Canadian component of the 2017/2018 cycle of 

Health Behaviour in School-Aged Children (HBSC) study, which is a nationally representative 

sample of Canadian school-aged youth in grades 6-10. Measures of physical activity (PA), 

screen time, and sleep duration were obtained from self-reported questionnaire responses. A 

polysubstance use score was created based on a composite measure of 21 items that reflected the 

frequency of using cigarettes, alternative tobacco products, alcohol, cannabis, and other illicit 

drugs. High polysubstance use was determined when the polysubstance use score was ≥1 which 

corresponded to an average of moderate use across all substances. Associations between each 

individual movement behaviour in relations to other movement behaviours and polysubstance 

use were assessed. Isometric log ratio transformations of the movement behaviours were used to 

aid the use of conventional regression methods (i.e., Cox proportional hazards regression) with 

compositional data. Model p-values were used to determine whether the movement behaviour 

composition and its components was significantly associated with polysubstance use. Model 

coefficients were used to estimate changes in polysubstance use risk associated with time 

displacements across movement behaviours. 

4.2 Summary of Major Findings 

 A major finding is that the movement behaviour composition that consists of sleep, 

screen time, and PA was significantly associated with polysubstance use risk. Strength and 
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direction of the association between movement behaviours and polysubstance use risk varies 

based on grade and gender. In grades 6-8 boys, grades 6-8 girls, and grades 9-10 girls, the 

amount of time spent in sleep relative to other movement behaviours was negatively associated 

with high polysubstance use risk, whereas relative time spent in screen time was positively 

associated with high polysubstance use risk. Conversely, in grades 9-10 boys, none of the 

movement behaviours were significantly associated with high polysubstance use risk. 

Furthermore, time displacement estimates in grades 6-8 students and grades 9-10 girls showed 

that reallocating time into sleep was associated with a reduced risk of high polysubstance use 

regardless of which movement behaviour(s) this time was removed from. However, in grades 9-

10 boys taking 60 minutes from PA and reallocating it into either screen time or sleep was 

associated with increased risk of high polysubstance use. 

 Although no previous study used CoDA to analyze the associations between movement 

behaviours and substance use, a recent cross-sectional study used CoDA to examine whether 

movement behaviour time substitutions were associated with mental health indicators. (1) Similar 

to our findings for substance use, that study showed that reallocating time into sleep was 

consistently associated with less depression and anxiety irrespective of which movement 

behaviour(s) this time was taken from. (1)  

Furthermore, our study results is in line with much of  the past research that used 

traditional statistical approaches and demonstrated that short sleep duration and screen time are 

detrimentally associated with substance use.(2-5)  With regard to PA, previous research has 

reported mixed results with negative, null, and positive findings.(6-11)  Correspondingly, in our 

study, time displacements for PA were associated with a decreased risk of high polysubstance 

use in boys and girls in grades 6-8, no change in risk in grades 9-10 girls, and an increased risk in 
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grades 9-10 boys. Even though our study results were consistent with the results of past research 

that examine movement behaviour in isolation, the interpretation of the results in the present 

thesis are different. In the CoDA paradigm, we obtain information about the importance of one 

movement behaviour relative to others and relative changes between the behaviours rather than 

isolated changes with one behaviour. 

4.3 Strengths 

 There are several strengths of the present study. First, it used a novel analytical approach 

to examine the association between combinations of movement behaviours and the risk of 

polysubstance use. Second, this study focused on polysubstance use rather than individual or few 

substances, so it is more comprehensive. Third, because the study was based on a large and 

representative sample of Canadian adolescents in grades 6-10 (approximately 11-15 years old), 

the results should be generalizable to comparable populations. Finally, this study accounted for 

several confounders and effect modifiers. 

4.4 Internal Validity  

Internal validity is the extent to which the observed study results are true in the sample 

population that were studied. In epidemiological studies, internal validity is threatened by 

selection bias, information bias, and confounding. (12) 

4.4.1 Chance 

Chance is caused by random sampling error and it happens when the study sample is not 

representative of the average population. (12) This leads to imprecise results where the observed 

results will tend to be different from the true results. (12) However, the larger the sample size, the 

more precise the estimate of the true association. In addition to having a large sample size in my 

thesis, the degree to which chance variability may account for the results was measured using 
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confidence intervals and p-values. The probability that the results were observed due to chance is 

very low for the association between polysubstance use and the whole composition (p<.001) as 

well as sleep and screen time components. However, probability that the results were observed 

due to chance might be high for PA component (p≤.85). 

4.4.2 Selection Bias 

Selection bias is caused by systematic error and it occurs when the study participants are 

systematically different in their characteristics than the population they should represent, in this 

study, Canadian adolescents in grades 6-10. (12) In our study, selection bias would be a concern if 

the relationship between time spent in movement behaviours and high polysubstance use risk are 

different in the sample of participants that were studied than in those that were excluded.  

Selection bias, if it happens, can lead to inaccurate results and it can not be corrected by 

larger sample size. (12) There are several sources of selection bias such as volunteer bias and low 

response rate bias. Volunteer bias refers to the differences in characteristics between those who 

participated in a study and those are not participated. Although volunteer bias might not be an 

issue in this study because the HBSC is not a volunteer sample, adolescents or their parents that 

consented to participate could differ systematically from those who did not participate. Another 

source of selection bias is low response rate, which is not the case of our study as the response 

for the HBSC was around 75%.  

A concern of bias in this study comes from removing participants from the analysis 

because of missing and incomplete data. In our study, 34% of the participants were excluded 

because of missing data (no response to one or more of the study variables). Overall, in all 

grades and gender groups the proportion of new Canadians was higher in the excluded 

participants, and in grades 9-10 boys and girls the proportion who were non-white was higher in 
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the excluded participants. However, this is expected as new Canadians might still be learning a 

new language and thus might take longer to complete the survey and ran out of time during the 

class period in which the survey was administered.  

Because our study is an etiological study, the main concern is whether the association 

between the movement behaviour composition and polysubstance use is different between those 

with and without complete data. It is unlikely that the relationship would vary based on 

perceived family wealth or immigration status. First, in our analysis there was no significant 

interaction between perceived family wealth or immigration status and the exposure variables. 

Second, previous literature does not suggest that these two variables can be potential effect 

modifiers. Therefore, it is unlikely that this difference influenced the relationship between 

movement behaviours and polysubstance use. 

4.4.3 Information Bias 

 Information bias occurs when the study participants are placed into the incorrect exposure 

and/or outcome group due to error made in measuring one or more of the study variables. (12) 

Information bias can happen when the measure includes subjectivity by the researchers and/or 

participants. It can also occur with objective measures, especially if they are inaccurate or 

measurement protocols are not being followed. (12) Information bias, results in misclassification 

of exposure and/or outcome status. (12)  There are two types of misclassification, non-differential 

and differential misclassification. Non-differential misclassification occurs if measurement error 

is the same in all comparison groups and it will influence the observed associations toward the 

null (i.e., observed hazard ratio is weaker than the truth). Conversely, differential 

misclassification arises when measurement error is different in comparison groups. Differential 
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misclassification can affect the observed association away from or towards the null (i.e., 

observed hazard ratio is weaker or stronger than the truth). (12)   

4.4.4 Recall bias 

Recall bias is a type of information bias that occurs when the study participants 

inaccurately recall information about exposure and/or outcome variables, especially in case of 

completing a questionnaire, interview, or other subjective measure. This can happen when 

participants report on recalled information, sensitive information, socially desirable information, 

and/or information that they may not know. (12) In our study, recall bias is a major concern since 

all our exposure and outcome variables were measured from self-reported response. Students 

may not have accurately recalled how many hours they spent in PA, screen time, or/and sleep, so 

they might have either underestimate or overestimate the actual time spent in these activities. 

Furthermore, self-reported sleep duration tends to be overestimated as questions for sleep do not 

account for sleep latency. (13) For example, a student might go to bed at 9:00 pm but not fall 

asleep until 10:00 pm. There is no reason to think that the recall bias of PA, screen time, or/and 

sleep is different between adolescents who were high polysubstance users and those who were 

low polysubstance users. This means that this bias would be non-differential and would have led 

to underestimated associations.  

Participants who use substances might intentionally under-report their use of substances 

due to social desirability bias or/and the sensitive nature of this topic. In social desirability bias, 

characteristics that are seen as “good” tend to be over-reported and those that are seen as “bad” 

tend to be under-reported. (12)  However, there is no reason to suggest that the amount of social 

desirability bias of polysubstance use varied according to movement behaviours. Therefore, this 

bias would likely be non-differential and would have biased the observed associations towards 
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the null. Furthermore, although social desirability bias is of concern, it may have been minimized 

in the HBSC since the survey was anonymous and confidential.  

 The HBSC questionnaire items are constantly developed, piloted, and validated at the 

national and international levels. Items used for our study all showed acceptable reliability with 

Intraclass Correlation Coefficients (ICC) values that indicate moderate to a substantial 

agreement. Therefore, information bias that comes from recall or social desirability are 

minimized. 

4.4.5 Confounding and Effect Modification 

 

Confounding can arise when the relationship between the exposure and outcome is 

masked or hidden due to the effect of a secondary variable that is related to both the exposure 

and the outcome but not in the causal pathway.(12)  In our study, we controlled for several 

potential confounders previously identified in the literature such as race/ethnicity, immigration 

status, perceived family wealth, family structure (single vs. dual parent), number of siblings, 

unhealthy diet, family support, peer support, and teacher support. However, there is still possible 

for residual confounding to affect the observed result in case if the confounders were not 

precisely measured. Residual confounding occurs when the study did not control for all potential 

confounders or confounding variables are not being accurately measured (i.e., there is a potential 

for misclassification of confounders).  

Overall, if there was no considerable change in the estimate (hazard ratio in our study) 

between the unadjusted model and the model adjusted for confounders, then it is more likely that 

the observed estimates represent a real association. (12) In our study, the hazed ratios were similar 

in the unadjusted and adjusted model. For example, the unadjusted hazard ratio for the 
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association between relative time spent in sleep and polysubstance use in grades 6-8 girls was 

0.22 and after we controlled for confounders it became 0.26. Therefore, we speculate that the 

observed hazard ratio is more likely to a real association.  

Effect modification can occur if the association between the exposure and the outcome is 

different across strata. (12)  In our study, we conducted a preliminary analysis and we found that 

grade and gender are effect modifiers and thus all analyses were stratified by these 

characteristics. 

4.5 External Validity 

External validity refers to the extent to which the study results can be generalized to other 

population outside of the sample population. (12) The HBSC sample is a nationally representative 

sample. Also, weighted probability method was used to sample schools and classes to ensure 

proportional representation based on the 10 Canadian provinces and three territories and 

important demographic characteristics such as urban–rural geographic location, language of 

instruction, religion, and community size. (14) Assuming that we ruled out chance, bias and 

confounding (i.e., our study results are internally valid), the findings can be generalizable to 

Canadians adolescents. Furthermore, the relationship between movement behaviours, especially 

sleep and screen time, and polysubstance use is biological in nature; therefore, the result can 

likely be generalizable to other adolescents in comparable countries. 

4.6 Causation  

In 1965, Sir Austin Bradford-Hill proposed nine criteria to help researcher in determining 

whether an observed association is likely to be causal. Five of these are still commonly used 

today as a guideline for epidemiological research and are discussed below. (12) 
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4.6.1 Temporality 

 To establish temporality, exposure must precede the development of the outcome. 

Temporality is the only criteria that is an absolute requirement for determining causality. (12) Our 

study is a cross-sectional; therefore, temporality can not be established. In addition, evidence 

suggests that the relationship between movement behaviours, in particular sleep, and substance 

use seem to be reciprocal. (15) For example, adolescents might use substances to mask the feeling 

of tiredness or fatigue that result from poor sleep and vis versa. (15) Thus, it is difficult to know 

which comes first the exposure or the outcome. 

4.6.2 Strength of Association 

 The stronger the association between an exposure and outcome is, measured by hazard 

ratio in this study, the less likely it is because of bias or confounding. (12) In general, effect 

estimates such as a relative risk or hazard ratio greater than 2 is considered to be moderately 

strong. (12) In our study, the strengths of the association between movement behaviour 

composition, relative time spent in each behaviour, and polysubstance use ranged from moderate 

to strong. In some case such as the association between relative time spent in PA and 

polysubstance use, the strength is weak. 

4.6.3 Consistency 

 Consistency refers to whether the observed effect consistently exists in different settings 

such as different populations or study designs even if the effect was stronger or weaker.(12) 

Sometimes, lack of consistency results from variation in study quality and study design; 

therefore, it does not rule out causality.(12) In our study, there was some inconsistency with 

grades 9-10 boys having different patterns of results than the other 3 groups, grades 9-10 girls, 

grades 6-8 boys, and grades 6-8 girls. In these three groups, the relative time spent in screen time 
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and sleep were significantly associated with high polysubstance use. Also, reallocating time from 

either PA or screen time into sleep was associated with a lower risk of high polysubstance use. In 

contrast, in grades 9-10 boys the only significant changes in high polysubstance use risk 

occurred when 60 minutes/day was removed from physical activity and reallocated to screen 

time or sleep; this time displacement was associated with increased hazard ratio estimates. As 

previously mentioned, substance use and movement behaviour levels are different in boys and 

girls and change as students get older, which may explain why the association between the 

movement behaviours and substance use varied somewhat by age and gender. 

Although no previous studies used CoDA to analyze the associations between movement 

behaviours and substance use to be able to compare, a recent cross-sectional study used CoDA to 

examine whether movement behaviour time substitutions were associated with mental health 

indicators.(1) Our findings were consistent with that study that showed reallocating time into 

sleep was consistently associated with less depression and anxiety irrespective of which 

movement behaviour(s) this time was taken from.(1) Also, our study results are in line with much 

of  the past research that used traditional statistical approaches to examine the relationship 

between the individual movement behaviours and substance use.(2-5) 

4.6.4 Dose-Response Relationship 

 A dose-response relationship, also known as biological gradient, presents when the 

exposure to a greater level of the factor or for a longer duration of time results in greater increase 

in the risk of developing the outcome. (12) The time reallocation estimates in our study showed a 

curvilinear relationship between relative time spent in sleep, and a liner relationship between 

relative time spent in screen time, and polysubstance use risk. For example, greater reductions in 
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polysubstance use risk were observed when more time was reallocated to sleep in grades 6-8 

students and grades 9-10 girls irrespective to what movement behaviour was taken from. 

4.6.5 Biological Plausibility 

For this criterion, researchers assess the potential biological mechanisms that explain the 

hypothetical causal relationship between the exposure and the outcome. Relationships between 

movement behaviours and polysubstance use risk are biologically plausible. A potential 

explanatory mechanism for this relation is that inadequate sleep can negatively affect both the 

limbic system and the prefrontal cortex in the brain. The limbic system is responsible for 

emotional regulation while the prefrontal cortex is responsible for executive functions such as 

decision-making, problem-solving, affect regulation, and impulse control.(4) Short sleep duration 

negatively impacts the executive functions and the emotional functions which may result in poor 

impulse control and emotional dysregulation; thus, engaging in substance use behaviour.(4) 

Excessive screen time, especially during the evening and night time, is associated with poor 

sleep due to the emitted light that affects the melatonin production which in turn can lead to 

circadian disruption.(16)  PA is also shown to increase executive functions and cognition, stress 

management, social integration, and the release of neurotransmitters such as dopamine and 

serotonin.(6, 17)  

4.7 Public Health Implications 

While health is defined as a complete state of well-being and it is not just the absence of 

disease, (18) most of movement behaviour and health research in children and adolescents that 

used CoDA has focused on physical health outcomes (e.g., body mass index, cardiometabolic 

biomarkers). However, only one study has emphasized on mental health indicators. (1) Our study 

is first to examine movement behaviour composition in relation to polysubstance use. In all these 
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studies including our study, movement behaviour composition was consistently associated with 

different types of health outcomes in children and adolescents, and the components of the 

movement behaviour composition that are most important appear to differ across different types 

of health outcomes.  

Therefore, an important implication of the findings of this study is that promoting that 

movement across the whole day matters and not just time spent in a single movement behaviour. 

In fact, studying the effect of movement behaviours collectively on substance use can provide 

insightful information for creating preventions and interventions strategies that address substance 

use and thus improving the state of well-being for adolescents. Also, our findings recommend 

that prevention and intervention strategies focused on adolescent substance use may want to 

consider increasing sleep duration by replacing screen time with an earlier bedtime.  

4.8 Future Research Directions 

This study contributes to the growing body of movement behaviour research that has 

adopted a CoDA paradigm. However, longitudinal studies and experimental studies that examine 

the association between multiple movement behaviours and substance use are needed to obtain a 

better understanding of the causal relationship between these variables. Also, CoDA research is 

needed to investigate the association between different domains of PA (e.g., sport participation, 

individual PA), different types of screen time (e.g., social media, video games, and TV) and 

other sleeping behaviour measures (e.g., sleep efficiency) with polysubstance use. 

4.9 Summary of MSc Experience 

 

My experience as a Master’s student in the School of Kinesiology and Health Studies has 

allowed me to expand my knowledge and skills in the field of epidemiology, in particular 
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physical activity epidemiology. In my first year, I took courses that increased my knowledge 

about epidemiological methods and appropriate statistical techniques. One of my courses was 

chronic disease epidemiology which boosted my understanding about how epidemiology is used 

to understand chronic health conditions and their risk factors as well as how it is used to develop, 

target, and evaluate prevention strategies that lead to improvements in public health. In addition, 

I completed an independent study that refined my skills in critically appraising the literature 

around movement behaviours.  

In my second year, I had the chance to apply all the knowledge that I gained from my 

first year to my research thesis. This included, conducting and critical literature review, data 

management and cleaning, choosing the appropriate statistics method, interpreting the results, 

and applying the epidemiological terms on my research method. I have learned about using the 

novel statistic technique CoDA for time use data such as movement behaviors data while 

accounting for the HBSC survey complex design. I conducted my analyses using SPSS and open 

CoDA shiny app. Furthermore, I had chance to complete a research fellowship with my 

supervisor as I contributed to a systematic review that relates to whether the timing of physical 

activity within the 24-hour day is associated with health. I helped in performing article screening, 

data extraction, and quality assessment. Throughout my degree, I worked as a teaching assistant 

for courses in the School of Kinesiology and Health Studies. Finally, all these experiences 

improve the skills I need to effectively work in the field of physical activity epidemiology and 

public health. 

4.10 Conclusion 

 

In conclusion, CoDA is the most appropriate technique for codependent time-use data 

such as movement behaviours data. This study adds to the growing evidence that has explored 
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the relationship between movement behaviour composition and health. The composition of time 

spent in sleep, screen time, and physical activity was significantly associated with polysubstance 

use among Canadian adolescents in grades 6-10. In grades 9-10 girls and students in grades 6-8, 

increasing sleep duration at the expense of decreasing screen time would decrease the risk of 

high polysubstance use. The relationship between the movement behaviour composition and 

polysubstance use requires further investigation using different study designs and objective 

measures to establish temporality and minimize potential measurement error.  
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Supplemental Table 1.1. Estimated hazard ratios for displacing time out of or into physical activity. 

 Time displaced out of or into physical activity, minutes/day 

Movement behaviour -60 -30 -15 0 15 30 45 60 

Screen time         

     Grade 6-8 boys 0.58 (0.47, 0.71) 0.87 (0.70, 1.07) 0.94 (0.76, 1.15) 1 1.03 (0.83, 1.27) 1.05 (0.85, 1.29) 1.07 (0.86, 1.31) 1.07 (0.86, 1.31) 

     Grade 6-8 girls 0.67 (0.54, 0.81) 0.96 (0.78, 1.17) 0.99 (0.80, 1.21) 1 0.98 (0.80, 1.19) 0.96 (0.78, 1.17) 0.92 (0.75, 1.12) 0.88 (0.71, 1.07) 

     Grade 9-10 boys 1.25 (1.09, 1.42) 

 

1.07 (0.93, 1.22) 1.03 (0.90, 1.17) 1 0.97 (0.84, 1.10) 0.94 (0.82, 1.07) 0.92 (0.80, 1.05) 0.90 (0.78, 1.02) 

     Grade 9-10 girls - 1.04 (0.91, 1.18) 1.02 (0.89, 1.15) 1 0.97 (0.85, 1.10) 0.94 (0.82, 1.06) 0.91 (0.80, 1.03) 0.88 (0.77, 0.99) 

Sleep         

     Grade 6-8 boys 0.46 (0.37, 0.56) 0.77 (0.62, 0.94) 0.89 (0.72, 1.09) 1 1.10 (0.89, 1.35) 1.20 (0.97, 1.47) 1.30 (1.05, 1.60) 1.41 (1.14, 1.73) 

     Grade 6-8 girls 0.49 (0.40, 0.59) 0.81 (0.66, 0.99) 0.91 (0.74, 1.11) 1 1.08 (0.88, 1.32) 1.16 (0.94, 1.41) 1.23 (1.00, 1.50) 1.31 (1.07, 1.60) 

     Grade 9-10 boys 1.19 (1.04, 1.36) 1.05 (0.91, 1.20) 1.02 (0.89, 1.16) 1 0.98 (0.85, 1.12) 0.97 (0.84, 1.10) 0.96 (0.83, 1.09) 0.95 (0.83, 1.08) 

     Grade 9-10 girls - 0.96 (0.84, 1.08) 0.98 (0.86, 1.11) 1 1.01 (0.89, 1.14) 1.03 (0.90, 1.16) 1.05 (0.92, 1.19) 1.07 (0.94, 1.21) 

Note: Data presented as hazard ratio (95% confidence interval) and were adjusted for race, immigration status, perceived family wealth, unhealthy diet, number of 

parents in household, number of siblings, family support, peer support, and teacher support. Hazard ratios reflect the estimated change in polysubstance use associated 

with reallocating time increments between movement behaviours using the mean movement behaviour composition as the reference. 
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Supplemental Table 1.2. Estimated hazard ratios for displacing time out of or into screen time. 

 Time displaced out of or into screen time, minutes/day 

Movement 

behaviour 

-120 -90 -60 -30 -15 0 +15 +30 +60 +90 +120 

Physical activity            

Grade 6-8         

boys 

- - 1.07     

(0.86, 1.31) 

1.05      

(0.85, 1.29) 

1.03      

(0.83, 1.27) 

1 0.94      

(0.76, 1.15) 

0.87       

(0.70, 1.07) 

0.58      

(0.47, 0.71) 

- - 

Grade 6-8  

girls 

 

- - 0.88       

(0.71, 1.07) 

0.96      

(0.78, 1.17) 

0.98      

(0.80, 1.19) 

1 0.99       

(0.80, 1.21) 

0.96      

(0.78, 1.17) 

0.67      

(0.54, 0.81) 

- - 

Grade 9-10 

 boys 

 

- - 0.90      

(0.78, 1.02) 

0.94       

(0.82, 1.07) 

0.97       

(0.84, 1.10) 

1 1.03      

(0.90, 1.17) 

1.07      

(0.93, 1.22) 

1.25      

(1.09, 1.42) 

- - 

Grade 9-10 

 girls 

 

- - 0.88      

(0.77, 0.99) 

0.94       

(0.82, 1.06) 

0.97      

(0.85, 1.10) 

1 1.02      

(0.89, 1.15) 

1.04      

(0.91, 1.18) 

- - - 

  Sleep            

Grade 6-8 

 boys 

0.55  

(0.44, 0.67) 

0.66      

(0.53, 0.81) 

0.76      

(0.61, 0.93) 

0.87       

(0.70, 1.07) 

0.93      

(0.75, 1.14) 

1 1.06      

(0.85, 1.30) 

1.13      

(0.91, 1.39) 

1.27       

(1.02, 1.56) 

1.43      

(1.15, 1.76) 

1.60      

(1.29, 1.97) 

Grade 6-8  

girls 

0.41 

 (0.33, 0.50) 

0.54        

(0.44, 0.66) 

0.68      

(0.55, 0.83) 

0.83       

(0.67, 1.01) 

0.91      

(0.74, 1.11) 

1 1.08      

(0.88, 1.32) 

1.18 

(0.96,1.44) 

1.38      

(1.12, 1.68) 

1.62 

(1.32,1.98) 

1.88      

(1.53, 2.29) 

Grade 9-10  

boys 

0.88      

(0.76, 1.00) 

0.92      

(0.80, 1.05) 

0.94       

(0.82, 1.07) 

0.97      

(0.84, 1.10) 

0.99       

(0.86, 1.13) 

1 1.01      

(0.88, 1.15) 

1.02      

(0.89, 1.16) 

1.05      

(0.91, 1.20) 

1.07 

(0.93,1.22) 

1.10      

(0.96, 1.25) 

Grade 9-10 

 girls 

0.66      

(0.58, 0.74) 

0.74       

(0.65, 0.83) 

0.83        

(0.77, 0.94) 

0.91      

(0.80, 1.03) 

0.95        

(0.83, 1.07) 

1 1.04      

(0.91, 1.18) 

1.08       

(0.95, 1.22) 

1.17       

(1.03, 1.32) 

1.27      

(1.11, 1.44) 

1.37      

(1.20, 1.55) 

Note: Data presented as hazard ratio (95% confidence interval) and were adjusted for race, immigration status, perceived family wealth, unhealthy diet, number of parents in household, 

number of siblings, family support, peer support, and teacher support. Hazard ratios reflect the estimated change in polysubstance use associated with reallocating time increments 

between movement behaviours using the mean movement behaviour composition as the reference. 
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Supplemental Table 1.3. Estimated hazard ratios for displacing time out of or into sleep. 

 Time daced out of or into sleep, minutes/day 

Movement 

behaviour 

-120 -90 -60 -30 -15 0 +15 +30 +60 +90 +120 

Physical activity    

 

     

 

   

     Grade 6-8 boys - - 1.41  

(1.14, 1.73) 

 

1.20 

 (0.97, 1.47) 

 

1.10  

(0.89, 0.35) 

 

1 0.89      

(0.72, 1.09) 

 

0.77      

(0.62, 0.94) 

 

0.46      

(0.37, 0.56) 

 

- - 

     Grade 6-8 girls - - 1.31  

(1.07, 1.60) 

1.16  

(0.94, 1.41) 

 

1.08  

(0.88, 1.32) 

 

1 0.91      

(0.74, 1.11) 

0.81       

(0.66, 0.99) 

0.49      

(0.40, 0.59) 

- - 

     Grade 9-10 boys - - 0.95  

(0.83, 1.08) 

 

0.97 

 (0.84, 1.10) 

 

0.98  

(0.85, 1.12) 

 

1 1.02      

(0.89, 1.16) 

1.05      

(0.91, 1.20) 

1.19      

(1.04, 1.36) 

- - 

     Grade 9-10 girls - - 1.07  

(0.94, 1.21) 

 

1.03 

 (0.90, 1.16) 

 

1.01 

(0.89, 1.14) 

 

1 0.98      

(0.86, 1.11) 

0.96       

(0.84, 1.08) 

- - - 

  Screen time            

     Grade 6-8 boys 1.60  

(1.29, 1.97) 

 

1.43 

 (1.15, 1.76) 

 

1.27  

(1.02, 1.56) 

 

1.13 

 (0.91, 1.39) 

 

1.06  

(0.85, 1.30) 

 

1 0.93      

(0.75, 1.14) 

0.87      

(0.70, 1.07) 

0.76       

(0.61, 0.93) 

0.66      

(0.53, 0.81) 

0.55      

(0.44, 0.67) 

     Grade 6-8 girls 1.88  

(1.53, 2.29) 

 

1.62  

(1.32, 1.98) 

 

1.38 

 (1.12, 1.68) 

 

1.18  

(0.96, 1.44) 

 

1.08  

(0.88, 1.32) 

 

1 0.91      

(0.74, 1.11) 

0.83      

(0.67, 1.01) 

0.68      

(0.55, 0.83) 

0.54      

(0.44, 0.66) 

0.41      

(0.33, 0.50) 

     Grade 9-10 boys 1.10  

(0.96, 1.25) 

1.07  

(0.93, 1.22) 

 

1.05 

 (0.91, 1.20) 

 

1.02  

(0.89, 1.16) 

 

1.01  

(0.88, 1.15) 

 

1 0.99      

(0.86, 1.13) 

0.97      

(0.84, 1.10) 

0.94      

(0.82, 1.07) 

0.92      

(0.80, 1.05) 

0.88      

(0.76, 1.00) 

     Grade 9-10 girls 1.37  

(1.20, 1.55) 

 

1.27 

 (1.11, 1.44) 

 

1.17  

(1.03, 1.32) 

 

1.08  

(0.95, 1.22) 

 

1.04  

(0.91, 1.18) 

 

1 0.95      

(0.83, 1.07) 

0.91       

(0.80, 1.03) 

0.83      

(0.7,0 0.94) 

0.74 (0.65, 

0.83) 

0.66      

(0.58, 0.74) 

Note: Data presented as hazard ratio (95% confidence interval) and were adjusted for race, immigration status, perceived family wealth, unhealthy diet, number of parents in household, 

number of siblings, family support, peer support, and teacher support. Hazard ratios reflect the estimated change in polysubstance use associated with reallocating time increments 

between movement behaviours using the mean movement behaviour composition as the reference. 
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Appendix C 

Relevant Survey Items from the  

2017/18 Canadian Health Behaviour in School-Aged Children Survey 
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Appendix C.1: Exposure Variables for The Manuscript 

Physical Activity items 

 

24. How  many hours a week do you usually spend doing the following types of physical activity … ? 

(Please mark one box for each item) 

 

None 

at all 

About 

half an 

hour 

a week 

About 1 

hour a 

week 

About 2 

hours 

a week 

About 3 

hours  

a week 

About 4 

or more 

hours a 

week 

a. Physical activity that makes you out of 
breath or warmer than usual in your 
class time at school (e.g., gym class).  

1 2 3 4 5 6 

b. Organized sports that are not part of 
gym class (e.g., school sports team, 
hockey team, dance practice, swim 
club).   

1 2 3 4 5 6 

c. Exercising that is not part of gym class 

or organized sports (e.g., jogging, lifting 

weights, spin class, hiking, 

snowshoeing, CrossFit).   

1 2 3 4 5 6 

d. Activities outdoors that are not part  

of gym class or organized sports  

(e.g., active games with friends at 

recess, pick-up basketball in your 

driveway, skateboarding for fun).   

1 2 3 4 5 6 

e. Using active ways like walking or 

cycling to get to places such as school, 

the bus stop, the shopping centre, or to 

visit friends.   

1 2 3 4 5 6 

 

Screen Time Items 

 

72. How many hours a day, in your free time, do you usually spend … ?  

(Please mark one box for weekdays and one box for weekend for each item) 
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None 

at all 

About 

half an 

hour 

a day 

About 1 

hour  

a day 

About 2  

hours a 

day 

About 3 

or more 

hours  

a day 

a. Watching TV, videos (including 

YouTube or similar services), DVDs and  
Weekdays   1 2 3 4 5 

 other entertainment on a screen? 

 
Weekend   1 2 3 4 5 

b. Playing games on a computer, games 

console, tablet (like iPad), smartphone 
Weekdays   1 2 3 4 5 

 or other electronic device (not 

including moving or fitness games)? 
Weekend   1 2 3 4 5 

c. Using electronic devices such as 

computers, tablets (like iPad) or 

smartphones for other purposes 

Weekdays   1 2 3 4 5 

 (e.g., homework, emailing, tweeting, 

Facebook, chatting, surfing the 

internet)? 

Weekend   1 2 3 4 5 

 

Sleep Items 

 

35.  When do you usually go to bed if you have to go to school the next morning?   

(Please write in the time and indicate whether it is a.m. [midnight to noon] or p.m. [noon to 

midnight].  Example:  enter 9:30 in the evening as  ) 

  :   

 
36.  When do you usually wake up on school mornings?   

 :   

 

37.  When do you usually go to bed on weekends or during holidays?   

  :   
 

38.  When do you usually wake up on weekends or during holidays?  

 :   
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Appendix C.2: Outcome Variable for The Manuscript 

 

73.   On how many days (if any) have you smoked cigarettes? (Please mark one box for each line) 

 Never 
1-2  

days 

3-5 

days 

6-9 

days 

10-19 

days 

20-29 

days 

30 days 

or more 

a. In your lifetime  1 2 3 4 5 6 7 

b. In the last 30 days  1 2 3 4 5 6 7 

 
 

74. In the last 30 days, did you use any of the following? (Mark “yes” or “no” for each line) 

  Yes          No 

a.   Cigarillos or little cigars (plain or flavoured)   1  2 

b.   Cigars (not including cigarillos or little cigars, plain or flavoured)   1  2 

c.   E-cigarettes (electronic cigarettes that look like cigarettes/cigars, but produce 

vapour instead of smoke)   
1  2 

d.   Smokeless tobacco (chewing tobacco, pinch, snuff, or snus)   1  2 

e.   Nicotine patches, nicotine gum, nicotine lozenges, or nicotine inhalers   1  2 
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77.   On how many days (if any) have you drunk alcohol? (Please mark one box for each line) 

 Never 
1-2  

days 

3-5 

days 

6-9 

days 

10-19 

days 

20-29 

days 

30 days or 

more 

a. In your lifetime   1 2 3 4 5 6 7 

b. In the last 30 days  1 2 3 4 5 6 7 

 
 

78.  Have you ever had so much alcohol that you were really drunk? (Please mark one box for each line) 

 No, never Yes, once 
Yes, 2-3 

times 

Yes, 4-10 

times 

Yes, more than 

10 times 

a. In your lifetime   1 2 3 4 5 

b. In the last 30 days   1 2 3 4 5 

 

 

 

80.   In the past 12 months, how often have you had 5 or more alcoholic drinks (4 or more for 
females) on one occasion?   

 1 Daily or almost daily 4 2 to 3 times a month 

2 2 to 5 times a week 5 Once a month 

3 Once a week 6 Less than once a month 

     

 7 No, I have never drunk 5 or more drinks (4 or more drinks for females) on one occasion in 
the past 12 months. 

 8 No, I have not drunk in the past 12 months. 

 

 

  
76. 

On how many of the last 30 days did you use an e-cigarette?   

 1 None  5 6 to 10 days 

2 1 day  6 11 to 20 days 

3 2 to 3 days 7 21 to 29 days 

4 4 to 5 days 8 30 days (every day) 
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81.   On how many days (if any) have you used cannabis (e.g., hash/marijuana/pot/weed)?  
(Please mark one box for each line)   

 Never 
1-2  

days 

3-5 

days 

6-9 

days 

10-19 

days 

20-29 

days 

30 days or 

more 

a. In your lifetime   1 2 3 4 5 6 7 

b. In the last 12 months   1 2 3 4 5 6 7 

c. In the last 30 days   1 2 3 4 5 6 7 

 
84.   Have you ever taken one or several of these drugs in the last 12 months?  

(Please mark one box for each line)   

  No Yes 

a. Ecstasy, MDMA (E, XTC, Adam, X)   1 2 

b. Amphetamines (speed)   1 2 

c. Methamphetamines/Crystal methamphetamine (ice)   1 2 

d. Heroin (horse, tar, junk)   1 2 

e. Cocaine (coke, crack, snow, rock)   1 2 

f. Glue or solvents (e.g., gasoline, butane, model glue)   1 2 

g. LSD and other hallucinogens (e.g., PCP, magic mushrooms, mescaline, Salvia)  1 2 

Medication to get high:   

h. Pain Relievers (e.g., Percodan, Demerol, Fentanyl, Codeine)   1 2 

i. Stimulants (e.g., Ritalin, Concerta, Adderall)   1 2 

j. Sedatives/tranquillizers (e.g., Valium, Ativan, Xanax)   1 2 

k. Cough and cold medicines   1 2 
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Appendix C.3: Covariates for The Manuscript 

 

 

 

 

 

 Are you male or female? 

  1 Male 

  2 Female 

 3 Neither term describes me 

 

 

5.   People living in Canada come from many different cultural and racial backgrounds.  
How do you describe yourself?  (Mark all that apply) 

 1 White   9 Métis   

 2 Chinese  10 Inuit   

 3 South Asian (e.g. East Indian, 

Pakistani, Sri Lankan)  

11 First Nations  

 4 Black   12 Japanese  

 5 Filipino   13 Korean   

 6 Latin American   14 West Asian (e.g., Afghan, Iranian)  

 7 Southeast Asian (e.g., Cambodian, 

Indonesian, Vietnamese)   

15 Other (please specify)   

              __________ 

 8 Arab    

 

7.  Please answer this question for the home where you live all or most of the time and mark the box beside the 
people who live there.   

 1 Mother    

What grade are you in?       

1 2 3 4   

Grade 8 Grade 9 Grade 10 Grade 11  
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 2 Father   

 3 Stepmother (or father’s partner)  

 4 Stepfather (or mother’s partner)   

 5 Brother or stepbrother (How many?) _______   

 6 Sister or stepsister (How many?)  ________   

 7 I live in a foster or children’s home   

 8 Someone else (e.g., grandparents).  Please write it down.    
…………………………… …………………………………………………………………………………… 

 

 

9. If you were not born in Canada, how many years have you lived in Canada?   

 

1 I was born in Canada 

2 1 to 2 years 

 3 3 to 5 years 

 
4 6 to 10 years  

 
5 11 or more years  

 

15.   How often do you usually eat or drink ... ? (Please mark one box for each line) 

  
Never 

Less 

than once 

a week 

Once a 

week 

2-4 days 

a week 

5-6 days 

a week 

Once a 

day, every 

day 

Every 

day, more 

than once 

a. Fruits (not including juice)   1 2 3 4 5 6 7 

b. Vegetables   1 2 3 4 5 6 7 

 c. Game from hunting  
(moose, caribou, venison)   

1 2 3 4 5 6 7 

d. Sweets (candy or 
chocolate)   

1 2 3 4 5 6 7 

e. Potato chips   1 2 3 4 5 6 7 

f. Coke or other soft drinks   1 2 3 4 5 6 7 

g. Diet coke or other diet soft 
drinks   

1 2 3 4 5 6 7 

h. Fruit juice   1 2 3 4 5 6 7 

i. Energy drinks (Red Bull, 
Rock Star, Guru, etc.)   

1 2 3 4 5 6 7 
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j. Sports drinks (Gatorade, 
Powerade, etc.)   

1 2 3 4 5 6 7 

 

31. Please show how much you agree or disagree with each statement. (Please mark one box for each line) 

 Strongly 
agree 

Agree 

Neither 

agree nor 

disagree 

Disagree 
Strongly 

disagree 

a. I feel that my teachers accept me as I am.   1 2 3 4 5 

b. I feel that my teachers care about me as a 
person.   

1 2 3 4 5 

c. I feel a lot of trust in my teachers.   1 2 3 4 5 

 

50. Please show how much you agree or disagree with the following statements.  
(Please mark one box for each line) 

 
Very 

strongly 
disagree 

2 3 4 5 6 

Very 

strongly 

agree 

a.   My family really tries to help me.   1 2 3 4 5 6 7 

b.   I get the emotional help and support 
I need from my family.   

1 2 3 4 5 6 7 

c.   I can talk about my problems with 
my family.   

1 2 3 4 5 6 7 

d.   My family is willing to help me make 
decisions.   1 2 3 4 5 6 7 

51. Please show how much you agree or disagree with the following statements.  
(Please mark one box for each line) 

 
Very 

strongly 
disagree 

2 3 4 5 6 

Very 

strongly 

agree 

a.   My friends really try to help me.   1 2 3 4 5 6 7 

b.   I can count on my friends when 
things go wrong.   

1 2 3 4 5 6 7 

c.   I can share both my happy feelings 
and my sad feelings with my friends.   

1 2 3 4 5 6 7 

d.   I can talk about my problems with 
my friends.   

1 2 3 4 5 6 7 
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92. How well off do you think your family is?   

 1 Very well off 

2 Quite well off 

3 Average 

4 Not very well off 

5 Not at all well off 

 


