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Résumé

Introduction

Malgré un progrés considérable durant les derniéres années, beaucoup de jeunes
Canadiens fument la cigarette. La plupart des fumeurs rapportent avoir initi¢ le tabagisme a
I’adolescence ou au début de 1’age adulte. Les trajectoires développementales du tabagisme
présentent une description des changements du niveau de consommation de cigarettes durant de
longues périodes. Celles-ci peuvent étre modélisées a 1’aide de programmes statistiques qui
groupent les individus démontrant le méme type de changement(s) a travers le temps en sous-
groupes de trajectoires. L’analyse des trajectoires pourrait potentiellement étre utile a la santé
publique quant a ses efforts pour contrer le tabagisme. En effet, celles-ci pourraient permettre
I’identification de sous-groupes qui différent selon leur consommation tabagique a travers le
temps. Des facteurs de risque pour et des conséquences de ces trajectoires pourraient donc étre
identifiés qui pourraient s’avérer utiles pour I’intervention pour réduire ou prévenir le tabagisme
chez les jeunes. Les objectifs de cette thése étaient de: (1) résumer la littérature portant sur les
modeles de trajectoires de consommation de cigarette chez les adolescents; (2) au sein d’une
cohorte de 1293 participants agés de 12 et 13 ans au début de 1’étude, de modéliser les
trajectoires incidentes de consommation de cigarettes et de comparer celles-ci avec les
trajectoires mixtes (c’est-a-dire qui combinent les fumeurs incidents et prévalents); (3) dans la
méme cohorte d’adolescents, d’étudier I’initiation de la cigarette et du cannabis en relation I'une

a I’autre, ainsi que leur lien(s) potentiel(s) avec les trajectoires de consommation de la cigarette.
Méthodes

Nous avons effectué une revue systématique de la littérature portant sur les études
présentant des modeles de trajectoires tabagiques chez les adolescents. Ces recherches ont fait
usage de PubMed et EMBASE de 1980 a 2018 et 43 articles ont été retenus. Les données
extraites de chaque article portaient sur la population a I’étude, le contexte et plan d’étude, les
analyses statistiques et les résultats. Afin de déterminer si certains aspects du plan des études
auraient pu avoir influencé le nombre ou la forme des trajectoires identifiées, nous avons groupé

les études en catégories. Celles-ci étaient basées sur la taille de 1’échantillon, le type de variable



tabagique utilisée lors de la modélisation des trajectoires, I’axe du temps et le nombre de points
de données utilisés pour estimer les trajectoires. Nous avons alors examin¢ les distributions ainsi

que le nombre et les formes des trajectoires identifi€s selon ces caractéristiques.

Dans le deuxiéme manuscrit nous avons modélis¢ et comparé deux ensembles de
trajectoires tabagiques. Le premier modélisait uniquement les fumeurs incidents alors que le
second mod¢élisait a la fois les fumeurs incidents et prévalents. Nos données proviennent d’une
cohorte de 1293 étudiants en septiéme année au début de 1’étude. Proc Traj et le logiciel SAS
ont été utilisés afin de modéliser les trajectoires de consommation de cigarettes chez ces
adolescents. L’analyse des trajectoires incidentes incluait 307 fumeurs incidents, alors que
I’analyse des trajectoires dites «mixtes» incluait 307 fumeurs incidents et 338 fumeurs
prévalents qui rapportaient avoir déja essayé de fumer la cigarette au début de 1’étude. Nous
avons par la suite étudié plusieurs facteurs de risque potentiels pouvant étre associés avec ces
trajectoires dans les spheres socio-démographique, de la cigarette, psychosociale et du mode de
vie. Le statut tabagique et la dépendance a la nicotine ont été étudiées comme conséquences

potentielles a I’age de 24 ans.

A T’aide des mémes données, nous avons comparé les participants a travers les
trajectoires de tabagiques obtenues lors du manuscrit 2, ainsi qu’avec les individus n’ayant
jamais fumé durant 1’adolescence, les participants qui avaient déja tenté de fumer la cigarette
lors de leur entrée dans 1’étude et les fumeurs incidents qui ont cessé peu apres I’initiation. A
I’aide de méthodes descriptives, nous avons effectué une comparaison entre ces groupes de la
séquence d’initiation pour la cigarette et le cannabis, ainsi que de 1’age au premier usage de
cannabis. Avec des mod¢les de régression, nous avons identifi¢ des prédicteurs du temps écoulé

entre I’initiation de la cigarette et du cannabis.
Résultats

Les résultats de notre revue de la littérature ont révélé une hétérogénéité considérable
entre les études, qui pourrait €tre le résultat de variations réelles de la consommation tabagique.
Cependant celle-ci pourrait aussi avoir résulté de variations quant au plan d’études et des
décisions quant a la modélisation des données. Un résultat clé était que seulement deux études

avaient modélisé le tabagisme incident et ainsi représenté le cours naturel du tabagisme.
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Cingq trajectoires furent identifiées dans nos analyses chez les fumeurs incidents: les
fumeurs au tabagisme léger et stable, 1éger et décroissant, augmentant lentement, augmentant
moyennement et augmentant de fagcon précoce et importante. Quatre trajectoires furent
identifiées pour le modele combinant les fumeurs incidents et prévalents. La vitesse de
changement était généralement moins importante pour les trajectoires tabagiques obtenues a
partir du modele mixte. Dans les deux modeles, les trajectoires ou le tabagisme allait en
augmentant étaient associées a de plus hauts niveaux de consommation de cigarettes et de

dépendance a la nicotine a I’age (jeune) adulte.

Nous avons comparé¢ les cinq groupes obtenus du modele de trajectoires de fumeurs
incidents avec les individus n’ayant jamais fumé durant 1’adolescence, ainsi qu’avec les fumeurs
prévalents et les fumeurs incidents qui ont cessé peu apres I'initiation. Malgré le fait que
I’initiation a la cigarette semble généralement avoir lieu avant I’initiation au cannabis, plusieurs
des groupes avaient une proportion de participants qui avaient initi¢ le cannabis avant la
cigarette. L’initiation au cannabis avait généralement lieu & un age moins élevé chez les
participants ayant une consommation plus importante de cigarettes. L’age a I’entrée dans 1’étude
¢tait le seul facteur associé de fagon statistiquement significative avec le temps écoulé entre
I’initiation a la cigarette et I’initiation au cannabis chez les participants ayant initi¢ la cigarette
avant le cannabis. Aucun facteur n’était associé au temps écoulé entre I’initiation au cannabis et
la premicre bouffée de cigarette chez les individus ayant initi¢ le cannabis avant la cigarette. La
proportion de participants rapportant avoir jamais consommeé du cannabis était plus élevée dans

les groupes tabagiques ayant une consommation plus importante de cigarettes.
Discussion

Les études publiées jusqu’a présent n’ont pas établi 1’utilit¢ de la modélisation des
trajectoires tabagiques pour la santé publique: il s’agit d’'une méthode utile quand il s’agit de
résumer et de décrire la consommation tabagique a travers le temps. Cependant il n’est
présentement pas clair que ce genre d’analyse puisse offrir des informations additionnelles au-
dela des approches plus traditionnelles. Modéliser un mélange de fumeurs incidents et
prévalents peut servir a camoufler le cours naturel du développement de 1’habitude tabagique
ainsi que des facteurs de risque y qui sont associés. Nous recommandons donc que les études

futures dans ce domaine modélisent les trajectoires incidentes de consommation tabagique. Nos
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résultats présentent aussi de nouvelles informations sur I’initiation de la cigarette et du cannabis
qui devraient mener a une meilleure compréhension de ’interaction entre ces deux substances.
L’usage de cannabis et le fait du fumer la cigarette sont liés I’un a 1’autre de fagon complexe:
nos résultats suggeérent qu’il est important de considérer I'usage d’une substance dans son

contexte, soit en présence d’autre(s) substances.

Mots-clés :  Cigarette, tabagisme, adolescence, jeunes adultes, trajectoires
développementales, incidence, prévalence, facteurs de risque, issues/conséquences,

modélisation de trajectoires, cannabis
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Abstract

Introduction

Despite undeniable progress, far too many Canadian youth still smoke cigarettes. Most
smokers report initiation in adolescence or young adulthood. Developmental trajectories of
cigarette smoking are descriptions of change in smoking over relatively long time-periods which
can be modeled using software platforms which group individuals with similar developmental
patterns into subgroups of trajectories. Trajectory analysis may be useful to public health efforts
to curb smoking because it permits identification of subgroups that differ according to the
pattern of growth in cigarette smoking. Risk factors for, and outcomes of these trajectories can
be identified, which may be amenable to intervention to effect positive change in youth smoking.
The objectives of this thesis were: (1) to synthesize the literature on studies of adolescent
cigarette smoking trajectories; (2) in an adolescent cohort of 1293 participants age 12-13 years
at inception, to model trajectories of incident cigarette smoking and compare incident
trajectories with mixed (i.e. incident and prevalent smokers combined) trajectories; (3) in the
same adolescent cohort, to study cannabis and cigarette initiation in relation to each other and

to cigarette smoking trajectories.
Methods

We carried out a systematic review of studies of cigarette smoking trajectories in
adolescents. PubMed and EMBASE were searched 19802018 and 43 articles retained. Data
were extracted from each article relating to study population, setting and design, statistical
analyses, and results. In order to assess whether study design features might have influenced the
number or shapes of trajectories identified, we collapsed studies into categories based on study
sample size, type of cigarette smoking indicator used, time axis, and number of data points used
to estimate trajectories. We examined the distributions of number and shapes of trajectories

identified according to these characteristics.

In Manuscript 2 we modeled and compared two sets of cigarette smoking trajectories.
The first included incident cigarette smokers alone while the second included both incident and
prevalent cigarette smokers. Data were from a cohort of 1293 grade 7 students at baseline. We

used SAS Proc Traj to model trajectories of cigarette smoking in adolescence. Analysis of



incident trajectories included 307 incident smokers; analysis of “mixed” trajectories included
307 incident and 338 prevalent smokers who reported having ever smoked at baseline. We
studied various potential sociodemographic, smoking-related, psychosocial, and lifestyle risk
factors in relation to trajectory group. Smoking status and nicotine dependence outcomes were

assessed at age 24.

Using these data, we compared participants across the cigarette smoking trajectories
obtained in Manuscript 2, as well as never smokers during adolescence, baseline ever smokers,
and incident smokers who stopped. Using descriptive methods, we compared these groups
according to age at first cannabis use and determined the order of initiation of tobacco and
cannabis among participants. Using regression, we identified predictors of elapsed time between

tobacco and cannabis initiation.
Results

The findings of our review revealed considerable heterogeneity between studies which
may have reflected real variations in cigarette smoking but which may also have resulted from
variation in study design features and modelling decisions. A key finding was that only two

studies modeled incident smoking and depicted the natural course of smoking.

Five trajectories were identified in incident smokers: stable-low consumers, low-level
decreasers, slow escalators, moderate escalators, and early-rapid escalators. Four trajectories
were identified in the mix of incident and prevalent smokers. The rate of change was generally
attenuated across curves in the mixed trajectory analysis. Escalating trajectories in both analyses
were associated with higher levels of cigarette consumption and nicotine dependence in early

adulthood.

When comparing these five incident trajectory groups with never smokers, prevalent
smokers at baseline, and incident smokers who stopped, we report that while first puff on a
cigarette usually preceded cannabis use, several groups had a number of participants who
initiated cannabis before cigarettes. Age at first cannabis use was generally lower in participants
with heavier cigarette consumption. Age at baseline was the only significant risk factor for time

to first cannabis use among ever smokers; no factors were associated with time to first cigarette
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use among ever cannabis users. Ever use of cannabis was higher in trajectory groups with

heavier cigarette consumption.
Discussion

The literature published thus far has not established the usefulness of this methodology
to public health: it is useful for summarizing and describing cigarette smoking patterns, yet it is
not clear whether trajectory analyses offer additional information useful to public health.
Modeling a mix of incident and prevalent adolescent smokers obscures depiction of the natural
course of smoking onset and identification of factors associated with the natural course of
cigarette smoking: we therefore recommend that future studies in this area model incident
trajectories of cigarette smoking. Our findings also present new information on the initiation of
cigarettes and cannabis which should lead to a greater understanding of the interplay between
these substances. Cannabis use and cigarette smoking relate to each other in complex ways: our
results suggest that it is important to consider use of any one substance in the context of use

with other substances.

Keywords: Cigarette smoking, adolescence, young adulthood, developmental

trajectories, incidence, prevalence, risk factors, outcomes, trajectory modeling, cannabis.
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Chapter 1 — Introduction

Cigarette smoking has been referred to by the World Health Organization as “one of the
biggest public health threats the world has ever faced”. [1] Tobacco kills up to half its users and
causes more than 7 million deaths worldwide each year. More than 6 million deaths annually
are the direct result of tobacco use, while the rest result from exposure to second-hand smoke.
[1] Cigarettes are the most common form of tobacco used in most countries. [2] Approximately
80% of the more than 1 billion smokers in the world today live in low- and middle-income

countries where the burden of tobacco-related illness and death is heaviest. [1]

There has been considerable progress in tobacco control in many countries over the past
few decades, including in Canada and the United States (U.S.). Cigarette smoking among U.S.
adults declined from 20.9% in 2005 to 15.5% in 2016. [3] In Canada approximately half of
Canadians age >15 years smoked in 1965, compared to just 13% in 2015. [4] Use has also
declined among youth. Current daily (i.e., survey participants who responded "every day" to the
question: "At the present time do you smoke cigarettes every day, occasionally or not at all?")
and non-daily cigarette smoking (i.e., survey participants who responded "occasionally") has
declined among youth age 15-19 since 1999 in Canada [5], with prevalence estimated at 7.9%
in 2017 (i.e., 2.9% daily and 4.9% non daily). [5], [6] In 2017, the prevalence of cigarette
smoking among daily and non daily smokers in the province of Quebec aged >15 years was
15.7% (15.7 [12.4-19.1]). Four provinces had higher smoking prevalence estimates than Quebec
(i.e., Newfoundland and Labrador, Alberta, Saskatchewan, and Nova Scotia). [7] (Current
smoking was defined following the reply to the question, “At the present time do you smoke
cigarettes every day, occasionally, or not at all?”, current smokers included individuals defined
as occasional or daily smokers based on their replies to the question. [8]) Finally, despite
undeniable progress, an important proportion of youth still smoke. Current cigarette smoking
increases with age among youth [9] — the prevalence was 17.7% among 19-year-olds in Canada

in 2014-2015, and daily cigarette smoking was 7.7%. [9]

Youth smoking is of paramount importance to public health since the vast majority of
smokers report initiating cigarette smoking in adolescence or young adulthood. [10] In 2012,

the U.S. Surgeon General’s Report reported that virtually all smokers acquire the habit by age
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26; nearly 9 of 10 smokers start smoking by age 18, and 99% start by age 26. Progression from
occasional to daily smoking almost always occurs by age 26. [11] Previously published data
from the Nicotine Dependence in Teens (NDIT) Study (i.e., the study that provided the database
used in two manuscripts presented in this thesis) suggest that the incidence of cigarette smoking
initiation (i.e., reporting having ever smoked >1 puff(s) of a cigarette (lifetime)) decreases with
age during adolescence and into young adulthood [12], although another study which
investigated several forms of tobacco in addition to cigarettes [13], reported that the incidence
of tobacco use is now higher in young adulthood. This latter study provides a compelling
rationale for monitoring the natural course of cigarette smoking onset in a world where the
forces that drive cigarette use in youth are constantly changing. New legislation including the
legalization of cannabis in many parts of the world, and the emergence of new tobacco-related
products such as e-cigarettes can have enormous impact on youth smoking. Addressing youth
smoking is therefore critically important to public health, and there is an ongoing need to better
understand the early natural course of cigarette smoking so that this knowledge can be

incorporated into updating prevention policy and practice.

This PhD dissertation focuses on studies that use trajectory analyses to identify
developmental patterns of cigarette smoking in adolescents. This analytic method has
proliferated in the past two decades because of the appeal of summarizing longitudinal patterns
into clear, easily-interpretable graphical representations, availability of easy-to-use statistical
packages (e.g., Proc Traj in SAS) and ever-improving add-ons for handling time-varying
covariates and attrition. [14], [15] In addition to depicting developmental patterns, trajectory
analyses identify subgroups at higher risk of sustained and heavier smoking, and they help
elucidate outcomes of specific trajectory patterns. Proponents of trajectory analyses argue that
the differing risk profiles across developmental patterns increase understanding of the natural
course of smoking onset [16], and that these analyses can pinpoint windows of opportunity for

intervening to prevent addiction and long-term smoking.

The central aim of this thesis was to attempt to use trajectory modeling to increase
understanding of cigarette smoking onset in youth. An important and related objective was to
critically assess the usefulness of cigarette smoking trajectory modeling to public health. After

this Introduction, Chapter 2 of this thesis introduces concepts relevant to adolescent cigarette



smoking trajectories, overviews the literature pertaining to youth cigarette smoking trajectories,
and summarizes the literature relating to onset of cigarette smoking in relation to cannabis use.
Chapter 3 presents a single objective relating to the systematic review carried out in Article 1.
Article 1 (published in the International Journal of Drug Policy and presented in Chapter 4)
presents a systematic review of the literature on cigarette smoking trajectories in adolescents.
Chapter 5 then describes the objectives arising from the searches of the literature presented in
Article 1 and section 2.3. Chapter 6 describes the methods used in Manuscripts 2 and 3 and
Chapter 7 presents Manuscripts 2 and 3. Manuscript 2 presents our own analyses, wherein we
modeled incident cigarette smoking trajectories in order to determine whether time window(s)
of opportunity for intervention to reduce or prevent cigarette smoking can be identified. This
manuscript also compared trajectories in new (incident) adolescent smokers and in a mix of
incident and ever- (prevalent) smokers at baseline. Manuscript 3 sought to consider the
important question of the influence of cannabis, a commonly used psychoactive substance in
youth, on cigarette smoking status including incident trajectories. We described the order of
initiation of cigarette smoking and cannabis use, as well as proportion of ever use and age at
first cannabis use across smoking status categories (including incident smoking trajectories).
We also sought to identify predictors of elapsed time between cannabis and cigarette smoking
initiation among dual users. Chapter 8 discusses the main results, the strengths and limitations
of this work, and the contributions of the findings to public health and Chapter 9 concludes the

thesis.



Chapter 2 — Background

This section overviews the literature pertaining to youth cigarette smoking and cigarette
smoking trajectories. It begins by describing how the smoking acquisition process has been
conceptualized and introduces the concept of cigarette smoking trajectories. Risk factors and
outcomes of cigarette smoking trajectories in youth are addressed next. Finally, current

knowledge on co-use of cigarettes and cannabis is discussed as background for Manuscript 3.

2.1 Stages in cigarette smoking acquisition

Sections 2.1 and 2.2 present definitions and other concepts relating to the

conceptualization of cigarette smoking trajectories used in this thesis.

An early conceptualization of cigarette smoking onset is the notion of stages of cigarette
smoking. As described in the 1994 Surgeon General’s Report [17], becoming a regular smoker
is a process which can be conceptualized as consisting of a series of 'stages' representing
increasing levels of cigarette smoking. These stages are described as follows: (i) during the first
stage, attitudes and beliefs about the utility of cigarette smoking are formed; (ii) the trying stage
encompasses the first two or three times an individual smokes; (ii1) experimentation, which
includes repeated but irregular cigarette smoking; (iv) regular use, where one smokes on a
regular basis, usually at least weekly, and increasingly across a variety of situations and personal
interactions; (v) the final stage, nicotine dependence and addiction, is characterized by a
physiological need for nicotine. Numerous researchers have questioned this conceptualization
and suggest that milestones such as taking smoke into the lungs for the first time, first whole
cigarette, monthly cigarette smoking, weekly cigarette smoking, and daily cigarette smoking are
more salient descriptors of the smoking onset process. [18], [19] An additional issue pertaining
to the more traditional conceptualization of the smoking onset process, is that nicotine
dependence is portrayed as occurring only in the later stages. However recent research suggests
that symptoms of nicotine dependence develop soon after first puff and can precede monthly,

weekly and daily smoking. [18], [19]

There is a substantial literature investigating risk factors for the early stages of cigarette

smoking, including a recent systematic review (Wellman et al. 2016 [20]) of 53 longitudinal



studies that identified risk factors for initiation (i.e., first few puffs). An increased risk of
smoking onset was reported for the following factors: increased age/grade, lower socioeconomic
status (SES), poor academic performance, sensation-seeking or rebelliousness, intention to
smoke in the future, receptivity to tobacco promotion efforts, susceptibility to smoking, family
members’ smoking, having friends who smoke, and exposure to films. Higher self-esteem and

parental monitoring/supervision of the child were protective.

Although specific cigarette smoking stages may have different sets of risk factors, there
are no systematic reviews of risk factors for stages other than initiation. O’Loughlin et al. 2009
[21] reported sets of risk factors that differed for cigarette smoking initiation: younger age,
single-parent family status, cigarette smoking by parents, siblings, friends, and school staff,
stress, impulsivity, lower self-esteem, feeling a need to smoke cigarettes, not doing well at
school, susceptibility to tobacco advertising, alcohol use, use of other tobacco products, and
attending a cigarette smoking-tolerant school were reportedly significant for initiation. For daily
cigarette smoking risk factors reported were: cigarette smoking by siblings and friends, feeling
a need to smoke cigarettes, susceptibility to tobacco advertising, use of other tobacco products,
and self-perceived mental and physical addiction. [21] Roberts et al. 2015 [22] also reported
differences in the sets of risk factors for first puff (i.e., availability of cigarettes, peer deviance)
and first whole cigarette (i.e., availability of cigarettes, parental monitoring, having ever puffed

at the first of the two assessments). [22]

That different stages of cigarette smoking have differing sets of risk factors raises
questions about the public health relevance of the conceptualization of the acquisition of
cigarette smoking as a series of stages. If the aim of public health intervention is to mitigate
regular cigarette smoking, predictors of earlier stages of smoking may not be as relevant as
predictors of regular smoking. Focusing intervention on an earlier stage may be less impactful
on regular smoking if individuals who made the transition from never smoking to first puff, do
not progress to regular smoking. An alternative to the Surgeon General’s conceptualization of
smoking onset that may be more meaningful to public health, is as a continuous process which

can be modeled based on changes in cigarette consumption over time.



2.2 Adolescent cigarette smoking trajectories

Sections 2.1 and 2.2 present definitions and other concepts relating to the

conceptualization of cigarette smoking trajectories used in this thesis.

This section defines adolescent cigarette smoking trajectories and describes what is
currently known about their potential usefulness to public health. Also discussed are published
guidelines on reporting trajectory studies which aim to assist in evaluating the existing literature.
The concepts of risk factors for, and outcomes of, cigarette smoking trajectories in youth are
presented next. These topics are particularly relevant to identifying heavy smokers, as well as

in identifying consequences of adolescent smoking in adulthood (i.e., potential outcomes).

2.2.1 Definition of developmental trajectories

Developmental trajectories have been defined as a description of change, usually in a
behavior or characteristic of an individual over a relatively long time-period. [23] An alternative
definition suggests that trajectories represent the natural course of a behavior over age or time.
[24] Estimating developmental trajectories avoids some of the difficulties of studying cigarette
smoking stages. For example, rather than focusing on a single cigarette smoking transition (e.g.,
from first few puffs to first whole cigarette), this approach models the development of cigarette
smoking as a continuous process over time. Developmental trajectories also permit
identification of subgroups of individuals that differ according to the pattern of growth. Rapidly
increasing heavier cigarette smokers for example, can be contrasted with short-term or lighter

smokers.

2.2.2 Single versus multiple trajectories

Developmental trajectories can be modeled as a single, mean overall trajectory
representing the entire analytical sample (i.e., with risk factors identified to explain deviation(s)
from this mean trajectory) using latent growth curve modeling. [25], [26] For example, Mathur
et al. 2013 [27] modeled smoking among youth ages 12—-16 using multilevel modeling to
account for clustering, and a linear growth function to model cigarette smoking data. This study
reported increased cigarette smoking over time in participants with lower individual SES, as

well as differential effects of individual SES on adolescent cigarette smoking for higher and



lower neighborhood SES. In this case, a single overall trajectory was modeled, with some

variation around the overall curve explained by individual SES and gender.

Modeling can also involve separating participants into distinct trajectory groups. Some
of the variance in the sample is represented by these trajectory groups. [24] It is the latter
approach which is relevant to this thesis. For example, Roberts et al. 2014 [28] used data of
children from the Nurses’ Health Study II, where data on offspring cigarette smoking were
obtained over seven study waves. Four cigarette smoking trajectories were identified, based on
the average number of cigarettes smoked per week at each age. These trajectories were labelled
non-smokers, experimenters, late initiators leading to moderate consumption, and early

initiators leading to high consumption. [28]

2.2.3 Empirical versus pre-defined trajectories

Developmental trajectories can be also be modeled by defining a set of trajectories a
priori, without reference to new data or results. Windle and Windle 2001 [29] modeled four

waves of data from students in 10™ or 11t

grade during the first study assessment. Prior to
examination of the data, three trajectory groups were defined as follows: first, at each of the four
waves, cigarette smoking categories were developed using the following scheme: individual
cigarette smoking was first classified as 0 = no cigarette smoking in the last 6 months; 1 =<'
pack/day in the last 6 months; 2 => 2 pack/day in the last 6 months. Then, three smoking groups
were identified using the four waves of data. Abstainers/light cigarette smokers received a score
of 0 on at least two of the four measurement occasions and never received a score of 2. Moderate
smokers, on the other hand, received a score of 1 on at least two of the four measurement
occasions and received a score of 2 on no more than two occasions. Finally, heavy smokers
received a score of 2 on at least three of the four assessments. [29] Alternatively, modeling
techniques can be used to derive trajectory groups empirically a posteriori and several statistical

models can be used to do so. [28], [30], [31] It is the latter approach which is relevant to this

thesis.



2.2.4 Trajectories of incident or mixed (incident and prevalent) smoking

Porta [32] defines prevalence as: “[a] measure of disease occurrence: the total number
of individuals who have an attribute or disease at a particular time (...) divided by the population
at risk (...) at that time.” Incidence is defined as: “[tlhe number of instances of illness
commencing, or of persons falling ill, during a given period in a specified population”. [32] In
the context of cigarette smoking, these two concepts are invoked in this thesis to refer to
modeling smoking in all cigarette smokers over time (i.e., incident and prevalent smokers
combined) or new smokers only (i.e., incident smokers), respectively. Modeling incident
smoking captures the early natural course of cigarette smoking. Modeling incident and prevalent
smoking (i.e., modeling the prevalence of smoking over time in a population) provides a
snapshot of archetypical trajectories in a given population over time. These two models differ
in fundamental ways (one important distinction is at the level of the time axes used: incident
analyses model time since cigarette initiation, while combined incident and prevalent analyses
use time axes such as age or calendar time). By far the majority of articles describing cigarette
smoking trajectories to date focus on modeling the prevalence of smoking over time. One issue
addressed in this thesis is whether these two approaches to modeling cigarette smoking
trajectories in adolescents result in differing patterns (i.e., in the number or shapes) in the

trajectories obtained, as well as in differing sets of risk factors and outcomes of the trajectories.

2.2.5 Guidelines for Reporting on Latent Trajectory Studies (GRoLTS)

Guidelines for reporting on modeling developmental trajectories (also referred to as
“latent trajectory studies” [33]) were recently suggested by van de Schoot et al. 2017 [34], with
the objective of “enhancing the uniformity of reporting in latent trajectory studies so that the
results presented are transparent (...) and can be used for comparisons, replications, systematic
reviews, and meta-analyses”. These guidelines (Table 1) were developed using a four-round

Delphi study [35] of a group of experts.



Table 1. Guidelines for Reporting Latent Trajectory Studies (GRoLTS) [34]

Number | Item

1 Is the metric of time used in the statistical model reported?

2 Is information presented about the mean and variance of time within a wave?

3a Is the missing data mechanism reported?

3b Is a description provided of what variables are related to attrition/missing data?

3c Is a description provided of how missing data in the analyses were dealt with?

4 Is information about the distribution of the observed variables included?

5 Is the software mentioned?

6a Are alternative specifications of within-class heterogeneity considered (e.g., LGCA versus LGMM)*
and clearly documented? If not, was sufficient justification provided as to eliminate certain
specifications from consideration?

6b Are alternative specifications of the between-class differences in variance—covariance matrix
structure considered and clearly documented? If not, was sufficient justification provided as to
eliminate certain specifications from consideration?

7 Are alternative shape/functional forms of the trajectories described?

8 If covariates have been used, can analyses still be replicated?

9 Is information reported about the number of random start values and final iterations included?

10 Are the model comparison (and selection) tools described from a statistical perspective?

11 Are the total number of fitted models reported, including a one-class solution?

12 Are the number of cases per class reported for each model (absolute sample size, or proportion)?

13 If classification of cases in a trajectory is the goal, is entropy reported?

14a Is a plot included with the estimated mean trajectories of the final solution?

14b Are plots included with the estimated mean trajectories for each model?

l4c Is a plot included of the combination of estimated means of the final model and the observed
individual trajectories split out for each latent class?

15 Are characteristics of the final class solution numerically described (i.e., means, SD/SE, n, CI, etc.)?

16 Are the syntax files available (either in the appendix, supplementary materials, or from the authors)?

*LGCA = latent class growth analysis; LGMM = latent growth mixture modeling.




2.2.6 Risk factors and outcomes of cigarette smoking trajectories

Identification of risk factors for adolescent cigarette smoking trajectories can help
characterize individuals who will develop heavy sustained smoking. Outcomes of adolescent
cigarette smoking trajectories can serve to identify later (negative) outcomes associated with
each trajectory (i.e., what happens to the individuals in specific trajectory groups in adulthood?).
This section reviews what is known about risk factors and outcomes of adolescent cigarette

smoking trajectories.

2.2.6.1 Definition of risk factors and outcomes

According to van de Schoot et al. 2017 [34], covariates can be added to a model of
developmental trajectories in three ways: (i) as predictors of the dependent variable to control
or explain variability in the dependent variable at specific time points; (ii) as predictors of the
growth parameters to identify latent classes that cannot be explained by individual differences
in the covariates; or (iii) they can be used to predict class membership. Given the public health
relevance of identifying risk factors for higher versus lower risk trajectories, it is this third
approach which is relevant in the current thesis. For the purposes of this thesis, “risk factors”

refer to factors positively or negatively associated with trajectory class membership.

In addition to risk factors, numerous studies model “distal outcomes that are predicted
by class membership”. [16], [34] Hampson et al. 2013 [36] modeled trajectories of cigarette
smoking in grades 9-12 and studied the relationship between these trajectories and: (i) cigarette
use at age 20 or 21 years; and (i1) hookah use at 20 or 21 years. Lynne-Landsman et al. 2010
[37] modeled trajectories of tobacco use in grade 9-12 and investigated a wide range of possible
outcomes in young adulthood (i.e., graduating “on time” from high school, antisocial personality
disorder, major depressive disorder, unprotected sex, pregnancy (for females), having made
someone pregnant (for males), alcohol abuse, alcohol dependence, marijuana abuse, marijuana
dependence, illicit drug use, having a criminal record, having committed a violent offence as a
juvenile, having committed a nonviolent offence as a juvenile, having committed a violent
offence as an adult, having committed a nonviolent offence as an adult). Several of these
variables (i.e., graduating “on time”, antisocial personality disorder (lifetime), having gotten

someone pregnant (for male participants), alcohol abuse, marijuana dependence, illicit drug use,
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criminal record, nonviolent juvenile criminal offences, violent juvenile criminal offences) were

significantly associated with cigarette smoking trajectory.

The relationships between trajectory group membership and health outcomes is
important for public health because earlier identification of risk factors amenable to prevention
could change the natural course of some behaviors, which could in turn affect these distal
outcomes. An outcome of particular relevance to the current thesis is the “tracking” of cigarette
smoking or the potential association(s) between adolescent cigarette smoking trajectory group

membership and cigarette smoking in (young) adulthood.

2.2.6.2 Modeling risk factors

van de Schoot 2017 et al. [34] report that risk factors for trajectory group or class
membership in trajectory analyses can be identified in several ways. Potential risk factors for
class membership can be added into a joint model in which the class solution and the prediction
of class membership are estimated simultaneously. Alternatively, this can be carried out by first
estimating the developmental trajectory model, followed by an additional analytic step to

identify potential risk factors (hereafter referred to as the 3-step method).

One strategy that uses the 3-step method is as follows: after the number of latent classes
is determined without covariates in the model, the most probable class membership for each
participant is identified. Multinomial regression is then used to identify risk factors for class

membership.

Other strategies using the 3-step method were discussed by van de Schoot et al. 2017.
[34] These include a method developed by Vermunt 2010 [38], which adjusts for errors in
trajectory group assignment. Another is to weight each participant by the posterior probability
of assignment (i.e., the probability that they were correctly assigned to a particular trajectory
group). [16] These two approaches avoid the drawback of simply assigning participants to the
most probable trajectory group and treating these assignments as definitive rather than probable,
since the latter ignores the uncertainty in class membership and could be problematic if the

posterior probabilities of assignment are generally low for one or more groups. [16]
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2.2.6.3 Modeling outcomes

Neither van de Schoot et al. 2017 [34] nor Nagin [16] specifically addressed modeling
outcomes of trajectory group membership. Instead they consider this type of variable only
within the larger category that is the associations between covariates and trajectory assignment,
which also includes risk factors. Outcomes of trajectory membership are usually modeled in
much the same way as risk factors, by first obtaining the trajectory model and assigning
participants to the most probable trajectory group. This is followed by a regression model, with
the outcome variable defined as the dependent variable in the model. [39] Other studies have
used chi-square tests to compare levels of a variable between trajectory groups. [36] In general,

few authors make recommendations specific to the outcomes of trajectory membership.

2.2.7 Gap(s) in knowledge on cigarette smoking trajectories

Our research group published an earlier analysis (in 2005) of cigarette smoking
trajectories in adolescents followed for 3.5 years using data from the NDIT Study. [30] Many
studies on this topic have been published since. We identified three review articles that
attempted to synthesize the literature on youth cigarette smoking trajectories. [40]-[42] Two
were narrative reviews - Schepis and Rao 2005 [42] included only two studies, and Nelson et
al. 2015 [40] included 12 articles. de Leeuw et al. 2010 [41] systematically reviewed 17 articles
published between 2000 and 2007 and reported that the number of cigarette smoking trajectories
ranged between 3 and 6. All studies reported two specific trajectories including a group of non-
smokers and one of stable regular smokers. Most studies also report a group that increase
smoking during adolescence, and several studies described a trajectory of quitters. However,
this latter review reported very little information on each article (i.e., the only variables
abstracted from each article were age range of participants, number of trajectories identified by
the best fitting model, sample size, and a very brief description of trajectory types (e.g., “never
smokers”, “early experimenters”, etc.)). An important gap in this literature therefore is the
absence of an up-to-date, comprehensive systematic review of the literature on youth cigarette
smoking trajectories. Such a review would serve to synthesize the literature in this area and help
assess the usefulness of this method to public health. This is therefore the objective of

Manuscript 1 in this thesis. We then developed our objectives for Manuscript 2, an analysis of
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cigarette smoking trajectories in adolescents using NDIT data, based on the results of the review

presented in Manuscript 1.

2.3 Adolescent cigarette smoking trajectories and cannabis use

Young people often use more than one psychoactive substance [43], so that it is
important to consider cigarette smoking trajectories in the context of using multiple
psychoactive substances. We examined the literature on co-use of cigarettes and cannabis, a
commonly used substance in youth, in relation to cigarette smoking status including incident
trajectories. Cannabis users often add tobacco to cannabis in blunts or spliffs to lengthen and
enhance the experience, which could exacerbate nicotine dependence and affect cigarette
smoking status. [44] The long-term health effects of co-using cannabis and tobacco on smoking,

compared with using cannabis-only or tobacco-only, are not well understood. [45]

2.3.1 Prevalence of cannabis use

Cannabis is one of the most commonly used drugs in North America and it is the most
commonly used illicit drug in North America (although it should be noted that cannabis use,
including recreational use, has been legalized in certain jurisdictions as described below, see
also section 2.3.4.2): in Canada this assertion predates legalization of recreational cannabis in
adults. [46], [47] As of 2019, eleven (as well as the District of Columbia in the U.S.) U.S. states
and Canada had legalized recreational cannabis use. [48]-[61] In 2018, 10.1% of persons ages
>12 years in the U.S. (i.e., 27 million Americans) used cannabis in the past month. [62], [63] In
2017, 46.6% of Canadians age >15 years had ever used cannabis, and 14.8% (i.e., 4.4 million
Canadians) reported past-year use. [46], [64] Among 15-19-year-old Canadians, 26.9% had
ever-used cannabis and 19.4% (i.e., 390,000 adolescents) had used cannabis in the past year.
[46], [64] In 2009-10, a higher proportion of youth age 15 years in Canada had used cannabis
than in any other country, both in terms of lifetime use and past 30-day use. [65] In Quebec in
2014-15, 15% of persons age >15 years reported past-year cannabis use, an increase of 3% since
2008. Among 15-24-year-olds in Quebec, 38.4% reported past-year use in 2014-5, which

represents an increase from 33.3% over the prevalence in 2008. [66]
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2.3.2 Co-use of cigarettes and cannabis

The following sections present the literature on co-use of cigarettes and cannabis.
Section 2.3.2.1 presents tables summarizing: (i) several issues relating to study quality, and (i1)
relevant results. These will be presented and discussed in the text of the following sections.

(sections 2.3.2.2 —2.3.6)

2.3.2.1 Co-use: tables

Table 2 summarizes both the quality of individual studies, as well as relevant results.
Table 3 summarizes issues relating to quality and presents results of reviews of the literature
presented in the following sections. (sections 2.3.2.2 —2.3.6) Only the studies rated “acceptable”
or “good” are discussed in the text of the following sections (as well as in the rest of the thesis,
with some rare exceptions where the poor quality of the study would be noted). Where possible
I have reported measures of association reported in this literature as well as ranges of measures
of association. However in many instances summarizing these results in simple ranges was not
possible due to: (i) the small number of studies available on these topics, (ii) the fact that
different types of measures of measures of association were reported across studies (e.g., hazard
ratios, odds ratios, beta coefficients), and (iii) the lack of similarity and comparability between
studies when the same type of measure of association was reported (e.g., variables coded
differently, using different reference categories, or examining different outcomes such as

nicotine dependence vs. current cigarette smoking).
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Table 2. Evaluation of the quality, and presentation of results, of individual studies presented in Chapter 2

First author, year Study sample Response (1) Questions Adjustment Nature of comparison Reported Study Relevant
of publication size rate (%), reported (Y/N)?? for potential (D = dependent variable; I = measure(s) of quality to
(statistical losses to (2) Information re: | confounders independent variable®) association (CI) | (0: poor, 1: | section
power) follow-up! validation (Y/N)?? (Y/N)? acceptable,
(selection (Information bias) | (Confounding 2: good)’
bias) (3) Reference bias)?
category reported
(Y/N)??
Leatherdale, 2007 20,275 73, CS Y,N,Y Y D = Past-year use of cannabis OR =6.35 2 232
[67] - - (5.65,7.14)
I = Current cigarette smoking vs.
never smoked*
Leatherdale, 2007 20,275 73, CS Y,N,Y Y D = Past-year use of cannabis OR =3.07 2 232
671 I = Former cigarette smokers vs. (2.54,3.71)
never smoked*
Agrawal, 2012 NA NA, CS N, N, NA - Descriptive only - 1 232
[68]
Dugas, 2010 [69] 1293 N, 32 Y, N, NA N D = Previous year waterpipe use - 1 232
I = Past-year use of cannabis
Schauer, 2015 77,002 73 -76,CS N, N, NA - Descriptive only - 1 232
[70]
Schauer, 2018 31,336 71 -76,CS N, N, NA - Descriptive only - 1 232
[43]
Bélanger, 2011 881 87.8 N, N, NA -- Descriptive only -- 1 2.3.3
[44] (schools) and
94.2
(individuals),
CS
Fairman, 2019 615,710 65, CS Y,N,Y Y D = Nicotine dependence in OR =0.92 2 2342
[71] (including for cigarette smokers (0.83, 1.02)
no.
substances I = Cannabis initiated before
used, age at tobacco vs. tobacco initiated
tobacco before cannabis*
initiation)
Attaiaa, 2016 [72] 22,774 N, CS N, Y,NA - Descriptive only -- 1 2.34.2
Aung, 2004 [73] 103 N, CS N, N, NA N D = No. of cigarettes per day - 0 2342
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I = Comparison of tobacco
initiated before cannabis vs.
cannabis before tobacco vs.
similar age at initiation of both
substances

Degenhardt, 2010 85,088 459 -817.7, N, N, NA - Descriptive only - 2342
[74] CS
Degenhardt, 2010 85,088 45.9 -87.7, N, N, N N D = Tobacco dependence among | OR = 1.1 (0.6, 2342
[74] CS tobacco users 1.6)
I = Cannabis use before tobacco
and alcohol
Degenhardt, 2009 5,692 71,CS N,Y,N Y D = Tobacco dependence among | OR =1.3 (0.8, 2342
[75] (including tobacco users 2.0)
age at
't(.)l:.)ac.co I = Cannabis use before tobacco
initiation)
and alcohol
(not
including no.
substances
initiated)
Kennedy, 2016 56,555 73 -176,CS Y,N,Y Y D = Cannabis before tobacco vs. OR=1.03 2342
[76] (not tobacco before cannabis/both (0.90, 1.18)
including substances initiated at same age
age at (African Americans)
tobacco I = Past-month combustible
initiation or tobacco use (cigarette, cigar)
no. cannabis use vs. no past-month
substances use*
initiated)
Kennedy, 2016 56,555 73 =76, CS Y,N, Y Y D = Cannabis before tobacco vs. OR =0.68 2342
[76] (not tobacco before cannabis/both (0.63,0.72)
including substances initiated at same age
age at (whites)
tobacco I = Past-month combustible
initiation or tobacco use (cigarette, cigar)
no. cannabis use vs. no past-month
substances use*
initiated)
Kennedy, 2016 56,555 73 =76, CS Y,N, Y Y D = Cannabis and tobacco OR =1.09 2342
[76] (not initiated at same age vs. tobacco (0.95, 1.31)
including before cannabis/cannabis before
age at tobacco (African Americans)
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tobacco I = Past-month combustible
initiation or tobacco use (cigarette, cigar)
no. cannabis use vs. no past-month
substances use*
initiated)
Kennedy, 2016 56,555 73 -176,CS Y,N,Y Y D = Cannabis and tobacco OR =0.95 2342
[76] (not initiated at same age vs. tobacco (0.90, 1.00)
including before cannabis/cannabis before
age at tobacco (whites)
tobacco I = Past-month combustible
initiation or tobacco use (cigarette, cigar)
no. cannabis use vs. no past-month
substances use*
initiated)
Kennedy, 2016 56,555 73 -76,CS Y,N,Y Y D = Tobacco initiated before OR =0.90 2342
[76] (not cannabis vs. tobacco and (0.79, 1.02)
including cannabis at same age/cannabis
age at before tobacco (African
tobacco Americans)
initiation or I = Past-month combustible
no. tobacco use (cigarette, cigar)
substances cannabis use vs. no past-month
initiated) use*
Kennedy, 2016 56,555 73 -176,CS Y,N, Y Y D = Tobacco initiated before OR =1.35 2342
[76] (not cannabis vs. tobacco and (1.28, 1.46)
including cannabis at same age/cannabis
age at before tobacco (whites)
tobacco I = Past-month combustible
initiation or tobacco use (cigarette, cigar)
no. cannabis use vs. no past-month
substances use*
initiated)
Agrawal, 2011 1,812 N, CS N,N, N N D = Initiation of cigarettes before OR=1.13 2.3.4.2
[77] cannabis vs. cigarettes and (0.73 - 1.76)
cannabis at same age (analytical
n=1583)
I =DSM-IV Nicotine
Dependence
Agrawal, 2011 1,812 N, CS N, N, N N D = Initiation of cannabis before OR =0.56 2342
[77] cigarettes vs. cigarettes and (0.26 —1.18)

cannabis at same age (analytical
n=79)
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I =DSM-IV Nicotine
Dependence

Agrawal, 2011
[77]

1,812

N, CS

D = Initiation of cigarettes before
cannabis vs. cigarettes and
cannabis at same age (analytical
n=583)

[ =#DSM-IV ND symptoms
Current

OR = 1.03
(0.94 — 1.13)

2342

Agrawal, 2011
[77]

1,812

N, CS

D = Initiation of cannabis before
cigarettes vs. cigarettes and
cannabis at same age (analytical
n=79)

[ =#DSM-IV ND symptoms
Current

OR = 0.80
(0.69 — 0.94)

2342

Agrawal, 2011
[77]

1,812

N, CS

D = Initiation of cigarettes before
cannabis vs. cigarettes and
cannabis at same age (analytical
n=583)

I = Current smoker (in past 12
months)

OR = 1.02
(0.55-1.88)

2342

Agrawal, 2011
[77]

1,812

N, CS

D = Initiation of cannabis before
cigarettes vs. cigarettes and
cannabis at same age (analytical
n="179)

I = Current smoker (in past 12
months)

OR =143
(0.48 - 1.21)

2342

Agrawal, 2011
[77]

1,812

N, CS

D = Initiation of cigarettes before
cannabis vs. cigarettes and
cannabis at same age (analytical
n=583)

I = Maximum cigarettes in 24
hours (>40)

OR = 1.49
(0.92 —2.41)

2342

Agrawal, 2011
[77]

1,812

N, CS

D = Initiation of cannabis before
cigarettes vs. cigarettes and
cannabis at same age (analytical
n="179)

I = Maximum cigarettes in 24
hours (>40)

OR =0.78
(0.36-1.68)

2342

Agrawal, 2011
[77]

1,812

N, CS

D = Initiation of cigarettes before
cannabis vs. cigarettes and
cannabis at same age (analytical
n=583)

OR = 1.36
(1.02 - 1.82)

2342
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I = Cigarettes per day (>40;
refers to normal daily
consumption)

Agrawal, 2011 1,812 N, CS N,N,N N D = Initiation of cannabis before OR=1.09 2.3.4.2
[77] cigarettes vs. cigarettes and (0.67 —1.76)
cannabis at same age (analytical
n=179)
I = Cigarettes per day (>40;
refers to normal daily
consumption)
Sanchez-Niubo, 2,069 ~50, CS N, N, NA -- Descriptive only -- 2343
2020 [78]
Mayet, 2012 [79] 29,393 98, CS Y,N,? N? D = Cannabis initiation HR=1.23 2343
I = Level/degree of tobacco use (1.18, 1.29)
(tobacco initiation without daily
use?)
Mayet, 2012 [79] 29,393 98, CS Y,N,? N? D = Cannabis initiation HR=2.55 (2.43, 2343
I =Level/degree of tobacco use 2.67)
(among those with daily use?)
Wang, 2018 [80] 2,104 N, 21 N, N, N Y D = (Cigarette) Smoking Beta (school 1) 2343
(school 1) initiation? =0.48%;
1,024 . Beta (school 2)
(school 2) I = (Importance of) Cannabis —024
use? (No CIs)
Wang, 2018 [80] 2,104 N, 21 N, N, N Y D = Cannabis initiation? Beta (school 1) 2343
(school 1) =0.10;
1,024 — : Beta (school 2)
(school 2) | (Importaﬁz:?of) Cigarette ~008
(No Cls)
Mayet, 2013 [81] 4,208 97.6, CS N,N, Y Y? D = Cannabis initiation (tobacco HR =0.7 (0.5, 2343
users) 0.9)
I = Female vs. male*
Mayet, 2013 [81] 4,208 97.6, CS N,N,Y Y? D = Cannabis initiation (tobacco HR = 0.7 (0.6, 2343
users) 0.8)
=17 - 30 years of age vs. 10 —
17 years*
Mayet, 2013 [81] 4,208 97.6, CS N,N, Y Y? D = Tobacco initiation (cannabis | HR =1.6 (1.0, 2343
users) 2.5)
I = Female vs. male*
Mayet, 2013 [81] 4,208 97.6, CS N,N,Y Y? D = Tobacco initiation (cannabis | HR =1.1 (0.8, 2343
users) 1.4)
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[=17-30 years of age vs. 10 —
17 years*

Kokkevi, 2006 10,050 N, CS N, N, NA N D = Very early (<13 years) vs. -- 2.3.5
[82] early (13 — 15 years) cannabis
initiation
I = Daily (tobacco) smoking
Heffner, 2008 134 (clinical N, CS N,N, Y N D = Current smoker vs. OR =0.58 2.3.5
[83] sample with nonsmoker (0.37,0.92)
T proportion I = Age at onset of cannabis use
of substance
users)
Pilatti, 2017 [84] 4,083 ~90, CS N, N, NA N D = Past-month use of tobacco - 2.3.5
I = Initiation of cannabis at <16
years vs. >16 years
Pilatti, 2017 [84] 4,083 ~90, CS N, N, NA N D = Past 7 day use of tobacco -- 2.3.5
I = Initiation of cannabis at <16
years vs. >16 years
Moore, 2001 [85] 174 (all were N, CS N,N,Y Y D = Ex~(cigarette) smokers vs. OR=1.25 2.3.5
cannabis- current smokers (1.06, 1.48)
dependent) I = Age of 1% cannabis use
(continuous?)
Moore, 2001 [85] 174 (all were N, CS N,N,Y Y D = Never (cigarette) smokers OR=1.22 2.3.5
cannabis- vs. current smokers (1.04, 1.44)
dependent) I= Age of 1% cannabis use
(continuous?)
Richmond- 9,421 79,~24.3 Y, N, NA N D = Tobacco use frequency (i.e., Intercept = 2.3.5
Rakerd, 2017 [86] how many days smoked in past -031(p<
month) 0.01); slope =
-029 (p<
I = Age of 1% cannabis use 0.01)
(continuous?) (No CIs)
Richmond- 9,421 79, ~24.3 Y, N, NA N D = Tobacco use quantity (no. Intercept = 23.5
Rakerd, 2017 [86] cigarettes smoked per day in past -0.24 (p<
month) 0.001); slope =
I = Age of 1% cannabis use 0.23 (p<0.01)
(continuous?) (No CIs)
Timberlake, 2007 5,963 N, 26.7 N,N,Y Y D = Nicotine dependence by 3™ OR =0.93 2.3.5
[87] wave/end of study (among never (0.85, 1.02)
daily cigarette smokers at (all, analytical
baseline, who had smoked >1 n=1171)

cigarette by final survey)
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I = Age 1% cannabis use
(continuous), among cannabis
ever users
Timberlake, 2007 5,963 N, 26.7 N,N,Y Y D = Nicotine dependence by 3™ OR=1.14 1 2.3.5
[87] wave/end of study (among never (0.95, 1.36)
daily cigarette smokers at (18-22 years at
baseline, who had smoked >1 end of study,
cigarette by final survey) analytical n =
I= Age 1 cannabis use 527
(continuous), among cannabis
ever users
Timberlake, 2007 5,963 N, 26.7 N,N, Y Y D = Nicotine dependence by 3™ OR =0.82 1 2.3.5
[87] wave/end of study (among never (0.73, 0.93)
daily cigarette smokers at (23-27 years at
baseline, who had smoked >1 end of study,
cigarette by final survey) analytical n =
I= Age 1% cannabis use 644
(continuous), among cannabis
ever users

"Longitudinal studies only. (This item is not applicable to cross-sectional studies.) Losses to follow-up in longitudinal studies were classified as follows: <10% excellent, 10-30%
good, 30-50% acceptable, >50% unacceptable). The proportions shown do not take into account additional exclusions such as those relating to item non response regarding
substance use variables of central importance to the article.

ZRefers to whether the exact question(s) and associated response items were reported, whether the reference category(ies) used in the analyses was reported (in the case of
continuous measures, this item refers to whether coding of the variable was specified), and whether any information regarding validity and/or reliability of variables used in the
studies (i.e., specifically, those relating to the associations reported in this table) was reported. (NB: If only partial information on validity or reliability of relevant variables was
reported, due to the lack of this type of information in published articles, this item was still coded as Y.) (For the definition of reliability and validity used in this thesis, please
refer to section 8.3.2.)

3None of the reviewed studies presented directed acyclic graphs (DAGs) to show the probable relations between variables in the conceptual model of each study. It is therefore
difficult to know whether confounders were likely to be true confounders vs. intermediate variables vs. colliders. (Confounding is generally defined as a situation where the
exposure and outcome of interest share a common cause thereby biasing the association measure; an intermediate variable is a variable on the causal pathway between exposure
and outcome; collider stratification bias occurs when conditioning on a common cause of exposure and outcome.)[88]-[90]

“4Reference category is indicated with an asterisk.

SRanking is based on the information reported in this table (the exception is Agrawal 2012, where little information was reported but the source of the data was the U.S. survey
on National Drug Use and Health).

CI = confidence interval. NA = not applicable. CS = cross-sectional study. OR = odds ratio. HR = hazard ratio. Y: Yes. N: No. D: Dependent variable. I: Independent variable.
*Indicates reference category. findicates a statistically significant association (no CI).
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Table 3. Evaluation of the quality, and presentation of results, of reviews presented in Chapter 2

First Is the article Does the Number of Measure(s) of association Nature of Reported ranges Review Relevant
author, selection article studies described®3 (Y/N)? comparison for measure(s) quality to
year of process include a retained for (1) Measure of association (D = dependent of association (0: poor, 1: section
publication described in diagram of review described? variable; [ = (Cn* acceptable,
the article the article (2) Description of variables? independent 2: good)*
(Y/N)? selection Question(s) used in variable®)
process! individual studies?
(Y/N)? (3) Reference category
described?
(4) Adjusted for confounding?
(5) Confidence intervals
reported? Individual study
sample sizes?
Rabin, 2015 N N NA (1) None -- None 0 232
[91] (2) None
3) -
@ -
) -
Ramo, 2012 Y N 163 (1) N -- None 0 232
[92] (NB: No. (2) N,N
studies 3) N
involved in (4) NR
each result (5) NR,NR
NR)
Peters, 2012 Y Y 28 1Y D = Cannabis use ORs =0.71 to 1 232
[93] 2) Y,N disorders 27 (CIs NR,
3 Y I =Tobacco+ sample size
(4) Y (what variables adjusted cannabis vs. range: ~134-
for is NR) cannabis alone* 43,093)
S NY
Peters, 2012 Y Y 28 (Y D = Tobacco use ORs =0.58to 1 2.3.2
[93] 2) Y,N disorders 3.6 (CIs NR,
3 Y I = Tobacco+ sample size
(4) Y (what variables adjusted | cannabis vs. tobacco range: ~134-
for is NR) alone* 43,093)
3 NY

As recommended by the PRISMA guidelines. [94] Either the text or the figure should provide details regarding the inclusion and exclusion criteria used by the review.

2Refers to whether details regarding the measures of association were reported for each study (or whether this was attempted and reported for all studies for which the information
was available)?

3None of the reviews presented directed acyclic graphs (DAGs) to show the probable relations between variables in the conceptual model of each study. It is therefore difficult to
know whether confounders were likely to be true confounders vs. intermediate variables vs. colliders. (Confounding is generally defined as a situation where the exposure and
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outcome of interest share a common cause thereby biasing the association measure; an intermediate variable is a variable on the causal pathway between exposure and outcome;
collider stratification bias occurs when conditioning on a common cause of exposure and outcome.) [24]-[26]
“4Ranking is based on the information reported in this table.

SReference category is indicated with an asterisk.
NA = not available/reported. CI = confidence interval. n = sample size. NR = not reported. Y: Yes. N: No. NB: Note well.
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2.3.2.2 Literature on co-use

Tobacco and cannabis use co-occur in individuals. (Agrawal et al., 2012; E. Dugas et al.,
2010; Leatherdale et al., 2007; Schauer et al., 2015; Schauer & Peters, 2018) In 2013, Schauer
and Peters 2018 [43] reported that 5.4% of U.S. youth ages 12-17 years reported past-month co-
use of tobacco and marijuana, 2.2% reported marijuana-only use, and 3.9% reported tobacco-
only use. In the U.S. population age >12 years in 2009, 57.9% of cigarette smokers compared
to 11.9% of non-smokers, reported a lifetime history of cannabis use. Ninety percent of cannabis
users versus 46.8% of nonusers, reported smoking cigarettes at some point during their lifetime.
[68] In Canadian youth in grades 7-9 in 2014-5, ever use of cannabis was reported by 91.8% of
current smokers. Only 3.3% of never smokers reported ever use of cannabis. [8], [95] According
to the latest data available (2017) from the Canadian Tobacco, Alcohol and Drugs Survey, 22%
of individuals >15 years who reported past-year use of cannabis reported mixing it with tobacco

and 34% reported chasing (smoking a tobacco product right after smoking cannabis). [46]

Co-use likely occurs in a number of different ways. In a qualitative study of Seattle-area
adults age 18-24 years, Schauer et al. 2016 [96] identified three modes of cannabis and tobacco
co-use: (1) sequential use (i.e., using marijuana and tobacco in short succession, one after
another); (ii) substitution (i.e., using both substances in different times and places); and (iii) co-

administration (i.e., simultaneous use of both substances).

Relative to cannabis only use, co-use of cannabis and tobacco is associated with a greater
likelihood of cannabis use disorders, more psychosocial problems and poorer cannabis cessation
outcomes. [93] Relative to tobacco use only, co-occurring use with cannabis was not
consistently associated with a greater likelihood of tobacco use disorders, more psychosocial
problems or poorer tobacco cessation outcomes. [93] For the purposes of this thesis co-use refers
to any co-use of cannabis with cigarettes, since much of the available data, including in NDIT

(see below), does not specify whether the cannabis consumed also contained tobacco.
Overall results

Of the studies cited above, most provided descriptive (i.e., prevalence) results, which are

described above. (Table 2 and current section) The exceptions are Leatherdale et al., 2007 [67]
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and a review by Peters et al., 2012[93]. Leatherdale et al., 2007 [67] reported the following odds

ratios (ORs) associated with risk of use of a second substance, given use of the first:

1. OR for past-year use of cannabis, according to current vs. never cigarette
smoking (i.e., the latter was the reference category): 6.35 (5.65, 7.14);

2. OR for past-year use of cannabis, according to former vs. never cigarette
smoking (reference category): 3.07 (2.54, 3.71).

Peters et al., 2012[93] reported the following range of associations for cannabis use disorders:

1. OR range for cannabis use disorders, according to tobacco and cannabis use
vs. cannabis alone: 0.71 to 27 (no confidence limits);

2. OR range for tobacco use disorders, according to tobacco and cannabis use

vs. tobacco alone: 0.58 to 3.6 (no confidence limits).

For both of these ranges study sizes varied widely (n = ~134 to 43,093). [93] These
results suggest that risk of cannabis use increases according to cigarette smoking status and that
risk of both cannabis and tobacco use disorders increases with co-use. The descriptive
(prevalence) data above also suggests that co-use is a real phenomenon which can be observed

in populations.

2.3.3 Cigarette smoking trajectories and cannabis use

Because young people often use more than one substance [43], it may be important to
study cigarette smoking trajectories in conjunction with the use of other psychoactive
substances. It is possible that co-use not considered in modeling cigarette trajectories results in
inaccurate depictions of trajectory patterns of the use of specific substances and their
associations with risk factors and outcomes of trajectory group membership. This could
conceivably result from several phenomena including the following. Confounding is a biased
measure of the association between risk factor and trajectory group membership resulting from
the presence of a common cause (e.g., cannabis use may conceivably cause tobacco use given
that tobacco is frequently added to cannabis as a result of mulling/adding tobacco to smoked
cannabis [44]) of the exposure and the outcome. [32] Time-varying confounding of relationships
with risk factors or outcomes of cigarette trajectory membership could occur if the risk factors

or outcomes have associations with both cigarettes and cannabis which change over time (i.e.,
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time-varying confounding occurs when there is a time-varying cause of an outcome which
brings about changes in a time-varying exposure). [97] Effect modification [32] of the cigarette
smoking trajectories could also result in differences in trajectories or in the associations of
trajectories with risk factors and outcomes across levels of cannabis use. Given that both
cigarettes and cannabis are commonly used substances (Chapter 1, Section 2.3.1) and co-use is
also common (Section 2.3.2), this may be an issue worth considering. The following sections
review the literature pertaining to trajectory models of cigarette use in relation to cannabis use
and highlight research gaps in understanding the natural history of cannabis. We begin by

considering the literature on joint models of cannabis and tobacco use.

2.3.3.1 Joint trajectory models of cannabis and tobacco use

We searched the literature on joint trajectories of tobacco and cannabis to determine
whether the available studies provide information on the natural course of both substances in
relation to each other by considering use of each substance from initiation onwards. The
searches were carried out in Pubmed (they were repeated in 2019, in order to update the results

and determine whether additional relevant articles had been published.)
1. Search #1: marijuana AND tobacco AND trajectories (no limits);
2. Search #2: cannabis AND tobacco AND trajectories (no limits).

The abstracts obtained were searched in order to identify the articles relevant to joint
trajectories of tobacco and cannabis use. Articles published in a language other than French or
English were excluded, as were articles which were not available online (for example, older
articles may only be available as a paper copy at the University of Montreal libraries). We also
included only those articles with >1 time point taking place prior to age 18 years. The reasons
for this are that: (i) 9 of 10 smokers start smoking by age 18 [11]; (ii) social and health context
in adolescence differs from social context in adulthood [98]; (iii) in Quebec, youth leave
secondary school in grade 11 where students are age 17-18; and (iv) in Quebec, purchase of

cigarettes is legal at >18 years. [99]

We identified 14 articles with at least one data collection cycle prior to age 18, which
studied cannabis use in relation to tobacco use trajectories. [37], [40], [L00]-[111] These articles

generally obtained trajectories of tobacco and sometimes of cannabis and other drug use, to
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characterize growth of substance use over time. Other aims were to study hypotheses regarding
the number and types of trajectory groups obtained; to study comorbidity across substance types,
associations of trajectory group membership with potential risk factors and outcomes, and
whether risk factors could account for comorbid associations of substance use. Three studies
[100], [104], [106], [108], [110] were re-analyses of the same data, and two (Brook et al. 2012,
Brook et al. 2016 [109], [111]) presented re-analyses of a second data set. Two studies (Brook
2006, Stanton 2004 [104], [105]) examined the association between cigarette smoking
trajectories and cannabis use measured at a single time point (both studies reported a significant
association with trajectory group membership). Three articles [37], [106], [107] used cross-
tabulations of the trajectories and two other articles (Valente et al. 2018, Brooks-Russell et al.
2015 [102], [103]) jointly modeled alcohol, tobacco, and cannabis use with additional drug use
variables. Dual trajectory modeling of cannabis and tobacco was used in three [40], [108], [109]
of the remaining seven articles. Nelson et al. 2015 [40] did however constrain the number of
trajectory groups for cannabis and tobacco to the numbers previously identified in two separate
models of each substance alone. Finally, the other four studies jointly modeled alcohol, tobacco
and cannabis (Brook 2014, Brook 2016, Lee 2019, Martinez-Loredo 2018 [100], [101], [110],
[111]). Table 4 details the studies reporting joint models of cannabis and tobacco use, with or

without alcohol use.
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Table 4. Articles reporting joint trajectories of cannabis and tobacco use, or of tobacco,
alcohol and cannabis use

Reference | Alcohol No. of Description of trajectories (%
(number) | included! | trajectory of sample) Additional items Study
groups objectives
Lee 2019 Y 5 1. Heavy use of all 3 Same study To model triple
[100] substances: Heavy use (use of population/data | joint trajectories
alcohol was moderate, set as [108], of tobacco,
however) throughout (7%) [110] cannabis, and
alcohol. To test
2. Increasing use of all 3 association of
substances: Use began at trajectories with
zero/none and increased to certain
high levels for all 3 substances outcomes.
(17%)
3. Tobacco and alcohol use:
All 3 substances began at
zero/none; tobacco increased to
high levels, alcohol to
moderate levels, while
cannabis increased then
decreased back to zero/none
(19%)
4. Alcohol and cannabis use:
Tobacco remained at zero/none
throughout, while alcohol and
cannabis increased to moderate
levels (17%)
5. Moderate alcohol use only:
Tobacco and cannabis
remained at zero/none
throughout while alcohol
increased to moderate levels
(40%)
Martinez- Y 3 1. Early use: Use of tobacco This study To model joint
Loredo and cannabis at baseline and an modeled three trajectories of
2018 increase in alcohol, tobacco alcohol tobacco,
[101] and cannabis use throughout; use/abuse cannabis,
this study also modeled the variables: (1) alcohol use, and
number of (alcohol) alcohol use, (2) problematic
intoxication episodes and the intoxication alcohol use. To
Rutgers Alcohol Problem episodes (i.e. in | test hypotheses
Index score (RAPI began at past month), and | about number
moderate levels and increased (3) Rutgers and type of
to high levels, intoxication Alcohol Problem | trajectories. To
episodes began at approx.. 3-5 Index (RAPI) determine
and increased then decreased whether
slightly (remained at high trajectories
levels/10-19) (9%) were associated
2. Experimental use: Moderate with a particular
alcohol involvement (low risk factor (i.e.,
RAPI and few or no impulsivity).
intoxication episodes), no
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tobacco or cannabis use

(81.3%)

3. Telescoped
substance use

use: Initially low
followed by an

escalation in substance use to

high polydrug

use, intoxication

episodes and problem
drinking/RAPI (10%)

Nelson
2015 [40]

7 for
cannabis; 6
for tobacco
(trajectories

were
determined
previously

in models

with each

substance
alone)

1. Cannabis, 1. Tobacco: 84.9% of tobacco
abstainers: No | Abstainers abstainers were
use (52.5%) (38.8%) also cannabis
abstainers, other
tobacco groups
showed greater
spread among
the cannabis
trajectory groups
2. Cannabis, 2. Tobacco, 65.8% of
early onset very low cannabis
high users abstainers were
decreasers (10.0%): cigarette
(6.9%): Use 1 | Steady low- abstainers and
through level 65.7% of early
adolescence consumption onset high
then | in in decreasing
adulthood adolescence cannabis users
were in the early
onset steep
increasing
cigarette
trajectory group,
other cannabis
groups showed
greater spread
among tobacco
groups
3. Cannabis, 3. Tobacco, -
high school young adult
onset steep onset
increasers moderate
(10.5%): increasers
Began use in (11.5%):
adolescence Steady low-
and 1 to reach | level
the highest consumption
levels of in
consumption | adolescence
of any and 1
trajectory consumption
group in in young
young adulthood
adulthood
4. Cannabis, 4. Tobacco, -
post—high post-high
school onset school onset

To model
trajectories of
tobacco,
alcohol, and
cannabis
(separately) and
determine their
prevalences and
co-occurrence.
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high low

decreasers decreasers

(6.5%): (9.8%):

Initiated in Remained at

late low levels

adolescence throughout

and 7 in but 1 slightly

young during

adulthood adolescence

before | then | during
young
adulthood

5. Cannabis, 5. Tobacco, -

young adult post-high

onset steep school onset

increasers steep

(8.8%): Had increasers

fluctuating (18.9%):

low level use | Smoked 2-3

in packs in past

adolescence month at 23

then sharply 1 | years

consumption

in young

adulthood

6. Cannabis, 6. Tobacco, -

young adult early onset

onset low steep

decreasers increasers

(9.4%): (11.1%):

Initiated use Were using at

in young age 12 and

adulthood and | thereafter

remained at

low levels

7. Cannabis, --- ---

early onset

low

decreasers

(5.4%): Used

cannabis

throughout

adolescence

and young

adulthood at

relatively low
levels, before
finally | in
young
adulthood

Brook
2012
[108]

1. No use/low level use (39%):
Little to no use throughout for

both substances

2. Infrequent use

of both

substances (12%): Began in

Same study
population/data
set as [100],
[110]

To model joint
trajectories of
cannabis and

tobacco. To
determine
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late adolescence and remained
at relatively low levels
thereafter

3. Late onset
tobacco/infrequent marijuana
use (12%): Use of both began
in late adolescence, then
tobacco (but not cannabis) 1
over time

4. Chronic tobacco
use/maturing out cannabis
(7%): Began both in early
adolescence and 1 tobacco
thereafter while | cannabis

5. Infrequent tobacco/late onset
cannabis (5%): Started tobacco
in early adolescence and
tobacco remained at low levels
(also started using cannabis in
adolescence and 1 to high
levels thereafter)

6. Chronic use of both
substances (25%): Started both
in early adolescence and 1 to
high levels thereafter

whether there
are <7
trajectories
obtained and to
study
hypotheses
regarding
whether certain
specific
trajectories will
be present in
the model. To
study
hypothesis
regarding the
most frequent
trajectory
group. To test
study
hypothesis
regarding
associations
with several
outcomes.

Brook
2012
[109]

1. No use/low level use of
tobacco and cannabis (33%):
Little to no use throughout for
both substances

2. Late starting cigarettes/late
starting cannabis (22.1%):
Started both substances in late
adolescence and 1 to 1-5 cigs
per day for tobacco and a few
times per year or less for
cannabis

3. Occasional
tobacco/moderate cannabis use
(17.9%): Started in
adolescence for tobacco and
remained at low levels; started
in adolescence for cannabis
and fluctuated between a few
times per year or less and once
a month throughout

4. Heavy continuous
cigarette/occasional cannabis
use (14.5%): Were smoking in
adolescence and 1 to reach
high levels; cannabis began in
adolescence and | to low levels
thereafter

5. Heavy continuous use of
both substances (12.5%): Both

Same study
population/data
setas [111]

To determine
whether the
joint trajectories
of tobacco and
cannabis
correspond to
their hypotheses
about number
of trajectories
and type of
groups that
would be
present. To
study certain
hypotheses
regarding
associations
with risk factors
for trajectory
membership.
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began in adolescence to reach
high levels

Brook 1. High levels of use (13.0%): Same study To model triple
2016 Chronic moderate to heavy population/data | joint trajectories
[111] cigarette, alcohol, and cannabis set as [109] of tobacco,
use cannabis, and
2. Delayed/late onset of all alcohol use. To
three substances (23.5%): Use determine
began in late adolescence/early whether their
adulthood and reached hypotheses
moderate levels of use regarding
thereafter number and
3. Little to no tobacco, types of
moderate alcohol, low cannabis trajectories are
(17.7%): Use began in correct. To
adolescence but remained low study
for tobacco and cannabis and association of
was stable for alcohol trajectories with
throughout at moderate levels certain
4. Chronic heavy outcomes.
smoking/moderate alcohol/no
cannabis (15%): Smoking
began in adolescence, reached
heavy levels in young
adulthood and remained
throughout at levels of /2 a
pack per day, with moderate
alcohol use throughout and low
to no cannabis throughout
5. No smoking or
cannabis/occasional alcohol
(30.8%)
Brook 1. Use of all 3 substances Same study To model joint
2014 (23%): Alcohol use stable population/data trajectories of
[110] throughout at once a week or set as [100], tobacco, alcohol
less, cannabis use stable at [108] and cannabis.

once a month, and tobacco 1
from 1-5 cigs per day to ~ %2
pack per day throughout

2. Cannabis and alcohol use
(14%): No tobacco, alcohol
initially 1 to stabilize at once a
week or less, cannabis also
initially 1 to stabilize at once a
month

3. Tobacco and alcohol use
(16%): Little to no cannabis
use, tobacco 1-5 cigs per day
throughout, alcohol once a
week to several times a week
throughout

4. Alcohol only (38%): No
tobacco and cannabis, alcohol

To determine
whether their
hypotheses
regarding
number and
types of
trajectories are
correct. To
study
association of
trajectories with
certain
outcomes.
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use initially 1 to stabilize at
once a week or less

5. Non-use (9%): Little to no
use of all three substances
'All articles reported joint trajectories involving cannabis and tobacco. However some included alcohol use as an
additional variable while others did not.

1 = increasing. | = decreasing. “Smoking” refers to cigarette smoking.

RAPI: Rutgers Alcohol Problem Index. Y: Yes. N: No.

In conclusion, several studies (Table 4) modeled joint trajectories of change in cannabis
and tobacco use over time. However, there were few independent replications of these models;
only three studies modeled cannabis and tobacco without the addition of other substances and
one of these (Nelson et al. 2015 [40]) constrained the model to have the same number of
trajectory groups as in models of each substance alone. Therefore while there were important
similarities between the two studies (Brook et al. 2012, Brook et al. 2012 [108], [109]) (both
studies reported groups with: (i) low to no use of both substances, (ii) chronic use of both
substances, (ii1) a group with moderate levels of both substances, and (iv) a group with chronic
heavy tobacco use and decreasing cannabis use over time), no study modeled the natural course
of cannabis and tobacco beginning at onset of use. Finally, we were unable to identify any study
which considered initiation of one substance in relation to the other and/or continued use of the

other. We therefore carried out searches outside the realm of cigarette smoking trajectories.

2.3.4 Cannabis and cigarettes — which comes first?

Three issues of interest relate to joint trajectories of cannabis and tobacco use: (i)
whether cannabis or tobacco is initiated first; (i1) length of time between cannabis and tobacco

initiation; and (iii) when cannabis use is initiated in relation to tobacco smoking trajectories.

We first consider the theories invoked in the literature, to explain the sequence of
initiation of substance use. These are: (i) the gateway model, (ii) the common liability model,
and (ii1) the route of administration model. [112] We then present the extant studies on the
sequence of initiation of cannabis and tobacco use and conclude by considering the time elapsed

between cannabis and tobacco initiation, along with its potential risk factors.
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2.3.4.1 Theories on sequence of initiation of substance use
Gateway Model

The Gateway Model suggests that youth follow a predictable sequence as they become
increasingly involved in substance use, initially using tobacco or alcohol followed by cannabis,
and then other illicit drugs. [113]-[115] The Gateway Model continues to be highly influential
[113], [115], and has inspired additional or alternative “gateway” theories including the notions
that e-cigarettes may serve as a gateway to cigarette smoking [116], and that prescription opioids
are a gateway to heroin use. [117] A “reverse gateway” has also been proposed, whereby
cannabis use would increase the risk of later tobacco initiation in non tobacco smoking

adolescents. [118]
Common liability model

Use of multiple substances may represent a generalized liability or increase in the risk
of drug use and it is addiction and not a specific drug that increases the risk of progression.
[115], [119] In this model, liability is described as a latent and unobservable quantitative trait
that follows a graded scale of the degree of affectedness or normality. [119] This model proposes
that: (i) which substance is used first can be the result of a genetic or individual vulnerability
(e.g., proneness to deviancy and familial liability to addiction); and (ii) no a priori order is

expected in the sequence of drug use. [120]
Route of administration model

This model suggests that initiating use of a particular substance by one route of
administration (e.g., inhalation) may account for future initiation of other substances via the
same route. For example, inhaling tobacco can promote progression to other inhaled substances

such as cannabis, possibly underpinning frequent co-use. [112], [120]

2.3.4.2 Beyond theory

The current section begins by describing the legal framework surrounding cannabis and
tobacco use in North America. The section then summarizes what is known on the order of
initiation of cannabis and tobacco: we identified studies, not limited to adolescence, which

reported on cannabis initiation prior to tobacco initiation (i.e., since the proposed normative

34



pattern is tobacco initiation prior to first cannabis use. [113]-[115]) We also determined whether

order of initiation was associated with later tobacco use or dependence.

Degenhardt 2010 [74] carried out a cross-sectional study on the extent and ordering of
licit and illicit drug use across 17 countries. The results suggested variation in the patterns of
substance use initiation across countries. While use of substances earlier in the “gateway”
sequence (i.e., initially using tobacco or alcohol followed by cannabis, and then other illicit
drugs) predicted use of drugs later in the sequence, the strength of these associations differed
across countries. The prevalence of gateway “violations” or atypical patterns of substance use
acquisition also varied across countries (e.g., in Japan, cannabis was rarely used prior to other
illicit drugs, and alcohol and tobacco were not used prior to illicit drug use by 52.5% of
respondents). Thus, while the Gateway Model is influential and may represent a normative
behavior pattern, it may not represent the range of experiences leading to the acquisition of drug

use and abuse.
Legal framework

One set of factors which may affect order of initiation of tobacco and cannabis and the
prevalence of the two sequences in a population is the laws regarding tobacco and cannabis use
in each country. In North America alone, there is considerable variation in laws across different

regions.

When discussing cannabis use, it is important to distinguish the following three concepts:
(i) decriminalization of use (i.e., this has been described as “policies that do not define
possession for personal use or casual (nonmonetary) distribution as a criminal offense” [121]),
(i1) use of cannabis for medical purposes (such measures remove penalties for the use of
marijuana for medicinal purposes under specific conditions [121]), (iii) recreational use of
cannabis. Recreational cannabis use was legalized in Canada in 2018: this law allows
recreational use among individuals >18 years. [48] It is however important to note that use of
recreational cannabis in Canada is also subject to provincial or territorial restrictions [48], and
there is considerable variation in these restrictions across provinces and territories: for example,
Quebec has restricted use of recreational cannabis to individuals >21 years and smoking/vaping

of cannabis is not permitted in public spaces (indoor and outdoor). Growing cannabis plant(s)
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for recreational use is also forbidden. [122] In Ontario, recreational use is restricted to >19 years,
is allowed in many outdoor public places, and growing <4 plants per residence is permitted.
[122] Use of cannabis for medical purposes was legalized in Canada in 2001 [123] and access
to cannabis for medical purposes in both Ontario and Quebec continues to be regulated by
federal (i.e., government of Canada) law. [122], [124] (The laws and regulations also specify
that individuals of >21 years in Quebec and >19 years in Ontario may have in their possession
small amounts of cannabis in public spaces, effectively decriminalizing cannabis in these

specific circumstances. [122], [124])

In the United States as of 2019, eleven (as well as the District of Columbia in the U.S.)
U.S. states and Canada had legalized recreational cannabis use. [48]—-[61] Regulations regarding
recreational cannabis vary across states: for example, in Alaska recreational use and possession
is limited to >21 years of age and use is banned in all public spaces. Cannabis can be purchased
for recreational use in designated stores. [125] In Vermont, sale of cannabis remains illegal,
however residents >21 years may grow up to 6 cannabis plants (two mature and four immature)
legally in their homes. [52] In addition to the eleven states mentioned above, some states have
legalized cannabis use for medical purposes (one example is the state of Montana). [49], [126],
[127] An important contradiction in laws exists in the United States however, in that federal law
still defines cannabis as a “Schedule I Drug”, which are drugs “with no currently accepted

medical use and a high potential for abuse”. [128]

Tobacco use in Canada: federal law prohibits sale of tobacco and vaping products to
individuals <18 years. There are many additional restrictions on sale of tobacco imposed by
federal law, including for example various restrictions with regards to packaging of tobacco.
[129], [130] The province of Quebec also bans sales of tobacco to individuals <18 years and
has laws which specify various additional restrictions regarding tobacco, such as those regarding
use in public spaces (i.e., smoking is prohibited in many public spaces). [99] The government
of Ontario also restricts smoking in public places but has banned sale of tobacco to individuals
<19 years. [131] In the United States, the federal Family Smoking Prevention and Tobacco
Control Act gives the Food and Drug Administration (FDA) authority to regulate the
manufacture, distribution, and marketing of tobacco products. This law prohibits sales to

minors. [132] Sale to individuals <21 years is in general prohibited at the federal level. [133]
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Some regulations regarding tobacco vary by state, such as bans on smoking in public places.
[134] Laws regarding both tobacco and cannabis therefore vary across the various regions of

the United States and Canada.
Studies reporting on order of initiation

Many studies have reported “atypical” sequences consisting of patterns of substance use
acquisition that do not conform to the Gateway Model. [72], [135], [75], [74], [71], [136], [137],
[138], [76], [112], [139], [79], [81], [140], [141], [142], [143], [144] Eleven of these studies
described initiation of cannabis prior to tobacco [71], [72], [76], [79], [81], [112], [136], [139],
[141]-[143], while additional studies described cannabis initiation prior to tobacco and alcohol
[74],[75], [135], [140], [144]. Ten studies [71], [72], [75], [79], [112],[136], [139]-[141], [144]

reported that tobacco use prior to cannabis initiation was more common than the reverse.
Potential outcomes of order of initiation

In our review of the literature on this topic, three studies reported no association between
initiation sequence and later tobacco use or dependence. [71], [72], [75] One study (Kennedy et
al. 2016 [76]) reported a significant association between initiation sequence and later tobacco

use or dependence.

The measures of association reported by the few studies reporting on the (potential)
association between order of initiation of tobacco and cannabis with heavier use and/or
dependence on tobacco reported in the literature were difficult to summarize: indeed, of those

studies reporting measures of association:

1. OR for risk of nicotine dependence among cigarette smokers, according to
initiation of cannabis before initiating tobacco (vs. tobacco before cannabis)

0f 0.92 (0.83, 1.02) [71];

2. OR for tobacco dependence among tobacco users, according to initiation of
cannabis before initiating tobacco or alcohol (reference category not reported)

of 1.3 (0.8, 2.0) [75];

3. OR for cannabis before tobacco vs. tobacco before cannabis/both substances

initiated at same age (dependent variable), according to past-month
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combustible tobacco use (reference = no past-month use) of 0.68 (0.63, 0.72)

for whites [76];

4. OR for cannabis before tobacco vs. tobacco before cannabis/both substances
initiated at same age (dependent variable), according to past-month
combustible tobacco use (reference = no past-month use) of 1.03 (0.90, 1.18)

for African American participants [76].

Overall, although initiation of cannabis use prior to tobacco has been reported in the
literature, tobacco initiation prior to first cannabis use appears to be the most frequent pattern.
A small number of studies suggest that order or sequence of initiation may not be associated

with later tobacco use and dependence.

2.3.4.3 Time elapsed between cannabis and cigarette smoking initiation

The current section describes variation in the length of time between cannabis and

tobacco initiation (i.e., referred to hereafter as “time elapsed”) and predictors of time elapsed.

We identified four studies with analyses related to time elapsed between cannabis and
cigarette smoking initiation. [136], [141], [79], [81] Two of these studies (Green 2016,
Richmond-Rakerd 2015 [136], [141]) reported the mean time between tobacco and cannabis
initiation (i.e., 2.9 and 5.5 years between tobacco and cannabis initiation when tobacco was
initiated first; 2.4 and 2.4 years among those who initiated cannabis first). No study described

the distribution of time elapsed between initiation of both substances.

Regarding potential risk factors for initiation of one substance among ever users of the
other, or predictors of time elapsed between initiation of the first and the second substance, one
article reported that heavier smoking was associated with cannabis initiation among ever
smokers: hazard ratios (HR) of 1.23 (1.18, 1.29) and 2.55 (2.43, 2.67) were reported for level of
tobacco use for individuals without daily use and with daily use, respectively (the details of the
coding of the variables involved was unclear). [79] A second (with a different study population)
reported that, among adults entering the military, predictors of cannabis initiation among ever
tobacco users included: gender (i.e., being female was protective, HR = 0.7 (0.5, 0.9)) and

younger age (i.e., being younger increased the risk, HR = 0.7 (0.6, 0.8)). [81]
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There were even fewer published studies identifying risk factors for time elapsed from
cannabis initiation to cigarette initiation: one poor quality study [80] stated that the importance
or degree of cannabis use may be associated with cigarette initiation (significant beta from a
stochastic actor-based model of 0.48). A second study [81] reported results suggesting gender
might be a predictor of cigarette initiation: marginally significant hazard ratios (from a Markov
multi-state model) was reported for gender of 1.6 (1.0, 2.5). Overall there was little information
available on distributions of time elapsed between cannabis and tobacco use, or on risk factors

for initiation of a second substance among ever users of the first.

2.3.5 Cannabis and cigarettes: age at initiation

A further issue of interest relating to joint trajectories of cannabis and tobacco use is
when cannabis use is initiated in relation to tobacco smoking trajectories. This section considers

the available literature on this topic.

We were unable to identify any study which considered initiation of cannabis in relation
to trajectories of tobacco use. We therefore searched for studies reporting on age at initiation of

cannabis use in relation to heavier cigarette smoking.

Few studies examine whether earlier cannabis initiation relates to heavier cigarette
smoking or tobacco use. Two longitudinal studies reported on this topic. Richmond-Rakerd et
al. 2017 [86] found that individuals with an older age of cannabis initiation decreased their use
of tobacco at steeper rates than individuals with an earlier age of initiation (referring specifically
to tobacco use frequency). They reported beta (regression) coefficients of -0.31 for tobacco use
frequency and of -0.24 for tobacco use quantity, according to age at 1% cannabis use (which
appeared to be continuous, though this was not explicitly stated). No confidence intervals were

reported.

Timberlake et al. 2007 [87] reported that individuals with earlier cannabis initiation were
more nicotine dependent in adulthood (these analyses were limited to ever smokers, making it
more likely that the dependence noted was at least partly the result of tobacco use apart from
cannabis). The OR for younger 18-22 year-olds was 1.14 (0.95, 1.36), while that for older
participants was 0.82 (0.73, 0.93).
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Therefore the few available studies on this topic suggest that earlier cannabis initiation

may be associated with later heavier cigarette use.

2.3.6 Gap(s) in knowledge on tobacco trajectories and cannabis use

Several studies have been published which have modeled joint trajectories of change in
cannabis and tobacco use over time. However, only two studies (Brook et al. 2012, Brook et al.
2012 [108], [109]) presented models where the relationship between cannabis and tobacco,
without consideration of other substances, was freely estimated. No studies examined the

initiation of one substance in relation to the other and/or continued use of the other.

We sought to determine: (i) whether cannabis or tobacco use is initiated first; (ii) length
of time between cannabis and tobacco initiation; and (iii) when cannabis use is initiated in

relation to tobacco smoking trajectories.

While initiation of cannabis prior to tobacco has been reported, tobacco initiation prior
to first cannabis use is most frequent. A small number of studies suggest that order or sequence
of initiation may not be associated with later tobacco use and dependence. There was little
evidence on the distribution of time elapsed between cannabis and tobacco use, or on risk factors
for initiation of a second substance among ever users of the first. The available literature

suggests that earlier cannabis initiation may be associated with later heavier cigarette use.
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Chapter 3 — Review Objective

The central aim of the current thesis was to attempt to use trajectory modeling to increase
understanding of cigarette smoking onset in youth, a further related aim was to ascertain the
usefulness of cigarette smoking trajectory modeling to public health. An important gap in the
literature on cigarette smoking trajectories in youth (section 2.2.7) is the absence of an up-to-
date, comprehensive systematic review of the literature. A single initial objective relating to the
review of the literature on the topic of cigarette smoking trajectories in adolescents, is presented

in this chapter.

3.1 Objective 1

Objective: To synthesize the literature on adolescent cigarette smoking trajectories to
determine the number and describe the shape of trajectories, to identify risk factors for specific
trajectory groups, to identify cigarette smoking-related outcomes of specific trajectory groups,
to compare incident versus mixed trajectories with respect to the aforementioned factors, and to

determine whether specific time window(s) propitious for intervention can be identified.
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Chapter 4 — Article 1
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Contributions to Article 1 by the Candidate

BL carried out all literature searches 1980-2017 (a final search and selection of articles
was later carried out specifically for the year 2018, to update the review). BL reviewed all titles,
abstracts, and articles retained from the 1980-2017 searches and selected a final list of articles
which was compared with that obtained by CBC and SE. Discussions between BL, CBC, SE,
and JO’L led to a final consensus on the list of articles to include for the years 1980-2017. BL
calculated inter-rater reliability values between CBC and BL and between SE and BL, for the
1980-2017 articles. BL extracted information from the articles published 1980-2017 and
created initial versions of Figure 1 and Tables 23-29. These were later edited to the version
presented in Appendix 1 and represent the source material for the tables included in the article
(i.e., Tables 1 and 2). (Results for the 2018 search were later added to the tables.) BL drafted
the initial version of all sections of the article. BL created Tables 7 and 8 with JO’L. Finally,
BL reviewed and commented in detail on several versions of the manuscript and created Table

29.
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4.1 Systematic review of cigarette trajectories

Clarification

Please note that because of the considerable heterogeneity in trajectory numbers and
shapes reported between articles retained in the following review, we categorized each trajectory
in each article retained into one of three broadly defined groups based on visual inspection of
the curves, although heterogeneity in shapes within these groups remained substantial.
Trajectories representing the lowest level of smoking across all time-points in each article were
categorized as “low-stable.” An “increasing” group comprised trajectories in which level of
smoking increased; although the time-point at which the slope increased, and rate of increase
differed. All other trajectories, which generally comprised trajectories that increased and then

decreased or decreased and then increased were labelled “other”.

The ranges of proportions of participants reported correspond to the proportions of
participants (i.e., proportion of the analytical sample) reported to be in each type of trajectory

(i.e., low-stable, increasing, or other) compiled across the individual studies.
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ARTICLEINFO ABSTRACT

Keywords: Trajectory analyses differentiate subgroups of smokers based on early patterns of cigarette use, but no study has
Trajectory analysis summarized this literature. We systematically reviewed the literature on adolescent cigarette smoking trajec-
Smoking tories to document the number and shapes of trajectories identified, assess if certain study characteristics in-

Adolescence

Systematic review

Natural history of smoking
Longitudinal method

fluence the number or shapes of trajectories identified, summarize factors associated with and outcomes of
trajectory group membership, and assess whether the results of trajectory analyses help identify windows of
opportunity for intervention. We searched PubMed and EMBASE (1/1/1980 to 1/11/2018) and identified 1695
articles. Forty-three articles with data from 37 unique datasets were retained. Each trajectory was categorized
into one of three groups (i.e., low-stable, increasing, other). Number of trajectories ranged from 2 to 6
(mode = 4); 44-76% of participants were low-stable cigarette consumers, 11-21% increased consumption, and
3-11% were categorized as “other.” Number of data points, smoking indicator used, and time axis influenced the
number of trajectories identified. Only two articles depicted the natural course of smoking since onset. Factors
associated with trajectory membership included age, sex/gender, race/ethnicity, parental education, behavior
problems, depression, academic performance, baseline cigarette use, parental and friends smoking, alcohol use,
and cannabis use. Outcomes included illicit drug and alcohol use. Beyond parsimoniously describing cigarette
smoking patterns, it is not clear whether trajectory analyses offer increased insight into the natural course,
determinants or outcomes of cigarette smoking in ways that inform the development of intervention.

Introduction Vermunt, 2017), a checklist of items to report in articles describing

trajectory analyses. In addition to depicting developmental patterns,

Nearly all cigarette smoking begins in adolescence (US Department
of Health Human Services, 2012), and research over decades has at-
tempted to describe how smoking becomes habitual. Herein we focus
on studies that use trajectory analyses to identify developmental pat-
terns of cigarette smoking in adolescents. This analytic method has
proliferated in the past two decades because of the appeal of sum-
marizing longitudinal data into clear easily-interpretable graphical re-
presentations, the availability of easy-to-use statistical packages (e.g.,
Proc Traj (SAS), TRAJ (STATA)), and ever-improving add-ons for
handling time-varying covariates and attrition (Haviland, Jones &
Nagin, 2011; Jones, Nagin & Roeder, 2001). The increasing number of
such studies has led to Guidelines for Reporting on Latent Trajectory
Studies (GRoLTS) (Van De Schoot, Sijbrandij, Winter, Depaoli &

trajectory analyses help identify subgroups at higher risk of sustained
and heavier smoking, and they elucidate outcomes of specific trajectory
patterns. Proponents of trajectory analyses argue that the differing risk
profiles across developmental patterns increase understanding of the
natural course of smoking onset (Nagin, 2005), and that these analyses
can pinpoint windows of opportunity for intervening to prevent ad-
diction and long-term smoking.

Although smoking trajectory studies are on the increase, there are
no systematic reviews of this literature, possibly because trajectory
analyses cannot be easily pooled or meta-analyzed. The co-existence of
two types of trajectories also complicate synthesis. The first type uses
calendar time as the time axis among adolescents who initiate smoking
either before or after baseline (i.e., “age/grade” analyses), and the
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second uses time since smoking onset as the time axis among smokers
who begin smoking after baseline (i.e. “time-since-onset” analyses). It is
unclear if use of different time axes influences the number, shape,
factors associated with, or outcomes of trajectories identified.

Herein we explore these issues by reviewing studies that describe
smoking trajectories across adolescence. The objectives were to: (i)
document the number and shapes of trajectories identified, (ii) assess if
sample size, number of data points, indicator of cigarette smoking used,
or time axis influence the number or shapes of trajectories identified,
(iii) summarize factors associated with membership in specific trajec-
tory groups, (iv) summarize trajectory-related outcomes, and (v) assess
whether trajectories identify windows of opportunity for intervention.

Methods

PubMed and EMBASE were searched up to November 23, 2018 for
articles published between January 1, 1980 and November 1, 2018
using key words smoking OR tobacco AND trajectories. The detailed
search terms were: (i) PubMed (limited to ‘humans’, ‘English language’,
‘publication date 01/01/1980 - 1/11/20187: (("smoking'[MeSH
Terms] OR "smoking"[All Fields]) OR ("tobacco'[MeSH Terms] OR
"tobacco"[All Fields] OR "tobacco products'[MeSH Terms]) OR
(("tobacco"[All Fields] AND ‘"products"[All Fields]) OR ('tobacco
products"[All Fields])) AND trajectories[All Fields]; and (ii) EMBASE
(limited to ‘humans’, ‘English language’, ‘publication year 1980 — 2018,
as well as to journal articles): [‘smoking’ (‘smoking’, ‘smoking habit’,
‘adolescent smoking’, “smoking and smoking related phenomena” as
subject headings, ‘smoking’ as a keyword) OR ‘tobacco’ (‘tobacco’,
‘tobacco consumption’, ‘tobacco dependence’, ‘tobacco smoke’, “to-
bacco use” as subject headings, ‘tobacco’ as a keyword)] AND [‘tra-
jectories’ (‘illness trajectory’, ‘model’ as subject headings, ‘trajectories’
as a keyword)].

Titles and abstracts of the 1695 articles identified were scanned by
four authors (BL, MNA, SE, CBC) to filter out articles that were not
relevant. Articles mentioning adolescent cigarette smoking trajectories
in the title or abstract, and those in which the title or abstract was not
sufficiently informative to determine relevance (n = 359), were re-
tained for the next stage of review. The same four authors then re-
viewed each article according to pre-established inclusion and exclu-
sion criteria. The single inclusion criterion was that the article reported
more than one empirically derived cigarette smoking trajectory based
on prospective participant self-reports of cigarette smoking over time.
Exclusion criteria included that the study was a review, that its design
or analysis was cross-sectional, that the data or analyses were qualita-
tive, that they estimated joint trajectories of smoking and another be-
havior, or that they estimated trajectories of e-cigarette smoking. In
addition, to assure that changes in cigarette smoking during adoles-
cence were captured, we excluded studies that had < 3 data points
between ages 12 and 18 (Curran & Muthen, 1999). Disagreements be-
tween the four authors at the abstract/title and full review stages were
resolved in team discussions with MPS and JOL. Fig. 1 presents a
PRISMA flow chart of the results of the article selection process
(Moher, Liberati, Tetzlaff & Altman, 2009).

In the next step, BL and MNA used a two-step verification process to
extract data from each article retained on study population (i.e., sample
size, age range of participants, cohort/sample used); setting and design
(i.e., country, age at assessments, number of data points required to be
included in the analysis); statistical analyses (i.e., statistical model,
software, number of trajectory groups considered, polynomial orders
considered, if and how attrition and missingness were dealt with, the
statistical and non-statistical criteria used for model selection); and
results (i.e., number of trajectories reported in the final model, average
posterior probability of trajectory group membership, prevalence of
each trajectory in the analytical sample, reported trajectory shapes,
factors associated with trajectories, outcomes of trajectory membership
investigated and which factor(s) were statistically significant) (Tables
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S1-54).

To assess whether study design features might have influenced the
number or shapes of trajectories, we collapsed articles into categories
based on sample size (<500, 500-2000, >2000), type of cigarette
smoking indicator (intensity, frequency, a metric combining intensity
and frequency, any use), time axis (time since cigarette smoking onset,
age/grade or other measure of calendar time) and number of data
points used to estimate trajectories (<5, 5-10, >10), and examined the
distributions of the number and shapes of trajectories identified ac-
cording to these characteristics.

GROLTS

We used the GRoLTS to assess the quality of reporting in the articles
retained (Van De Schoot et al., 2017). This checklist comprises 21 yes/
no items assessing whether details such as the time metric used and
how missing data were dealt with, are reported. No article reported all
21 items (mean (SD) number of items reported=7.4 (1.7), range 4-11).
Items reported in =50% of articles included time metric, variables
related to attrition/missing data, how missing data were dealt with,
distributions of observed variables, software, model comparison tools,
total number of fitted models considered, and a plot of the final model
solution. No article reported the mean or variance of time within a data
collection wave, plots of the mean estimated trajectories for each model
considered, plots of the observed individual trajectories split for each
latent class, and none made the syntax files for their models available
(Fig. 2). Table S5 describes whether each item is reported in each ar-
ticle.

Results

A total of 1695 articles were identified in the bibliographic data-
bases reviewed; 43 articles were retained (Fig. 1). The references of all
43 articles can be found in the Online Supplementary Material. These
articles used data from 37 unique datasets including longitudinal birth
cohorts (e.g., Avon Longitudinal Study of Parents and Children), long-
itudinal national surveys (e.g., [Canadian] National Longitudinal
Survey of Children and Youth), and community samples (Table 1),
Twenty-eight articles used data from studies conducted in the US, six
were conducted in Canada, two in Sweden, and one in each of the Czech
Republic, China, the United Kingdom, South Korea, New Zealand,
Taiwan, and The Netherlands. Sample size ranged from 203 to 15 828
(median = 975), and the youngest and oldest age of participants at first
smoking assessment was 9 and 17 years, respectively (median age=13
years). Duration of follow-up varied between 1.5 to 23 years
(median =5 years). Most articles tracked smoking into later adolescence
and 28 continued assessments past age 18. In articles where it was
ascertainable, the minimum time window between data points was
three months and the maximum was 4.5 years (median=1 year).
Number of data points used to estimate trajectories ranged from 3 to 16
(median = 6); the range was 1 to 4 (median=1) per year, and 0.5 to 5
(median =1.3) per year from age 12 to 18. While an adequate number
of data points are needed to capture inflections in the estimated tra-
jectories, denser follow-up (beyond a certain point) will not impact the
number or shape of the trajectories — it only makes them smoother
(Tan, Dierker, Rose, Li & Network, 2011). Articles with more data
points and shorter time intervals between data points had smoother
trajectories (e.g., (Riggs, Chou, Li & Pentz, 2007, White, Nagin,
Replogle & Stouthamer-Loeber, 2004)). Table 1 reports the countries in
which articles were conducted, the cohorts/samples used, sample size,
age range of participants, and labels used to describe trajectories
identified.

Smoking indicator

Smoking was generally assessed using one of four indicators.
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Fig. 1. PRISMA flow diagram showing the number of articles retained at each step in the article selection process.

Frequency (n = 16 articles) was defined as number of days on which
participants had smoked in a given time period (e.g., past 7 days, past
30 days, past year, lifetime). Intensity (n = 17 articles) was defined as
the number of cigarettes smoked in a given time period, and “any use”
(n = 4 articles) indicated whether participants had smoked any ci-
garettes (yes, no) in a given time period. Eight articles created a metric
combining intensity and frequency. One article (Maggi, Hertzman &
Vaillancourt, 2007) conducted three trajectory analyses with different
numbers of participants from the same sample, using indicators of
frequency, intensity, and “any use”.

Number of trajectories

The number of smoking trajectory groups reported ranged from 2 to
6. The most frequently reported number of trajectories (i.e., in 15 of 43
articles) was four. Four articles reported two trajectories, 12 reported
three trajectories, 9 reported five trajectories, and 5 reported six tra-
jectories. The article that investigated three smoking indicators
(Maggi et al., 2007) reported two trajectories for the smoking intensity
model (n = 260), five for the frequency model (n = 280), and three for
the “any use” model (n = 2886).

Articles reporting studies with <5 data points identified three tra-
jectories on average, compared to four in studies with more data points
(Table 2). The 41 models with intensity, frequency, or a metric com-
bining intensity and frequency as the y-axis had an average of four
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trajectory groups; the four models that used “any use” reported three.

Trajectory shapes

To enable comparison across articles, we categorized each trajectory
in each article into one of three broadly defined groups based on visual
inspection of the curves (Table 2), although heterogeneity in shapes
within these groups remained substantial. Trajectories representing the
lowest level of smoking across all time-points in each article were ca-
tegorized as “low-stable.” An “increasing” group comprised trajectories
in which level of smoking increased; although the time-point at which
the slope increased, and rate of increase differed. All other trajectories,
which generally comprised trajectories that increased and then de-
creased or decreased and then increased were labelled “other”. The
time-point at which these slopes increased or decreased, and rates of
increase or decrease varied across articles. The highest proportion of
participants was categorized as “low-stable” (median range:
44.1-75.8%), followed by “increasing” (11.1-21.0%) and then “other”
(3.1-10.8%). Not all articles reported participants in all three trajectory
groups (e.g., some such as Vitaro et al.(2004) reported trajectories in
the “low-stable” and “increasing” groups, but none in the “other”
group). Also, some articles (e.g., Rosendahl et al.(2008)) provided
number of participants for some trajectories, but not for others.

Regardless of sample size, number of data points, smoking indicator,
or time axis, most participants were categorized as low-stable
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Item 1: metric of time

Item 2: fixed or varying occasions
Item 3a: missing data mechanism
Item 3b: auxilliary variables

Item 3c: how dealt with missing data
Ttem 4: distribution

Item 5: software

Item 6a: LGMM versus LCGA

Item 6b: across-class variance-covariance matrix
Item 7: functional form

Item 8: covariates

Item 9: random starts

Item 10: model comparison

Ttem 11: 1-class solution

Item 12: sample size per class

Item 13: entropy

Item 14a: plot of final solution

Item 14b: plots for each model

Item 14c: plots of individual trajectories
Item 15: descriptive statistics

Item 16: syntax
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Fig. 2. Percent of all articles included in the systematic review (n = 43) reporting each item of the Guidelines for Reporting on Latent Trajectory Studies (GRoLTS).

Percentages are reported in the light grey bar.

(44-76%), followed by increasing (11-21%), and then “other”
(3-11%), suggesting that although many adolescents tried cigarettes,
only 1 in 3 or 4 increased use over time. Appendix Table S1 provides
details on trajectory shapes and number of participants in each trajec-
tory group. Table S2 provides data on years of follow-up, age at as-
sessments, minimum number of data points required to estimate tra-
jectories, density of data points from age 12 to 18, whether information
on the distribution of the smoking measure was provided in the article,
and methods used to account for missing values and attrition. Table S3
describes number of trajectories considered and used in the final model,
polynomial orders considered, model comparison tools used, range of
average posterior probabilities, software used, and whether alternative
specifications of within-class heterogeneity were considered. While
several articles reported using latent growth mixture modeling, most
described results from models in which the variance and covariance
estimates for the growth factors within each group were set to zero
(Van De Schoot et al., 2017), akin to latent class growth analysis.

Factors associated with trajectories

All but nine (Cance, Talley, Morgan-Lopez & Fromme, 2017;
Chang et al., 2018; Chung & Chun, 2010; Colder et al., 2001; Guo et al.,
2002; Huang, Lanza & Anglin, 2013; Maggi, 2008; Maggi et al., 2007;
Orpinas, Lacy, Nahapetyan, Dube & Song, 2015) of the 43 articles
identified factors associated with trajectory group membership. Table
S4 describes factors and outcomes potentially associated with trajec-
tories investigated in each article. Table 3 summarizes the number of
articles that examined each factor and that reported a significant as-
sociation with trajectory group membership for that factor. The direc-
tion of the associations is not reported due to heterogeneity across ar-
ticles in the trajectory group used as the reference and use of omnibus
tests that do not distinguish direction of associations.
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Of 86 distinct concepts investigated, 73 were examined in <5 ar-
ticles. Among the 13 concepts examined in =5 articles, at least half of
the articles reported a significant difference between at least two tra-
jectories for age (6 of 7 articles), sex/gender (12 of 24), race/ethnicity
(10 of 13), parental education (7 of 10), behavior problems (6 of 7),
depression/depressive symptoms (6 of 8), academic performance (8 of
8), baseline cigarette use (5 of 5), parental smoking (9 of 14), friend's
smoking (12 of 13), alcohol use (6 of 7), and cannabis use (6 of 6). In
general, older age at baseline, being male, and being Caucasian were
associated with membership in trajectory groups with higher cigarette
consumption. For the remaining factors, the least favorable categories
were associated with membership in trajectory groups with higher ci-
garette consumption. Only one of six articles that investigated school-
related attitudes, and only two of six that investigated family func-
tioning reported significant differences across trajectories.

Trajectory-related outcomes

Sixteen (Chang et al., 2018; Chassin, Presson, Pitts & Sherman,
2000; Dutra, Glantz, Lisha & Song, 2017; Guo et al., 2002;
Hampson, Tildesley, Andrews, Barckley & Peterson, 2013; Huang et al.,
2013; Karp, O'Loughlin, Paradis, Hanley & Difranza, 2005; Lessov-
Schlaggar et al.,, 2008; Lynne-Landsman, Bradshaw & Ialongo, 2010;
Nelson, Van Ryzin & Dishion, 2015; Orlando, Tucker, Ellickson & Klein,
2004; Orpinas et al., 2015; Riggs et al., 2007; Tucker, Ellickson,
Orlando & Klein, 2006; Tucker, Ellickson, Orlando, Martino & Klein,
2005; Vuolo & Staff, 2013) of the 43 articles investigated outcomes of
trajectory group membership. Of 21 outcomes examined, four were
statistically significant in =5 articles (Table 4). Higher cigarette con-
sumption trajectories were associated with illicit drug use and alcohol
use, lower levels of education, and being unmarried.

Only the two articles that used “time since smoking onset” as the
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Table 2

International Journal of Drug Policy 83 (2020) 102838

Shape of cigarette smoking trajectories in 43 articles and median percentage” of participants in each trajectory shape grouping according to selected characteristics of

articles included in the review.

No. trajectories

Trajectory shape

No. articles Median Range Low stablemedian % Inc: dian % Othermedian %
Sample size”
Small (<500) 11 35 2-6 39.6 17.7 10.8
Medium (500-2000) 17 4 2-6 51.5 11.9 9.9
Large (=>2000) 14 4 3-6 63.7 14.0 8.4
Cigarette smoking indicator”
Intensity 17 4 2-6 55.9 143 10.0
Frequency 16 4 2-6 48.6 1131 8.7
Metric combining intensity and frequency 8 4 3-6 42.3 14.0 8.4
Any use 4 3 3-4 75.8 18.8 31
Time axis used
Time since onset 4 4,4 72.4 18.3 10.8
Age/grade 41 4 2-6 54.0 139 9.0
Number of data points used to estimate trajectories
=5 12 3 2-3 62.3 21.0 6.8
5-10 27 4 2-6 54.1 12.0 9.2
>10 4 4 54 47.0 20.2 81

“ Articles which did not report the percent of participants in a given trajectory group are not included in the calculations of median percentages.

" Excludes 3 articles (Bernat et al., 2008; Chung & Chun, 2010; Musci, Uhl, Maher, & Ialongo, 2015) that did not report the number of participants included in
trajectory analyses. Maggi et al. (2007) used three different sample sizes for the three trajectory models estimated, two sample sizes were <500 and one was > 2000.

© Maggi et al. (2007) estimated three trajectory models, one using intensity as the cigarette smoking indicator, one using frequency, and the third using any use.

This article is counted in the intensity, frequency, and any use rows.

time metric (Karp et al., 2005; Rosendahl, Galanti & Gilljam, 2008)
investigated the natural course of smoking onset. Of the 13 concepts
examined in these articles (Table 3), sex/gender and peer smoking were
significantly associated with trajectory group membership in both ar-
ticles. Rosendahl et al.(2008) reported a significant association between
trajectory group and each of parental education, parental tobacco use,
and school smoking environment. Only Karp et al.(2005) examined
potential outcomes — members of trajectory groups with higher cigar-
ette consumption were more likely to develop nicotine dependence and
tolerance.

Modeling approaches for testing factors and outcomes across tra-
jectories differed. Nelson et al.(2015) included factors in the model that
estimated trajectories, thereby accounting for the uncertainty asso-
ciated with trajectory assignment. Others (e.g., Dutra et al., 2017,
Lessov-Schlaggar et al., 2008) used post-hoc testing after individuals
were classified into groups. This method does not account for this un-
certainty unless posterior probabilities (e.g., Otten et al.(2009)) or more
sophisticated approaches (see GRoLTS list (Van De Schoot et al., 2017))
are used, which is uncommon. Further, the assumptions underlying
post-hoc testing varied across articles. While some used omnibus chi-
square tests that considered trajectory groups as a nominal variable
(Lessov-Schlaggar et al., 2008), others (Dutra et al., 2017) imposed an
implicit ordering (e.g., from low to high) on the trajectories.

Windows of opportunily for intervention

Twelve of 43 articles discussed implications of trajectories for pre-
vention; only two (Dutra et al., 2017; Orlando et al., 2004) described
critical windows for high-risk trajectories. Orlando et al.(2004) sug-
gested that the period between high school and young adulthood was a
critical intervention period for “late increasers”, but that “early in-
creasers” would benefit from earlier intervention. Dutra et al.(2017)
suggested interventions in early childhood and young adulthood for
“early established smokers” and “late escalators”, respectively. In the
remaining 10 articles, some authors advocated that interventions
should target the entire adolescent period (Audrain-McGovern et al.,
2004; Lynne-Landsman et al., 2010; Nelson et al., 2015), while others —
given  the increased  likelihood of  smoking uptake
(Abroms, Simons-Morton, Haynie & Chen, 2005) and experimentation
(Bernat, Erickson, Widome, Perry & Forster, 2008) at specific time

51

points — argued for late childhood or early adolescence (Abroms et al.,
2005; Audrain-McGovern et al., 2009; Bernat et al, 2008;
Gabrhelik et al., 2012; Hampson et al., 2013; Riggs et al., 2007). Others
(Huang et al., 2013; Tucker et al., 2005) suggested late adolescence or
emerging adulthood due to the transition to increased autonomy and
adult roles.

Discussion

The main findings of this review are that: (i) in addition to possibly
reflecting real patterns of cigarette smoking, heterogeneity across ar-
ticles in trajectory number and shape may relate to study design fea-
tures and modeling decisions; (ii) “risk” factors and outcomes identified
in trajectory studies mirror those from studies that do not use trajectory
analyses; (iii) few articles report windows of opportunity for interven-
tion; (iv) only two articles depict the natural course of smoking since
most used age/grade as the time axis; and (v) only two of 43 articles
reported at least half of items in the GROLTS checklist so that it is
generally difficult to understand how the final models were selected,
thereby decreasing the possibility of replicability.

This review comes at a time when trajectory analyses are apparently
increasingly popular despite warnings that modeled trajectories may
not represent real constructs (Sher, Jackson & Steinley, 2011;
Vachon, Krueger, Irons, lacono & McGue, 2017; Van De Schoot et al.,
2017). Their appeal is explained by three key potentials including ease
of summarizing longitudinal data into easily interpretable graphical
presentations, increased understanding of factors associated with dif-
ferent patterns of smoking, and informing intervention by identifying
at-risk subgroups and windows of opportunity for intervention.

Summarizing data

Trajectory analyses identify patterns in complex data which facil-
itate describing longitudinal data succinctly. However, differences
across datasets such as in the density of measurements, may affect the
number and shape of the estimated trajectories (e.g., having fewer data
points or longer time intervals between data points could result in de-
tecting fewer smoking patterns). Given the data-driven nature of the
decision-making process in selecting a latent growth model, researchers
should provide clear and detailed reports of the methods used to
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Table 4

International Journal of Drug Policy 83 (2020) 102838

Number of articles” that report the association between trajectory group membership and a potential outcome, and among these articles, the number that reported a

statistically significant association.

Potential outcome First author, date Total Articles reporting a significant
articlesn association’n
SOCIODEMOGRAPHIC FACTORS
Education (college, high school dropout, graduate on Lessov-Schlaggar C. N. 2008, Chassin 2000 Orlando M. 2004, 8 7
time)* Tucker J. 5. 2005, Tucker 2006 Orpinas 2016 Lynne-Landsman
2010, Dutra L. M. 2017
Income (welfare recipient) Lessov-Schlaggar C. N. 2008, Tucker 2006 2 2
Employment (job problems) Tucker 2006, Chassin 2000 2 0
Marital status Lessov-Schlaggar C. N. 2008, Chassin 2000, Orlando M. 2004, 6 3
Tucker J. S. 2005, Tucker 2006, Dutra L. M. 2017
Parenthood Chassin 2000, Tucker 2006, Dutra L. M. 2017 3 3
PSYCHOSOCIAL FACTORS
Personality risk (extroversion, conscientiousness) Chassin 2000 1 1
Life satisfaction Chassin 2000 1 1
Affect (negative, positive) Chassin 2000 1 i
Stress Chassin 2000 1 0
Major depressive disorder Lynne-Landsman 2010 1 0
PHYSICAL AND MENTAL HEALTH
Physical or mental health (respiratory symptoms, obesity)  Orlando M. 2004, Tucker J. 5. 2005, Tucker 2006, Huang D. Y. 4 4
2013
Antisocial behavior (arrest history, criminal record Lynne-Landsman 2010, Tucker 2006 Orlando M. 2004, Tucker J.S. 4 4
stealing, selling drugs, violence) 2005
Sexual activity (no. sex partners, condom use, unsafe sex,  Guo 2002, Lynne-Landsman 2010, Tucker 2006 3 3
pregnant, early sex, abortion)
SMOKING-RELATED FACTORS
Smoking health and psychological beliefs Chassin 2000 1 1
Nicotine dependence® Riggs 2007, Lessov-Schlaggar C. N. 2008 2 2
Cigarette (or tobacco) use Riggs 2007, Nelson 2015, Hampson S. E. 2013 3 3,
Hookah use Hampson 8. E. 2013 1 1
Family smoking (offspring smoking) Lessov-Schlaggar C. N, 2008, Vuolo M. 2013 2 2
SUBSTANCE USE
Cannabis (marijuana (problematic use, dependence)) Orpinas 2016, Lynne-Landsman 2010, Nelson 2015 3 3
Illicit drug use (cocaine, metk It ine, probl Orlando M. 2004, Tucker J. S. 2005, Tucker 2006 5 -]
use)
Alcohol use (inebriated, problematic use, dependence) Orpinas, 2016 Nelson 2015, Lynne-Landsman 2010, Orlando 6 6

M. 2004, Tucker J. S. 2005, Tucker 2006

* When two or more articles used data from the same cohort, they were included as separate articles.
b The direction of associations is not reported due to heterogeneity across articles in the trajectory group used as the reference group.
¢ Variables in parentheses are the labels used by the authors to describe the concept of interest.

facilitate replicability and critical appraisal of the results. The GRoLTS
checklist (Van De Schoot et al., 2017) includes detailed yet concise
items concerning each step of the model selection process and reporting
these items will increase understanding on how the models were de-
rived and the quality of the model selection process. However, few
studies report these details — only two of the 43 studies in this review
(Audrain-McGovern et al., 2004; Otten, Wanner, Vitaro & Engels, 2008)
reported at least half of the GRoLTS items. Key information (e.g.,
missing data mechanism used, consideration of alternative specifica-
tions of within-class heterogeneity) was not reported in most studies,
and these omissions make it harder to understand how the final models
were selected, decreasing the possibility of replication. Reporting the
details of the decision-making process will increase transparency and
enable other researchers to replicate the findings and evaluate the
quality of the latent growth models.

Factors associated with trajectories

Synthesizing evidence on factors associated with trajectories is
challenged by using different smoking indicators across articles and the
choice of which trajectory is used as a reference. In addition, most
factors were investigated in a few articles only. However, factors as-
sociated with “riskier” trajectories mirrored predictors of cigarette
smoking onset identified in a recent systematic review (Wellman et al.,
2016), suggestive that risk factors for smoking onset may also dis-
criminate smoking trajectories. Because trajectories represent patterns
of smoking over time, they are necessarily more complex than single
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point-in-time indicators of smoking such as onset or sustained use.
Studying factors associated with trajectories in their entirety likely
obscures identification of factors associated with single point-in-time
smoking indicators and may therefore complicate rather than clarify
our understanding of smoking. Future work will need to ascertain
whether identification of factors associated with trajectories add value
to analyses identifying risk factors for single point-in-time smoking
indicators.

Outcomes of smoking trajectories identified herein are convergent
with those identified in non-trajectory studies (Chassin, Presson,
Sherman & Edwards, 1990), but may be more useful than single point-
in-time outcomes if for example, they distinguish early initiators who
sustain smoking from early initiators who decrease. However, the fea-
sibility of collecting data over time and plotting an individual's trajec-
tory likely limits the utility of trajectory analyses in practice.

Are trajectories real?

Our review (and the trajectory approach in general) cannot de-
termine whether smokers remain in a single trajectory over time, and
several authors warn against considering trajectories as real constructs
(Sher et al., 2011; Vachon et al., 2017; Van De Schoot et al., 2017).
Most trajectories in our review were estimated using latent class growth
analysis which assumes that individual trajectories within each group
are homogeneous. However, the assumption of homogeneity may not
be met, and estimated trajectories may not represent meaningful enti-
ties. Vachon et al.(2017) argue that for distinct true trajectories to exist,
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strong, discriminating, categorical factors (e.g., a specific risk allele or
event) must set individuals on a deterministic course. Smoking behavior
may have a more dynamic nature than what trajectory analyses model
(i.e., it may be fluid and subject to change across development, rather
than static within a single trajectory) (Van De Schoot et al., 2017). This
concern (Zuk, Hechter, Sunyaev & Lander, 2012) is augmented by the
tendency for trajectory analyses to provide the same four forms (i.e.,
increasing, decreasing, stable high, stable-low), regardless of partici-
pant age at time zero or study duration, suggesting that some findings
may be artefacts of the trajectory method (Sher et al., 2011). These four
patterns were not systematically observed in the articles reviewed
herein, although this could relate to the fact that no single strong dis-
criminating categorial factor was identified across articles that sets
adolescents on a deterministic course of smoking.

Time axis

If there is important variation in the natural course of smoking, time
of smoking onset may be a more meaningful time zero in trajectory
analyses than calendar time (Sher et al, 2011). Trajectory groups in
age/grade analyses include members with different durations and levels
of cigarette consumption at a single time-point, whereas “time-since-
onset” trajectory groups include members with the same duration of
smoking. This could explain our observation that 72% of smokers in
“time-since-onset” studies were stable-low smokers, compared to 54%
in age/grade studies. The proportion of smokers that initiate smoking
after baseline may differ in each trajectory in age/grade studies, thus
obscuring comparison across trajectory groups and across studies of
persons with different ages at baseline. Further, risk factors for smoking
onset and continuing to smoke at a given age may not coincide
(Sher et al., 2011).

Recommendations for future research

Future studies on youth smoking trajectories should begin mea-
suring smoking during childhood to ensure that smoking onset is ob-
served. Further, they should incorporate frequent measurement of
smoking to capture critical changes in smoking patterns. Continuous
measures of smoking (i.e., mean number of cigarettes smoked per
month) should be favored over categorical measures since they provide
more nuanced data that can be easily measured and compared across
studies (Royston, Altman & Sauerbrei, 2006). We recommend that re-
searchers use the GRoOLTS checklist (Van De Schoot et al., 2017) to
report each step of the model selection process. Addressing the issue of
heterogeneity of results across studies necessitates transparency in data-
driven decisions, but also requires replication studies that reproduce
the analytical plan in independent datasets that share the same design
features as the initial studies including age range, frequency and timing
of measuring smoking, as well as measurement of factors associated
with smoking such as sex and socioeconomic status. Further, depending
on the study objectives, future studies should consider using smoking
onset as time zero. In addition to improving understanding of the nat-
ural course of smoking, knowledge on the timing of onset can facilitate
comparison of results across studies. Finally, future work will need to
critically appraise the usefulness of trajectory modeling against other
statistical approaches that aim to describe longitudinal patterns of
smoking (e.g., to ascertain whether identification of factors associated
with trajectories add value to analyses identifying risk factors for single
point-in-time smoking indicators).

Implications for intervention and policy
Our work has two important implications for intervention and
policy. First, program planners and policy makers should consider the

high proportion of young people who begin smoking in late childhood
or early adolescence (Maggi et al., 2007; Riggs et al., 2007). Emerging
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evidence suggests that education and counselling at these ages may
prevent initiation (Harvey, Chadi, & Canadian Paediatric Society
Adolescent Health Committee, 2016). Second, the extant smoking tra-
jectory literature does not provide consistent messages on at-risk in-
dividuals or windows of opportunity for intervention. Pinpointing the
intervention needs of specific subgroups necessitates identifying factors
amenable to intervention that differentiate trajectory groups at specific
points-in-time. If trajectories depend on age, sex, and contextual fac-
tors, then using the current trajectory literature to inform policy could
be harmful because of lack of specificity. Even if windows of opportu-
nity are identified, it is unclear whether differences across trajectories
at a given point-in-time are sufficiently important to warrant targeted
intervention (Vachon et al., 2017). Recommendations from the two
articles (Dutra et al., 2017; Orlando et al., 2004) that identified time
windows for intervention differed, and only one article (Dutra et al.,
2017) discussed specific intervention strategies. Therefore, we suggest
that the potential of trajectory analyses to inform intervention and
policy has yet to be identified.

Limitations

Study limitations include the methodological heterogeneity which
made it difficult to synthesize the 43 articles retained. Despite the ex-
istence of objective criteria (e.g. the Bayesian Information Criterion),
many articles used subjective criteria (e.g., substantive relevance of
trajectories) to select the optimal model. Further, the criteria used were
not always reported. Modeling decisions (e.g., dropping higher order
polynomials which do not attain significance; requiring each trajectory
group to have a minimum sample size) may also affect results and
should be reported. Only two articles investigated individuals who in-
itiated smoking after baseline, which limited detection of critical win-
dows of opportunity relevant to intervention (Sher et al., 2011). Cate-
gorizing trajectories into three groups was necessary to facilitate
summarizing trajectory shapes, but limited capturing unique trajectory
patterns across articles. Finally, we did not adhere to the Cochrane
recommendation of vote-counting based on direction-of-effect (as op-
posed to statistical significance) when meta-analysis is not possible
(McKenzie & Brennan, 2019). Although direction-of-effect is useful in
reviews of intervention studies, this approach cannot be used in syn-
thesizing trajectory studies because of differences in the smoking in-
dicator used, variation in the reference trajectory group, and use of
different methods to test associations. Collating information on risk
factors and outcomes across articles was also limited by differing in-
dicators used for specific risk factors and outcomes across articles and
because most factors or outcomes were investigated in only a few ar-
ticles. Future reviews of specific factors associated with smoking tra-
jectories using small subsets of articles reviewed herein might be better
suited to this exercise.

Conclusion

Differences across studies in trajectory number and shape may re-
flect real-life smoking patterns, study design features, MNA and BL are
co-first authors, and/or the data-driven nature of trajectory modeling.
Factors and outcomes associated with trajectory membership mirror
those reported in non-trajectory studies, so that the added value of
trajectory analyses with these objectives remains to be demonstrated.
Trajectory analysis may prove more useful in describing smoking pat-
terns in a given population, than in identifying specific subgroups or
specific time windows of opportunity for intervention.
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Chapter S — Objectives

The central aim of the current thesis was to attempt to use trajectory modeling to increase
understanding of cigarette smoking onset in youth, a further related aim was to ascertain the
usefulness of cigarette smoking trajectory modeling to public health. The objectives and
hypotheses presented in the current chapter follow directly from both the background chapter
(chapter 2) and the conclusions of Article 1 (chapter 4). Objective 2 and its associated
hypotheses relate directly to the topic of cigarette smoking trajectories and onset of cigarette
smoking in youth. Objective 3 and its hypotheses relate to the potential association between

cigarette trajectories, onset of cigarette use, and cannabis use.

5.1 Objective 2

A major finding of the systematic review conducted in Article 1 was that most studies
modeled incident and prevalent smoking combined or mixed trajectories, and that few model
incident smoking. The time axis used is the fundamental difference between these types of
trajectory analyses: models of incident cigarette smoking model the time since smoking onset,
while mixed trajectories model changes in smoking over time and use axes such as age or
calendar time. Incident trajectories should theoretically present the clearest picture of the
development of smoking over time in an individual. For this reason, we elected to carry out our

own comparison of incident and mixed cigarette smoking trajectory models.

Objective: In an adolescent cohort of 1293 participants aged 12-13 years at inception in
Montreal (Canada) in 1999-2000, to: (i) model trajectories of incident cigarette smoking; and
(i1) to compare incident trajectories with mixed trajectories modeled using both incident and
prevalent novice smokers, to ascertain whether the number or shape of trajectories differ and

whether the risk factors or outcomes differ.

Hypothesis 1: Modeling trajectories of incident cigarette smoking in adolescence
identifies high-risk smokers who begin smoking earlier and in addition sustain high levels of

cigarette consumption during adolescence.

Hypothesis 2: Risk factors for incident cigarette smoking trajectories enable

identification of novice smokers at risk of becoming heavy and sustained cigarette smokers.
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Hypothesis 3: Novice smokers in higher risk/heavier cigarette smoking trajectories in
adolescence are more likely to smoke cigarettes in adulthood, as well as to smoke more often

and/or smoke more cigarettes per day/week/month in adulthood.

Hypothesis 4: Trajectories of incident cigarette smoking differ from trajectories
combining incident and prevalent cigarette smokers. The number, shape, and risk factors differ
between models of incident cigarette smoking versus models of incident and prevalent cigarette

smoking.

5.2 Objective 3

Objective: In an adolescent cohort of 1293 participants age 12-13 years at inception in
Montreal (Canada) in 1999-2000, to: (i) describe order of initiation of tobacco and cannabis; (ii)
describe age at first cannabis use across cigarette smoking trajectories; and (iii) identify

predictors of elapsed time between tobacco and cannabis initiation.

Hypothesis 1: Most individuals who initiate both cannabis and cigarettes will initiate
cigarette smoking first. Order of initiation of cannabis and cigarettes is not associated with

cigarette smoking trajectory group.

Hypothesis 2: The proportion of ever-cannabis use is higher in trajectories with heavier
compared to lighter cigarette smoking. Cannabis use is initiated at younger ages in heavier

smoking trajectories.

Hypothesis 3: Risk factors for time elapsed between initiation of one substance and
initiation of the second can be identified. Risk factors for time to cigarette smoking initiation
among ever cannabis users differ from those for time to cannabis initiation among ever cigarette

smokers.
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Chapter 6 — Methods

The current chapter presents methods pertaining to Manuscripts 2 and 3 of the current
thesis. Sections 6.1 and 6.2 relate to Objectives 2 and 3 and describe the data source (i.e., an
adolescent sample of 1293 participants age 12-13 years at inception) and variables used to: (1)
model trajectories of incident cigarette smoking; (ii) compare incident and prevalent adolescent
cigarette smoking trajectories; (iii) study cannabis and cigarette initiation in relation to each
other and to cigarette smoking trajectories in high school. Section 6.3 presents an overview of

the analyses presented in Chapter 7.

6.1 Data source

The following two sections report the data source and variables used to address
Objectives 2 and 3. Data were drawn from an adolescent sample of 1293 participants age 12-13
years at inception to: (i) model trajectories of incident cigarette smoking, (i1) compare incident
and prevalent adolescent cigarette smoking trajectories during high school, (iii) describe order
of initiation of tobacco and cannabis; (iv) describe age at first cannabis use across cigarette
smoking trajectories; and (v) identify predictors of elapsed time between tobacco and cannabis
initiation.

NDIT study

The data to address Objectives 2 and 3 originate from the Nicotine Dependence in Teens
(NDIT) Study. [145], [146] The following sections describe the NDIT Study including its

design, data collection methods, and the study variables used in this thesis.

6.1.1 Study design

NDIT is an ongoing longitudinal investigation of 1293 students recruited in 1999-2000
from all grade 7 classes in a purposive sample [147] of 10 high schools in or near the city of
Montreal, Quebec, Canada. The objectives of the study were to investigate the natural course
and the determinants of cigarette smoking and nicotine dependence in novice smokers. NDIT

also incorporated collection of data on obesity, blood pressure, physical activity, team sports,

60



sedentary behaviour, diet, genetics, alcohol use, use of illicit drugs, second-hand smoke,

gambling, sleep and mental health. [145]

6.1.2 Sample of schools

Thirteen high schools in the Montreal area were selected with the assistance of local
school boards and school principals, to ensure a mix of schools of differing socioeconomic status
(high, moderate, low), language (French, English), and place of residence (urban, suburban,
rural). [145] Schools selected were also purported to have a low level of in- and out-migration
of students. [145] Private schools were excluded. Ten of 13 schools participated in the study
(three schools were excluded because of low student participation or for logistical reasons) and

students in grade 7 in 1999-2000 constituted the target study population.

6.1.3 Data collection

All grade 7 students in participating schools were given a take-home package that
included a letter addressed personally to them and their parent(s)/legal guardian(s) describing
the NDIT study, as well as a consent form for their parent(s)/legal guardian(s) to sign. The
Principal Investigator gave a presentation in each school to explain the study to students,
teachers and other school staff. Self-report questionnaires were administered at school every 3-
4 months during the 10-month school year between grades 7-11 (1999-2005), for a total of 20
cycles. Self-report questionnaires were also completed after graduation from high school in
2007-08 and 2011-12 (cycles 21 and 22, respectively) when participants were age 20 and 24
years on average, respectively. Additional measures were collected in selected cycles including
anthropometric measures, blood pressure measures, food frequency questionnaires, blood
and/or saliva samples for genetics testing and cotinine, observation of school neighborhoods,
and objective measures of physical activity collected using accelerometers. [145], [146]
Questionnaires were also completed by parents and school administrators, and parental blood

or saliva samples were obtained for DNA extraction. [145], [146]
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6.1.4 Ethical considerations

This study was approved by the Montreal Department of Public Health Ethics Review
Committee, the McGill University Faculty of Medicine Institutional Review Board, the Ethics
Research Committee of the Centre de Recherche du Centre hospitalier de I’Université de
Montréal (CRCHUM), and the Ethics Research Committee of the University of Toronto. Parents
or guardians provided written informed consent at baseline and participants provided assent.
Participants provided written informed consent in post-high school surveys when they had

attained legal age. [145], [146] (Appendix 10)

6.1.5 Participants

Response

Response rate in NDIT was relatively low (1294 of 2325 eligible students (56%)). (1293
of 2325 eligible students participated at baseline and a single individual participated only at
survey cycle 22.). This was due partly to the need for blood samples for genetic analysis and to

a labour dispute in Quebec that resulted in several teachers refusing to collect consent forms.

[145]
Characteristics of participants

Nearly half (48%) of study participants were male, 30% reported speaking French at
home, and 92% were born in Canada. Their mean age at baseline was 12.8 years. When
compared with data from 13 year-olds in the Quebec Child and Adolescent Health and Social
Survey (QCAHSS) [148], a representative sample of Quebec youth of three different ages (i.e.,
age 9, 13, and 16) in 1999 and a lower proportion spoke French at home (i.e., 30% versus 85%).
Their parents were also more highly educated (58% versus 30% university-educated,
respectively); and indicators of smoking were lower at baseline (e.g. 32% versus 53% had ever
smoked, respectively). [145] Characteristics of NDIT participants at baseline are presented in

Table 9. [145]
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Table 9. Comparison of baseline characteristics of NDIT participants with those of a
provincially representative sample of Quebec youth aged 13 years, NDIT 1999-2000;
Quebec Child and Adolescent Health and Social Survey (QCAHSS) 1999 (Reproduced
from reference [145])%f

Characteristic NDIT (n=1293) QCAHSS (n=1186)?
Age, mean years (SD) (CI) 12.8 (0.6) 12.9 (0.3)
(12.77, 12.83) (12.88, 12.92)
Male, % (CI) 48 (45, 51) 50 (47, 53)
French spoken at home, % (CI) 30 (27, 33) 85
Born in Canada, % (CI) 92 (90, 94) 95
Caucasian, % (CI) 82 100°
Parent(s) university educated, % (CI) 58 30
Ever smoked, even just a puff, % (CI) 32 53
Smoked >100 cigarettes lifetime (among smokers), % (CI) 27 37
No. cigarettes/week (among past-week smokers), mean (SD) 17.5(24.3) 20.9 (25.8)
BMI, mean (SD) 20.1 (3.8) 20.6 (4.1)
Systolic blood pressure, mean mmHg (SD) 105.3 (10.2) 112.5 (11.8)
Diastolic blood pressure, mean mmHg (SD) 56.6 (6.2) 59.2 (7.0)
No. physical activities/week,* mean (SD) 8.4 (8.6) 8.0 (7.8)
TV viewing (h/week), mean (SD) 20.5 (14.7) 24.7 (14.1)
Drank alcohol,® % (CI) 44 (41, 47) 51

2 Includes children age 13 years.

"Non-Caucasians were excluded by design.

°Excludes physical education classes at school.

4Time frame was past 3 months in NDIT and past 12 months in QCAHSS.

*Confidence intervals for proportions were obtained using the normal approximation to the binomial distribution. For continuous
variables known to be normally distributed in NDIT a standard CI using the normal distribution was calculated.

fConfidence intervals were calculated for variables which were known to be normally distributed (continuous variables) and for
which the degree of item nonresponse was known. (Not considering item nonresponse could lead to the confidence interval
obtained being too narrow.)

SD: Standard deviation. CI: Confidence interval. TV: Television. BMI: Body mass index. h/week: Hours per week. NDIT:
Nicotine Dependence in Teens study. QCAHSS: Quebec Child and Adolescent Health and Social Survey.

6.2 Description of study variables

6.2.1 Study variables used in Objectives 2 and 3

Table 10 describes the variables used in Manuscript 2 and 3.
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Table 10. Detailed description of variables used in manuscripts addressing Objectives 2
and 3, NDIT 1999-2012

Available Relevant
in Response choices/ | Recoded to
Variable cycle(s) Item (s) creation of score | for analysis manuscript
Sociodemographic|
Age 1-20 Date of birth, date of - 2,3
survey
Sex 1-20 Are you a boy or a girl? | Male, female - 2,3
Lives with one 1-20 Do you live with No, yes (for each | No, yes 2,3
parent your: biologic person)
mother, biologic
father, step-mother,
step-father
Born in Canada 1-11 Were you born...? In Canada, outside - 2,3
Canada
French-speaking 1-11 What language do English, French, French, other 2,3
you speak most English and
often at home? French, Other
Check one box. (specify)
Mother 13,17, How much education Did not finish No, yes 2,3
university- mother has your mother had? high school, high
educated questionnaire| school graduate,
vocational,
technical school,
CEGEDP,
university, don't
know, not
applicable, other
Smoking
indicators
Mean 1-22 For each of the past 3 0,1, 2-3,4-5,6-10, | No. days 2,3
number of months: During 11-15, was
cigarettes , on how many | 16-20, 21-30, multiplied
smoked per days did you smoke every day, don’t by no.
month in the cigarettes, even just a know cig/day and
past 3 puft? averaged
months[ 149] <1, 1, 2-3,4-5, 6- across
On the days that you 10, 11-15, months (see
smoked during last 16-20, 21-25, >25, | section 8.1
month, how many don’t of Appendix
cigarettes did you know 8 for
usually smoke each additional
day? details)
Baseline Have you ever in your | Yes, no Never 2,3
ever/never life smoked a cigarette, smoker (no+
smoked even just a puff (drag, I have never
hit, haul)? smoked,
even just a
puff), ever
I have never smoker
Check the box that smoked, even just a| (everyone
describes you best....”), | puff, I have smoked| else)
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at baseline. Responses to
the same question in
cycles 1-20 were used to
identify participants who
remained never smokers
during adolescence.)

cigarettes, but not
at all in the past 12
months, I smoked
cigarettes once or a
couple of times in
the past 12 months,
I smoke cigarettes
once or a couple of
times each month, I
smoke cigarettes
once or a couple of
times each week, |
smoke daily

Age at 21 How old were you when 3
cigarette you puffed on a cigarette
initiation for the first time?
Used other 1-20 During the past 3 Never, a bit to try, | No (never), 2
tobacco months, how often did | once or a couple of | yes (a bit to
products you: (i) smoke a cigar times a month, | try or more)
or cigarillo; (ii) use once or a couple of
chewing tobacco or times a week,
snuff every day
Parent(s) smoke 1-20 Does your father No, yes (foreach | Yes (1 or2 2,3
currently smoke parent) parents
cigarettes? Does your smoke), no
mother currently
smoke cigarettes?
Friends smoke 1-20 Now, think about your | None, a few, Yes, no 2,3
friends. How many of | about half, more
the people whom you than half, most or
usually hang out with all
smoke cigarettes?
Sibling(s) 1-20 You have _ sisters 0,1,2,3,4,5,6+ No, yes (>1 3
smoke sibling
____brothers who 0,1,2,3,4,5,6+ smokes)
smoke cigarettes.
Physically 1-22 How physically Not at all, a Yes (a little, 2
and/or addicted to smoking little, quite, quite, very
mentally cigarettes are you? very for either),
addicted no (not at
How mentally Not at all, a all for both)
addicted to smoking little, quite,
cigarettes are you? very
Really need a 1-20 How often have you Never, rarely, No (never), 2
cigarette felt like you really need | sometimes, often | yes (rarely,
a cigarette? sometimes,
often)
Quit smoking 22 Think about the last Never tried to No, yes (I 2
(among past time you tried to quit quit, no but I cut quit
3-month smoking. Did you down a lot, no but | smoking
smokers) quit smoking I cut down a little, | completely
completely (for a no the amount [ and have
while)? smoke didnt remained
change at all, yes | non-
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I quit completely
for_____ days, yes
I quit completely
and have
remained non-
smoking ever
since

smoking
ever since)

Want a 22 Even if you do not Never, rarely, Yes (rarely,
cigarette currently smoke sometimes, often sometimes,
[150] cigarettes, how often often), no

do you...want to (never)
smoke a cigarette?

Need a 22 Even if you do not Never, rarely, Yes (rarely,

cigarette currently smoke sometimes, often sometimes,

[150] cigarettes, how often often), no

do you...need a (never)
cigarette?

Crave a 22 Even if you do not Never, rarely, Yes (rarely,

cigarette currently smoke sometimes, often | sometimes,

[150] cigarettes, how often often), no

do you...crave a (never)
cigarette?

mFTQ (7- 22 How many cigarettes <1 (0), 1-15 (0), Responses

item a day do you smoke? 16-25 (1),>25 for each of

modification 2 the 7 items
of mFTQ) Do you inhale? Never (0), seldom | were

[151], [152] (1), quite often summed to

(1), always (2)

How soon after you
wake up do you
smoke your first
cigarette?

<30 min (1), >30
min but before
noon (0), in the
afternoon (0), in
the evening (0)

Which cigarette
would you hate to
give up?

First in the
morning (1), any
other cigarette
before noon (0),
any other cigarette
in the afternoon
(0), any other
cigarette in the
evening (0)

Do you find it
difficult to refrain
from smoking in
places where it is
forbidden?

Yes, very difficult
(1), yes,
somewhat
difficult (1), no,
not usually
difficult (0), no,
not at all difficult

(0)

Do you smoke if you
are so ill that you are
in bed most of the
day?

Yes, always (1),
yes, quite often
(1), no, not
usually (0), no,

create a score
of 0-9.
Participants
were
categorized
as nicotine
dependent
(yes, no) if
they met >4
criteria.
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never (0)

Do you smoke more
during the first 2
hours than during the
rest of the day?

Yes (1), no (0)

ICD-10

Strong desire
or sense of
compulsion
to take
tobacco
[153], [154]

Difficulty
controlling
tobacco
taking
behaviour in
terms of
onset,
termination,
or level

Physiological
withdrawal
state when
tobacco use
has ceased or
been reduced,
as evidenced
by the
characteristic
withdrawal
syndrome for
tobacco; or
use of the

22

1. Have you ever had No, yes

strong cravings to

smoke cigarettes?

2. How Not at all, a
physically/mentally little, quite,
addicted to smoking very

are you?

3. How often have

you felt like you Never, rarely,
really need a sometimes, often
cigarette?

4. Do you find it

difficult not to Not at all
smoke in places difficult/I don’t
where it’s not know, a bit
allowed (at a movie difficult, very
theatre, at home if difficult

your parents don’t

know you smoke)?

1. In the past 3 Yes, I quit

months, did you
seriously try to
quit smoking
completely and
forever?

2. Do you smoke
cigarettes now
because it is

completely and
have remained
non-smoking, I
never tried to quit,
yes, I tried to quit
but failed,

other/I don’t
know/I smoke so
little, I don’t
know because I
have never tried to

really hard to quit
quit?
No; sometimes;
often/always
Now think about the never, rarely,

times when you have
cut down or stopped
using cigarettes or
when you haven’t
been able to smoke
for a long period (like
most of the day).
How often did you
experience. . .7 (i)
feeling irritable or
angry; (ii) feeling
restless/Feeling

sometimes, often

An item was
coded
positive if
the most
extreme
response
option was
endorsed. A
criterion was
coded
positive if
any of its
items were
positive (the
withdrawal
syndrome
required that
>2 of 4 items
be
endorsed).
Participants
were
categorized
as tobacco
dependent
(yes, no) if
they met

>3 criteria
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same (or a
closely
related)
substance
with the
intention of
relieving or
avoiding
withdrawal
symptoms

Evidence of
tolerance,
such that
increased
doses of
tobacco are
required to
achieve
effects
originally
produced by
lower doses

nervous, anxious or
tense; (iii) trouble
concentrating; (iv)
feeling a strong urge
or need to smoke

Progressive
neglect of
alternative
pleasure or
interests
because of
tobacco use,
increased
amount of
time
necessary to
obtain or take
the substance
or to recover
from its
effects

How true are each of
the following for you?
1. Compared to when
I first started
smoking, I need to
smoke a lot more
now to be satisfied.

2. Compared to when
I first started
smoking, I can
smoke much more
now before I start to
feel nauseated or ill.

I’ve never felt
nauseated or ill
from smoking,
not at all true, a
bit true, very true

Not at all true, a
bit true, very true

How true are each of
the following for you?
(1) I spend a lot of
time getting cigarettes
(going out of my way
to a store where |
know they will sell to
me; trying to find
someone who will buy
them for me); (2) I’'ve
stopped hanging out
with certain people
because of my
smoking; (3) I avoid
going to a friend’s
house where you’re
not allowed to smoke
even though I might
enjoy hanging out with
him/her;

(4) T have cut down

or stopped physical
activity or sports
because of my
smoking

Not at all true, a
bit true, very true
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Persisting
with tobacco
use despite
clear
evidence of

How true are each of
the following for you?
1. In situations where
I need to go outside to
smoke, it’s worth it

Not at all true, a
bit true, very
true

overtly even in cold or rainy
harmful weather
consequences
2. If you are sick with No, I don’t have
a bad cold or sore to, I smoke so
throat, do you smoke? little; no, [ stop
smoking when
I’'m sick; yes, but
I cut down on the
amount I smoke;
yes, | smoke the
same amount as
when I am sick
Psychosocial
indicators
Depressive 1-20 During the past 3 Never, rarely, Score (range 2,3
symptoms months how often sometimes, often 1-
[155] have you: (i) felt too 4) created
tired to do things by
(i1) had trouble going summing
to sleep or staying responses
asleep (iii) felt and
unhappy, sad or dividing by
depressed (iv) felt no. of items
hopeless about the responded
future (v) felt nervous to
or tense (vi) worried
too much about
things
Family stress 1-20 During the past 3 Not at all/not Score (range 2

[156], [157]

months, have you been
worried or stressed by:
(i) your parents
separating or
divorcing; (ii) your
relationship with your
father; (iii) your
relationship with your
mother;

(iv) your relationship
with your
brother(s)/sister(s) (v)
your new family
(parents remarried)

applicable, a little
bit, quite a bit, a
whole lot

1-

4) created
by
summing
responses
and
dividing by
no. of items
responded
to
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Other stress 1-20 During the past 3 Not at all/not Score (range
[156], [157] months, have you applicable, a little | 1-
been worried or bit, quite a bit, a 4) created
stressed by: (i) whole lot by
breaking up with your summing
boyfriend/girlfriend; responses
(i1) your relationship and
with your friends; dividing by
(iii) a health problem no. of items
(acne, asthma); (iv) responded
sex; (v) school work to
Impulsivity 14,18 How true are each of Not at all true, a Score (range
(measured the following little true, 1-
using a statements for you: (i) I | somewhat true, 5) created
shortened often do things without | quite true, very by
version of the stopping to think (ii) I true summing
Eysenck am an impulsive person responses
Impulsivity (iii) I often talk and
Scale) quickly, before dividing by
[158], [159] thinking things out (iv) no. of items
I often get involved in responded
things I later wish I to
could get out of (v) I
need to use a lot of self-
control to keep out of
trouble (vi) I often get
into trouble because |
do things without
thinking (vii) I get
carried away by new
and exciting ideas, but |
don’t think of the
possible problems
Novelty- 14,18 How true are each of Not at all true, a Score (range
seeking [160] the following little true, 1-

statements for you: (i)
I often try new things
just for fun or thrills,
even if most people
think it is a waste of
time

(i1) When nothing
new is happening, |
usually start looking
for something that is
exciting (iii) I can
usually get people to
believe me, even
when what I’'m
saying isn’t quite true
(iv) I often do things
based on how I feel at
the moment (v) I
sometimes get so
excited that I lose

somewhat true,
pretty true, very
true

5) created
by
summing
responses
and
dividing by
no. of items
responded
to
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control of myself (vi)
I like it when people
can do whatever they
want, without strict
rules and regulations
(vii) I often follow
my instincts, without
thinking through all
the details (viii) I can
do a good job of
“stretching the truth”
when I’m talking to
people (ix) I change
my interests a lot,
because my attention
often shifts

Self-esteem 12 Indicate the response Not at all true, a Score (range 2,3
[161] which best describes little true, very 1-
your situation. (i) I true 3) created
think I am someone by
who has something summing
valuable to offer, at responses
least as much as other and
people do (ii) I think I dividing by
have a certain number the no. of
of good qualities (iii) items
Everything considered, responded
I tend to think 'm a to
failure (iv) I think I am
capable of doing things
as well as other people
my age (v) There’s
little reason to be
proud of myself; (vi) I
have a positive attitude
towards myself; (vii) I
find it difficult to
accept myself as [ am;
(viii) Sometimes I
think I’m really
useless;
(ix) I’ve thought of
myself as a good-for-
nothing on occasion
Lifestyle
indicators
Body mass 1,12,19 | Height and weight If there was a Mean 2
index (BMI) were measured twice discrepancy computed (if

by trained technicians

between the 2
measures (i.e., >

there were 3
measures, the

0.5 cm for height | 2 closest
or > 0.5 Ibs for measures
weight) a 3rd were used).
measure was BMI:
taken. weight
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(kg)/height

(m)2. Age-
and sex-
specific
BMI z-
scores were
computed
using the
CDC
guidelines.
[14,15]
Alcohol use 1-20 During the past 3 Never, a bit to try, | No, yes (a 2,3
months, how often once or a couple bit to try or
did you drink alcohol of times a month, | more)
(beer, wine, hard once or a couple
liquor) of times a week,
every day
Ever used 21 Have you ever done No, yes 3
cannabis any of the following?
...used marijuana,
cannabis, hashish
Age at first 21 Have you ever done any | No, yes (as above) 3
cannabis use of the following? (as
above)
If yes, how old were you| When I did it the
when you did it the first | first time [ was
time? ...used marijuana,| __ years old
cannabis, hashish
Moderate or 1-20 Think about the No, yes for each Activities 2
vigorous physical activities activity. 21 of summed to
physical that you did last week 29 activities create a
activity from Monday to were continuous
(MVPA) Sunday outside your designated score (range
[162] regular school gym moderate (3-6 0-189)
class. For each METs) and 6 of
activity that you did 29 activities were
for 5 min or more at designated
one time, mark an vigorous (>6
"X" to show the METs).
day(s) on which you
did that activity
Participated 1-20 Since September of No, yes (for each | No, yes (=1 2
in team this school year, did team or lesson) team)
sport(s) you belong to any of

the following
intramural or
extramural school
sports teams (teams
that were not part of
your regular gym
class)? (list of 13
teams). Now think
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about sports teams
and lessons outside of
school. In the past 3
months, did you
belong to a...? (list of
12 teams)

MVPA: Moderate and vigorous physical activity. BMI: Body mass index. METS: Metabolic equivalent. CDC: Centers for
Disease Control (U.S.). kg: kilograms. m: meters. lbs: pounds. mFTQ: Modified Fagerstrom Tolerance Questionnaire.

6.2.2 Reliability of cigarette measure

Reliability has been defined as the degree of stability exhibited when a measurement is
repeated under identical conditions (see also section 8.3.2 for the difference between the

concepts of reliability and validity). [32]

Test-retest reliability was measured by administering the questionnaire twice to a subset
of NDIT participants (n = 63, mean age 14.1 years). Due to the study design, some participants
provided data on cigarette use for the identical month in two different questionnaires

administered 3 months apart. [163]

Frequency and intensity of cigarette use had the following test-retest reliability: kappa
= 0.78 (0.66, 0.91) and 0.75 (0.61, 0.89), respectively. This corresponds to relatively good
agreement (i.e., “moderate”, near “strong” agreement) according to one published reference.

[164] According to a second, this corresponds to “good” to “excellent” reliability. [165]

The ICC (used to measure test-retest reliability of the continuous cigarette smoking
measure) for the combined measure representing the number of cigarettes smoked in the past
month was however lower, at 0.64 (0.46, 0.77), indicating fair to good reliability according to

one published scale. The measure should therefore be reliable. [163], [165]

6.3 Data analysis

Analyses were conducted using SAS versions 9.3, 9.4, and SAS University Edition.
[166] Truncated regression analyses were carried out in R, using the Truncreg package. [167],

[168] Trajectories were estimated using Proc Traj. [14]

6.3.1 Modeling smoking trajectories

Modeling cigarette smoking trajectories (incident and mixed models)
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Group-based trajectory modeling was used to identify groups of smokers (i.e., incident
smokers for incident trajectories; incident and prevalent smokers for the mixed trajectories) that
were homogeneous in the pattern of mean number of cigarettes smoked per month over time.
Time since smoking initiation, in 3-month intervals, comprised the time axis for the incident
trajectories; this was converted to time in months after first puff (range 0 to 48 months) in
Manuscript 2. The time axis for the mixed trajectories was data collection cycle (1 to 20); this
was transformed to median age at each cycle in Manuscript 2. The number and shape of
trajectories was not specified a priori but rather estimated from the data. We considered models
with 1 to 6 trajectories, and selected the model which minimized the Bayes factor derived from
the Bayesian Information Criterion (BIC) [14], [16], with the requirement that the average
posterior probability assigning each individual to a group be more than 70%. The number of
trajectory groups was determined using cubic polynomials; the model was then simplified by
excluding higher order polynomial terms that were not statistically significant at the 5% level,
except when this simplification resulted in an unstable model. Once the model was estimated,
we assigned each individual to the trajectory group for which their posterior probability was

highest.

6.3.2 Data analysis: Objective 2

The appearance of the incident and mixed trajectory models was compared. Potential
risk factors were compared between trajectory groups in both the incident and the mixed
cigarette smoking trajectory models. Smoking-related outcomes in young adulthood were

compared across trajectory groups in both models.

6.3.3 Data analysis: Objective 3

We compared the 307 participants included in the incident cigarette smoking trajectories
across trajectory groups, as well as with individuals who had never smoked across cycles 1-20,
baseline ever smokers, and with participants who reported having initiated cigarette smoking
during high school but stopped and reported zero for average monthly smoking throughout.
(Figures 5 and 6) Participants were compared in order to describe order of initiation of cigarette

smoking and cannabis use and to compare age at first cannabis use across participants
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categorized into one of eight cigarette smoking categories. We also attempted to identify factors

associated with elapsed time between cannabis initiation and cigarette smoking initiation. .
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Chapter 7 - Results
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7.2 Manuscript 2
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Contributions to Manuscript 2 by Candidate

BL carried out all initial analyses, which originally involved only incident cigarette
smoking trajectory models. BL drafted several initial versions of all sections of the article. The
article was later extended to include a comparison of incident and mixed trajectories. BL

participated in discussions and provided detailed feedback on all later versions of the article.

Note on manuscript references*

*“Please note that references in the current manuscript are indicated by rounded

parentheses (i.e., ( and )) and refer to the list of references presented at the end of section

7.2.
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7.2.1 Abstract

Aims: Most studies modeling adolescent cigarette smoking trajectories use age or grade
as the time axis, possibly obscuring depiction of the natural course of cigarette smoking onset.
We compared trajectories in new (incident) adolescent smokers and (as in most trajectory

studies) a mix of incident and ever- (prevalent) smokers at baseline.

Design: Data were drawn from a prospective investigation of adolescents recruited in

1999-2000 and followed in 22 data collection cycles from age 12 to 24.
Setting: Montreal, Canada

Participants: 1293 grade 7 students from 10 high schools. Analysis of incident
trajectories included 307 incident smokers; analysis of “mixed” trajectories included 307

incident and 338 prevalent smokers (who reported ever-smoking at baseline).

Measurements: Cigarette consumption was measured every 3 months during high
school, and 6 years after graduation. We studied whether baseline sociodemographic, smoking-
related, psychosocial, and lifestyle indicators were associated with trajectory group. Smoking

status and nicotine dependence (ND) were assessed at age 24.

Findings: Five trajectories were identified in incident smokers: stable-low consumers
(45.6%), low-level decreasers (37.5%), slow escalators (8.1%), moderate escalators (6.2%),
early-rapid escalators (2.6%). Four trajectories were identified in the mix of incident and
prevalent smokers (the model did not differentiate stable-low and low-level decreasers). The
rate of change was generally attenuated across curves in the mixed trajectory analysis.
Escalating trajectories in both analyses were associated with higher levels of cigarette
consumption and ND in early adulthood, although 35.6% and 60.6% of incident low-level
decreasers and stable-low consumers continued to smoke respectively, and 10% and 16%

reported ND into adulthood.

Conclusions: Modeling a mix of incident and prevalent adolescent smokers obscures
depiction of the natural course of smoking onset and identification of factors associated with the
natural course. Even stable-low consumers and low-level decreasers continue to smoke and

experience ND into early adulthood.
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trajectories, young adults, incident, prevalent
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7.2.2 Introduction

Despite recent decreases in North America (1, 2), cigarette smoking in youth remains a
major public health burden. Recent reports indicate that 8% of Canadians ages 15-19 years and
of US high school students currently smoke cigarettes. (2-4) While 75% of youth initiate
smoking (5), not all become dependent or sustain smoking into adulthood. Increased
understanding of early life factors that differentiate youth who progress to long-term smoking
from those who initiate, but do not progress could enable targeting preventive intervention to

novice smokers at risk of long-term smoking.

Trajectory analyses such as group-based approaches used to identify distinct
developmental pathways of a behavior and to profile the characteristics of individuals within
each homogeneous subgroup (6), have been useful in understanding the development of
cigarette smoking behavior. In the last two decades, this method has flourished, in part due to
the availability of analytic software that has facilitated its use. (7) These analyses provide
support for the existence of multiple cigarette use trajectories suggestive of heterogeneity in the

natural course of cigarette smoking. However, two aspects of this literature warrant attention.

First, despite the burgeoning literature, 41 of 43 studies in a recent systematic review (8)
estimate cigarette smoking trajectories as a function of age or grade and thus include both
current (prevalent) smokers, as well as new (incident) smokers. Only two studies (9, 10) estimate
trajectories of incident smokers alone and thus capture the early natural course of cigarette
smoking. Mixed trajectory studies (including both prevalent and incident smokers) result in
trajectory groups that include members with different durations of smoking at a given point in
time or age, and thus more variable levels of cigarette consumption and nicotine dependence
(ND). Such studies provide a snapshot of archetypical trajectories in a given population (e.g.,
adolescents during high school) over time but, given the arbitrary anchoring of time zero, may
not provide an accurate depiction of the natural course of smoking. (9) The question therefore
arises as to whether incident and mixed trajectories can be used interchangeably to depict the

natural course of smoking and identify windows of opportunity for intervention.

Second, it is generally accepted that, although other factors contribute to long-term

smoking, ND is a central reason why smokers cannot quit. While several studies investigate
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outcomes of adolescent smoking trajectories in adulthood such as smoking-related beliefs(11),
cigarette smoking (12, 13), and family smoking (14, 15), only three investigate ND. Riggs et
al., (16) reported significant differences across four trajectories in the likelihood of ND in early
adulthood, suggesting even smokers with low cigarette use (0-4 cigarettes weekly) throughout
adolescence were at risk of becoming addicted. Similarly, Karp et al. found that the majority of
youth in trajectories with rapid increasing intensity of cigarette smoking over time developed
some ND within a few years of initiation. (9) Lessov-Schlaggar et al., (14) however, reported
“that regardless of trajectory group membership, smoking more than a few cigarettes per week
throughout adolescence resulted in similar levels of lifetime nicotine dependence...”. This
inconsistency needs resolution because, if all trajectories result in similar proportions of ND
adult smokers, the need for targeting intervention to specific subgroups of higher-risk
adolescents is obfuscated. If only one or two trajectories result in high proportions of
(dependent) adult smokers, planning targeted rather than population-wide programs may be

more useful.

To address these gaps, we built on our earlier study (9) that tracked incident smokers
from smoking initiation (at approximately age 13) to age 15. Because we continued intense
follow-up (four data collection cycles per grade) during the five years of high school, the current
study extends these earlier trajectories to age 17. We estimated trajectories in incident smokers
only, as well as in both incident and baseline prevalent smokers, we identified factors associated
with trajectory groups, and we examined the association between trajectories and smoking-

related outcomes in young adulthood including ND.
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7.2.3 Methods

Data were drawn from the Nicotine Dependence in Teens (NDIT) Study (17), a
longitudinal investigation of 1293 grade 7 students recruited in 1999-2000 in 10 Montreal-area
high schools. Schools selected included a mix of students by socioeconomic status (high,
moderate, low), language (French, English), and place of residence (urban, suburban, rural).
Participation at baseline (56% of eligible students) was affected by a labour dispute that resulted
in some teachers refusing to collect consent forms. Participants completed self-report
questionnaires at school every 3 months over five years in high school, for a total of 20 data
collection cycles. (17) Questionnaires were also completed in 2007-08 (cycle 21) and 2011-12
(cycle 22) when participants were age 20 and 24, respectively. We refer to “baseline” in this

manuscript as the first cycle that participants completed.

This study was approved by the Montreal Department of Public Health Ethics
Committee and the McGill University Faculty of Medicine Institutional Review Board. It was
also approved by the Ethics Research Committee of the Centre de recherche du Centre
hospitalier de I’Université de Montréal. Parents/guardians provided written consent prior to

baseline and participants provided consent post-high school.
Study design

We undertook two sets of trajectory analyses — one including incident cigarette smokers
only (hereafter referred to as “incident trajectories”), and one including both incident and
prevalent cigarette smokers (hereafter referred to as “mixed trajectories”). To create the analytic
samples, we distinguished never- and ever-smokers at baseline based on responses to two
questions: (i) “Have you ever in your life smoked a cigarette, even just a puff (drag, hit, haul)?”
(yes, no); and (ii) “Check the box that describes you best...” (I have never smoked, even just a
puff, I have smoked cigarettes, but not at all in the past 12 months, I smoked cigarettes once or
a couple of times in the past 12 months, [ smoke cigarettes once or a couple of times each month,
I smoke cigarettes once or a couple of times each week, I smoke daily). (Table 10) Of 1293
NDIT participants, 869 had never smoked at baseline; the 424 ever-smokers were defined as

prevalent smokers. (Figure 9)
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To identify incident smokers, we examined responses in cycles 2 to 20 to the two
questions: (i) “Have you ever in your life smoked a cigarette, even just a puff (drag, hit, haul)?”
and (i1) “Check the box that describes you best...” (I have never smoked, even just a puff, versus
any other answer) among the 869 baseline never smokers. The 415 (out of 869) participants who
reported smoking for the first time in cycles 2 to 20 were defined as incident smokers. (Figure
9) Because trajectories cannot be estimated reliably with only one or two data points (18), 108
of 415 incident smokers without data on cigarettes smoked per month in at least 3 cycles (i.e., n
= 42 participants were excluded because they did not provide data on cigarette smoking in >3
data collection cycles and n = 66 had zero values for number of cigarettes smoked in the past
month for survey cycles 1-20 and could therefore not contribute to the trajectory estimation)
were excluded. Data were therefore available for 307 incident smokers. (Figure 9) The 108
excluded were older at baseline than the 307 included, a higher proportion was male, relatively
fewer were Canada-born, they smoked fewer cigarettes per month, reported fewer depressive
and “other stress” symptoms, and they had lower novelty-seeking scores. (Table 32) A total of
645 participants (307 incident smokers and 338 of the 424 baseline prevalent smokers) were
included in the mixed trajectory analyses. Eighty-six of the 424 prevalent smokers were
excluded because they did not have cigarette consumption data in >3 cycles. (Figure 9) Excluded
smokers in the mixed trajectory model (108 incident and 86 prevalent smokers) were older, a
higher proportion was male, relatively fewer were Canada-born, fewer had friends who smoke,
and they had lower novelty-seeking and impulsivity scores. (Table 33) Relatively fewer
excluded participants smoked at baseline, but those who did smoke reported a higher median

number of cigarettes per month than included participants.
Study variables

Number of cigarettes smoked per month was measured in a 3-month recall. (19) For each
of the three months preceding each cycle, participants reported number of days on which they
had smoked and usual number of cigarettes smoked per day on the days they smoked. The two
items were multiplied to obtain number of cigarettes smoked per month; these were summed
across the three months and averaged to obtain mean number of cigarettes smoked per month.
Test-retest reliability of mean number of cigarettes smoked per month as measured by the

intraclass correlation coefficient, was 0.64 (section 6.2.2). (20) Characteristics investigated in
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association with trajectory groups included sociodemographic indicators (age, sex, mother
university-educated, lives with one parent, born in Canada, French speaking) and smoking-
related indicators (number of cigarettes smoked per month, used other tobacco products,
parent(s) smoke, friend(s) smoke, physically/mentally addicted, really need a cigarette). Also
investigated were psychosocial indicators (depressive symptoms, family-related stress, other
stress, self-esteem, impulsivity, novelty-seeking) and lifestyle indicators (sex- and age-
standardized body mass index (BMI) z-score (21, 22), alcohol use, moderate and vigorous
physical activity (MVPA), participated in team sport(s)). Values for time-invariant
characteristics (sex, mother university-educated, French-speaking, born in Canada) were drawn
from baseline. Impulsivity and novelty-seeking (measured in cycles 14 and 18) and self-esteem
(measured in cycle 12) were considered to be relatively time-invariant; the earliest value
preceding cigarette smoking initiation was used, otherwise the variable was set to missing.
Similarly, the earliest value of the BMI z-score (measured in cycle 1, 12 and 19) was used in
the analyses or set to missing if unavailable. Values for all other characteristics were drawn from

the cycle in which cigarette smoking was initiated in the incidence analysis. (Table 10)

Smoking-related outcomes were measured in cycle 22. Smoked in the past 3 months was
measured in the 3-month recall. Quit smoking was coded yes for smokers who responded, “I
have smoked cigarettes, but not at all in the past 12 months” to: “Check the box that describes
you best” and, then, for past 3-month smokers who responded yes to: “Think about the last time
you tried to quit smoking cigarettes. Did you quit smoking completely and remain non-smoking
ever since?” Other outcomes investigated included: how mentally or physically addicted to
smoking cigarettes are you (recoded yes (a little bit, quite, very) or not at all), how often do you
want a cigarette (recoded yes (rarely, sometime, often) or never), how often do you need a
cigarette (recoded yes (rarely, sometime, often) or never), how often do you crave a cigarette
(recoded yes (rarely, sometime, often) or never), mFTQ (modified Fagerstrom Tolerance
Questionnaire) nicotine dependent (yes, no) and ICD-10 (International Classification of
Diseases — Tenth Revision) tobacco dependent (yes, no). Detailed descriptions of variables are
provided in Table 10. (See also Appendices 4, 5, and 8 for further details on variables, as well

as regarding included and excluded participants.)

Data analysis
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Group-based trajectory modeling was used to identify groups of incident smokers (for
the incident trajectory analyses), or incident and prevalent smokers (for the mixed trajectories),
that were homogeneous in terms of the pattern in mean number of cigarettes smoked per month
over time. The time axis for the incident trajectories corresponded to time since cigarette
smoking initiation, and the time axis for the mixed trajectories was data collection cycle (1 to
20). To facilitate interpretation of the figures, we converted time in 3-month intervals (i.e.,
number of cycles) to time in months after first puff (range 0 to 48 months) for the incident
trajectories and to median age at each survey cycle (range 12.7 to 16.4 years) for the mixed

trajectories.

The number and shape of trajectories was not specified a priori, but rather estimated
from the data. We considered models with one to five trajectories and selected the model that
led to the best improvement in the Bayes factor (23), if the average posterior probability
assigning each individual to a trajectory group was more than 70%. Each trajectory was initially
modeled using cubic polynomials and simplified by excluding higher order polynomial terms
that were not statistically significant at the 5% level. Once the model was estimated, we assigned
each participant to the trajectory group for which their posterior probability was highest.
Trajectories were estimated using the SAS PROC TRAJ command, version 9.3. (7)

We contrasted characteristics of participants in each trajectory group at the time of
cigarette smoking initiation (for the incident trajectories) or baseline (for the mixed trajectories),
as well as smoking-related outcomes in cycle 22, using ANOVA or Kruskall-Wallis procedures
for continuous variables and chi-squared tests for categorical variables. (It should be noted
however that for comparison of incident trajectory groups, baseline values for time-invariant
variables were used, while the earliest value available preceding cigarette smoking initiation
was used for impulsivity, novelty-seeking, self-esteem, and BMI z-score. If the variable was not
measured prior to initiation it was set to missing with regards to comparison of incident
trajectories. When comparing mixed trajectory groups, the earliest values available for
impulsivity, novelty-seeking, self-esteem, and BMI z-score were used, while all other variables
were measured at baseline.) Trajectory groups with less than 10 participants were excluded from
the testing procedures (a difference between the two models therefore was the exclusion of rapid

escalators who peak from the risk factor and outcome comparisons in the incident model).
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(Additional information on methods and reporting relating to this manuscript is provided in

Appendices 4, 5, 6, and 8.)
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Number of cigarettes smoked per month

Figure 3. (Manuscript 2, Figure 1) Trajectories with 95% confidence intervals of number of cigarettes
smoked per month among incident adolescent smokers (n = 307), NDIT 1999-2005
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7.2.4 Results

Incident trajectories

The 5-group model was the best fit to the data in the incident trajectory analyses. (Figure
3) The largest group (45.6% of 307 included incident cigarette smokers) consistently reported
low cigarette consumption, fluctuating around 28 cigarettes per month. This group is referred to
herein as “stable-low consumers.” A second group, the “low-level decreasers” (37.5%) reported
40 cigarettes per month at the first survey following initiation and then steadily decreased their
consumption to 1-2 cigarettes a month after 40 months of follow-up. “Slow escalators” (8.1%)
and “moderate escalators” (6.2%) increased their consumption until the end of follow-up at a
rate of approximately 6 and 12 cigarettes per month, respectively. Their maximum consumption,
attained 48 months after initiation, was 310 and 558 cigarettes per month, respectively. Finally,
“early-rapid escalators who peaked” (2.6%) began increasing consumption shortly after
initiation, continued increasing for 24 months to peak at 548 cigarettes per month 48 months

after initiation, before the curve leveled off for the duration of follow-up.

Two ND symptoms (physically/mentally addicted, really need a cigarette) differed
across incident trajectory groups, but few other variables were associated with incident
trajectory group. (Table 11) Specifically, there were no statistically significant differences
across groups in sociodemographic, psychosocial or lifestyle indicators. The only exceptions
were that slow escalators were younger on average at initiation, low-level decreasers were more
likely to be male and low level decreasers and stable-low consumers participated in MVPA less
frequently than other trajectories. (As a reminder, trajectory groups with <10 participants were
excluded from the statistical testing procedures, so the early-rapid escalators were not compared

with other groups in the incident trajectory model.)

Considering actual variable values (regardless of statistical significance), in general the
smoking-related indicators showed a less favorable/higher risk profile in the increasing
trajectories and a more favorable/lower risk profile in the low-level trajectories: for example
77.2% and 84.3% had friends who smoked in the low-level trajectories (i.e., low-level
decreasers and stable-low consumers trajectory groups, respectively), while 88.0-100% had

friends who smoked in the increasing trajectories (i.e., slow escalators, moderate escalators, and
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early-rapid escalators who peaked). Use of other tobacco products was 42.5% and 36.1% in the
low-level trajectories and 48-83% in the increasing trajectories. This was not the case for other
risk factor categories: for example in the sociodemographic indicator category, mother
university education was 46.0% and 52.0% in the low-level smoking and 0-60.9% in the
increasing trajectories. As another example team sports participation (in the lifestyle indicators
category) was also not clearly different: 64.3% and 55% had participated in the low-level

trajectories while 48-57.9% reported participation in the increasing trajectories.
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Table 11. (Manuscript 2, Table 1) Characteristics' of smokers across incident trajectory groups (n = 307), NDIT 1999-2005

Rapid
Low-level Stable-low Slow Moderate escalators
decreasers consumers escalators escalators p- who peak Missing
(n=99-115) (n=110-140) (n=21-25) (n=14-19) value’ (n=5-8) values n
Sociodemographic
indicators
Age, y, mean (SD) 14.1 (1.1) 14.1(1.2) 13.4(0.7) 14.0 (0.9) 0.0340 13.6 (0.5) 0
Male, % 48.7 30.7 40.0 36.8 0.0344 5/8 (0.625) 0
Mother university- 46.0 52.0 60.9 40.0 0.4705 0/6 40
educated, %
Lives with one parent, 8.7 17.3 12.0 10.5 0.2318 1/8 (0.125) 1
%
Born in Canada, % 93.0 97.1 100.0 94.7 0.2435 8/8 0
French-speaking, % 243 19.3 24.0 36.8 0.3486 2/8 (0.25) 0
Smoking-related
indicators
No. cig/month, median 0.5 0.5 33 1 0.0004 27.2 5
(IQR) (0.5, 1) 0,1 (0.6, 34.6) (0.5,12.2) (0.4, 65.7)
Used other tobacco 42.5 36.1 48.0 58.8 0.2440 5/6 (0.83) 13
products, %
Parent(s) smoke, % 24.6 31.9 48.0 333 0.1271 4/8 4
Friends smoke, % 77.2 84.3 88.0 94.7 0.1522 8/8 1
Physically/mentally 19.1 24.5 60.0 421 0.0001 5/7(0.714) 2
addicted, %
Really need a cigarette, 35.6 38.1 68.0 68.4 0.00168 78 1
%
Psychosocial indicators
Depressive symptoms, 2.2(0.8) 2.2(0.7) 2.5(0.7) 2.1(0.5) 0.2307 2.1(0.9) 0
mean (SD)
Family-related stress, 1.3 (0.5) 1.4 (0.4) 1.6 (0.5) 1.4 (0.5) 0.1372 1.3 (0.4) 2
mean SD)
Other stress, mean (SD) 1.6 (0.6) 1.6 (0.5) 1.8 (0.7) 1.6 (0.6) 0.2121 1.6 (0.5) 2
Self-esteem, mean (SD) 2.5(04) 2.5(04) 2404 2.5(04) 0.8927 2404 35
Impulsivityl, mean 2.4 (1.0) 2.5(0.9) 2.5(1.1) 2.7 (1.3) 0.7115 2.0 (0.8) 49

(SD)
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Novelty—seekingl, mean 3.0(0.7) 3.1(0.8) 2.9 (1.0) 3.4 (0.8) 0.2774 2.9(1.4) 48

(SD)
Lifestyle indicators

BMI z-score, mean 0.1 (1.0) 0.2 (1.0) 0.4(1.2) 0.2 (0.9) 0.5320 0.4 (1.2) 18
(SD)

Alcohol use, % 67.5 75.6 80.0 83.3 0.2863 6/8 (0.75) 7

MVPA, times/week, 21.1 (14.8) 19.4 (14.3) 27.8 (20.5) 28.3 (25.3) 0.0236 30.0 (26.4) 2
mean (SD)

Participated in team 64.3 55.0 52.0 57.9 0.4293 48 0
sport(s), %

Percents, means and the median for no. cig/month were computed excluding missing values.
'Baseline values for time-invariant variables (sex, mother university-educated, French spoken at home, born in Canada) were used. The earliest value available preceding cigarette
smoking initiation was used for impulsivity and novelty-seeking (both measured in cycles 14 and 18), and BMI z-score (measured in cycles 1, 12 and 19) was used.

2 . . . .
p-value for difference across stable-low consumers, later escalators and parabolic escalators (early-rapid escalators were excluded from the p- value computation because of the

low n). For categorical variables, differences across trajectory groups were assessed using chi-square. ANOVA was used to test for differences in means (of normally distributed
variables); the Kruskal-Wallis test was used to test for differences in no. cig/month (which was not normally distributed).

MVPA: Moderate and vigorous physical activity. SD: Standard deviation. BMI: Body mass index. IQR: Interquartile range.

94



Data on smoking-related outcomes in young adulthood were available for 235 of the 307
incident smokers. Participants with (n = 235) and without (n = 72) outcome data were similar
on all characteristics, except that a higher proportion of those without outcome data had parents

who smoked cigarettes. (Table 34)

At age 24, approximately 35.6% of low-level decreasers and 60.6% of stable-low
consumers reported smoking in the past 3 months, compared to 94.7% and 73.3% of slow and
moderate escalators. (Table 12) Three of five early rapid escalators reported smoking at age 24.
Median number of cigarettes per month ranged from 0 to 1 in low-level decreasers and stable-
low consumers to 193 to 240 (9-10 cigarettes per day) among other trajectory groups. There was
a consistent increase from low-level decreasers and stable-low consumers to the three escalator
trajectories across all ND symptoms and indicators (e.g., 28.3% and 47.5% in the low-level
trajectories reported craving a cigarette, whereas 78.6-84.2% reported cravings in the increasing
trajectories). The proportion of incident smokers who were ND (according to the mFTQ and
ICD-10 indicators) at age 24 ranged from 20-50% in the three escalating trajectories, although
a lower number (10.3% of low-level decreasers and approximately 16% of stable-low

consumers) of low-level trajectory participants were ND in adulthood.
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Table 12. (Manuscript 2, Table 2) Smoking-related outcomes in early adulthood across incident trajectory
groups (n =235), NDIT 1999-2012

Rapid
Low-level Stable-low Slow Moderate escalators
decreasers consumers escalators escalators who peak Missing
(n=178-92)' (n=98-104)' (n=19 (n=14-15" | p-value' (p(mpoiti%n) values” n
n=4-
Smoked in past 3 months, % 35.6 60.6 94.7 73.3 <0.0001 3/5 (0.6) 2
No. cig/month, median (IQR) 0 1.1 240 193 <0.0001 240 2
(1.2) (0,62.5) (32.7,390) (0,390) (0,240)
Quit smoking cigarettes, % 65.2 41.3 10.5 26.7 <0.0001 2/5(0.4) 0
Want a cigarette, % 46.7 68.0 94.7 86.7 <0.0001 4/5 (0.8) 1
Need a cigarette, % 24.2 40.6 84.2 80.0 <0.0001 3/5 (0.6) 4
Crave a cigarette, % 28.3 47.5 84.2 78.6 <0.0001 4/5 (0.8) 4
g‘yma“y or mentally addicted, 293 49.0 89.5 80.0 <0.0001 |  4/5(0.8) 0
mFTQ >4, % 10.3 16.3 42.1 35.7 0.0032 2/4 (0.5) 22
ICD-10 tobacco dependent, % 10.3 15.7 474 42.9 0.0002 1/5(0.2) 17

Percents and the median for no. cig/month were computed excluding missing values.

1 . . . .
p-value for differences between stable-low consumers, later escalators and parabolic escalators (early-rapid escalators were excluded from the p-value computation because of
the low n). For categorical variables, differences across trajectory groups were assessed using chi-square. The Kruskal-Wallis test was used for no. cig/month (which was not
normally distributed). (We used parametric tests where possible and non parametric tests where assumptions of parametric tests were violated.)

*Data were missing because of loss-to-follow-up, participants not completing a questionnaire, or missing data on specific variables.

ICD-10: International classification of diseases, 10" revision. IQR: Interquartile range. mFTQ: Modified Fagerstrdm Tolerance Questionnaire.
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Mixed trajectories

The 4-group model was selected in the mixed trajectory analyses. The largest group
(56.4% of the n = 645 included participants in the mixed trajectory model) reported consistent
stable-low cigarette consumption throughout the study (“stable-low consumers”). (Figure 4)
Slow, moderate and early-rapid escalators represented 21.4%, 14.9% and 7.3% of smokers
included in this analysis. The proportion of incident smokers (i.e., the mixed trajectories
included both incident and prevalent cigarette smokers) in the four trajectory groups varied from

12.8% of early-rapid escalators to 61.8% in the stable-low consumers group.

The mixed trajectory groups were discriminated by all smoking-related indicators
measured at baseline. (Table 13) Unlike the incident trajectories, other characteristics including
mother university-educated, French-speaking, depressive symptoms, family- and other stress,
self-esteem, BMI z-score, alcohol use and participated in team sport(s) were statistically
significantly different across trajectory groups. (As a note, a difference between the comparisons
carried out for the incident and the mixed trajectory models was that the early-rapid escalators
who peaked trajectory was excluded from statistical testing in the incident trajectory model,
while no trajectory group was excluded from the comparisons in the case of the mixed trajectory

model, because no trajectory group had an n of <10 in the mixed model.)
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Figure 4. (Manuscript 2, Figure 2) Trajectories with 95% confidence intervals of number of cigarettes smoked per month
among incident and prevalent adolescent smokers (n = 645), NDIT 1999-2005
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Considering actual variable values (aside from the sociodemographic indicators), in
general the majority of risk factors were both statistically significant and had values suggesting
more unfavorable/higher risk profiles for heavier cigarette smoking trajectories. For example,
among the smoking-related indicators, use of other tobacco products was 10.3% among the
stable-low consumers trajectory, while percentages ranged 21.4-38.6% in the increasing
trajectories (i.e., slow-, moderate-, and early-rapid escalators). Among the psychosocial
indicators, the depressive symptoms mean was very slightly lower (i.e., 2.1, indicating lower
depression) in the low-level group than in the increasing trajectories (2.2-2.5). Similar patterns
were observed for the anxiety, novelty-seeking, and impulsivity variables. Among lifestyle
indicators, BMI z-score was again slightly higher in the increasing trajectories (0.3-0.6) than
among low-level cigarette smokers (0.2). Alcohol use was more common in the increasing
trajectories (58.6-82.6%) than in the low-level trajectory group (50.3%). Among
sociodemographic indicators several variables showed consistent patterns when stable-low
consumers and increasing cigarette smoking trajectories were compared. For example, mean
age was slightly lower in stable-low consumers (12.7 years) than in the increasing trajectory
groups (12.8-13.2%). The proportion of participants born in Canada was lower in stable-low

consumers (94.5%) than in the increasing trajectory groups (95.8-100%).

Outcome data were available for 448 of the 645 incident and prevalent smokers (i.e., n
= 645 smokers were included in the mixed trajectory model). Compared to participants with
outcome data, those without were older, reported higher family-related stress, were more likely
to report smoking at baseline, and a higher proportion had parents and friends who smoked
cigarettes. (Table 35) Similar to the incident trajectories, patterns of associations with smoking
outcomes suggested that low-level smokers (i.e., low-stable consumers in this model) tended to
maintain lower levels of smoking and dependence in adulthood: 43.9% of stable-low consumers
had smoked in the past 3 months at age 24, compared to 67.7-84.8% of participants in the three
escalating mixed trajectories. (Table 14) Cigarette consumption was low in stable-low
consumers (median 0 cigarettes per day and per month), compared to 1, 7 and 8 cigarettes per
day (i.e., 36-240 cigarettes per month) in slow, moderate and early-rapid escalators. One-third
(i.e., 34.2% and 36.5%) of stable-low consumers reported craving and physical or mental

addiction, compared to 64.8% to 86.4% of participants in the three escalating trajectory groups.
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According to the mFTQ and ICD-10 indicators, 11.2-13.4% of stable-low consumers were ND

at age 24, compared to 25.8-76.2% in the escalating trajectories.
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Table 13. (Manuscript 2, Table 3) Baseline characteristics' of participants across mixed trajectory groups (n = 645), NDIT

1999-2005
Stable-low Moderate Early-rapid
consumers Slow escalators escalators escalators Missing
(n=300-364) (n=98-138) (n=60-96) (n=18-47) p- value’ values n
Sociodemographic indicators
Age, vy, mean (SD) 12.7 (0.5) 12.8 (0.6) 12.8 (0.6) 13.2 (0.8) <0.0001 0
Males, % 47.3 34.1 22.9 29.8 <0.0001 0
Mother university-educated, % 44.0 459 41.8 13.6 0.0408 147
Lives with one parent, % 10.6 11.3 12.1 6.7 0.8020 19
Born in Canada, % 94.5 97.1 95.8 100.0 0.2554 0
French-speaking, % 31.6 39.1 354 66.0 <0.0001 0
Smoking-related indicators
No. cig/month, median (IQR) 0(0,0) 0(0,1.3) 0.5 (0,11.8) 8.7 (0,236) <0.0001 28
Used other tobacco products, % 10.3 214 26.7 38.6 <0.0001 36
Parent(s) smoke, % 37.0 44.7 62.2 73.2 <0.0001 28
Friends smoke, % 40.6 61.9 71.4 84.4 <0.0001 18
Physically or mentally addicted, % 12.1 293 44.4 58.7 <0.0001 20
Really need a cigarette, % 15.8 42.0 53.9 82.2 <0.0001 33
Psychosocial indicators
Depressive symptoms, mean (SD) 2.1(0.6) 2.3 (0.6) 2.2 (0.6) 2.5(0.8) 0.0001 18
Family-related stress, mean SD) 1.3(0.4) 1.4(0.4) 1.4 (0.5 1.7 (0.6) <0.0001 22
Other stress, mean (SD) 1.5(0.4) 1.6 (0.4) 1.6 (0.5) 1.8 (0.6) <0.0001 22
Self-esteem, mean (SD) 2.5(0.4) 2.4(0.4) 2.3(0.4) 2.3(0.4) 0.0103 144
Impulsivity!, mean (SD) 2.4(0.9) 2.6(0.9) 2.7(1.1) 2.7(1.2) 0.0662 163
Novelty-seeking!, mean (SD) 3.0(0.8) 3.1(0.8) 3.2(0.9) 3.1(1.3) 0.2038 161
Lifestyle indicators
BMI z-score, mean (SD) 0.2 (1.0 0.4 (1.0) 0.3 (0.9 0.6 (1.0) 0.0382 52
Alcohol use, % 50.3 64.2 58.6 82.6 <0.0001 24
MVPA, times/week, mean (SD) 19.6 (13.2) 20.0 (18.1) 20.0 (14.9) 18.9 (13.9) 0.9693 17
Participated in team sport(s), % 65.9 55.1 53.1 51.1 0.0174 0

Percents, means and the median for no. cig/month were computed excluding missing values.

The earliest values available for impulsivity and novelty-seeking (both measured in cycles 14 and 18), self-esteem (measured in cycle 12) and BMI z-score (measured in cycles

1, 12 and 19) were used.

Chi-square was used to test for differences across trajectory groups in categorical variables. ANOVA was used to test for differences in means of normally distributed variables;

the Kruskal-Wallis test was used to test for differences across trajectory group in the median no. cig/month (which was not normally distributed).
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SD: Standard deviation. MVPA: Moderate and vigorous physical activity. BMI: Body mass index. IQR: Interquartile range.
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Table 14. (Manuscript 2, Table 4) Smoking-related outcomes in early adulthood across mixed trajectory
groups (n = 448), NDIT 1999-2012

Stable-low Moderate Early-rapid
consumers Slow escalators escalators escalators Missing
(n=238-264) (n=189-95) (n=62-67) (n=10-22) p—value] values’

Smoked in past 3 months, % 43.9 67.7 84.8 81.8 <0.0001 5
No. cig/month, median (IQR) 0(0,18) 36 (0,240) 223 (0,390) 240 (0,390) <0.0001 5
Quit smoking cigarettes, % 57.2 36.8 20.9 22.7 <0.0001 0
Want a cigarette, % 52.3 80.6 924 85.7 <0.0001 6
Need a cigarette, % 29.1 67.4 80.3 76.2 <0.0001 11
Crave a cigarette, % 34.2 64.8 86.4 80.0 <0.0001 11
Physically or mentally addicted, 36.5 69.9 83.6 76.0 <0.0001 4
%
mFTQ >4, % 13.4 30.8 51.6 76.2 <0.0001 36
ICD-10 tobacco dependent, % 11.2 25.8 45.5 42,6 <0.0001 30

Percents and the median for no. cig/month were computed excluding missing values.

Chi-square was used to test for differences in categorical variables across trajectory groups. The Kruskal-Wallis test was used to test for differences across trajectory groups in
the median no. cig/month. (We used parametric tests where possible and non parametric tests where assumptions of parametric tests were violated.)

’Data were missing because of loss-to-follow-up, participants not completing a questionnaire, or missing data on specific variables.
IQR: Interquartile range. mFTQ: Modified Fagerstrom Tolerange Questionnaire.
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7.2.5 Discussion

In this paper, we extended the length of follow-up of our earlier trajectory work (Karp
et al.) from a mean of 24 to 48 months. (9) Unique features of this current study include that we
modeled and compared incident vs. mixed trajectories and that we examined smoking-related

outcomes including ND, 6 years after the last data point used in the trajectory modeling.
Incident trajectories

Unlike the two other trajectory studies of incident smokers (9, 10), we identified five
incident trajectory groups rather than four, including low-level decreasers, stable-low
consumers, slow escalators , moderate escalators , and early-rapid escalators . Three of the five
trajectory patterns identified resemble those reported by Karp et al (2005). (9) However,
extending follow-up of the Karp et al. (2005) study, we now differentiate between stable-low
consumers and low-level decreasers while Karp et al. reported only stable-low consumers.
Extended follow-up also showed that early-rapid escalators did not decrease their cigarette
consumption, but continued to smoke at high levels until the end of high school. Reflected by
the wider confidence bands around the estimated trajectories, the precision of estimates in Karp
et al. was lower for follow-up exceeding two years after smoking onset. Extending the follow-
up likely provided more stable estimates of the trajectories more than two years after smoking
onset by increasing the number of data points available for estimation. As in Rosendahl et al
(2008) who reported sex-specific trajectories that evolved into non-smoking and which they
labeled “early extinction”, we identified low-level decreasers who slowly decreased cigarette

consumption to one cigarette a month after 48 months. (10)
Incident vs. mixed trajectories

An important novelty in this study was the difference in time axes across trajectory
analyses (time since smoking onset in the incidence analysis vs. age in the mixed analysis).
Although similar in shape, the rate of change in the mixed trajectories was generally attenuated
across curves, reflecting the mix of cigarette consumption levels and ND across incident and
prevalent smokers. In the incident analysis, 3% of participants were early-rapid escalators,
compared to 7% in the “mixed” model reflecting that adolescents at different stages in the

natural course of smoking and ND were studied in the mixed analyses (13% of early-rapid
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“mixed” escalators were incident smokers, compared to 100% in the incidence analysis). Further
the curve of early rapid escalators in the incident trajectory was steeper at smoking onset,
suggestive that the “window of intervention opportunity” for preventing escalation in cigarette

consumption is not as wide as the mixed analysis would suggest.

The importance of differentiating incident vs. mixed trajectories is further underscored
in the stable-low consumer group. Compared to 56% of participants in the mixed trajectory
analyses, 83.1% of incident smokers reported low levels of smoking, whether as stable-low
consumers (45.6%) or low-level decreasers (37.5%). This is expected since higher risk
adolescents had already initiated smoking prior to baseline (in NDIT, 29% of males and 35% of
females reported smoking at baseline, and therefore were not included in the incident trajectory
analyses). Overall an important finding of this work is that trajectory analyses incorporating a
mix of incident and prevalent smokers yield trajectories that differ from those that depict the
natural course of onset, and the differences in shape likely depend on the proportion of incident

smokers in the sample, and more specifically, in each trajectory group.
Factors associated with trajectories

A notable finding of this study is the different profile of factors associated with incident
vs. mixed trajectories. Other than sex, age and well-known smoking-related factors, the only
significant finding in the incidence analysis was that relatively more slow and moderate

escalators participated in MVPA.

In the mixed trajectories, inclusion of prevalent smokers may have enabled detecting
factors associated with both onset and sustained smoking. Aside from the smoking-related
indicators which appear to be “dose-dependent”, most significant results seem attributable to
differences between the first three groups and early-rapid escalators. This group comprised
prevalent smokers primarily for whom factors measured at baseline represents values during
(and not before) their natural course of smoking, and therefore could be consequences of
smoking. Alternatively, increased power in the mixed analysis might have permitted detection
of additional variables (over the incident analysis). It is however interesting to note that the
values for the various measures (discussed in the results section, such comparisons are akin to

comparisons of point estimates of measures of association) suggest that the difference in patterns
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of risk factor associations between the incident and mixed cigarette trajectory models may not

be due entirely to chance and sample size.
Outcomes

Outcomes of both the incident and mixed trajectories were unambiguous in that any
escalation in cigarette consumption was associated with higher levels of smoking and ND in
early adulthood. While quit rates were higher than in the three escalating trajectories, 36% of
low-level decreasers and 61% of stable-low consumers were still smoking in young adulthood,
one-third to nearly half reported ND symptoms and 10-16% were addicted according to well-
established indicators. These patterns of associations are supported by the actual values for the

outcome variables, as discussed in the results section above.

Limitations of this study include that self-report data are subject to misclassification bias.
Loss to follow-up could have resulted in selection bias in the association analyses and use of a
purposive sample may have rendered the results less generalizable across diverse jurisdictions.
For prevalent smokers, factors measured at baseline do not necessarily precede smoking onset.
Finally, some results are imprecise because of small numbers of participants in some groups and

by loss to follow-up, which would have affected the later time points in both models.
Conclusion

Trajectory analyses that include a mix of incident and prevalent smokers must be
interpreted considering the time axis (age/calendar time or time since onset). Only incident
trajectories can unambiguously depict the natural course of smoking onset. Although not
negligible in stable-low consumers, ND is a major issue in adolescent smokers who escalate

cigarette consumption.

106



Acknowledgements

Dr. Sylvestre was supported by a Chercheurs-Boursier career award from the Fonds de
Recherche du Québec—Santé (FRQS). Dr. O’Loughlin holds a Canada Research Chair in the
Early Determinants of Adult Chronic Disease.
Funding

This work was supported by the Canadian Cancer Society (grant numbers 010271,
017435) and the Cancer Research Society (grant number 21098). The funders were not involved
in the design or conduct of the study; collection, management, analysis, or interpretation of the

data; or preparation, review, or approval of the manuscript.

107



References

1.

[98)

10.

11.

12.

13.

14.

15.

16.

Reid JLHD, Rynard VL, Madill CL, Burkhalter R. Tobacco Use in Canada: Patterns and
Trends, Waterloo, ON: Propel Centre for Population Health Impact, University of
Waterloo. 2017.

Office on Smoking and Health (National Centers for Chronic Disease Prevention and
Health Promotion). Trends in Current Cigarette Smoking Among High School Students
and Adults - United States, 1965-2014; 2018.

Centers for Disease Control and Prevention. Youth and Tobacco Use; 2018.

Statistics Canada. Canadian Tobacco, Alcohol and Drugs Survey: 2017 summary,
Ottawa, Ontario, Canada: Health Canada; 2018.

O'Loughlin JL, Dugas EN, O'Loughlin EK, Karp I, Sylvestre MP. Incidence and
determinants of cigarette smoking initiation in young adults. Journal of Adolescent
Health2014: 54:26-32.e24.

Nagin D. Analyzing developmental trajectories: A semi-parametric, group-based
approach. Psychological Methods 1999: 4: 139-177.

Jones BL, Nagin DS, Roeder K. A SAS procedure based on mixture models for
estimating developmental trajectories. Sociological methods & research 2001; 29:374-
393.

Lauzon B, Ahun MN, Sylvestre MP, Hanusaik N, Bergeron-Caron C, Eltonsy S.
O’Loughlin J. A systematic review of cigarette smoking trajectories in adolescents;
2018.

Karp I, O'Loughlin J, Paradis G, Hanley J, DiFranza J. Smoking trajectories of
adolescent novice smokers in a longitudinal study of tobacco use. Annals of
Epidemiology 2005: 15:445-452.

Rosendahl K. I., Galanti M. R., Gilljam H. Trajectories of smokeless tobacco use and of
cigarette smoking in a cohort of Swedish adolescents: differences and implications,
Nicotine and Tobacco Research 2008: 10:1021-1027.

Chassin L, Presson CC, Pitts SC, Sherman SJ. The natural history of cigarette smoking
from adolescence to adulthood in a midwestern community sample: multiple trajectories
and their psychosocial correlates. Health Psychology 2000; 19:223.

Nelson SE, Van Ryzin MJ, Dishion TJ. Alcohol, marijuana, and tobacco use trajectories
from age 12 to 24 years: Demographic correlates and young adult substance use
problems. Developmental Psychopathology 2015; 27:253-277.

Hampson SE, Tildesley E, Andrews JA, Barckley M, Peterson M. Smoking trajectories
across high school: sensation seeking and hookah use. Nicotine and Tobacco Research
2013; 15:1400-1408.

Lessov-Schlaggar CN, Hops H, Brigham J, Hudmon KS, Andrews JA, Tildesley E,
McBride D, Jack LM, Javitz HS, Swan GE. Adolescent smoking trajectories and
nicotine dependence. Nicotine and Tobacco Research 2008; 10:341-351.

Vuolo M, StaffJ. Parent and child cigarette use: a longitudinal, multigenerational study.
Pediatrics 2013; 132(3):¢568-77.

Riggs NR, Chou CP, Li C, Pentz MA. Adolescent to emerging adulthood smoking
trajectories: when do smoking trajectories diverge, and do they predict early adulthood
nicotine dependence? Nicotine and Tobacco Research 2007; 9:1147-1154.

108



17.

18.

19.

20.

21.

22.

23.

O'Loughlin J, Dugas EN, Brunet J, DiFranza J, Engert JC, Gervais A, Gray-Donald K,
Karp I, Low NC, Sabiston C, Sylvestre MP, Tyndale RF. Cohort Profile: The Nicotine
Dependence in Teens (NDIT) Study. International Journal of Epidemiology 2015;
44:1537-1546.

Curran PJ, Muthén BO. The application of latent curve analysis to testing developmental
theories in intervention research. American Journal of Community Psychology 1999;
27:567-595.

Centers for Disease Control Prevention. Selected cigarette smoking initiation and
quitting behaviors among high school students--United States, 1997, MMWR Morbidity
and Mortality Weekly Report 1998; 47:386.

Eppel A, O'Loughlin J, Paradis G, Platt R. Reliability of self-reports of cigarette use in
novice smokers. Addictive Behaviors 2006; 31:1700-1704.

Hammer LD, Kraemer HC, Wilson DM, Ritter PL, Dornbusch SM. Standardized
percentile curves of body-mass index for children and adolescents. American Journal of
Diseases of Children 1991; 145:259-263.

Kuczmarski RJ. 2000 CDC growth charts for the United States; methods and
development, 2002.

Nagin D. Group-based modeling of development: Harvard University Press; 2005.

109



PLEASE NOTE that additional methodological details regarding Manuscript 2 are
presented in Appendices 4, 5, 6, and 8.
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7.3.1 Abstract

Aims: Our aims were to: (i) describe the order of initiation of cigarette smoking and
cannabis use among adolescents, (ii) compare age at first cannabis use across participants
categorized into one of eight cigarette smoking categories, and (iii) identify factors associated

with elapsed time between cannabis initiation and cigarette smoking initiation.

Design: Data were drawn from the Nicotine Dependence in Teens (NDIT) Study, a
prospective investigation of adolescents recruited in 1999-2000 and followed in 22 data

collection cycles from age 12 to 24 years.
Setting: Montreal, Canada

Participants: 1293 grade 7 students were recruited in 10 Montreal-area high schools.
The analytic sample included 857 participants with data on cigarette smoking collected
prospectively during high school and data on cannabis use collected retrospectively at age 20.
Of the 857, 454 never smoked cigarettes during high school, 424 students had already initiated
smoking at baseline, and 373 students initiated during high school. This latter group included
66 incident cigarette smokers who stopped smoking and 307 incident smokers categorized into
five trajectory groups (i.e., stable-low consumers (45.6%), low-level decreasers (37.5%), slow

escalators (8.1%), moderate escalators (6.2%) and early-rapid escalators (2.6%)).

Measurements: Cigarette consumption in the past 3 months was measured in four
cycles in each of grade 7 to 11 for a total of 20 data collections cycles. Ever use of cannabis,
age at first cannabis use and age at first cigarette use were measured in cycle 21 post-high school

at age 20 years.

Findings: The proportion of participants who had ever used cannabis ranged from 38.3%
in never smokers to 100% in slow escalators and early rapid increasers who peaked. Among
users of both cigarettes and cannabis, 15.6% initiated cannabis before cigarettes, 26.1% initiated
both substances during the same year, and 58.3% initiated cigarettes before cannabis. Median
age at first cannabis use ranged from 13 years to 16 years among differing cigarette smoking
categories representing different levels of use. Median age at first cannabis appeared to decrease

with increasing level of cigarette consumption, in that the four trajectory groups with the lowest
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consumption had the highest median age at cannabis initiation. Age at baseline predicted time

elapsed from cigarette initiation to cannabis initiation.

In this study of Montreal-area youth followed from high school into young adulthood,
first puff on a cigarette usually preceded cannabis use. However, some participants initiated
cannabis before cigarettes in most cigarette smoking categories. Ever cannabis use was in most
(with the exception of stable low consumers) cases higher and first cannabis use generally
occurred at a younger age, in cigarette smoking categories which likely had heavier lifetime
cigarette consumption including cigarette smoking escalators and prevalent smokers. Finally,
age at baseline was significantly associated with time to first cannabis use among ever cigarette

smokers.

Conclusions: NDIT data provide support for the Gateway Model, which states that
tobacco use precedes cannabis initiation. A minority of participants did however initiate
cannabis prior to cigarettes. Age at first cannabis use was lower in cigarette smoking groups
with heavier smoking. These smokers may constitute a higher risk group that may benefit from

targeted intervention as a “vulnerable population”.

Key words: adolescents, cigarette smoking, cannabis use, cohort, longitudinal, initiation
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7.3.2 Introduction

Despite considerable progress in population-based tobacco control over the past three
decades [3], [4], an important proportion of youth still smoke cigarettes [9] and many of these
young people also use cannabis. Schauer and Peters 2018 [43] reported that 5.4% of U.S. youth
ages 12-17 years reported past-month co-use of tobacco and marijuana. In the current North
American context, which is characterized by a high prevalence of co-use, increasing numbers
of jurisdictions legalizing cannabis for recreational purposes, constant evolution in the types of
tobacco products available (i.e., e-cigarettes) and aggressive marketing of these products by the
tobacco industry specifically targeting youth [116], it is critical to better understand evolving

patterns in the co-use of cigarettes and cannabis.

Issues which could be affected by this evolving context include, among others, the order
of initiation of cigarettes and cannabis (i.e., which substance is generally used first). According
to the Gateway Model [113]-[115], youth follow a predictable sequence as they become
increasingly involved in substance use, initially using tobacco and/or alcohol followed by
cannabis, and then other illicit drugs. [114], [115] Several studies [113]-[115] support this
theory, but many report initiation of cannabis prior to tobacco [71], [72], [143], [76], [79], [81],
[112], [136], [139], [141], [142] or prior to tobacco and alcohol [74], [75], [135], [140], [144].
Monitoring patterns in substance use initiation is critical to developing deeper understanding on
how legislation affecting product availability may (for example) affect youth substance use or
whether the introduction of new products such as e-cigarettes affects the prevalence of cannabis

use.

Another understudied issue is the time elapsed between initiation of one substance and
the next. In two [136], [141] of six studies [79], [81], [136], [141], [169], [170] that examined
time elapsed between tobacco and cannabis initiation, the mean time was 2.9 and 5.5 years when
tobacco was initiated first, and 2.4 years in both studies when cannabis was initiated first.
Shorter time lapse between initiation of psychoactive substances may have a more profound
impact on a developing brain than products tried over longer time periods. How an evolving
context affects the natural course of substance initiation and co-use is likely critical to planning

public health programs that can effectively reduce the harmful effects of youth substance use.
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Finally little is known about factors that influence time elapsed between cannabis and
cigarette smoking initiation. Among the few studies that have addressed this issue, risk factors
for cannabis initiation reported in ever smokers were heavier smoking [79], male gender [81]
and younger age [81]. No study to date has reported risk factors for tobacco initiation among

ever cannabis users.

Our aims in this current paper were to address these understudied issues in adolescents.
The specific objectives were to: (i) describe the order of initiation of cigarette smoking and
cannabis use, (i) compare age at first cannabis use across participants categorized into one of
eight cigarette smoking categories, and (iii) identify factor(s) associated with elapsed time

between cannabis initiation and cigarette smoking initiation.
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7.3.3 Methods

Data were drawn from the Nicotine Dependence in Teens (NDIT) Study [145], a
prospective investigation of 1293 grade 7 students recruited in 1999-2000 in 10 high schools in
Montreal, Canada. Schools were purposively selected to ensure a mix of students by
socioeconomic status (high, moderate, low), language (French, English), and place of residence
(urban, suburban, rural). Baseline participation (i.e., 56% of eligible students) was affected by
a labour dispute in Quebec that resulted in some teachers refusing to collect consent forms.
Participants completed self-report questionnaires in the language of instruction in their school
every 3-4 months over five years during secondary school for a total of 20 data collection cycles.
[145] Self-report mailed questionnaires were also completed post high school in 200708 (i.e.,
cycle 21). Cycle/survey 21 covered a median of 3.1 years post high school, when participants

were age 20 years on average. [171]

The current analysis included 857 participants with data on cigarette smoking in cycles
1 to 20 and data on retrospectively recalled cannabis use in cycle 21. Individuals (n = 394, see
figure 6) who did not complete cycle 21 or who were missing data on cannabis use in cycle 21
were excluded. Figures 5 and 6 describe the derivation of the analytic sample. (See also

Appendix 7)

The NDIT study was approved by the Montreal Department of Public Health Ethics
Review Committee, the McGill University Faculty of Medicine Institutional Review Board, and
the Ethics Research Committee of the Centre de Recherche du Centre Hospitalier de I’Université
de Montréal. Parents or guardians provided written informed consent at baseline; participants

provided written informed consent for cycle 21.
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Figure 5. (Manuscript 3, Figure 1a) Exclusions for cigarette use trajectories model, NDIT
1999-2008

n=1294
Smoking at baseline
n=425*
n =869
Never smokers
n =454
n=415
<3 smoking data points
n=42
n=373
Zero values throughout
n=66
n=307
*n =1 participant joined the study at survey cycle 22 and had ever smoked.
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Figure 6. (Manuscript 3, Figure 1b) Participants included and excluded in the analytic
sample, NDIT 1999-2008

Included in incident
trajectory modeling

n=2307
Never smoked
. during
. adolescence
Incident smokers ‘
n=454
who stopped g
n=66*
. Had ever
smoked at
baseline
n=424**
n=1251
No data on
cannabis at
survey 21
n= 394 *These individuals had zero values
throughout and 23 smoking data points.
n=_857
**n =1 individual participated only at survey
22 and was excluded,
Study variables

Cigarettes smoked in past month - was measured in a 3-month recall. [149] For each of
the three months preceding each data collection cycle, participants reported number of days on
which they had smoked and the usual number of cigarettes smoked per day on the days when
they smoked. (Table 10) The two items were multiplied to obtain mean number of cigarettes
smoked per month; these were averaged across the three months of recall at each cycle/survey
to obtain a value for mean number of cigarettes smoked per month. Test-retest reliability of the
mean number of cigarettes smoked per month based on the 3-month recall as measured by the

intraclass correlation coefficient, was 0.64 (section 6.2.2). [163]
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Age at cigarette smoking initiation - In cycle 21, participants were asked, “How old

were you when you puffed on a cigarette for the first time?”.

Ever used cannabis - In cycle 21, participants were asked, “Have you ever done any of

the following? (...) used marijuana, cannabis, hashish”. Response choices were “yes” or “no”.

Age at first cannabis use - In cycle 21, participants who reported they had ever used
marijuana, cannabis or hashish were asked how old they were when they used it for the first

time, with the response worded: “When I used it the first time, I was... (age) years old”.

Cigarette smoking categories — We classified individuals in terms of their cigarette
consumption and created an 8-category variable called “cigarette smoking categories” which

included:
(1) Never smokers (n = 454) who never reported any smoking in cycles 1 to 20;

(2) Participants who had already initiated cigarette smoking at baseline, referred to

herein as “prevalent smokers” (n = 424);

(3) Participants who initiated cigarette smoking during follow-up in cycles 2-20 but did
not smoke again after initiation, referred to herein as “incident smokers who stopped” (n = 66,
these participants were not included in the incident trajectory model presented herein and in

Manuscript 2, these are referred to as ‘zero values throughout in Figure 5);

(4) The remaining individuals in our sample (n = 350) included » = 1 individual who
participated only at survey 22 which we excluded; also excluded were n = 42 participants who
had <3 data point for cigarette smoking between surveys 1 and 20. Using the remaining 307
incident cigarette smokers (i.e., who were incident cigarette smokers during high school, it
should also be noted this group excluded the n = 66 participants who initiated in high school but
stopped after initiation), we reproduced the 5-group incident cigarette smoking trajectories
modeled in a previous article (Manuscript 2) using SAS Proc Traj. [14] The five groups retained

included:
e Stable-low consumers
e Low-level decreasers

e Slow escalators
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e Moderate escalators
e Early-rapid escalators who peaked

(It should be noted that incident cigarette smokers were the 5 groups obtained from our
model, as well as the n = 66 “incident smokers who stopped”, as all 6 groups initiated cigarette

smoking during high school.)

Elapsed time between cannabis and tobacco initiation - We calculated time elapsed
among participants who had used both substances as (age at 1st cannabis use) — (age at cigarette
smoking initiation). The proportion of participants that initiated cannabis prior to tobacco
(defined as (age 1st cannabis — age 1st cigarette) < 0, while cigarettes initiated before cannabis
was defined as (age 1st cannabis — age 1st cigarette) > 0) was compared across cigarette smoking
categories (in ever cannabis users, and excluding never and baseline ever smokers). The value
of time elapsed between cigarette smoking initiation and cannabis use initiation is also presented

separately according to whether cannabis or tobacco was initiated first.
Factors associated with elapsed time

Factors potentially associated with elapsed time between initiation of cannabis and
cigarette smoking investigated included: age, gender, and mean number of cigarettes smoked
per month in the past 3 months (at initiation). We also studied predictors of cigarette smoking
initiation previously identified in a systematic review [20] and/or of cannabis initiation
identified in a second review [172], including friend(s) smoke cigarettes, parent(s) smoke
cigarettes, sibling(s) smoke cigarettes, mother university-educated (in this analysis, data were
obtained from a combination of cycles 13, 17, and maternal questionnaires), French spoken at
home, born in Canada, lives with one parent, depression, self-esteem (measured at cycle 12),
and alcohol use. Aside from the exceptions mentioned just above (i.e., mean number of
cigarettes smoked per month in the past 3 months, mother university-educated, and self-esteem),
all variables were measured at baseline. (Table 10) (Additional details on variables, as well as

on participants included and excluded from our analyses, is presented in Appendices 5 to 8.)

Statistical analysis
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We undertook two regression analyses. The first used values of time elapsed in cannabis
“primo-initiators” (i.e., participants who initiated cannabis before cigarettes) as the dependent
variable. The second regression analysis used time elapsed in cigarette “primo-initiators” (i.e.,
who initiated cigarettes before cannabis). Since the distributions of these variables were

truncated at zero, we used truncated Gaussian models for both outcomes. [167], [168]

All analyses except the truncated regression models were conducted using SAS version
9.4 for Windows and SAS University Edition [166] and cigarette smoking trajectories were
obtained using Proc Traj. [14] Truncated regression models were carried out in R using the
truncreg package. [167], [168] (Additional information on methods and reporting is provided in
Appendices 5 to 8.)

Additional analyses

The following additional analyses were carried out as sensitivity analyses. One potential
issue was the clustering of data by school in NDIT. First, we determined the intracluster
correlation coefficient (ICCz), which is a measure of the relatedness of clustered data, and is
calculated by comparing the variance within clusters with the variance between clusters. ICC2
was calculated using the formula:

2

S . .
ICCz or p = —52—-, where Su> was the variance between clusters (i.e., the random
(sz"‘swz)

effect) and Sw? the variance within clusters. [173]-[175] This was calculated using mixed

modeling in SAS (SAS proc mixed). [166]

In order to examine further the potential effect of clustering within these data (clustering,
when ignored, can reduce the observed variance and thereby affect inference but should not
affect point estimates) [175], we used multilevel modeling to account for the clustering effect
by school in certain analyses. These were the analyses of time elapsed between cannabis and
cigarette initiation: our analyses relating to order of initiation of cigarettes and cannabis and to
age at cannabis initiation according to cigarette smoking category were descriptive and therefore
the “point estimates” involving the comparisons of sample measures and proportions across
cigarette categories should not be greatly affected. Given the distribution of time elapsed (i.e.,

truncated distribution) we used a multilevel model with gamma distribution [176] and modeled
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this using the Ime4 package in R. [177] We modeled only the variables which were significant

in the initial truncated regression models in Tables 20 and 21.

7.3.4 Results

Sample characteristics

Table 15 compares selected characteristics at baseline across cigarette smoking
categories, prior to deletion of individuals without data for cannabis use (cycle/survey 21).
Prevalent smokers were older (13.02 years) than incident and never smokers (12.55-12.86 years)
(Table 15, see also Table 40 for a comparison of mean ages between never, incident, and
prevalent smokers prior to deletion of individuals without data on cannabis use) and more likely
to live in a single-parent family (14.4% vs. 0-12.1% for prevalent vs. incident and never
smokers). They were more likely to speak French at home (47.4% vs. 19.3-36.8% for prevalent
vs. incident and never smokers) and to have friend(s) who smoke (71.0% vs. 15.0-57.1% for
prevalent vs. incident and never smokers) and parent(s) who smoke (58.6% vs. 26.1-50.0% for
prevalent vs. incident and never smokers). They were also less likely to have a university-
educated mother (35.6% vs. 40-60.9% for prevalent vs. incident and never smokers). (It should
be noted however that for this comparison, early rapid escalators who peaked did however have
a percentage of 0%.) Early rapid escalators who peaked and incident smokers who stopped had
the lowest proportions of female participants (37.5% and 37.9%, respectively) while stable low
smokers had the highest (69.3%). Slow escalators had the lowest mean age (12.55 years) while
prevalent smokers had the highest (13.02 years). Table 39 compares selected characteristics of
the n = 857 included participants who had data on cigarette use during high school and on
cannabis use at cycle 21, with excluded participants. Tables 40 and 41 provide other information
relevant to these analyses. Group sample sizes and missing data are provided in the results
tables.

Ever used cannabis

A total of 583 participants out of n = 857 included participants (56.3% of these ever
cannabis users were female) reported ever use of cannabis in cycle 21. The proportion of ever
use ranged from 38.3% in never smokers to 100% in both slow escalators and early rapid
escalators who peaked. (Table 16)

Order of initiation of cannabis use and cigarette smoking
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Among users of both cigarettes and cannabis who reported a value for age at initiation
for both substances (n = 441), n = 69 (15.6%) initiated cannabis before cigarettes, n = 115
(26.1%) initiated both substances the same year, and n =257 (58.3%) initiated cigarettes before

cannabis.
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Table 15. (Manuscript 3, Table 1) Baseline characteristics of never, incident, and prevalent cigarette smokers, NDIT 1999-

20082
Incident smokers'
Early rapid
Incident smokers| Low-level Slow Moderate |escalators who Prevalent
Never smokers | who stopped decreasers Stable low escalators escalators peaked smokers Missing
(n=454) (n=066) (n=115) (n=140) (n=25) n=19 n=21% (n=424) n
Age*,y 12.70 12.63 12.65 12.62 12.55 12.64 12.86 13.02 0
(mean (CI))* (12.65,12.75) | (12.53,12.73) |(12.57,12.73)| (12.55, 12.68) (12.42, ((12.47,12.81)|(12.45,13.27)| (12.95, 13.10)
12.67)

Female*, % 43.8 37.9 513 69.3 60.0 63.2 375 56.6 0

(39.2, 48.4) (26.2,49.6) | (42.2,60.4) | (61.7,76.9) |(40.8,79.2)| (41.5,84.9) | (3.9,71.0) | (51.9,61.3)
Single-parent family*, % (CI) 6.2 12.1 7.8 8.6 8.0 53 0 14.4 5

(4.0,84) (4.2,20.0) (2.9,12.7) (4.0,13.2) (0, 18.6) (0,15.4) (11.0, 17.7)

Born in Canada*, % (CI) 87.9 92.4 93.0 97.1 100 94.7 100 94.6 0

(84.9, 90.9) (86.0, 98.8) (88.3,97.7) (94.3,99.9) (84.6, 100) (92.4, 96.7)
French spoken at home*, % (CI) 20.3 24.2 243 19.3 24.0 36.8 25.0 47.4 0

(16.6, 24.0) (13.9,34.5) | (16.5,32.1) | (12.8,25.8) | (7.3,40.7) | (15.1,58.5) | (0,55.0) (42.6, 52.1)
Mother university-educated*, (%) 47.7 46.5 46.0 52.0 60.9 40.0 0 35.6 293
(CD)} (42.5,52.9) (33.7,59.3) (36.2, 55.8) (43.2,60.8) |(41.0,80.8) | (15.2,64.8) (30.0, 41.2)
Parent(s) smoke*, % (CI) 26.6 31.8 26.1 33.6 40.0 389 50.0 58.6 22

(22.5,30.7) (20.6, 43.0) (18.1, 34.1) (25.7,41.5) 1(20.8,59.2) | (16.4,61.4) | (15.3,84.6) (53.8, 63.3)
Friend(s) smoke*, % (CI) 15.0 21.5 29.6 27.9 32.0 31.6 57.1 71.0 3

(11.7,18.3) (11.5,31.5 | (21.3,37.9) | (20.5,35.3) [(13.7,50.3)| (10.7,52.5) | (20.4,93.8) | (66.7,75.3)

'Incident smokers were n = 307 participants included in the Proc Traj model and = 66 incident smokers who stopped.
2A Kruskal-Wallis test was used for age, while a chi-square test was used for all other variables. Factors for which there was a statistically significant difference (p < 0.05) between group(s) are marked
with an asterisk next to the variable name. All comparisons excluded early rapid escalators who peaked because of the small size of this group.
SMother’s education was created from information provided in cycles 13 and 17 by participants and in questionnaires completed by participants’ mothers.

“Data were normally distributed.
CI = 95% confidence interval. y: year.
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The proportion of participants who initiated cannabis before cigarette smoking according
to cigarette smoking category is presented in Table 16. The proportion ranged from 0% in

moderate escalators to 28.6% in incident smokers who stopped.

Table 17 describes the proportion of participants who initiated cannabis and cigarettes
in the same year according to cigarette smoking category. Moderate escalators and rapid
escalators who peaked had the highest proportions of participants who initiated cannabis and
cigarettes the same year (i.e., 50.0% and 42.9%, respectively), while incident smokers who

stopped had the lowest (17.9%).

Table 16. (Manuscript 3, Table 2) Number and percent of participants who tried cannabis
and tried cannabis before cigarettes’, by cigarette smoking category, NDIT 1999-2008

Tried cannabis before
cigarettes®*
Tried cannabis' (total n = 69)
Cigarette smoking category n' n (%)* n (%)*
Never smokers 321 123 (38.3) --
Incident smokers
Incident smokers who stopped 42 28 (66.7) 8 (28.6)
Low-level decreasers 91 76 (83.5) 11 (12.1)
Stable low consumers 104 100 (96.1) 11 (10.6)
Slow escalators 18 18 (100) 1(5.5)
Moderate escalators 14 12 (85.7) 0(0)
Early rapid escalators who peaked 7 7 (100) 1(14.3)
Prevalent smokers 260 219 (84.2) --

IRefers to ever users of cannabis, as reported at survey 21.

2After listwise deletion of participants in each group who had missing data on ever cannabis use at cycle 21.

3Tried cannabis prior to cigarette smoking initiation (both cigarette and cannabis initiation were reported at cycle 21).

“Never smokers and prevalent smokers were excluded from this table with regards to order of initiation. However n = 69 individuals who were
never smokers, incident smokers, and prevalent cigarette smokers tried cannabis before cigarettes.

SDenominator of the percentages was the number of participants in each group which had tried cannabis.

Age at first use of cannabis

The median age at first cannabis use was 15 years (range 9 to 23 years). Table 18 shows
median (range) age at first cannabis use according to cigarette smoking category. Median age at
first cannabis appeared to decrease with increasing level of cigarette consumption. The four
trajectory groups with the lowest consumption (i.e., never smokers, incident smokers who
stopped, low level decreasers, and stable low consumers) had the highest median age at cannabis

initiation (16, 16, 16, and 15 years, respectively). Early rapid escalators who peaked had the

lowest median age at first cannabis use (13 years). Figure 7 presents these same data using
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boxplots: the length of each box corresponds to the interquartile range, while the symbol in the

box interior represents the group mean and the horizontal line in the box interior the group

median. [178]

Table 17. (Manuscript 3, Table 3) Percent of participants who initiated cannabis the same
year as cigarettes’, by cigarette smoking category, NDIT 1999-2008

Tried cannabis and cigarettes
same year>*
Tried cannabis! (total n = 115)

Cigarette smoking category n? n, %3
Never smokers 123 --
Incident smokers

Incident smokers who stopped 28 5(17.9)

Low-level decreasers 76 16 (21.0)

Stable low consumers 100 31 (31.0)

Slow escalators 18 6 (33.3)

Moderate escalators 12 6 (50.0)

Early rapid escalators who peaked 7 3(42.9)
Prevalent smokers 219 --

IRefers to ever users of cannabis, as reported at survey 21.

2After listwise deletion of participants in each group who had missing data on ever cannabis use at cycle 21.

SInitiated cannabis in the same year as cigarette smoking initiation (both cigarette and cannabis initiation were reported at cycle 21).

“Never smokers and prevalent smokers were excluded from this table with regards to order of initiation. However n = 115 individuals who were
never smokers, incident smokers, and prevalent cigarette smokers tried/initiated cannabis and cigarettes at the same age.

SDenominator of the percentages was the number of participants in each group which had tried cannabis.

Table 18. (Manuscript 3, Table 4) Median age at first cannabis use, among cannabis ever-
users, by cigarette smoking category, NDIT 1999-2008>

Median age (range)
Group n* n' at first cannabis use, y

Never smokers 454 121 16 (12-20)
Incident smokers

Incident smokers who stopped 66 27 16 (12-19)

Low level decreasers 115 75 16 (12-20)

Stable low consumers 140 100 15 (9-19)

Slow escalators 25 18 14 (11-16)

Moderate escalators 19 12 14 (12-17)

Early rapid escalators who peaked 8 7 13 (12-18)
Prevalent smokers 424 219 14 (10-23)

"Number of participants after listwise deletion of participants with missing data for age at first cannabis use at cycle 21 (includes participants

who reported that they had never tried cannabis, and who therefore did not report an age at first use).

2A Kruskal-Wallis test was used to test for differences between groups, which was statistically significant (p < 0.0001).

3Total number in each cigarette category prior to listwise deletion.
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Figure 7. (Manuscript 3, Figure 2) Age at first cannabis use by cigarette smoking
category, NDIT 1999-2008
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Trajectory group

NS=never smokers, IWS=incident smokers who stopped, LLD=low level decreasers, SLC=stable low consumers, SE=slow
escalators, ME=moderate escalators, EREWP=early rapid escalators who peaked, PS=prevalent smokers.

Time elapsed

Boxplots of (age at 1* cannabis use) — (age at smoking initiation) by cigarette smoking
category are presented in Figure 8. The median and range of time elapsed between first cannabis
use and cigarette smoking initiation according to cigarette smoking category are presented in
Table 19. Note that these results are driven by both the order of initiation of cannabis and
cigarette as well as by the absolute value of the difference between age at first cannabis use and
age at cigarette smoking initiation.

All median values were >0. There did not appear to be a (descriptive) relationship

between level of cigarette consumption and time elapsed.
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Figure 8. (Manuscript 3, Figure 3) (Age at first cannabis use) — (age at smoking initiation),
by cigarette smoking category, NDIT 1999-2008
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Trajectory group

IWS=incident smokers who stopped, LLD=low level decreasers, SLC=stable low consumers, SE=slow escalators, ME=moderate
escalators, EREWP=early rapid escalators who peaked.

Factors associated with time elapsed

In the analyses of factors potentially associated with time to cigarette initiation among
ever cannabis users, no factors were statistically significant and confidence intervals were wide,
encompassing zero. (Table 20) In the analyses of factors potentially associated with time to
cannabis initiation among ever cigarette smokers, increased age (at baseline) was the only factor
associated with increased elapsed time (p<0.05) (parents’ smoking was marginally significant).

(Table 21)
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Table 19. (Manuscript 3, Table 5) Median (range) of (age at 1% cannabis use) — (age at
cigarette smoking initiation), by cigarette smoking category, NDIT 1999-2008*

Median (range) of (age at 1% cannabis —
Group »° n' age at 1* cigarette®)?

Never smokers 454 55 --
Incident smokers

Incident smokers who stopped 66 18 0(-6,2)

Low level decreasers 115 58 1(-5,6)

Stable low consumers 140 80 0(-3,5)

Slow escalators 25 16 1(-1,3.5)

Moderate escalators 19 12 0.25(0,4)

Early rapid escalators who peaked 8 7 0(-1,5)
Prevalent smokers 424 180 --

TActual number of participants in cach category, after listwise deletion of individuals with missing information for age at 1" cannabis and/or
age at 1* cigarette (both self-reported at survey 21).
2A negative sign indicates cannabis was initiated prior to smoking.
3Self-reported age at cigarette initiation (i.e., at cycle 21).
4A Kruskal-Wallis test was used to test for differences between groups, which was not statistically significant (p = 0.1348).
STotal number in each cigarette category prior to listwise deletion.

Interpretation of coefficients

The coefficient for age at study baseline (model of cigarette primo-initiators) was 2.62
(1.19, 4.06), which implies that in a comparison of two participants with an age difference of 1
year at study baseline (among cigarette primo-initiators who used both substances), on average
a value of +2.6 years would be added to the time to cannabis initiation for the older of the two
participants.

Clustering and ICC: values

The ICC: values obtained for the school effect were as follows. At baseline (more
specifically, participant baseline at surveys 1 and 2, the first available value was used for all
participants), ICCz was 4.4% for number of cigarettes smoked per month (3-month recall).
Therefore at baseline, 4.4% of the variance in this variable was due to clustering. At survey 18,
ICC2 was 2.7% and was 2.2% in adulthood (i.e., at survey 22 or approximately 24 years). For
age at 1 cannabis, ICC2 was 5.6% (i.e., survey 21).

Multilevel modeling

Results of a multilevel model with a gamma distribution (in R) suggested that the effect
of age at baseline on time elapsed between cigarette and cannabis (among cigarette primo-
initiators who used both substances) was not due to clustering. The beta coefficient obtained

was -0.083 (exp(-0.083) = 0.920) and suggests that a 1 year increase in age at baseline was

associated (on average, among cigarette primo-initiators who used both substances) with the
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addition of +0.920 years to the time elapsed between cigarette and cannabis initiation (the result

was also statistically significant).

Table 20. (Manuscript 3, Table 6) Regression coefficient! and confidence interval from
bivariate linear regression models of (age at 1% cannabis use) — (age at 1°¢ cigarette use)?,
among users of both substances who initiated cannabis prior to cigarette use, NDIT 1999-
2008 (n =170)

Regression coefficient! (Confidence interval) Missing
l”l4
Age (baseline), years 0.58 (-0.19, 1.34) 0
Female 0.71 (-0.19, 1.63) 0
Mother university educated® -0.07 (-0.97, 0.83) 9
French spoken at home -0.54 (-1.43, 0.36) 0
Born in Canada -1.27 (-3.11, 0.57) 0
Self-esteem -0.99 (-2.44, 0.45) 10
Mean no. cigs smoked per month, in past 3 -0.0013 (-0.008, 0.006) 13
months®
Friend(s) smoked 0.55 (-0.48, 1.59) 0
Parent(s) smoked -0.18 (-1.09, 0.73) |
Sibling(s) smoked -0.06 (-1.27, 1.14) 0
Single-parent family 0.06 (-1.86, 1.98) 0
Depression 0.45 (-0.28, 1.18) 0
Alcohol use 0.06 (-0.82, 0.95) 0

'Unstandardized regression coefficients.

“Truncated regression was used to examine the length of time elapsed between cannabis initiation and cigarette smoking initiation, among
participants who had initiated cannabis prior to cigarettes (defined as (age at 1* cannabis use) — (age at 1% cigarette use) > 0.

3Mother’s education was created from information provided in cycles 13 and 17 by participants and in questionnaires completed by participants’
mothers.

“n = 70 participants were included in these models. Missing correspond to listwise deletion for each independent variable in the table, so total
missing and excluded data would be 1224 + the number indicated.

SMeasured at initiation. All other variables were obtained at baseline, except for self-esteem (survey 12) and mother’s education (surveys 13,
17, and mother questionnaires).

7.3.5 Discussion

In this study of Montreal-area youth followed from high school into young adulthood,
first puff on a cigarette usually preceded cannabis use. However, some participants initiated
cannabis before cigarettes in most cigarette smoking categories. Ever cannabis use was in most
(with the exception of stable low consumers) cases higher and first cannabis use generally
occurred at a younger age, in cigarette smoking categories which likely had heavier lifetime
cigarette consumption including cigarette smoking escalators and prevalent smokers. Finally,
age at baseline was significantly associated with time to first cannabis use among ever cigarette

smokers.
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Table 21. (Manuscript 3, Table 7) Regression coefficient! and confidence interval from
bivariate linear regression models of (age at 15t cannabis use) — (age at 1°¢ cigarette use)?,
among users of both substances who initiated cigarette use prior to cannabis, NDIT 1999-
2008 (n =248)

Regression coefficient' (Confidence interval) Missing
n4
Age (baseline), years 2.62 (1.19, 4.06) 0
Female -0.35(-2.44,1.74) 0
Mother university educated® -0.24 (-2.07, 1.60) 40
French spoken at home 1.78 (-0.31, 3.87) 0
Born in Canada -3.41 (-11.09, 4.26) 0
Self-esteem 1.15 (-1.36, 3.66) 60
Mean no. cigs smoked per month, in past 3 -0.00036 (-0.0093, 0.0086) 135
months’
Friend(s) smoked 0.52 (-1.46, 2.49) 0
Parent(s) smoked 2.69 (0.41, 4.99) 6
Sibling(s) smoked 1.82 (-0.62, 4.27) 2
Single-parent family 0.49 (-2.50, 3.48) 1
Depression 0.87 (-0.69, 2.42) 0
Alcohol use 0.84 (-1.14,2.82) 3

'Unstandardized regression coefficients.

Truncated regression was used to examine the length of time elapsed between cannabis initiation and cigarette smoking initiation, among
participants who had initiated cannabis prior to cigarettes (defined as (age at 1* cannabis use) — (age at 1% cigarette use) < 0.

SMother’s education was created from information provided in cycles 13 and 17 by participants and in questionnaires completed by participants’
mothers.

4n = 70 participants were included in these models. Missing correspond to listwise deletion for each independent variable in the table, so total
missing and excluded data would be 1045 + the number indicated.

SMeasured at initiation. All other variables were obtained at baseline, except for self-esteem (survey 12) and mother’s education (surveys 13,
17, and mother questionnaires).

A theory frequently invoked to explain order of substance use initiation is the Gateway
Model, which suggests that youth follow a predictable sequence as they become increasingly
involved in substance use, initially using tobacco or alcohol followed by cannabis, and then
other illicit drugs. [114], [115] NDIT data support that first puff on a cigarette usually precedes
cannabis use, although cannabis use preceded cigarette initiation in 69 of 857 participants or
slightly fewer than 10% of participants, suggestive that initiation sequence is not necessarily
(always) reflective of an inherent natural course of substance initiation. The Gateway Model
could reflect that easily accessible or available substances will naturally be those tried first. It
will be interesting to assess whether the prevailing order of initiation changes if legalization of

cannabis makes cannabis more accessible to young people.

Models other than the Gateway Model also provide explanations for the order of

initiation. The “common liability model” suggests that use of multiple substances represents a
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generalized increase in the risk of drug use, and that it is addiction and not a specific drug that
increases the risk of progression. [115], [119] The “route of administration model” proposes
that initiating use of a particular substance by one route of administration (e.g., inhalation)
accounts for future initiation of other substances via the same route. [112], [120] Finally a
“reverse gateway model” has been proposed, whereby cannabis use increases the risk of later
tobacco initiation in non-tobacco smoking adolescents. [118] Overall, while these models
provide insight on alternate explanations, it is likely that multiple social and biological factors
within a large complex network of influences (e.g., history of substance use for the gateway
model, biological and behavioral effects via route of administration) are at play. Our results also
accord with those of several earlier studies in that order of initiation did not appear to be
associated with heavier cigarette use (heavier cigarette smokers initiated both cigarettes and
cannabis earlier, but this did not appear to affect order of initiation). [71], [72], [75], [76] The
gateway model deals with sequence of substance use initiation and does not explicitly deal with
the importance of substance use beyond initiation. [113], [119] The liability to addiction or
substance use disorder model does however explicitly state that it “pertain[s] to the entire course
of development of the disorder and changes in the risk” [119]). The route of administration
model was proposed to explain reverse sequences (i.e., cannabis to tobacco) and does not
provide much guidance on later importance of substance use. [112], [120] Given that initiation
of each of these two substances is only the first step in a process of acquisition of substance use,
it stands to reason that any model of the interaction between cannabis and tobacco should take
into account the longitudinal nature of the interactions between and natural course of these two

substances.

NDIT data suggest that first cannabis use generally occurred at a younger age among
smokers in riskier cigarette consumption categories. This could reflect that some adolescents
have easier access to cannabis (e.g., have (older) friends who use cannabis; their parents use
cannabis; they live in a neighbourhood where cannabis is easy to access) and therefore are able
to try this substance at an earlier age. Alternatively (or in conjunction with easier access), this
subgroup could actively seek out alternative psychoactive substances. Impulsivity, novelty-
seeking or self-medication for psychosocial symptoms could underpin this search. These

smokers likely constitute a higher risk group since earlier initiation of cannabis has been
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associated with a negative outcomes such as lower education attainment [179], early-onset

psychosis [180], and increased use of substances [181].

Age at baseline was the only factor associated with time to cannabis initiation among
ever cigarette smokers: younger age decreased time to cannabis initiation and additional
modeling confirmed that this effect was not due solely to the clustering effect in our data. While
age is not modifiable (or would be difficult to modify), it may help target preventive
intervention, possibly using a ‘“vulnerable populations” approach whereby intervention is
targeted to higher risk subgroup(s) with shared social characteristics. [182] Future analyses of
this topic could further help to refine the list of factors associated with time to initiation of the
second substance among primo initiators of cannabis or cigarette users, which may help with

intervention.

Limitations of our analyses include that self-report data are subject to misclassification
bias. Because age at first cannabis use was measured retrospectively in young adulthood,
telescoping bias (i.e., temporal displacement of an event whereby people perceive distant events
as being more recent than they are [183]) may be at play. Misclassification may also have
occurred in regard to the order of initiation with relatively short elapsed time between initiation
of the first and second substance, since the imprecision of reported age at cannabis initiation
renders accurate determination of the order of initiation in such cases difficult. Loss to follow-
up could have resulted in selection bias and use of a purposive sample may limit generalizability.
Some results are imprecise given the small numbers of participants involved. Clustering by
school should have played a small role in our results however, given that both the 3-month recall
of cigarette use and cannabis had relatively small ICC: values (the clustering effect of cigarette
smoking also declined over time). (Clustering should not have affected point estimates,
therefore the descriptive analyses of order at initiation and age at first cannabis use according to
cigarette smoking categories would not have been greatly affected.) [175][184] Finally, a major

limitation of our data was that we had no information on use of cannabis post initiation.

In conclusion, the results of the analyses presented herein suggest that the Gateway
Model prevails in terms of the order of substance use initiation among Montreal-area
adolescents in the early 2000s. However, a minority of participants did initiate cannabis prior to

cigarettes. Age at first cannabis use was lower in cigarette smoking groups with heavier
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smoking. These smokers may constitute a higher risk group at risk of several negative outcomes
and may benefit from targeted intervention as a “vulnerable population”. Whether these
observations will change as increasing numbers of jurisdictions legalize cannabis, and whether

changing order of initiation affects physical and/or mental health are open questions.
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PLEASE NOTE that additional methodological details regarding Manuscript 3 are
presented in Appendices 5 to 8.
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Chapter 8 - Discussion

The central aim of the current thesis was to attempt to use trajectory modeling to increase
understanding of cigarette smoking onset in youth, a further related aim was to ascertain the
usefulness of cigarette smoking trajectory modeling to public health. This Chapter begins by
reviewing the objectives and main results of this thesis and discusses whether the results align
with the hypotheses linked to objectives 2 and 3 (Section 8.1). Results pertaining to Article 1
are discussed alone (section 8.1.1), as well as in the context of our findings in objective 2
(section 8.1.2). Results of Manuscript 3 are discussed in section 8.1.3. Recommendations for
future research are presented in section 8.1.4, considering the findings of Article 1 and
Manuscripts 2 and 3. In Section 8.2, we consider the contributions of this work to public health.
We discuss the strengths and limitations of these analyses in Section 8.3. This is followed by a

Conclusion section (Chapter 9).
8.1 Summary of results

8.1.1 Manuscript 1: Systematic literature review

In the first manuscript of this thesis, we conducted a systematic review of the literature
on studies of adolescent cigarette smoking trajectories to describe the number and shapes of
trajectories. We also sought to assess whether sample size, number of data points, indicator of
cigarette smoking used, or time axis influenced the number or shapes of trajectories identified.
A third aim was to summarize risk factors and outcomes associated with membership in specific
trajectory groups. Finally, we attempted to assess whether this literature identifies time
window(s) for intervention to prevent or reduce cigarette smoking. The current section

summarizes the main findings of our review.
Main findings

In our review the number of smoking trajectory groups reported ranged from 2 to 6, with
the most frequent number of trajectories being four. The highest proportion of participants was
categorized as low-stable smokers, followed by increasing trajectories, followed by all “other”

trajectory types.
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Studies with a small (<500) sample size reported a median of number of trajectories
(3.5), which was only very slightly less than the number for the rest (four). Articles reporting
trajectory models using <5 data points for cigarette smoking identified a median of 3 trajectories
while studies with >5 points identified a slightly higher median of 4. The studies where the
cigarette smoking variable used to model trajectories related to smoking intensity, frequency, or
some combination of intensity and frequency had a slightly higher median number of trajectory
groups reported (four) than studies reporting models with a variable relating to “any use”
(median of three). Studies of incident cigarette smoking (i.e., referred to as “time since onset”
time axis in Article 1) and of cigarette smoking prevalence (referred to as “age/grade” time axis
analyses in Article 1) both had the same median number of reported trajectory groups. In
general, across all categories of sample size, number of data points, smoking indicator, and time
axis, most participants were categorized as belonging to a “low-stable” trajectory type, followed
by the “increasing” trajectory type and then “other”. An important finding and caveat of our
review, however, is that only two studies modeled incident cigarette smoking/“time since

onset”. [30], [31]

The following risk factors were investigated in >5 articles and were reported to be
statistically significant risk factors of trajectory group membership in at least half of the articles
where they were studied: age, sex/gender, race/ethnicity, parental education, behavior problems,
depression/depressive symptoms, academic performance, baseline cigarette use, parental
smoking, friend(s) smoking, alcohol use, and cannabis use. In general, older age at baseline,
being male, and being Caucasian were associated with membership in trajectory groups with
higher cigarette consumption. For the remaining factors, the least favorable categories were
associated with membership in trajectory groups with higher cigarette consumption. Fewer
articles examined outcomes of trajectory group membership and of 21 outcomes examined, four
were significant in >5 articles. Higher cigarette consumption trajectories were associated with
illicit drug use and alcohol use, lower levels of education, and being unmarried. Finally, only

two studies described time windows relating to high risk trajectories of cigarette smoking.

An important limitation of this literature is that it was not possible to determine whether
smokers remain within a single trajectory over time or shift between trajectories. It was therefore

unclear whether differences across trajectories at a given point in time are sufficiently important
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to warrant targeted intervention. Further, several authors have warned against considering

trajectories as real constructs. [34], [185], [186]

The central findings of our review were: (i) that while variation across studies in
trajectory number and shape may reflect actual underlying variability in cigarette smoking, this
may also be an “artefact” of variation in study design features and modelling decisions; (ii) the
risk factors and outcomes identified in our review of trajectory studies mirror those from studies
that do not use trajectory analyses; (iii) interpretations on windows of opportunity for
intervention are not consistent and this topic was also understudied; (iv) few studies (only two
of those reviewed) depicted the natural course of smoking since most studies modeled mixed
cigarette smoking trajectories (i.e., “age/grade” time axis studies) rather than incident smoking;
and (v) there was considerable missing information on how the final trajectory model was

selected, which should affect replicability from one study to the next.

Therefore, while the public health potential of modeling cigarette smoking trajectories
is considerable and while this approach could eventually provide useful information regarding
cigarette smoking onset in youth (i.e., notably by studying cigarette smoking onset as a
longitudinal process and potentially identifying high risk individuals), this potential has to date

not been realized in the literature.

8.1.2 Manuscript 2: Modeling incident and mixed trajectories

Section 8.1.1 summarizes the results obtained of the systematic review of the literature
presented in Article 1. One important limitation of this literature is that the vast majority of
studies did not model the onset of cigarette smoking: rather, these studies used “age/grade” time
axes and modeled prevalence of cigarette smoking over time. Manuscript 2 therefore sought to
compare trajectories of incident and prevalent (i.e., so-called “mixed” trajectories) of cigarette

smoking in a single dataset, in order to ascertain the effect(s) this difference has on results.

Our objectives for Manuscript 2 were to model incident trajectories of cigarette smoking
and to compare incident with mixed trajectories to determine whether the number, shape, risk
factors or outcomes differ across types of trajectories. We used data from a prospective
investigation of 1293 grade 7 adolescents recruited in 1999-2000 who were followed in 22 data

collection cycles from age 12 to 24. The first 20 data collection cycles, in which cigarette
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consumption was measured every 3 months, were used to model cigarette smoking trajectories.
We first report the main findings of our analyses; we then discuss what can be specifically
concluded in response to our hypotheses relating to Objective 2. (Chapter 5) (Additional

information regarding our analyses is presented in Appendices 4-6 and 8.)
Main findings

We identified five incident trajectory groups rather than four as reported by previous
analyses: low-level decreasers (37.5%), stable-low consumers (45.6%), slow escalators (8.1%),
moderate escalators (6.2%), and early-rapid escalators (2.6%). Three of the five trajectory
patterns resembled those reported by Karp et al (2005) [30] although our analysis identified two
trajectories of low-level smokers rather than one. High-risk smokers in Karp et al (2005) [30]
increased smoking rapidly and early following smoking onset. The results in Manuscript 2
suggest that these early-rapid escalators do not decrease their cigarette consumption during
adolescence. As in Rosendahl et al (2008) [31] who reported sex-specific trajectories that
evolved into non-smoking, we identified a trajectory of smokers who slowly decreased cigarette

consumption. [31]

The final model in the mixed analysis was a 4-group model: stable-low consumption

(56%), slow (21%) escalators, moderate (15%) escalators, and early-rapid escalators (7%).

Different sets of risk factors were associated with both models: sex, age and smoking-
related factors, as well as MVPA were the only factors which were significant in the incident
model. In the mixed model, smoking-related factors were significant but several additional
factors were also significant which were not so in the incident model. Overall, any escalation in
cigarette consumption was associated with higher levels of smoking and nicotine dependence
in early adulthood. Considering actual variable values (regardless of statistical significance, a
comparison which is akin to comparisons of point estimates of measures of association), in
general in the incident model the smoking-related indicators showed a less favorable/higher risk
profile in the increasing trajectories and a more favorable/lower risk profile in the low-level
trajectories. This was not the case for other risk factor categories. In the mixed model however,
in general the majority of risk factors were both statistically significant and had values

suggesting more unfavorable/higher risk profiles for heavier cigarette smoking trajectories
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(sociodemographic indicators also showed a consistent pattern of differences when values
associated with low-level and increasing cigarette smoking trajectories were compared,
although these categories cannot be referred to as corresponding to ‘higher risk). In general
both statistical significance and actual variable value comparisons, akin to comparison of point
estimates of measures of association, suggest that risk of continuing to smoke, heavier smoking,
and nicotine dependence in young adulthood increases with increasing smoking/higher risk

trajectory groups.

A central finding of Manuscript 2 was that incident and mixed trajectory analyses yield
trajectories that differ from each other, including with regards to the fact that the rate of change
in the mixed trajectories was generally attenuated across the curves in comparison to the incident
model, and that the differences observed likely depend on the proportion of incident smokers in
each trajectory group in the mixed model. Finally, another crucial finding was that the curve of
early rapid escalators was steeper at smoking onset in the incident model, suggesting that any
window of intervention opportunity for preventing escalation in cigarette consumption is not as

wide as the mixed analysis would suggest.
Hypotheses: Objective 2

Our first hypothesis was that when modeling incident cigarette smoking trajectories,
high risk novice smokers begin smoking earlier and sustain high levels of cigarette consumption
during adolescence and that modeling trajectories of incident cigarette smoking in adolescence
can be used to identify these high-risk smokers. (In general, the studies reviewed in Article 1
also reported results which support this assertion, however only two of these studies modeled
incident cigarette smoking. [30], [31]) Both our current (i.e., Manuscript 2) and previously
published analyses of the same data (Karp et al., 2005 [30]) provide support for this assertion,
as do the results presented by the only other study presenting a model of incident cigarette
smoking trajectories (Rosendahl et al., 2008 [31]). In all three of these analyses, the models
presented differentiate between high risk smokers who increase their smoking to reach high

levels during adolescence, and those who smoke at lower levels.

Our second hypothesis posited that, when modeling incident cigarette smoking

trajectories, risk factors can be identified which would enable the identification of novice
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smokers at risk of becoming heavy and sustained cigarette smokers. The results of our review
in Article 1 (maintaining the caveats discussed above) revealed that relatively few potential risk
factors were studied in >5 studies. The issue of methodological heterogeneity across studies also
made aggregation of results regarding potential risk factors difficult. Our conclusions in regard
to objective 2, in light of the previous discussion, focus on studies of incident smoking. Our
analyses of incident cigarette smokers did reveal certain statistically significant risk factors: age,
sex/gender, number of cigarettes per month at initiation, and physically/mentally addicted and
really need a cigarette measured at cigarette initiation, were significantly different between
trajectory groups. MVPA was statistically significant but the results were somewhat paradoxical
in that lower MVPA appeared to be protective against being in a heavier cigarette smoking
trajectory. (This was contrary to previously published results suggesting that physical activity
[187] and MVPA [188] are associated with a reduction in cravings among cigarette smokers.
Additionally, a previous analysis of our data which included » = 319 novice smokers and used
Cox regression to model time from cigarette initiation to each of cravings, withdrawal symptoms
and tolerance found no association with physical activity. [189] This divergence from our
current results may however be due to differences in the two analyses in terms of both methods
as well as in the exposure and outcome studied.) These risk factors could conceivably be used
to identify high risk cigarette smokers. Three caveats however apply to this conclusion: first,
given that the curve of early rapid escalators in the incident mode was quite steep at smoking
onset, any window of opportunity for preventing escalation in cigarette consumption may be
limited and intervention relative to risk factors equally difficult. A second caveat is that the risk
factors identified in our incident trajectory model differ from those identified in previously
published analyses of incident trajectories of cigarette smoking: some factors were however not
studied in all three studies. This difference may also result from differing risk factor definitions
(Rosendahl et al. 2008 [31]) and a shorter length of follow-up than in our data (Karp et al. 2005
[30]). (In the case of Rosendahl et al. 2008 [31], differences may also be the result of differences
between the two study populations, for example in terms of context or culture as pertains to
substance use.) Finally/thirdly, given the small number of published studies reporting incident
trajectory models of cigarette smoking, further studies of this type would be needed to affirm

our results.
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Our third hypothesis stated that when modeling incident cigarette smoking trajectories,
novice smokers in higher risk/heavier smoking trajectories in adolescence would be more likely
to continue smoking cigarettes in adulthood, as well as to smoke more often and/or smoke more
cigarettes per day/week/month in adulthood. In our review of the literature, there were only four
articles [36], [40], [190], [191] which studied cigarette smoking-related outcomes, all of which
were of the “mixed”/“age/grade time axis” type. This hypothesis was however supported by our

results in Manuscript 2, which provide novel results on this topic.

Our final hypothesis, that trajectories of incident cigarette smoking differ from
trajectories combining incident and prevalent smokers in terms of the number, shapes, and risk
factors of these trajectories, was supported by our analysis. In our review of the literature our
comparison of incident and mixed trajectory models suggested that the number of trajectories
did not differ according to the time axis used: our analysis however differed from this result in
that different time axes did appear to result in different numbers of trajectories. The proportions
of smokers in each trajectory type did however vary according to the time axis used in our
systematic review (this was also the case in our analysis). Risk factors identified as statistically
significant also appeared to vary according to whether incident or mixed trajectories of cigarette
smoking were modeled in both our review of the literature (Article 1) and our analysis
(Manuscript 2). Relatively few studies have examined outcomes of cigarette smoking
trajectories and only a single study [30] reporting incident trajectories did so, so our results
present new information. Cigarette smoking-related outcomes were significant in both incident

and mixed trajectories of cigarette smoking.

In conclusion, our results suggest that modeling incident cigarette smoking trajectories
does identify high risk individuals and our analysis of risk factors suggests that these may be of
use in the identification of these individuals. As previously mentioned, our results are however
tempered by the consideration that cigarette smokers may not remain in a single trajectory over
time, and that several authors have warned against considering trajectories as real constructs.

[34], [185], [186]
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8.1.3 Manuscript 3: Cannabis, cigarettes, and cigarette trajectories

Manuscript 3 sought to describe order of initiation of tobacco and cannabis as well as
whether this order appeared to be associated with cigarette category; to describe age at first
cannabis use across cigarette smoking categories including the cigarette smoking trajectories
modeled in Manuscript 2; and to identify predictors of elapsed time between tobacco (i.e.,

combustible cigarette) and cannabis initiation.

Our first hypothesis was that most individuals who initiate both cannabis and cigarettes
will initiate cigarette smoking first and that order of initiation is not associated with cigarette
smoking trajectory group. A theory frequently invoked to explain order of substance use
initiation is the Gateway Model, which suggests that youth follow a predictable sequence as
they become increasingly involved in substance use, initially using tobacco or alcohol followed
by cannabis, and then other illicit drugs. [114], [115] Our results support that first puff on a
cigarette does usually precede cannabis use, although cannabis use preceded cigarette initiation
in a minority of participants (69 of 857); the proportion of participants who initiated cannabis
before cigarette smoking according to cigarette smoking category ranged from 0% in moderate
escalators to 28.6% in incident smokers who stopped. These values/proportions did not follow
a clear pattern according to degree of smoking/cigarette smoking category: the second highest
proportion was in early rapid escalators who peaked at 14.3%. Therefore the highest proportion
was in the group with the lowest degree of smoking while the second highest proportion was in
the group with the group with the highest. (Recently published analyses of trends over time do
however suggest that cannabis primo-initiation may be increasing in more recent cohorts, as
patterns of combustible cigarette, cannabis, other tobacco, and e-cigarette use change over time.
[192]) Our results and those of others [71], [72], [143], [76], [79], [81], [112], [136], [139],
[141], [142] suggest that cannabis can be initiated before tobacco, which provides theoretical
support for models other than the Gateway Model. Our results also accord with those of several
earlier studies in that order of initiation did not appear to be associated with heavier cigarette
use. [71], [72], [75], [76] Three studies reported ORs relating tobacco dependence or later
tobacco use (in tobacco users) to order of initiation which suggested that initiating cannabis
before other tobacco may not increase risk of tobacco dependence or later tobacco use (it was

not possible to summarize these ORs across studies due to differences between studies with
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regards to the measures reported). For example, Fairman et al., 2009 reported an OR for risk of
nicotine dependence among cigarette smokers, according to initiation of cannabis before
initiating tobacco (vs. tobacco before cannabis) of 0.92 (0.83, 1.02) [71]. All three studies

reported ORs whose confidence intervals encompassed 1.0.

We also hypothesized (Hypothesis 2) that cannabis use is initiated at younger ages in
heavier cigarette smoking trajectories, which appeared to be supported by our results (the four
trajectory groups with the lowest consumption of cigarettes had the highest median ages at
cannabis initiation (16 and 15 years) while the group with the highest consumption had the
lowest median age at first cannabis use (13 years)). This suggests that heavier smokers may
constitute a group at higher risk of substance use and negative outcomes beyond the risk posed
from heavier cigarette smoking alone: earlier initiation of cannabis has been associated with a
variety of negative outcomes such as lower education attainment [179], early-onset psychosis
[180], and increased substance use [181]. This group may therefore constitute a “vulnerable
population” which could benefit from targeted intervention. [182] In our analyses, the use of
trajectories provided a longitudinal summary of cigarette use over several time points, thereby
providing information on the importance of cigarette smoking which goes well beyond a single
time point. The two relevant studies on this topic, Richmond-Rakerd et al. 2017 [86] and
Timberlake et al. 2007 [87] reported differing results which do however suggest that age at 1%
cannabis use may be associated with heavier cigarette smoking. Timberlake et al. 2007 [87]
reported ORs for (age of initiation appeared to be continuous but this was not explicitly stated)
initiation in younger individuals/18-22 year-olds was 1.14 (0.95, 1.36), while that for older
participants was 0.82 (0.73, 0.93). There was therefore a small number of studies suggesting
that age at first cannabis might be associated with later heavier use of and/or dependence on

tobacco, which accords with our results.

Our observation that a higher proportion of ever users of cannabis was (generally, but
not always) found in the trajectory groups with heavier cigarette smoking aligned with our
second hypothesis and provided some evidence for the liability to substance use model (i.e., that
use of multiple substances may represent a generalized liability or increase in the risk of drug
use and that it is addiction and not a specific drug that increases the risk of progression [115],

[119]). It also aligned with the Gateway Model (although this model did not align with our other
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results as discussed above) and the route of administration model (i.e., that initiating use of a
particular substance by one route of administration such as inhalation may account for future
initiation of other substances via the same route [112], [120]). This finding also aligned with the
“reverse gateway” (i.e., that cannabis use increases the risk of later tobacco initiation in non-
tobacco smoking adolescents [118]). This is the case because our observation does not imply an
order of initiation and may for example result from initiation of cigarettes leading to initiation
of cannabis or the reverse, or may result from a general increase in risk of substance use. This
result is also aligns with that of two studies [104], [105] which examined the association between
cigarette smoking trajectories and cannabis use measured at a single time point, both of which
reported a significant association. Finally, these results also align with the results of the studies

by Richmond-Rakerd et al. 2017 [86] and Timberlake et al. 2007 [87] discussed above

Our final hypothesis was that risk factors for time elapsed between initiation of one
substance and initiation of the second can be identified (carrying out analyses separately for
primo-initiators of cannabis vs. primo-initiators of cigarettes), and that these two sets of risk
factors will differ. The only factor which appeared significant was age at baseline (associated
with time to first cannabis among cigarette primo-initiators). The coefficient for age at study
baseline of 2.62 (1.19, 4.06) suggested that a comparison of two participants with an age
difference of 1 year at study baseline (among cigarette primo-initiators) would result in +2.6
years being added to the time to cannabis initiation for the older of the two participants. The
identification of age as a risk factor aligns with the results of one previous study which examined
risk factors for cigarette initiation among cannabis ever users (adults). [81] This study reported
that hazard ratios suggesting that younger age increased the risk of initiation of cannabis among
ever tobacco users, HR = 0.7 (0.6, 0.8)). [81] This study also identified gender as a risk factor
(i.e., it was reported that being female was protective, HR = 0.7 (0.5, 0.9)), which was not
significant in our analyses (we obtained a coefficient of -0.35 for gender, so the magnitude of
this coefficient was also not very large). [81] One study [79] presented results suggesting heavier
cigarette smoking may be a risk factor for cannabis initiation (hazard ratios (HR) of 1.23 (1.18,
1.29) and 2.55 (2.43, 2.67) were reported for level of tobacco use for individuals without daily
use and with daily use, respectively), while heavier cigarette smoking was not a significant risk

factor in our analyses (the coefficient obtained in our analyses was very small (-0.00036)).
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There were even fewer published studies identifying risk factors for time elapsed from
cannabis initiation to cigarette initiation: one poor quality study [80] (see Table 2, section
2.3.2.1) reported that the importance or degree of cannabis use may be associated with cigarette
initiation (significant beta from a stochastic actor-based model of 0.48). A second study [81]
reported results suggesting gender might be a predictor of cigarette initiation: marginally
significant hazard ratios (from a Markov multi-state model) was reported for gender of 1.6 (1.0,
2.5). No variables were significant in our analyses of potential risk factors for time elapsed
among individuals who had initiated cannabis before cigarettes (the small sample size was likely
to be a factor in this observation). Other interpretations of differences between our results
(Tables 20 and 21) and those of previous studies, may of course be at play including the use of
samples and study populations, differing variable definitions and analytical techniques, as well

as other differences between our sample and those of the published studies discussed above.

Finally, our results in this manuscript are timely given the high incidence and prevalence
of cigarette and cannabis use [9], [65] as well as the current context (e.g., the legalization of
recreational cannabis use in adults in Canada in 2018 [48]) and the noted co-use of these

substances in individuals. [43], [67]-[70]

8.1.4 Recommendations

The current section presents recommendations for future research, based on the results

presented in Article 1, Manuscript 2, and Manuscript 3.

One difficulty with regards to the literature on cigarette smoking trajectories in youth is
the relative absence of studies modeling the onset of cigarette smoking (i.e., incident
trajectories). Indeed, “mixed” models of cigarette smoking trajectories do not provide
information on how long individuals in the various trajectories have been smoking cigarettes:
prior to study baseline, individuals with a previous history of smoking can have smoked for
varying periods of time and at different levels of intensity as well as frequency and these
differences are not taken into account by mixed trajectory models. It is therefore not clear that
any time window(s) of intervention to prevent or reduce cigarette smoking could be identified
using mixed trajectories: what would time window(s), identified on the basis of this type of

model, represent?

148



Both our review in Article 1 and the analyses of Manuscript 2 suggest that it may be
possible to identify risk factors for high risk trajectory groups. Keeping in mind the limitations
of the identification of likely windows of intervention discussed just above, there were a number
of factors which were studied in >5 studies and were identified as significant in more than half
of these studies. Therefore while the issue of the identification of time window(s) for potential
intervention has not been resolved to date in this literature, it does appear likely that if such
windows exist, appropriate risk factors (these would also need to be measured at time point(s)

relevant to intervention) could be identified.

The results of Manuscript 2 suggest that cigarette smoking trajectories may relate to
future smoking and/or nicotine dependence. Four additional articles presenting “mixed”
trajectories of cigarette use also reported significant results. [36], [40], [190], [191] provided
data pertaining to cigarette smoking-related outcomes of cigarette smoking trajectories. These
results suggest that individuals in different cigarette smoking trajectories continue to have

differing cigarette smoking experiences into adulthood.

The review presented in Article 1 suggests that methodological differences may result
in differing findings between studies. For example, while the median number of trajectories did
not differ according to the time axis used in this review, the proportions of smokers in each
trajectory type (i.e., low-stable vs. increasing vs. other) did. This difference was also confirmed
by our results in Manuscript 2. Additionally, our systematic review suggests that studies with
fewer than 5 data points may yield fewer trajectory groups and that studies that use a
dichotomous rather than a continuous cigarette smoking indicator may also yield fewer
trajectory groups. Alongside the considerable methodological heterogeneity in this literature
was the finding of heterogeneity across studies in the number and shape of the trajectories
identified, as well as in the risk factors and outcomes associated with trajectory groups. This
concurrence does at least raise the possibility that methodological heterogeneity across studies
contributed to heterogeneity of results in our review. Finally, risk factors identified as
statistically significant also varied according to whether incident or mixed trajectories were

modeled, both in our review/Article 1 and in Manuscript 2.

Manuscript 3 presents several analyses relating to the co-use of cigarette and cannabis,

with particular emphasis on cigarette trajectories. An important aim of these analyses was to
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study the potential impact of use of cannabis on cigarette smoking trajectories. It is however

important to note that the results presented do not pertain to the heaviness/importance of use of

cannabis in our sample and only deal with initiation and ever use of cannabis. These results do

however suggest that co-use is a phenomenon that exists and which should be considered in

relation to cigarette smoking trajectories: in particular, our (descriptive) results suggest that both

ever use of cannabis and younger age at initiation of cannabis may be more common in cigarette

smoking trajectories with heavier use. Few studies of cannabis use in relation to cigarette

smoking trajectories have been published, however an association has been reported. [104],

[105]

Based on our conclusions, we state the following recommendations.

Recommendations for future research

il.

111

1v.

The potential impact of methodological heterogeneity on this literature (i.e.,
complicating synthesis of this literature) and lack of completeness in reporting
information pertaining to the selection of the final model suggest a need for better
reporting in this type of study (to assist in synthesizing and understanding this

literature), as recommended by the GRoLTS guidelines [34];

Given that a central aim of this literature is the eventual reduction of cigarette
smoking in youth, studies should attempt to identify potential time window(s)

useful for intervention;

Future studies should model incident cigarette smoking trajectories, since these
present the clearest picture of the natural course of cigarette smoking and given
that results may vary (both in terms of the trajectories obtained as well as the risk
factors associated with individual trajectory(ies)) between models of mixed vs.

incident smoking (Manuscript 2);

Future studies should measure and consider the role of cannabis use in relation
to cigarette smoking trajectories, given the close and complex ties between

initiation and ever use of both substances (Manuscript 3);

Finally, future studies on youth cigarette smoking trajectories should consider

the overall impact of their results on public health: both at the level of study
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design (i.e., by beginning to measure cigarette smoking at an age at which onset
is likely to be observed (childhood), frequent numerous measurements of
cigarette smoking, use of continuous measures of cigarette smoking) and at the
level of analysis (by attempting to maximize reproducibility in this literature) and

reporting (GRoLTS checklist [34]).

8.2 Contributions to public health

The current section presents the contributions to public health provided by the current

thesis.

8.2.1 Usefulness of adolescent cigarette smoking trajectories to public health

Because trajectory analyses have been used extensively in research on cigarette smoking
in youth, their contribution to advancing the science on youth smoking is an issue of interest.
This approach also has considerable potential with regards to public health and could

(hypothetically) provide useful information regarding cigarette smoking onset in youth.

By (i) synthesizing the literature on cigarette smoking trajectories in adolescence, (ii)
modeling incident trajectories of cigarette smoking in adolescence, and (iii) comparing incident
and mixed trajectories of cigarette smoking in adolescence, we have raised questions on the
usefulness of this approach to public health above and beyond more traditional approaches to
studying the development of youth cigarette smoking. We carried out a systematic literature
review, in which we provided a detailed, up-to-date and comprehensive review of this literature
(Article 1). We also carried out our own analysis of data drawn from a prospective investigation
of 1293 adolescents followed in 22 data collection cycles from age 12 to 24. (Manuscript 2) Our
review of the literature identified several questions for future research, notably in relation to
difficulties posed by the methodological heterogeneity present in this literature, incomplete
reporting of information pertaining to the final selected trajectory model, and with regards to
the lack of studies modeling incident trajectories of cigarette smoking which would be the model
presenting the clearest view of the natural course of cigarette use. One aim of both our review
and our analysis of NDIT data was to determine whether specific time window(s) useful for

intervention to prevent or reduce cigarette smoking could be identified.
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The extant literature could not respond to this question. In our analysis of NDIT data we
raised the possibility that any time window of opportunity for intervention may be limited, since
the trajectory was steeper at smoking onset in the highest risk group of smokers in the incident

analysis, than in the mixed model.

We considered several questions relating to the use of cannabis in relation to cigarette
smoking and cigarette trajectories. We report certain results which do not provide support for
the influential Gateway Model. We also report that heavier cigarette smoking trajectories tended
to initiate cannabis use at a younger age, which suggests that this group may constitute a group
at higher risk of substance use and negative outcomes beyond the risk posed from heavier
cigarette smoking alone, potentially requiring targeted intervention. Finally, we also attempted
to identify risk factors for initiation of cannabis among ever cigarette smokers and for the
initiation of cigarette smoking among ever cannabis users (such risk factors could have the
potential to be of use to future intervention, although it should be noted that aside from age at
baseline, no factor appeared to be a meaningful and significant predictor in our analyses). The
importance of these results also lies beyond their immediate scope, in that they point to the need

to consider cigarette smoking trajectories in the wider context of use of other substances.

8.3 Strengths and limitations

8.3.1 Main strengths

Systematic review

We used a transparent, systematic approach to review the literature on cigarette smoking
trajectories in adolescents. We followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [94] (Appendix 3) and reported whether each of the
studies reviewed followed the GROLTS checklist [34] for reporting on latent trajectory studies.
(Table 29) We also calculated inter-rater reliabilities to estimate variation in ratings across

reviewers. (Appendix 2)

Our review addresses an important gap in this literature. It is the first to provide a

detailed, up-to-date and comprehensive systematic review of the literature on adolescent
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cigarette smoking trajectories. The results identified several important gaps in this literature and

we have provided suggestions to assist future research in this area.
Data source

The data source used in our analyses for Manuscripts 2 and 3 (i.e., the NDIT study) was
a particularly rich source of data for cigarette smoking trajectories in adolescence: smoking was
measured every 3 months for five years in high school, so that the time lag between cigarette
smoking assessments was smaller than in most studies reporting cigarette smoking trajectories

during adolescence.
Novelty

Manuscript 2 presents the first study to compare incident and mixed cigarette smoking
trajectories in adolescents and Manuscript 3 presents evidence on initiation of cannabis use in
relation to cigarette smoking trajectories, which may raise questions on the importance of

considering cigarette smoking trajectories in the context of other use of substances.

8.3.2 Internal validity

This section considers the potential for systematic error in Manuscripts 2 and 3,
including information, selection and confounding bias. The detail reflect my attempt to (as
completely as possible) address any potential concerns regarding the validity of the current
work. In this section it is important to understand and differentiate between the concepts of
reliability and validity: reliability has been defined as the degree of stability exhibited when a
measurement is repeated under identical conditions. [32] Validity is an expression of the degree
to which a measurement measures what it purports to measure. [32] Finally, effect modification
can be defined as variation in the selected effect measure for the factor under study across levels
of another factor while confounding bias has been defined as bias of the estimated effect of an
exposure on an outcome due to the presence of common causes of the exposure and the outcome.

[32]

8.3.2.1 Information bias

Non differential misclassification
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There are two broad types of error or deviation from the “true” measurement, namely
random error and bias/systematic error: bias is a systematic deviation from the “true” value. [32]
Misclassification has been defined as, “the erroneous classification of an individual, a value, or
an attribute into a category other than that to which it should be assigned”. [32] Non differential
misclassification has been defined as misclassification that is independent of other variables.

This condition is not met in the case of differential bias. [193]

Except for BMI (Manuscript 2), all our measures were self-reported which could have
led to misclassification of results. Many factors such as social desirability can affect the validity
of self-reported measures. [194] Comparisons with biochemical measures do however suggest
that self-report measures of cigarette smoking are valid in adolescents. [195], [196] Our cigarette
smoking measure was shown to have acceptable test-retest reliability in youth (section 6.2.2).

[163]

Non differential misclassification may result in a reduction in the measure of association,
but may also in certain circumstances result in an increase in the measure of association. [193]
One strategy used in order to minimize the possibility of information bias was the fact that we
used established and published measures (one exception was socio-demographic variables).
(Please see Table 10 in section 6.2.1 for the list of variables, as well as for a list of relevant
references. The references for each of the variables used are also listed in O’Loughlin et al, 2015
[145]: the appendix of the article gives an exhaustive list of all the variables of the NDIT / NICO

study, as well as the references for each variable.)

Finally, the measures used in Manuscript 2 (as well as to reproduce the trajectories in
Manuscript 3) were obtained shortly after the event, which should increase their reliability (some
studies suggest that the reliability and validity of self-reported measurements decreases with
increasing time since the event). [197]-[199] An important consideration with regards to
misclassification of age at first use of cannabis and cigarettes retrospectively reported at 20 years
of age however, is that of telescoping bias (i.e., temporal displacement of an event whereby, as
it has been suggested, people may perceive distant events as being more recent than they are).
[183] The retrospective nature of the measures used in Manuscript 3 is, however, a limitation of
our analyses. We did however attempt to minimize this potential bias by using retrospective

data as little as possible in our analyses: cannabis use as well as age of initiation of cannabis and
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tobacco were retrospective measures, however other measures including tobacco categories
were obtained closer to the event (i.e., during adolescence). Potential risk factors for time

elapsed were obtained at baseline.
Telescopic bias
An overview of the literature on this topic is provided in Appendix 9.
Probable consequences of telescopic bias

Rothman [193] suggests that non-differential classification errors may result in a bias
that is not in the direction of a null association: this may occur as a consequence of random
fluctuations/sampling error, and in other cases may even affect the expected value of a measure.
The result of random fluctuation would be difficult to predict and could cause a spurious effect
to be observed at the sample level, however such a phenomenon would become less likely with
increasing study replication and/or sample size. The effect(s) of random fluctuation cannot be
excluded given the size of our sample and could have resulted in a “false” association being
observed, or in the observation of a null association when a positive or negative association did
in fact exist. This is an acknowledged weakness of our data and one which could only be

remedied through repetition of our analyses.

The main conclusions of Manuscript 3 (i.e., the manuscript wherein retrospective data

were used) were as follows:

1. That some participants initiated cannabis before smoking in most smoking categories

and that initiation order did not appear to be related to the smoking category;

2. That ever use of cannabis was higher, and age at first use of cannabis lower, in the

cigarette smoking categories who had higher consumption during adolescence.

In the case of a binary exposure, a bias not due to sampling error may occur in the following

situations [193]:

e In the case of a binary/dichotomous measure, reversing the value of the
association measure would require a measure whose quality would be worse than

a purely random classification of participants;
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e Inthe case of a measure with >2 categories, reversing a trend would also be rather

difficult.

Indeed, Rothman, Greenland, and Lash [193] describe results [200] suggesting that a
trend could not be reversed if the average of the true exposure increases or decreases at the same

time (i.e., monotonically) as the “real” exposure.

For items 1 and 2 above, the exposures (i.e., the order of initiation for item 1 and the age
at initiation of cannabis for item 2) should be the measures most affected by misclassification,
given to their retrospective nature. In order for non differential misclassification to have affected
or modified the observed conclusions however, the (non-random) classification errors at the
level of the order of initiation (item 1) would have to be worse than a purely random
classification of order of initiation, which is relatively unlikely given that self-report of use of
cannabis and cigarettes has been shown to be valid and better than random assignment of values
[163], [195], [196] for cigarette use and [201]-[204] for cannabis use (although limitations of

course exist and these measures are imperfect).

In order to have reversed the (descriptive) association observed between age at initiation
of cannabis and cigarette smoking categories, the mean age reported should not increase at the
same time as the “true” age at initiation of cannabis, which also seems unlikely (i.e., it seems
relatively unlikely that self-reported age at initiation would be of such low validity, which would
imply that the measure would be as bad as a purely random assignment of values, given that
self-reported use of cannabis has been shown to be valid in general [201]-[204], although of
course the effect of time since event with regards to age at initiation cannot be discounted).
(Appendix 9 provides a review of the literature on telescoping bias and the accuracy of data
which involves dating and which is more distant in time. In general this literature did not enable
me to draw any conclusions other than that the literature does suggest that accuracy of reporting

may diminish according to time since the event.)

Differential misclassification
Finally, differential bias refers to a situation where the misclassification is not
independent of other variables. [32], [193] The numbers in our sample suggest a potential

association between mother’s education with cigarette smoking trajectory, as well as French
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language with trajectory, although the relation was not statistically significant in the incident
model. (Manuscript 2, Tables 11 and 13) A possible bias therefore, could arise if accuracy of
reporting of cigarette smoking (or cannabis use) varied across categories of SES and/or language
spoken at home: it has been suggested that prevalence may be higher in Francophones in Canada
[205], as well as in individuals with lower SES [206]. Prevalence of use could, in theory, affect

social desirability [194] of reporting cigarette smoking.

An important note with regards to cigarette use however, is that the current (strict) laws
regarding cigarette smoking in public places were adopted in Quebec in 1998. [207] The NDIT
cohort, which began high school in 1999-2000 would therefore have largely spent their
adolescence in an environment that had denormalized cigarette smoking. It is therefore worth
raising the question of whether there would indeed be considerable differences in social
desirability with regards to adolescents’ cigarette smoking according to SES, or language. While
the familial environment may have been more permissive for lower SES and Francophone
individuals, this would likely not have been generalized to all aspects of the tobacco use
environment (e.g., peers, school climate and rules regarding cigarette smoking). It is therefore
at best unclear to what degree participants with lower SES and/or who were Francophone would
have experienced more social desirability to report cigarette smoking. (Cannabis use was illegal
in Canada, aside from use for medical use purposes, during the data collection period covered

by the NDIT study. (Section 2.3.4.2))

Finally, in order to modify our main conclusions, a differential bias caused by varying
degree of social desirability (i.e., with cigarette smoking being more undesirable in participants
with higher SES and/or who spoke a language other than French at home) would have to have
caused the observed difference of one trajectory of low-level smokers observed in the mixed
model of Manuscript 2 vs. two trajectories in the incident model. Such a bias would also have
to have caused the differences in associations with risk factors observed when comparing the
incident and mixed models (Manuscript 2). This is relatively unlikely because 61.8% of the low-
level trajectory in the mixed model were actually incident cigarette smokers (implying that the
differences in reporting between incident and prevalent cigarette smokers would have to be

major/extreme to spuriously cause these results to be observed).

Sensitivity analyses
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I carried out some sensitivity analyses to evaluate the possibility of differential bias according

to SES and/or language spoken at home. In Table 22, relevant conclusions are numbered as

follows:

1.

Manuscript 2: The incident cigarette smoking trajectory model had 2 low-level
smoking trajectories, while the mixed trajectory model had one;

Manuscript 2: The incident cigarette smoking trajectory model had a different pattern
of risk factor associations (both at the level of “estimates”/comparisons of percentages
or risk factor values, as well as with regards to statistical significance) than the mixed
trajectory model and more factors appeared to be associated with trajectory group(s) in
the mixed trajectory model;

Manuscript 2: Most cigarette smoking-related outcomes in adulthood (i.e., survey 22)
appeared to be associated (both at the level of “estimates”/comparisons of percentages
or risk factor values, as well as with regards to statistical significance) with cigarette
smoking trajectory group for both the incident and mixed trajectory models;
Manuscript 3: Order of initiation of cigarette and cannabis did not appear to be
(descriptively) associated with cigarette smoking “category”;

Manuscript 3: Age at 1% cannabis use did not appear to be (descriptively) associated

with cigarette smoking “category”.

(Results relating to time elapsed between initiation of the 1% and 2™ substance in

Manuscript 3, were of an exploratory nature and sought to determine whether risk factors could

be identified. It was always our intention that these results should be confirmed by

additional/further study(ies).)
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Table 22. Sensitivity analysis results: examination of NDIT data, in relation to possible differential bias according to SES (i.e.,

mother university educated vs. not)* and/or language spoken at home?, NDIT 1999-2008

Relevant to

manuscript(s)
Independent (conclusion(s)
Dependent variable variable Limited to...? Results Details no."
(From Manuscript 3, | French spoken at No limits Difference in proportion 47.4% (prevalent) 2(1-3)
Table 15) home (vs. other speaking French at home (vs. 19.3-36.8% (incident and
Prevalent cigarette language) other language) when never smokers)
smoker comparing prevalent vs. other
(adolescence) vs. cigarette “categories” (i.e.,
incident and never incident and never smokers,
cigarette smokers adolescence)
(adolescence)
(From Manuscript 3, Mother No limits No difference in proportion 35.6% (prevalent) 2(1-3)
Table 15) university with mother university- 0-60.9% (incident and never
Prevalent cigarette educated (Y/N) educated when comparing smokers)
smoker prevalent vs. other cigarette
(adolescence) vs. “categories” (i.e., incident and
incident and never never smokers, adolescence)
cigarette smokers
(adolescence)
Past 3-month Mother Baseline ever No variation in median past None (median value was 2(1,2)
cigarette smoking university cigarette smokers 3-month cigarette smoking exactly equal)
educated (Y/N) (adolescence) according to mother’s
(n=424) education (surveys 1, 2, 10, 11,

18)

1 median past 3-month No university education

cigarette smoking if mother median (survey 22) = 0.833

not university educated cigarettes per month

(survey 22) University-educated mother

median (survey 22) = 1.17
cigarettes per month
Past 3-month Mother Baseline ever No variation in range of past None (range of values was 2(1,2)
cigarette smoking university cigarette smokers 3-month cigarette smoking exactly equal)
educated (Y/N) (adolescence) according to mother’s
(n=424) education (surveys 10, 11, 18)

| maximum value in range of
past 3-month cigarette

Survey 1, mother no
university education,
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smoking if mother was
university educated (surveys 1,
2,22)

cigarettes per month range =
0 — 720 (max. average
cigarette per day of 24)
Survey 1, mother university-
educated, cigarettes per
month range = 0 — 255 (max.
number of average
cigarettes per day of 8.5)

Survey 2, mother no
university education,
cigarettes per month range =
0 —900 (max. average
cigarettes per day of 30)
Survey 2, mother university-
educated, cigarettes per
month range = 0 — 750 (max.
average cigarettes per day
of 25)

Survey 22, mother no
university education,
cigarettes per month range =
0 —900 (max. average
cigarettes per day of 30)
Survey 22, mother university-
educated, cigarettes per
month range = 0 — 690 (max.
average cigarettes per day
of 23)

Past 3-month
cigarette smoking

French spoken at
home (vs. other
language)

Baseline ever
cigarette smokers
(adolescence)
(n=424)

No variation in median past
3-month cigarette smoking
according to language spoken
at home (surveys 10, 11, 18)

1 median past 3-month
cigarette smoking if French
spoken at home (survey 1, 2,
22)

None (median value was
exactly equal)

French spoken at home
median (survey 1) =0.3333
Other language spoken at
home median (survey 1) =0

French spoken at home
median (survey 2) = 0.3333

2(1,2)
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Other language spoken at
home median (survey 2) =0

French spoken at home
median (survey 22) = 6.8750
Other language spoken at
home median (survey 22) =
0.5833

Past 3-month French spoken at Baseline ever No variation in range of past None (range of values was 2(1,2)
cigarette smoking home (vs. other cigarette smokers 3-month cigarette smoking exactly equal)
language) (adolescence) according to language spoken
(n=424) at home (surveys 2, 10, 18, 22)
| maximum value in range of French spoken at home
past 3-month cigarette (ranged, survey 1) =0 —900
smoking if language other than (max. average cigarettes per
French spoken at home day of 30)
(surveys 1, 11) Other language spoken at
home (ranged, survey 1) =0 —
720 (max. average cigarette
per day of 24)
French spoken at home
(ranged, survey 11) =0 — 540
(max. average cigarette per
day of 18)
Other language spoken at
home (ranged, survey 11) =0
—900 (max. average
cigarettes per day of 30)
Past 3-month Mother No limits No difference in median Median (range) past 3-month 2(3)
cigarette smoking university (range) of past 3-month cigarette smoking (survey 22,
(survey 22) educated (Y/N) cigarette smoking according to mother university-educated) =
mother’s education 0 (0 -900)
Median (range) past 3-month
cigarette smoking (survey 22,
mother not university-
educated) = 0 (0 - 900)
Past 3-month French spoken at No limits No difference in median Median (range) past 3-month 2(3)

cigarette smoking
(survey 22)

home (vs. other
language)

(range) of past 3-month
cigarette smoking according to
language spoken at home

cigarette smoking (survey 22,
French spoken at home) = 0
(0-900)
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Median (range) past 3-month
cigarette smoking (survey 22,
other language spoken at
home) = 0 (0 - 900)

Mother university Order of No limits % whose mother was not % mother university-educated 34
educated (Y/N) initiation of university educated was 1 =457
cigarettes and (vs. % university educated), % mother not university-
cannabis? overall among participants who educated = 54.2%
reported data on age at
initiation of both substances
Mother university Order of No limits (Minor) differences in % % mother not university- 34
educated (Y/N) initiation of whose mother was not educated (cannabis =1 year
cigarettes and university educated when before cigarettes) = 53.3%
cannabis? comparing participants who % mother not university-
initiated cannabis >1 year educated (both substances the
before cigarettes, vs. both same year) = 49.5%
substances the same year, vs. % mother not university-
who initiated cigarettes >1 year educated (cigarettes >1 year
before before cannabis) = 56.9%
French spoken at Order of No limits % who spoke French at % who spoke French at home 34
home (vs. other initiation of home was 1 (vs. % other =352%
language) cigarettes and language), overall among % who spoke other language
cannabis? participants who reported data at home = 64.8%
on age at initiation of both
substances
French spoken at Order of No limits (Minor) differences in % % French spoken at home 34
home (vs. other initiation of French spoken at home when (cannabis >1 year before
language) cigarettes and comparing participants who cigarettes) = 36.2%
cannabis’ initiated cannabis >1 year % French spoken at home
before cigarettes, vs. both (both substances the same
substances the same year, vs. year) = 37.4%
who initiated cigarettes >1 year % French spoken at home
before (cigarettes >1 year before
cannabis) = 33.9%
Age at 1 cannabis Mother No limits Median (range) for age at 1% Median (range), mother 3(5)
use university cannabis was very similar, university-educated = 15.0 (9
educated (Y/N) according to mother university -20)

educated (vs. not)

Median (range), not
university-educated = 15.0
(11-21)
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Age at 1% cannabis French spoken at No limits e  Median (range) for age at 1% e Median (range), French 305
use home (vs. other cannabis was similar, spoken at home = 14.0 (9 -
language) according to French spoken at 23)
home (vs. other) e  Median (range), other = 16.0
(10-21)

IThe conclusions are numbered as in page 149 just above.
2Was cigarettes initiated >1 year before cannabis, both substances initiated same year, cannabis initiated >1 year before cigarettes.

3Language spoken at home was measured at baseline.
“Mother university-educated was created by combining information obtained at surveys 13 and 17 with maternal questionnaires, in order to maximize response rate for this

variable.
Y: yes. N: no. P increased. |: decreased.
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Conclusions based on Table 22

One potential effect of underreporting according to SES would be to cause
underreporting of more extreme values of cigarette smoking in the higher SES group, relative
to the lower SES group. If this had caused major restrictions of the range in prevalent/baseline
ever cigarette smokers, the possibility exists that our findings of differences in Manuscript 2
with regards to trajectory models and risk factor profiles could have been affected. This did not
appear to be the case in our data however, for while there were some surveys where the range
was restricted in the higher SES group, the range of values in the higher SES group was in most
cases still wide (with the single exception being survey 1 where range for low SES indicated an
average for the most extreme values of 8.5 cigs/day). The median values between both groups

were in all cases either quite similar or identical.

A similar conclusion can be drawn, based on the above data, for language spoken at
home (i.e., regarding the hypothesis that underreporting according to language spoken at home
could have caused underreporting of more extreme values of cigarette smoking in the group
which spoke language(s) other than French at home), as the medians and ranges did not differ

to any great extent between the two groups (i.e., French spoken at home vs. other language).

Another potential effect of SES and/or language spoken at home could have been to
cause underreporting of more extreme values of cigarette smoking in the higher SES/other
language(s) spoken at home for the cigarette-smoking outcomes at survey 22. While it is unclear
what effect(s) this could have had on observed associations had this been the case, the data
presented in Table 22 for past 3-month cigarette smoking suggests that this was not an issue in

our data.

Order of initiation of cigarette smoking and cannabis use did not appear (descriptively)
to vary according to SES or to language spoken at home. The proportion of participants reporting
data on initiation of both substances (and therefore having ever used both substances) was higher
in the lower SES/mother not university educated group, as well as in the group which spoke
French at home. Further examination of the data, however, did not support the assertion that this
could have affected our results and that SES and/or language spoken at home obscured an

existing association between order of initiation and cigarette smoking category (i.e.,
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“trajectory”). Indeed, the proportion of participants whose mother did not have any university
education, and the proportion of participants who reported speaking French at home, did not
vary appreciably according to order of initiation. If order of initiation was in fact associated with
cigarette smoking category in Manuscript 3, and this was obscured by differential reporting
across SES and/or language spoken at home, there should be an association with both exposure
(i.e., order of initiation) and outcome (i.e., cigarette category). Since this does not appear to be
the case in our data with regards to the exposure, such a bias appears unlikely. A similar
conclusion can be drawn for age at 1% use of cannabis according to cigarette smoking category,
as median and range of age at 1* cannabis did not appear to vary according to mother’s education

or language spoken at home in our data.

8.3.2.2 Selection bias

The participation rate at baseline was low in the NDIT study (i.e., 56% of eligible
participants). Participants however appeared to be representative of the Quebec population (with
the notable exception of the % who spoke French at home), as evidenced by a comparison of
many variables between NDIT and data from 13 year-olds in the Quebec Child and Adolescent
Health and Social Survey (QCAHSS) [148], a representative sample of Quebec youth carried
out in 1999. (Table 9)

Losses to follow-up

Trajectories (Manuscripts 2 and 3): The trajectories should be more affected by losses to

follow-up over time (i.e., from left to right along the time axis) in the figures presenting the
trajectories, since in both models (i.e., incident and mixed) the losses to follow-up would
increase over time. (This is the case in both the mixed trajectory model where the time axis
corresponds to the median of the participants' age, as well as in the incident model. This would
be the case since being able to progress further from cigarette smoking initiation in the incident
model requires longer follow-up/observation.) This implies that the figures representing the
cigarette smoking trajectories would be more vulnerable the effects of losses to follow-up for
time points further to the right on the time axes of both models. Losses to follow-up could affect
the right side/end of trajectories if participants lost to follow-up differ systematically from those

included with regards to the progression of their cigarette smoking habit (i.e., if those
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excluded/lost had individual trajectories which differed from those who were included). The
trajectories could also be modified if losses to follow-up at the ends of the trajectories resulted
in changes in the overall appearance of the trajectories. We did however attempt to minimize
the effect of losses on the trajectories by limiting the modeling to the first 16 data points in both
the incident and mixed trajectory models (i.e., the last 4 data points in both models were
therefore excluded from our models). This corresponds to the first 16 surveys for the mixed
trajectory model, and to the first 16 time points after cigarette smoking initiation in the incident
trajectory model.

Risk factors (Manuscript 2): Our conclusions include that several risk factors appeared

to be associated with cigarette smoking trajectory group in the mixed model which were not
associated with trajectory group in the incident model. In order to modify this conclusion, losses
to follow-up would have to have affected many associations, which makes such a possibility
less likely. Additionally, measurement of most risk factors was carried out prior to or at cigarette
smoking initiation (incident model) or at baseline (mixed trajectory model). It is therefore
unlikely that their measurement would have been greatly affected by losses to follow-up.

Cigarette smoking outcomes (Manuscript 2): Our conclusions state that the majority of

cigarette smoking-related outcomes in survey 22 appeared to be associated with cigarette
smoking trajectory group (both models). In order to have modified this conclusion, any losses
to follow-up would again have to have acted on a pattern of associations involving several
variables, rather than a single association. In addition, in young adulthood we attempted to
recontact all participants who had been lost to follow-up during high school (mostly, this
occurred because of participants changing schools or leaving school). [171], [208]

Manuscript 3: We modeled the incident cigarette smoking trajectories in the same way
as in article 2, in order to minimize the effect of losses to follow-up on the trajectories. In
addition, the losses to follow-up probably did not greatly affect the other three groups compared

(which were not part of manuscript 2):

1. The prevalent smokers were defined by their cigarette smoking behavior when they
entered the study (therefore none in this group were excluded, aside from those who had

missing information for other variables such as cannabis use in cycle 21);
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2. The “never smokers” had never smoked at baseline and maintained this status during
their subsequent participation (adolescence): the median and the 75" percentile for the
number of cycles of data available for the questions on cigarette smoking in high school
(i.e., for the first 20 surveys) were both equal to 19 (only n = 12 participants in this group

had <3 data points for cigarette smoking during high school/adolescence);

3. Incident cigarette smokers who quit shortly after initiation (n = 66) had never smoked
when they entered the study but reported having subsequently initiated and did not
smoke post initiation. None of these incident smokers had <3 surveys of data in high
school after cigarette smoking initiation. The median number of surveys available for
these participants, post initiation (high school), was 11 while the 75th percentile was 14

surveys.

Overall it can therefore be concluded that the losses to follow-up probably had a minimal

effect on the observation of smoking behavior in these groups.

With regards to the information on cannabis in Manuscript 3, efforts were made to
minimize losses to follow-up in our study. In adulthood (i.e., when the cannabis use data were
obtained) efforts were made to contact all participants who were lost to follow-up during high
school but who had not refused participation. Participation was therefore slightly higher at
survey 21 in young adulthood where cannabis information was obtained, than at the end of
secondary school (i.e., 68% participation in survey 21 vs. 65% in survey 20/end of high school).
[145]

The main conclusions of Manuscript 3 were as follows.

1. That some of the participants initiated cannabis before cigarette smoking in most
cigarette categories, and that initiation order did not appear to be related to the

cigarette smoking category;

2. That proportion of ever use was (in most cases) higher and that age at 1% cannabis
use was lower, in the cigarette smoking categories who had a heavier use during

adolescence.

In order to modify these conclusions, the losses in follow-up would have had to not only

simultaneously affect the initiation and/or use reported for cannabis and cigarettes, but to have
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affected these differently depending on the cigarette smoking trajectory. This appears relatively
unlikely. Furthermore, although the literature suggests that the use of each both substances may
be associated with leaving school (i.e., dropping out of school) [209] it is not clear that this
association exists for the act of changing from one school to another, which was an important

reason for the loss of follow-up for many of our participants. [145]
Is selection bias likely?

In addition to potential losses to follow-up, various exclusions were applied to generate
the analytical samples for the various analyses. Analyses are presented relating to Manuscripts
2 and 3 (Manuscript 2 and Appendices 4-8), which do suggest that certain differences exist
between included and excluded participants. It is however unlikely that the results relating to
the modeling of trajectories (e.g., the number and shape of the trajectories) were subject to
selection bias. It is clear that the exclusion of certain types of participants caused certain
differences between the subjects included and excluded from the model of incident trajectories
as well as that of mixed trajectories (Tables 32 and 33) and that the analytical samples were not
representative of the initial sample. The trajectories obtained, as well as the percentages of
subjects in each trajectory, may not be fully representative (see Figure 9 of Appendix 4) of the
trajectories that would be found in the study population [210] of the same age. An
unrepresentative sample is not necessarily, however, a biased sample. Furthermore, the vast
majority of excluded participants were excluded because they had never smoked in adolescence
(n = 454) or because they had already tried to smoke prior to study baseline (see Figure 9 of
Appendix 4). It is likely that the inclusion of the n = 454 participants who were never cigarette
smokers during adolescence would not have changed the trajectories obtained: rather, it would
most likely have simply added an additional trajectory of non-use to the trajectory models. In
addition, the effect(s) of excluding baseline ever cigarette smokers was studied in Manuscript 2
and was therefore not a source of bias but rather a central topic of the manuscript (Manuscript

2, comparisons of incident and mixed models).

Manuscript 2:

Finally, an important difference between the two incident and mixed trajectory models

(Manuscript 2) was the presence of two distinct groups of light cigarette smokers in the incident
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model (vs. only one in the mixed model). The two low-level incident trajectories included 37.5%
and 45.6% of the analytical sample, while the single low-level trajectory in the mixed model
included 56.4% of the analytical sample. In order for this difference between the two models to
be the result of missing data/exclusions, most or all of those excluded would have to be light
smokers different from the light cigarette smokers included in the two models, and this

difference would need to be able to create a difference between the two models where no

difference would otherwise exist. This would mean that the fact of combining the excluded light
smokers with the included light smokers would have to result in an absence of observed
difference(s) between the trajectories obtained in the two models. This would be possible if the
prevalent light smokers excluded were sufficiently different from the included prevalent
cigarette smokers with regards to their cigarette smoking trajectories, to result in a second
decreasing trajectory in the mixed model when they were included. Alternatively, the inclusion
of excluded incident light cigarette smokers could result in a single trajectory being observed in
the incident model. In general, both of these possibilities appear unlikely as (see above) a
majority of smokers in the light trajectories in the mixed model were incident smokers. Any
differences between excluded and included smokers would therefore have to be of considerable

magnitude.

Some of the associations between trajectory group(s) and potential risk factors and
outcomes could have been susceptible to selection bias. However, it is less likely that such a
bias would have affected all of the associations tested. It is important to note that in our analyses
we were more interested in the potential differences in the patterns of associations identified
between the two types of trajectories (i.e., the incident vs. the mixed trajectories) as a whole,
than in the association of a specific measure with one or several trajectory group(s). It is
therefore relatively unlikely that our main results (i.e., of differences in the overall risk factor
profiles between the two models) would have been greatly affected by a selection bias resulting
from the exclusions carried out to generate our analytical sample. Additionally, a careful
examination of the different proportions and other measures between trajectory groups in both
models (without considering statistical significance which can be affected by sample size)
suggests that patterns of associations do indeed differ between both models. Indeed, these values

support the assertion that (aside from sex, age, and MVPA) smoking-related factors were the
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only factors which appeared to be associated with the incident trajectories, whereas additional
associations (judging only by values of proportions of participants and other values/point
estimates) are likely to be present in the mixed trajectory model. With regards to trajectory
outcomes, another important conclusion of both models in Manuscript 2 was that any increase
in smoking appeared to increase the risk of later heavier smoking as well as nicotine dependence.
In order for this conclusion to be significantly biased, our exclusions would have had to bias the
vast majority of associations observed between cigarette outcomes and trajectory groups in

order to significantly modify our results.

Manuscript 3: Unlike Manuscript 2, most NDIT study participants were included in
Manuscript 3. Indeed, apart from the process of modeling incident trajectories in the same way
as described in Manuscript 2 (as well as the exploratory analyses relating to time elapsed
between initiation of the first and second substance), never cigarette smokers during adolescence
(n = 454) were compared with other participants. Also compared with others in our analyses
were participants who had already tried smoking at baseline (n = 424) and a third group of
individuals who were incident smokers but who were excluded from the modeling of incident
trajectories in Manuscript 2 (n = 66). (The only exception to this was with regards to the models
of time elapsed between primo-initiation of cannabis and secondary initiation of cigarettes and
models of the time elapsed between primo-initiation of cigarettes and secondary initiation of
cannabis. These particular results should therefore be considered with caution and would require
confirmation by additional studies.) Therefore with regards to most of our results in Manuscript
3, selection bias as a result of exclusions to generate our analytical samples was relatively

unlikely.

8.3.2.3 Confounding

Confounding (please refer to the beginning of section 8.3.2 for a definition of this
concept) could have resulted in biased measures of association: we did not control for
confounding in our analyses, so this possibility must be considered. Time-varying confounding
may also have affected the observed cigarette smoking trajectories differently across time. The
emphasis of the current thesis was however descriptive: can trajectories of cigarette smoking

inform about cigarette smoking onset? We sought to determine whether the usefulness of
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adolescent cigarette smoking trajectories to public health can be clearly and easily ascertained,
or whether further study is required. Is there any suggestion of a potential role of cannabis use
on these trajectories (i.e., so as to determine the potential importance of the use of a substance

frequently used by adolescents and young adults on cigarette smoking trajectories)?
Trajectories

It is possible that the cigarette smoking trajectories would have been modified by not
considering the effects variables that could modify the trajectories (i.e., confounding or effect
modification of the trajectories). (It should be noted that when discussing ‘warping’ of the
observed trajectories in manuscripts 2 and 3, I am emphasizing the fact that this phenomenon
may result from either: (i) confounding bias of the estimated effect of a given variable/exposure
such as SES or impulsivity on the ‘outcome’ of cigarette an outcome due to the presence of
common causes of the exposure and the outcome), or (ii) effect modification of the trajectories
where a given variable/effect modifier acts on the ‘outcome’ of cigarette smoking such that
trajectories differ at different levels of the effect modifier.) These confounding or modifying
factors could have affected the trajectories in a constant or variable way over time (i.e., time-
dependent confounding or effect modification). An example would be the co-use of substances
such as cannabis (as use of tobacco and cannabis are associated appears to co-occur [67]): it
would certainly be possible for cannabis use to modify the observed trajectories. (The existence
of bias may however not applicable to the context of modeling of trajectories: such a
consideration requires the existence of “real” trajectories, against which we can compare the
trajectories obtained. However some researchers have raised doubts regarding the existence of

“true” trajectories.[185])
Manuscript 2

In order to modify our main conclusion that adolescent cigarette smoking trajectories
differed between the incident model and the prevalent models, the variable (s) responsible for
the confounding or effect modification of the trajectories (please refer to the paragraph above
for why these terms are used together in this instance) would have to have resulted in the
differences that we observed between the two models. In other words, any such variable(s)

would have to have resulted in the observation of two trajectories of light smokers in the incident
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model vs. only one in the mixed model. This possibility is made not very likely as a result of
the fact that the trajectories of light smokers were by far the largest in our analytical sample
such that any “bias” or differences resulting in the observed differences between the incident
and mixed models, both as a result of random variation due to sampling error at the level of a
potential confounder or effect modifier and at the level of a systematic error, would need to be
both relatively large and widespread in our sample. One important difference between the two
models was the presence of the trajectories of light cigarette smokers in the incident model,
whereas a single such trajectory was observed in the mixed trajectory model. Again, it is
important to note that 61.8% of the participants included in the light smoker trajectory in the
mixed trajectory model were in fact incident cigarette smokers, which further emphasizes the
fact that any difference between the two groups with regards to confounders or effect modifiers
would need to be large. The possibility of confounding or effect modification of our results
cannot be entirely excluded however and a next step following the current work would be to
model cigarette smoking trajectories in adolescents while controlling for variables which could

potentially confound or modify the observed trajectories.

With regards to our conclusion that the incident and the mixed models had differing sets
of risk factor associations, any potential confounding biases would have to affect associations
with several or all of these variables simultaneously in order to change our main conclusions.
This is therefore relatively unlikely, partly because this would involve such potential
confounder(s) biasing not one but many observed associations. (The same argument can be

applied to the observed associations with cigarette-related outcomes in survey 22.)
Manuscript 3
Our main conclusions were that:

1. Some of the participants initiated cannabis before smoking in most cigarette smoking
categories and that the initiation order did not appear to be related to cigarette smoking

category;

2. Ever use of cannabis was in most cases higher and age at 1* use of cannabis was lower

in the cigarette smoking categories who had a heavier tobacco use during adolescence.
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With regards to the results relating to the order of initiation in relation to cigarette
smoking category (conclusion 1 above) the question to ask would be: could the lack of observed
association have been induced by confounding bias? This would be possible if the associations
between a potential confounder with the order of initiation of cannabis, and between this
potential confounder and cigarette use category were essentially opposite to the (hypothetical)
association that would actually exist between the order of initiation of cannabis and tobacco and
the smoking categories. Therefore the two associations (i.e., one with the confounding factor
and the second between order of initiation and the cigarette smoking category) would have an
essentially opposite effect: this appears unlikely, however (as a completely opposite trend with

caused by the confounder, when compared to the “true” trend, is a rather extreme scenario).

In order to modify the second conclusion, a potential confounder would need to affect
the (potential, given the descriptive nature of our results) association between age at initiation
and/or ever use of cannabis and the cigarette smoking categories. This would have to happen in
such a way as to cause a (spurious) association to be observed between the extent of cigarette
smoking (determined by smoking category) and age at initiation or ever cannabis use. This
would be possible and constitutes a significant limitation of the results presented in this
manuscript: a variable associated with initiation and/or ever use of cannabis as well as with
cigarette smoking category trajectory could affect the associations observed. This limitation is

discussed below.

As a sensitivity analysis, a small number of additional models were carried out, modeling
a (restricted) list of potential confounders. In particular, the possibility that heavier cigarette
users represent a “vulnerable” population for substance use in general raises the possibility that
personality variables may be associated with both cannabis initiation and cigarette use. For
example, both novelty seeking and impulsivity have been linked with cannabis [211], [212] and
cigarette use [213], [214]. An association in the reverse direction has also been extensively
discussed: cannabis use may also cause increased impulsivity. [215] (Given the fact that the
direction of association and potential causality is unclear, I ran models with and without these
variables.) Finally, it is important to note that impulsivity and novelty seeking were strongly
correlated (r = 0.72, p < 0.0001). In a model an ordinal logistic regression model of cigarette

smoking category (dependent variable) according to age at 1st cannabis use (independent
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variable), controlling only for age and sex at baseline, the OR obtained for age at 1* use of
cannabis was OR = 0.62 (0.56, 0.67), which again suggested that increasing age at 1% cannabis
use reduced the risk of being in a cigarette category with heavier smoking. Controlling for either
impulsivity, novelty seeking, or both simultaneously did not change this result: OR =0.61 (0.55,
0.67), OR =0.61 (0.55, 0.67), OR = 0.61 (0.55, 0.67), respectively. It is however important to
note that these results did not include a complete/exhaustive list of potential confounders of this

association.

It is possible that the risk factors associated with the time elapsed between the initiation
of cannabis and smoking may be subject to confounding bias. This constitutes an important
limitation of these analyses, and our analyses in relation to time elapsed between initiation of

the first and second substance should be seen as exploratory.

8.3.2.4 Additional issues

Manuscript 2: Differences in risk factor and outcome analyses between incident and

mixed trajectory models

A further difference between the incident and mixed trajectory models resides in the fact
that, due to the small number of participants in the heaviest smoking group in the incident model,
this group was excluded from risk factor comparisons. It should be noted that, given its small
size, including it in risk factor comparisons would probably not have resulted in more significant
risk factors (incident model). Furthermore, when the actual risk factor values for this group are
contrasted with those of the other groups of the incident trajectory model, these values suggest
that the inclusion of this group (small group size aside) would likely not have resulted in any
appreciable difference in our overall conclusion that the incident and mixed trajectory models

had differing patterns of risk factors.

An important additional point is that analyses relating to the incident model had in fact
a different objective than those relating to the mixed model. The incident model (as well as its
risk factors and outcomes) refers to new smokers, while the mixed analyses refer to all
individuals who were cigarette smokers during a given period, divided by all individuals at risk
of smoking during that same period. [32] In other terms, “prevalent” cigarette smokers will be

those who initiated smoking prior to the study baseline. The mixed trajectory models were of
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the prevalence of smoking at different points in the study, combining incident and prevalent
smokers at each point on the time axis (we used calendar time as the time axis for these models).
Incident models model smokers’ journey from initiation (i.e., the time axis was time from
smoking initiation/first puff lifetime), so time zero will actually correspond to several different
calendar time values. Therefore these analyses differed not only in terms of the individuals
included but in a fundamental and conceptual way, and it is important to note that the exclusion
of baseline ever smokers/prevalent smokers is not a limitation, as it enabled us to focus on

modeling the onset of individuals who had been observed at smoking onset.
Clustering by school

One potential additional issue was the potential clustering of data by school in NDIT. As
a sensitivity analysis, we calculated the intracluster correlation coefficient (ICCz), which is a
measure of the relatedness of clustered data, and is calculated by comparing the variance within
clusters with the variance between clusters. ICCz was calculated using SAS proc mixed. [166],

[173]-[175]

Clustering, when ignored, can reduce the observed variance and thereby affect inference
but should not affect point estimates. [175] Our analyses relating to order of initiation of
cigarettes and cannabis and to age at cannabis initiation according to cigarette smoking category
(Manuscript 3) were descriptive and therefore the “point estimates” involving the comparisons
of sample measures across categories should not be greatly affected. The same justification can
be provided for not adjusting for clustering in Manuscript 2: while the confidence intervals
around the trajectories may be affected, this should not affect the estimate of the trajectories
themselves, which represent “point estimates”. In a similar vein, this should not unduly affect
the observed pattern of associations with risk factors and outcomes in Manuscript 2 (i.e., which
differed between the incident and the mixed models) given that these association patterns are
supported by the value of the “point estimates” (i.e., the comparisons of proportions and other

variable values discussed in Manuscript 2 and section 8.1.2).

The ICC: values obtained for the school effect were as follows. At baseline (more
specifically, baseline at surveys 1 and 2, the first available value was used), ICC2 was 4.4% for

number of cigarettes smoked per month (3-month recall). Therefore at baseline, 4.4% of the
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variance in this variable was due to clustering. At survey 18, ICCz2 was 2.7% and was 2.2% in
adulthood (i.e., at survey 22). For age at 1 cannabis, ICC? was 5.6%. This implies that most of
the variance observed in our data was not a result of systematic differences between clusters

(i.e., schools). [175]

We also used multilevel modeling to account for the clustering effect by school in certain
analyses (i.e., the analyses of time elapsed between cigarette and cannabis initiation among
cigarette primo-initiators). We modeled the only significant variable in the models presented in
Tables 20 and 21 (i.e., age at baseline among cigarette primo-initiators). The results of this
model suggests that the effect of age at baseline on time elapsed between cigarette and cannabis
(among cigarette primo-initiators) was not due to clustering. The beta coefficient obtained was
-0.083 (exp(-0.083) = 0.920) suggested that a one year increase in age at baseline was associated
with the addition of +0.920 years to the time elapsed between cigarette and cannabis initiation

(result was also statistically significant).

Chapter 9 - Conclusion

Cigarette smoking in adolescence and young adulthood is of crucial importance to public
health, as the vast majority of smokers report adopting the habit in adolescence or young
adulthood. [10] Reaching an understanding of how and why youth smoke cigarettes is therefore
of critical importance to public health, given that many youth still smoke. [9] Developmental
trajectories provide a description of change (usually in a behavior or characteristic of an
individual) over a long time-period. [23] Trajectories of cigarette smoking can be modeled using
software packages such as Mplus [216] or Proc Traj [217]; these serve to describe the data
succinctly and accessibly to researchers in the area of youth cigarette smoking and may provide

insight into the developmental process that is the onset of cigarette smoking.

Despite their potential usefulness to public health our results have however raised several
questions as to the usefulness of cigarette smoking trajectories to public health. In particular, it
is currently unclear whether modeling cigarette smoking trajectories provides additional useful
information beyond that provided by research which does not make use of this method. Given
that this approach necessitates the availability of longitudinal data, its use may also prove unduly

costly and labor intensive.
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Several issues were raised with regards to cigarette smoking trajectories which suggest
the need for further study: in particular, the lack of studies of incident cigarette smoking
trajectories, which would present the clearest picture of the natural course of cigarette smoking;
the methodological heterogeneity of the studies in this area and the missing information
regarding final trajectory model selection which complicated the process of summarizing this
literature; and the fact that few researchers considered the idea of potential time windows for

intervention. We have provided four suggestions for future research in this area. (Section 8.1.4)

Our analysis of a cohort of adolescents support the conclusions of our literature review.
This analysis also suggests that incident and mixed trajectory analyses yield trajectories that
differ from each other, with the rate of change in the mixed trajectories being generally
attenuated across the curves in comparison to the mixed trajectory model. Additionally, we
noted that the curve at cigarette smoking onset was steeper in the heaviest cigarette smokers in
the incident model than the mixed model, suggesting that any window of intervention
opportunity for preventing escalation in cigarette consumption is not as wide as the literature,

which consists mainly of mixed trajectory models of cigarette smoking, would suggest.

Our results also suggest that considering the research question is important when
deciding whether to model incident or prevalent (i.e., mixed) cigarette smoking, notably since
our results suggest important differences in both trajectories and risk factor profiles associated
with trajectories between both types of model. Both models did appear to discriminate between
higher and lower risk cigarette smoking however, underscoring the (potential) usefulness of this
approach, as suggested by the fact that both models were associated with several cigarette

smoking related outcomes in young adulthood.

Finally, we have shown that cannabis and cigarette initiation and cigarette use
trajectories are interrelated in youth, in ways which are not made manifest by modeling cigarette
smoking trajectories alone. Our results also suggest that some individuals may be at higher risk
of heavier substance use and other negative outcomes and may require intervention specific to
their needs. These results emphasize the importance of situating the use of one substance (in
this case, cigarette smoking depicted using trajectory modeling) in the wider context of use with

other substances.
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The results of this thesis therefore provide valuable insight, by raising questions about a
popular and frequently used approach to the study of adolescent cigarette smoking and providing

suggestions for future research in this area.
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Appendix 1

Supplementary Tables

Table 23. (Article 1, Table S1) Number and description of smoking trajectory studies in 43 studies of cigarette smoking

trajectories®
First author & year of Sample Age Cohort/study sample? Number and description of cigarette smoking trajectories
publication; Country size! range’, y (prevalence)*
AGE/GRADE ANALYSES
Outcome variable’: Intensity of smoking
Colder 2001; US(1) 260 12-16.6 Project STAR 5 — Stable puffers (25%), stable light smokers, late slow escalators,
late moderate escalators, early rapid escalators
Guo 2002; US(2) 786 13-18 Seattle Social 5 — Non-smokers (73.0%), experimenters (7.3%), late-onsetters
Development Project (10.9%), escalators (7.5%), chronic smokers (1.3%)
Vitaro 2004; Canada(3) 812 9-11.5to Quebec sample (1) 4 —Never (75.4%), 13-14y starters (7.9%), 12-13y starters (11.1%),
12.5-15 11-12y starters (5.7%)
Stanton 2004; New Zealand(4) 307 9-18 Dunedin 6 — Late slow-escalators [puffers] (11.4%), stable puffers (12.7%),
Multidisciplinary Health | late slow escalators [smokers] (11.4%), late moderate escalators
and Development Study | (14.3%), late rapid escalators (38.8%), early rapid escalators (11.4%)
White 2004; US(5) 983 10-25 Pittsburgh Youth Study | European Americans: 3 — Non-smokers (44.3%), light smokers
(23.7%), heavy smokers (32%).
African Americans: 3 — Non-smokers (55.9%), light smokers (27.3%),
heavy smokers (16.7%)
Maggi 2007; Canada(6) 260 10-11 to National Longitudinal | 2 — Late slow escalators (97.7%), early rapid escalators (2.3%)
16-17 Survey of Children and
Youth
Riggs 2007; US(7) 1017 12-24 Kansas City sample 4 — Abstainers (47%), low users (24%), late heavy users (16%), early
heavy users (12%)
Lessov-Schlaggar 2008; US(8) 481 13.1-24 Smoking in Families 5 — Experimenters (48.5%), late increasers (16.3%), early increasers
Study (15.5%), quitters (9.2%), persistent (10.5%)
Otten 2008; Canada(9) 203 12-14 Quebec sample (2) 3 — Low-rate (71.4%), increasing-rate (18.2%), high-rate (10.3%)
Chung 2010; South Korea(10) 13-17 Korea Youth Panel 4 — Non-initiator (85.1%), late onsetter (7.0%), experimenter (4.5%),
Survey escalator (3.4)
Gabrhelik 2012; Czech 1874 11-13 to Czech sample 2 — Slow cigarette smoking escalators (91%), rapid/moderate cigarette
Republic(11) 13.6-15.6 smoking escalators (9%)

XX




Vuolo 2013; US(12) 1010 15-38 Youth Development 4 — Stable non-smokers (54.1%), early onset light smokers who
Study quit/reduce (16.2%), late onset persistent smokers (13.5%), early
onset persistent heavy smokers (16.2)
Roberts 2014; US(13) 15 828 12-23 Nurses’ Health Study II | 4 — Non-smoker, experimenter, late initiator/moderate consumption,
and Growing Up Today | early initiator/high consumption
Study
Nelson 2015; US(14) 890 12-23 Northwest sample 6 — Abstainers (38.8%), very low users (10%), post-high school onset
low decreasers (9.8%), young adult onset moderate increasers
(11.5%), post-high school onset steep increasers (18.9%), early onset
steep increasers (11.1%)
Orpinas 2015; US(15) 611 Grade 6- Healthy Teens 4 — Abstainers/sporadic users (71.5%), late starters (11.3%),
12 Longitudinal Study experimenters (9%), continuous users (8.2%)
Outcome variable®: Frequency of smoking
Abroms 2005; US(16) 1320 Grade 6-9 Maryland sample (1) 5 — Never smokers (41.2%), intenders (33.5%), delayed escalators
(8.9%), early experimenters (13.9%), early users (2.5%)
Simons-Morton 2005; US(17) 1320 Grade 6-9 Maryland sample (1) Control Group (n = 628): 5 — Class 1 (41.7%), class 2 (32.2%), class 3
(11.9%), class 4 (11%), class 5 (3.2%)
Treatment Group (n = 692): 5 — Class 1 (44.5%), class 2 (31.5%),
class 3 (10.7%), class 4 (11.2%), class 5 (2%)
Maggi 2007; Canada(6) 280 10-11 to National Longitudinal | 5 — Late infrequent experimenters (6.1%), late frequent smokers
16-17 Survey of Children and | (38%), early frequent experimenters (5.2%), early frequent smokers
Youth (34%), early infrequent experimenters (6.8%)
Bernat 2008; US(18) 12-16 to Minnesota Adolescent | 6 - Non-smokers (54%), late established (8%), triers (17%),
15-19 Community Cohort occasional users (10%), early established (7%), decliners (4%)
Maggi 2008; Canada(19) 3959 10-11 to National Longitudinal | 6 — Stable non-smokers (48.4%), late experimenters-non-smokers
20-21 Survey of Children and | (17.2%), late experimenters (13.9%), late experimenters-daily
Youth smokers (4.1%), early experimenters-daily smokers (5.8%), early
experimenters-occasional smokers (10.5%)
Kimber 2009; Sweden(20) 662 13-14 to Stockholm sample 3 — Largely non-users (40%), largely moderate users (39%), heavy
15-16 users (21%)
de Leeuw 2010; the 428 15-18 Family and Health 4 — Non-smokers (62.3%), stable smokers (13.7%), increasers
Netherlands(21) Project (17.7%), decreasers (6.3%)
Lynne-Landsman 2010; 533 Grade 9- Maryland sample (2) 2 — Abstaining (82%), increasing (18%)
US(22) 12
Heron 2011; UK(23) 3038 14-16 Avon Longitudinal 4 — Non-smokers (85.4%), experimenters (8.7%), late-onset regular
Study of Parents and smokers (4.3%), early-onset regular smokers (1.7%)
Children
Hampson 2013; US(24) 963 Grade 9- | Oregon Youth Substance | 4 — Stable non-smokers (71%), experimenters (15%), rapid escalators
12 Use Project (8%), stable high smokers (6%)

XXi




Metzger 2013; US(25) 344 15.6-17.9 Family Talk about 3 — Non-smokers (18.6%), infrequent/non-escalators (53.8%),
Smoking Study escalators (27.6%)
Xie 2013; China(26) 3521 12-15 to Wuhan Smoking 3 — Non-smokers (48.7%), stable light/occasional smokers (48.6%),
14-17 Prevention Trial accelerating smokers (2.7%)
Musci 2015; US(27) 12-21 Maryland sample (3) 2 — Low but increasing users (68%), moderate users (32%)
Cance 2017; US(28) 2244 17-19 to Southwestern sample 5 — Abstaining (68%), low-increasing (11%), decreasing (11%),
23-25 moderate-increasing (6%), steady high (4%)
Dutra 2017; US(29) 8791 12-16 to National Longitudinal | 4 — Experimenters (13.6%), quitters (8.1%), early established smokers
26-30 Survey of Youth 1997 (39.0%), late escalators (5.2%)
Chang 2018; Taiwan(30) 2510 13-18 Child and Adolescent 3 — Non-smokers (71%), late increasing (22%), escalating smokers
Behaviors in Long-term | (7%)
Evolution Project
Outcome variable’: Intensity and frequency of smoking
Chassin 2000%; US(31) 6 929 Grade 6- Midwest sample 4 — Experimenter (6%), quitter (5%), late stable (16%), early stable
12 to age (12%)
21-31
White 2002; US(32) 374 12-30/31 New Jersey sample 3 — Non/experimental smokers (39.6%), occasional/maturing out
smokers (19%), heavy/regular smokers (41.4%)
Audrain-McGovern 2004; 968 14-15to Virginia sample (1) 4 — Never smokers (45%), early/fast adopters (8%), late/slow adopters
US(33) 17-18 (24%), experimenters (23%)
Orlando 2004; US(34) 5914 13-23 RAND 5 — Triers (55%), late increasers (14%), decreasers (9%), early
Adolescent/Young Adult | increasers (14%), stable highs (8%)
Panel Study
Tucker 2005; US(35) 4245 13-23 RAND 5 — Triers (55.3%), stable highs (7.8%), early increasers (14%),
Adolescent/Young Adult | decreasers (8.7%), steady increasers (14.2%)
Panel Study
Tucker 20067; US(36) 1442 13-23 RAND 6 — Abstainer (29.5%), trier (40.5%), early increasers (8.5%), late
Adolescent/Young Adult | increasers (11%), decreasers (5.7%), stable highs (4.8%).
Panel Study
Audrain-McGovern 2009; 909 15-20 Virginia sample (1) 3 — Non-smokers (61.2%), fast adopters (12.3%), slow progressors
US(@37) (26.5%)
Otten 2009; Canada(38) 312 13-15 Quebec sample (3) 3 — Low-rate (38.4%), medium-rate (46.5%), high-rate (15.1%).
Outcome variable’: Any use of cigarettes
Maggi 2007; Canada(6) 2 886 10-11 to National Longitudinal | 3 — Late onset (40.5%), middle onset (49.3%), early onset (10.2%)
16-17 Survey of Children and
Youth
Weden 2012; US(39) 6 349 14-15to National Longitudinal | 4 — Non-smokers (63.7%), late onset (18.8%), early-experiment
24-25 Survey of Youth 1979 | smokers (2.7%), early-onset smokers (14.7%)
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Huang 2013; US(40) 5141 12-18 National Longitudinal | 3 — Low (75.8%), increased (21.1%), high-decreasing (3.1%)
Survey of Youth 1979
Lynne-Landsman 2016; 684 <14-16 to | Cherokee Nation sample | 3 — None (82%), increasing (3%), high (15%)
UsS(41) <15-17

TIME SINCE ONSET ANALYSES
Outcome variable’: Intensity of smoking

Rosendahl 2008; Sweden(42) 2175 11-18 Children’s Smoking and | Males: 4 — Group 1, early extinction, Group 3, early escalation
Environment in the (21.1%)
Stockholm County Females: 4 — Late trial (14.7%), early extinction (26.1%), late
(BROMS) Study escalation (18.3%), early escalation (25.2%)
Karp 2005; Canada(43) 369 13-16.9 Natural History of 4 — Low-intensity non-progressing (72.4%), slow escalators (11.1%),
Nicotine Dependence moderate escalators (10.8%), rapid escalators (5.7%)
Study

Note: Missing information (i.e. empty cells) indicates that information was not clearly provided in the article.

"Number of participants in the model used to estimate smoking trajectories

2Age range of all participants from baseline to last data point. Some studies provided school grade rather than age

3Refers to cohort data used to estimate trajectories. Where cohorts were not used, the city/state/country where data was collected was specified. Studies using the
same data from a given city/state/country have the same number (e.g. Quebec sample (1)).

“4Refers to the trajectories identified in the final model (using labels as reported in the article) and percentage of participants in each trajectory (if reported)
SRefers to the way in which smoking was assessed: intensity was assessed as the number of cigarettes smoked over a given time period (day(s), week(s), month(s),
year); frequency was assessed as the number of days on which participants smoked over a given time period (week(s), month(s), year); any use was assessed by
asking participants whether they had ever smoked cigarettes or whether they had smoked in the past week/month/year with a yes/no response option.

® An “erratic” group was determined a priori and was not included in trajectory analyses

7 The “abstainer” group was determined a priori and therefore not included in trajectory analyses

8This table is retained in the current Appendix as it contains some additional information relative to Table 5 (Article 1)
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Table 24. (Article 1, Table S2) Description of cigarette smoking trajectories

First Low stable' | Decreasers®’ Increasers* Stable Other trajectory(ies)®’
author and n (%) n (%); n (%); age(s)’ smokers>’ n (%); age(s)’
year of age(s)’ n (%)
publication
AGE/GRADE ANALYSES
Outcome variable®: Intensity of smoking
Colder, 65(25%) (1) Increasing 12-13 to 16 (2) Low stable 12 to ~13. Stable light
2001* Increasing 13-14 to 16 smokers
(3) Low stable 12 to ~14. Increasing 14-15 to 16
Guo, 573(73%) (1) 86(10.9%); low stable 12 to 16. Increasing 16 to 18; (1) 57(7.3%); stable 13 to 14 years.
2002* (2) 59(7.5%); low stable 13 to 14. Increasing 14 to 18 Increasing 14 to 15 years. Stable 15
to 16 years. Decreasing 16 to 18
years.
(2) 10(1.3%); increasing 13 to 15.
Decreasing 15 to 18.
Vitaro, 612(75.4%) (1) 64(7.9%); increasing 13-14 to 14-15 (2)90(11.1%);
2004 ¥ increasing 12-13 to 14-15 (3)46(5.7%); increasing 11-12
to 14-15
Stanton, 39(12.7%); (1) 35(11.4%); increasing 9 to 18 (2) 119(38.8%); low 35(11.4%); decreasing 9 to 15.
2004* decreasing 9 | stable 9 to 11. Increasing 11 to 18 (3) 44(14.3%); low Increasing 15 to 18
to 18 stable 9 to 13. Increasing 13 to 15
(4) 35(11.4%); stable 9 to 13. Increasing 13 to 18
White, African- African-Americans: (1) 153(27.3%); low stable 10 to 14.
2004* Americans: Increasing 14 to 25 (2) 94(16.7%); low stable 10 to 12.
314(55.9%). Increasing 12 to 25
European- European-Americans: (1) 100(23.7%); low stable 10 to
Americans: 12. Increasing 12 to 25 ;(2) 135(32%); low stable 10 to
186(44.3%) 11. Increasing 11 to 17. Stable 17 to 25
Maggi, (1) 254(97.7%); increasing 12-13 to 16-17; (2) 4(2.3%);
2007* increasing 12-13 to 14-15. Stable 14-15 to 16-17
Riggs, 479(47%) (1) 246(24%); increasing 12 to 24; (2) 167(16%); low
2007* stable 12 to 14. Increasing 14 to 21. Stable 21 to 24; (3)
125(12%); low stable 12 to 12.5. Increasing 12.5 to 16.
Stable 16 to 24.
Lessov- 116(48.5%) | 22(9.2%)); (1) 39(16.3%); low stable 13.1 to 15.1. Increasing 15.1 to 25(10.5%); increasing 13.1 to 15.1.
Schlaggar, stable 13.1 24;(2) 37(15.5%); low stable 13.1 to 14.1. Increasing Decreasing 15.1 to 16.3. Increasing
2008* to 17.3. 14.1 to 24. 16.3 to 17.3. Decreasing 17.3 to 19.8.
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Decreasing Increasing 19.8 to 24
17.3t024
Otten, 145(71.4%) (1) 37(18.2%); increasing 12 to 14; (2) 21(10.3%);
2008* increasing 12 to 14
Chung, (85.1%) (1) 7.0%; low stable 13 to 15. Increasing 15 to 17; (2) 4.5%:; increasing 13 to 15.
2010* 3.4%; increasing 13 to 16. Stable 16 to 17 Decreasing 15 to 17
Gabrhelik, (1) 1705(91%) — slow cigarette smoking escalators; (2)
2012 % 169(9%) — rapid/moderate cigarette smoking escalators
Vuolo, 546(54.1%) (1) 164(16.2%) — early onset persistent heavy smokers; 164(16.2%) — early onset light
2013% (2) 136(13.5%) — late onset persistent smokers smokers, who quit/reduce
Roberts, Non-smoker (1) Late initiator, moderate consumption; (2) Early Experimenter
2014 % initiator, high consumption
Nelson, 345(38.8%) (1) 102(11.5%); low stable 12 to 19. Increasing 19 to 23; | (1) 89(10%) | 99(11.1%); increasing 12 to 19.
2015* (2) 168(18.9%); low stable 12 to 15. Increasing 15 to 23 (2)87(9.8%) | Stable 19 to 22. Decreasing 22 to 23
Orpinas, 437(71.5%) (1) 69(11.3%); low stable grade 6 to grade 9. Increasing 55(9%); increasing grade 6 to grade
2015* grade 9 to grade 12; (2) 50(8.2%); increasing grade 6 to 9. Stable grade 9 to grade 10.
grade 11. Stable grade 11 to grade 12 Decreasing grade 10 to grade 12
Outcome variable®; Frequency of smoking
Abroms, 544(41.2%) (1) 442(33.5%); increasing fall 6" grade to spring 7™
2005* grade. Stable spring 7™ grade to fall 9™ grade; (2)
118(8.9%); low stable fall to spring 6th grade. Increasing
spring 6™ to 9" grade; (3) 184(13.9%); increasing fall 6th
grade to 9™ grade (4) 33(2.5%); increasing fall 6th to 9™
grade
Simons- Treatment: Treatment: (1) 74(10.7%); increasing fall 6™ grade to fall Treatment: 218(31.5%); increasing
Morton, 308(44.5%) 9t grade fall 6™ grade to spring 7™ grade.
2005* Control: (2) 78(11.2%); increasing fall to spring 6 grade. Stable Decreasing spring 7" grade to fall 8™
262(41.7%) spring 6™ grade to fall 9" grade (3) 14(2%); increasing grade. Increasing fall 8" grade to fall
fall 6™ grade to spring 7™ grade. Stable spring 7" grade to 9% grade.
fall 9 grade Control: 202(32.2%); increasing fall
Control: (1) 75(11.9%): increasing fall 6" grade to fall 9 6™ grade to spring 7" grade. Stable
grade (2) 69(11%); increasing fall to spring 6" grade. spring 7" grade to fall 8" grade.
Stable spring 6™ grade to fall 9" grade (3) 20 (3.2%); Decreasing fall 8" grade to fall 9
increasing fall 6! grade to spring 7™ grade. Stable spring grade.
7" grade to fall 9 grade
Maggi, 46(6.8%) 106(38%); low stable 10-11 to 12-13. Increasing 12-13 to (1) 17(6.8%); low stable 10-11 to 12-
2007* 16-17 13. Increasing 12-13 to 14-15.

Decreasing 16-17; (2) 15(5.2%);
increasing 10-11 to 14-15.
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Decreasing 14-15 to 16-17 (3)
95(34%); increasing 10-11 to 12-13.
Decreasing 12-13 to 14-15.
Increasing 14-15 to 16-17

Bernat, 54% (1) 17%; increasing 12 to 19; (2) 7%; increasing 12 to 4%:; increasing 12 to 15.5.
2008* 16.5. Stable 16.5 to 19; (3) 8%; low stable 12 to 14. Decreasing 15.5 to 19
Increasing 14 to 18. Stable 18 to 19; (4) 10%; increasing
12 to 14. Stable 14 to 17. Increasing 17 to 19.
Maggi, 1916(48.4%) (1) 550(13.9%); low stable 10-11 to 14-15. Increasing (1) 681(17.2%); low stable 10-11 to
2008* 14-15 to 20-21; (2) 162(4.1%); low stable 10-11 to 14-15. 14-15. Increasing 14-15 to 18-19.
Increasing 14-15 to 18-19. Stable 18-19 to 20-21; (3) Decreasing 18-19 to 20-21 (2)
230(5.8%); increasing 10-11 to 16-17. Stable 16-17 to 416(10.5%); increasing 10-11 to 18-
20-21 19. Decreasing 18-19 to 20-21
Kimber, 264(40%) (1) 258(39%) — largely moderate users; (2) 140(21%) —
2009% heavy users
de Leeuw, | 267(62.3%) | 27(6.3%); 76(17.7%); increasing 15 to 18 59(13.7%)
20108* decreasing
15t0 18
Lynne- 437(82%) 96(18%); increasing 9th to 12th grade
Landsman,
2010*
Heron, 2594(85.4%) (1) 131(4.3%) — late-onset regular smokers; (2) 52(1.7%) 264(8.7%) - Experimenters
2011% — early-onset regular smokers
Hampson, | 684(71.0%) (1) 141 (14.6%); increasing grade 9 to grade 12; (2) 82 56(5.8%)
2013 (8.5%); increasing grade 9 to grade 11. Stable grade 11 to
grade 12.
Metzger, 64(18.6%) (1) 185(53.8%); stable baseline to 15-month follow-up.
2013* Increasing 15-month follow-up to 24-month follow-up;
(2) 95(27.6%); increasing baseline to 24-month follow-
up
Xie, 2013* | 1715(48.7%) (1) 1711(48.6%); increasing 12 to 13 years. Stable 13 to
15 years. Increasing 15 to 16 years; (2) 95(2.7%);
increasing 12 to 16
Musci, (1) 68% - low but increasing users; (2) 32% - moderate
2015% users
Cance, 1526 (68%) | 247 (11%) (1) 247 (11%); low stable at 17-19. increasing 17-19 to 89 (4%); stable high 17-19 to 20-22.
2017* 21-23. Stable 21-23 to 23-25; (2) 135 (6%); increasing Decreasing 20-22 to 23-25
17-19 to 21-23. Stable 21-23 to 23-25
Dutra, 1205 (1) 533 (5.2%); low stable from 12-16 to 18-24 years. 701 (8.1%); increasing from 12-16 to
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2017* (13.6%) Increasing from 18-24 to 26-30 years; (2) 3205 (39.0%); 18-22 years. Decreasing from 18-22
increasing from 12-16 to 22-26 years. Stable from 22-26 to 25-29 years. Low stable from 26-
years to 26-30 years. 30 years.

Chang, 1772 (71%) (1) 560 (22%); increasing from 13 to 18 years; (2) 178

2018* (7%); increasing from 13 to 17 years. Stable from 17 to
18 years

Outcome variable®: Intensity and frequency of smoking

Chassin, (1) 843(12%); increasing 10 to 20. Stable 20 to 31; (2) (1) 367(5%); low stable 10 to 14.

2000%* §° 1108(16%); low stable 10 to 15. Increasing 15 to ~24. Increasing 14 to ~22. Decreasing ~22
Stable ~24 to 31 to ~26. Stable ~26 to 31; (2)

393(6%); stable 10 to ~13. Increasing
~13 to ~17. Decreasing ~17 to 20.
Stable 20 to 21

White, 148(39.6%) 155(41.4%); increasing 12 to 25. Stable 25 to 30-31 71(19%); increasing 12 to 18.

2002* Decreasing 18 to 30-31

Audrain- 436(45%) (1) 223(23%); increasing 9% to 12 grade; (2) 232(24%);

McGovern, increasing 9" to 12 grade; (3) 77(8%); increasing 9" to

2004* 10" grade. Stable 10" to 12" grade

Orlando, 3253(55%) 532(9%); (1) 828(14%); Increasing 13 to 18. Stable 18 to 23; (2) 473(8%)

2004* decreasing 828(14%); Low stable 13 to 14. Increasing 14 to 23

13 to 18.
Stable to 23
Tucker, 371(8.7%); (1) 593(14%); increasing 13 to 16. Stable 16 to 23; (2) 333(7.8%) 2347(55.3%); increasing 13 to 15
2005* decreasing 601(14.2%); increasing 13 to 23 years; decreasing 15 to 23 years.
13 to 18.
Stable to 23
Tucker, 426(29.5%) | 82(5.7%); (1) 123(8.5%); increasing 13 to 16. Stable 16 to 23; (2) 69(4.8%) 584(40.5%); increasing 13 to 15
2006%*10 decreasing 158(11%); increasing 13 to 23 years; decreasing 15 to 23 years.
13 to 18.
Stable to 23

Audrain- 556(61.2%) (1) 241(26.5%); increasing 10™ grade to 2 post high-

McGovern, school; (2) 112(12.3%); increasing 10" grade to 12

2009* grade. Stable 12% grade to 2 post high-school

Otten 120(38.4%) 145(46.5%); increasing 13 to 15 47(15.1%)

2009*

Outcome variable®: Any use of cigarettes

Maggi 1169(40.5%) (1) 1423 (49.3%); increasing 10-11 to 14-15. Stable 14-

2007* 15t0 16.17; (2) 294 (10.2%); increasing 10-11 to 16-17.
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Weden, 4044(63.7%) (1) 933(14.7%); increasing 14 to 16. Stable 16 to 25; (2) 171(2.7%); increasing 14 to 16.
2012* 1194(18.8%); low stable 14 to 16. Increasing 16 to 25 Decreasing 16 to 21. Increase 21 to
22, decrease 22 to 23, increase 23 to
24, and decrease 24 to 25.
Huang, 3897(75.8%) | 159(3.1%); 1085(21.1%); increasing 12 to 18
2013* decreasing
12t0 18
Lynne- 561(82%) 21(3%); increasing baseline to 1-year follow-up 102(15%)
Landsman,
2016*
TIME SINCE ONSET ANALYSES
Outcome variable®; Intensity of smoking
Rosendahl, Males: (1) 21.1%; increasing 5% to 9 grade. Stable 9t Males: Increasing 5% to 6 grade.
2008* grade to 3 after compulsory school; (2) Increasing 5% Decreasing 6'" to 7 grade.
grade to 3 after compulsory school; Increasing 7" to 8" grade.
(3) Low stable 5™ to 9" grade. Increasing 9" grade to 3 Decreasing 8" grade to 2 after
after compulsory school. compulsory school. Stable 2 to 3
Females: (1) 159(14.7%); low stable 5" to 9" grade. after compulsory school
Increasing 9" grade to 3 after compulsory school; (2) Females: 283(26.1%); increasing 5™
198(18.3%); low stable 5 to 6™ grade. Increasing 6™ to 9 grade. Decreasing 9™ grade to 3
grade to 3 after compulsory school; (3) 273(25.2%); after compulsory school
increasing 5" to 9™ grade. Stable 9™ grade to 3 after
compulsory school
Karp, 267(72.4%) 41(11.1%); low stable baseline to 9-month follow-up. (1) 40(10.8%); increasing baseline to
2005* Increasing 9-month follow-up to end of follow-up 18-month follow-up. Stable 18-
month follow-up to 30-month follow-
up. Decreasing 30-month follow-up
to end of follow-up; (2) 21(5.7%);
increasing baseline to 36-month
follow-up. Decreasing 36-month
follow-up to end of follow-up

Missing information (i.e. empty cells) in the table indicates that information was not clearly provided in the article. If articles do not provide the percentage or
number of people in a given trajectory, the label assigned to that trajectory in the article is written in the appropriate column.
*Indicates studies which provided plots and descriptions of the shape of trajectories.

tIndicates studies which provide descriptions of the shape (including inflection points), but no plots of the trajectories.

fIndicates studies which provide neither plots nor descriptions of the shape of trajectories.
IRefers to whether there was a trajectory of participants who remained at low levels of smoking throughout the study.
Refers to whether there was a trajectory of smokers who decreased the frequency or intensity of smoking throughout the study.

3Refers to the age range over which participants decreased or increased their frequency or intensity of smoking. For studies which did not indicate age on the x-
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axis, this range is given in terms of the value of the x-axis (e.g. school grade, months since baseline).

“4Refers to whether there was a trajectory of smokers who increased their frequency or intensity of smoking throughout the study.

SRefers to whether there was a trajectory of smokers who consistently smoked, either at medium or high frequency or intensity, throughout the study.

®Provides a list and a brief description (i.e. inflection points, age ranges, etc.) of any additional reported trajectories.

"Trajectories in the “decreasing”, “stable”, and “other” groupings are included in the “other” grouping reported in the manuscript

8Refers to the way in which smoking was assessed: intensity was assessed as the number of cigarettes smoked over a given time period (day(s), week(s),
month(s), year); frequency was assessed as the number of days on which participants smoked over a given time period (week(s), month(s), year); any use was
assessed by asking participants whether they had ever smoked cigarettes or whether they had smoked in the past week/month/year with a yes/no response option.
°An “erratic” group was determined a priori and was not included in trajectory analyses

10The “abstainer” group was determined a priori and therefore not included in trajectory analyses
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Table 25. (Article 1, Table S3) Further description of trajectories

Grade 11, Grade 12

First author Years Age at assessments! Minimum Density of | Information | Dealt with Dealt with
and year of of no. data | measurements about attrition missing values
publication follow- points during distribution | (Y/N) IfY, (Y/N) If Y,
up required” | adolescence | of smoking method method used
(12-18 years)’ | measure* used
AGE/GRADE ANALYSES
Outcome variable’®: Intensity of smoking
Colder 2001 4 years 12y, 12.6y, 13.6y, 14.6y, 15.6y, 16.6y 6 1.5 Y and N
Guo 2002 5 years 13y, 14y, 15y, 16y, 18y 2 1 N Y, multiple
imputation
Vitaro 2004 3.5 9-11.5y, 9.5-12y, 10.5-13y, 11.5-14y, 12.5-15y 1.3 N
years
Stanton 2004 | 9 years 9y, 11y, 13y, 15y, 18y 5 0.6 Y Y, listwise
deletion
White 2004 15 10y, 11y, 12y, 13y, 14y, 15y, 16y, 17y, 18y, 19y, 20y, 1 1.2 N N
years 21y, 22y, 23y, 24y, 25y
Maggi 2007 6 years 10-11y, 12-13y, 14-15y, 16-17y 2-3 0.8 N
Riggs 2007 12 12y, 12.5y, 13y, 14y, 15y, 16y, 17y, 18y, 19y, 20y, 21y, 1.3 N
years 22y, 23y, 24y
Lessov- 11 13.1y, 14.1y, 15.1y, 16.3y, 17.3y, 18.3y, 19.8y, 21.9y, 1.2 N
Schlaggar years 23y, 24y
2008
Otten 2008 2 years 12y, 13y, 14y 1 1.5 Yand N
Chung 2010 4 years 13y, 14y, 15y, 16y, 17y 1.3 N
Gabrhelik 2.5 11-13y, 11.6-13.6y, 12-14y, 12.6-14.6y, 13-15y, 13.6- 2.4 N Y, multiple
2012 years 15.6y imputation
Vuolo 2013 23 15y, 16y, 17y, 18y, 22y, 25y, 26y, 27y, 36y, 38y 1 1.3 N N N
years
Roberts 2014 11 T1 (12y) to T7 (23y) 1 N Y, inverse
years probability
weights
Nelson 2015 11 12y, 13y, 14y, 15y, 17y, 18y, 19y, 22y, 23y 3 1 N
years
Orpinas 2015 | 6 years | Grade 6, Grade 7, Grade 8, Grade 9 (14.8y), Grade 10, N Y, maximum

likelihood

Outcome variable®: Frequency of smoking
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Abroms 2005 | 3 years T1(6" grade) to T5 (9" grade) 5 N
Simons- 3 years T1 (6™ grade) to T5 (9™ grade) 5 Y and N
Morton 2005
Maggi 2007 6 years 10-11y, 12-13y, 14-15y, 16-17y 2-3 0.8 N
Bernat 2008 3 years | 12-16y, 12.5-16.5y, 13-17y, 13.5-17.5y, 14-18y, 14.5- 4 2.4 N
18.5y, 15-19y
Maggi 2008 10 10-11y, 12-13y, 14-15y, 16-17y, 18-19y, 20-21y 0.7 N
years
Kimber 2009 | 2 years 13-14y, 14-15y, 15-16y 1.5 Yand N
de Leeuw 3 years 15y, 16y, 17y, 18y 1.3 Y and N Y, FIML
2010
Lynne- 3 years 9% grade, 10% grade, 11" grade, 12" grade 1 1.3 Y Y, FIML
Landsman
2010
Heron 2011 2 years 14y, 15y, 16y 1-3 1.5 Y Y, listwise
deletion and
multiple
imputation
Hampson 3 years 9% grade, 10™ grade, 11" grade, 12" grade 1 1.3 N Y; analysis | Y, expectation
2013 of var maximization
related to algorithm
attrition
Metzger 2013 | 2 years 15.6y, 16.1y, 17y, 17.9y 2.0 N
Xie 2013 2 years 12-15y, 13-16y, 14-17y 1.5 Y (for sub- N Y, expectation
sample) maximization
algorithm
Musci 2015 9 years 12y, 13y, 14y, 15y, 16y, 17y, 18y, 19y, 21y 1.2 Y Y, FIML
Cance 2017 6 years | 17-19 fall, 17-19 spring, 18-20 fall, 18-20 spring, 19- 1 4 Y Y; analysis Y; MLR
21 fall, 19-21 spring, 20-22 fall, 21-23 fall, 22-24 fall, of var missing data
23-25 fall related to estimation
attrition
Dutra 2017 14 12-16y, 13-17y, 14-18y, 15-19y, 16-20y, 17-21y, 18- 3 1.2 N N Y; maximum
years 22y, 19-23y, 20-24y, 21-25y, 22-26y, 23-27y, 24-28y, likelihood
25-29y, 26-30y
Chang, 2018 5 years 13y, 14y, 15y, 16y, 17y, 18y 4 1.2 N Y, Y, multiple
multiple imputation
imputation

Outcome variable®: Intensity and frequency of smoking
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Chassin 2000° 10 T1 (6"-12' grade) to T6 (21-31y) 2-3 N
years
White 2002 18-19 12y, 15y, 18y, 25y, 30-31y 2 0.5 Y and N
years
Audrain- 3 years 14-15y, 15-16y, 16-17y, 17-18y 4 1.3 Y Y, listwise
McGovern deletion
2004
Orlando 2004 10 13y, 14y, 15y, 16y, 18y, 23y 3 1 N Y, weights N
years
Tucker 2005 10 13y, 14y, 15y, 16y, 18y, 23y 3 1 N Y, weights N
years
Tucker 20067 10 13y, 14y, 15y, 16y, 18y, 23y 3 1 N Y, inverse
years probability
weights
Audrain- 5 years 15y, 16y, 17y, 18y, 20y 1.3 N N
McGovern
2009
Otten 2009 2 years 13y, 14y, 15y 2 1.5 N Y; analysis Y, listwise
of var deletion
related to
attrition
Outcome variable®: Any use of cigarettes
Maggi 2007 6 years 10-11y, 12-13y, 14-15y, 16-17y 2-3 0.8 N
Weden 2012 10 14-15y, 16-17y, 18-19y, 20-21y, 22-23y, 24-25y 1 0.8 N
years
Huang 2013 6 years 12y, 14y, 16y, 18y 8 0.7 Y and N N
Lynne- 1 year T1 (<14-16y) to TS5 (<15-17y) 5 N Y, FIML
Landsman
2016
TIME SINCE ONSET ANALYSES
Outcome variable’®: Intensity of smoking
Rosendahl 7 years 11y, 12y, 13y, 14y, 15y, 17y, 18y 1.0 N N Y, replaced w/
2008 0 or left as
missing
Karp 2005 4 years 13y, 13.3y, 13.6y, 13.9y, 14.2y, 14.5y, 14.8y, 15.1y, 3 3.5 N N Y, listwise
15.4y, 15.7y, 16y, 16.3y, 16.6y, 16.9y deletion

Note: Missing information (i.e. empty cells) in the table indicates that information was not clearly provided in the article. FIML = fill information maximum

likelihood

'Age of participants at each time smoking was assessed. Some studies only reported age at baseline and end of follow-up or school grade rather than age.
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2Minimum number of data points of smoking information required for participants to be included in the trajectory analyses

3Calculated as the number of data points during adolescence (12-18 years old) divided by the number of years covered during adolescence

“4Refers to the variable used to generate the trajectories.

SRefers to the way in which smoking was assessed: intensity was assessed as the number of cigarettes smoked over a given time period (day(s), week(s), month(s),
year); frequency was assessed as the number of days on which participants smoked over a given time period (week(s), month(s), year); any use was assessed by
asking participants whether they had ever smoked or whether they had smoked in the past week/month/year with a yes/no response option.

® An “erratic” group was determined a priori and was not included in trajectory analyses

7 The “abstainer” group was determined a priori and therefore not included in trajectory analyses. Y: yes. No: No. y: years.
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Table 26. (Article 1, Table S4) Method used to estimate trajectories

First author and No. traj considered; Orders Model Range of average Discussion of (Statistical Model)
year of publication used! considered; used comparison posterior probabilities heterogeneity Software used
tools used? (Y/N)?
AGE/GRADE ANALYSES
Outcome variable*: Intensity of smoking
Colder 2001 ;5 Piecewise, linear, APP, BIC, N (LGMM) Mplus
quadratic; substantive
quadratic criteria
Guo 2002 1-6; 5 BIC, N (LCGM) Proc Traj,
substantive SAS
criteria
Vitaro 2004 1-5; 4 BIC N (LCGM) Proc Traj,
SAS
Stanton 2004 1-6; 6 Piecewise, linear, APP, BIC 0.87-0.98 N (LGMM) Mplus
quadratic;
quadratic
White 2004 2-4;3 Quadratic; BIC, APP 0.97-1.00 N (LCGM) Proc Traj,
quadratic SAS
Riggs 2007 -4 Linear, quadratic, BIC N (LCGM) Proc Traj,
cubic; cubic SAS
Lessov-Schlaggar 3-6; 6 BIC, N (LCGM) Proc Traj,
2008 substantive SAS
criteria
Otten 2008 1-4;3 Zero order, linear, APP, BIC, 0.66-1.00 N (LCGM) Proc Traj,
quadratic; LRT, SAS
quadratic substantive
criteria
Chung 2010 1-5; 4 BIC N (LCGM) Proc Traj,
SAS
Gabrhelik 2012 1-4; 2 BIC, LRT, Y (GMM) Mplus
substantive
criteria
Vuolo 2013 1-7; 5 BIC, LRT, N (non-parametric LC
substantive trajectory A) Latent
criteria Gold
Roberts 2014 -4 N (GMM) Mplus
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Nelson 2015 2-8; 6 APP, BIC, N
OCC,
substantive
criteria
Orpinas 2015 - 4 APP, BIC, 0.97-1.00 N (LCGM) Proc Traj,
substantive SAS
criteria
Outcome variable*: Frequency of smoking
Abroms 2005 -5 BIC N (LGMM) Mplus
Simons-Morton -5 BIC N (LGCM) Mplus
2005
Maggi 2007 -5 BIC N (LCGM) Proc Traj,
SAS
Bernat 2008 2-7;6 Linear, quadratic, APP, BIC N (LCGM) Proc Traj,
cubic; cubic SAS
Maggi 2008 1-8; 6 BIC, N (LCGM) Proc Traj,
substantive SAS
criteria
Kimber 2009 -3 BIC, N (non-parametric LCA
substantive for repeated
criteria measures) Latent
Gold
de Leeuw 2010 2-6; 4 Linear, quadratic; AIC, BIC, N (LCGA) Mplus
quadratic LRT,
substantive
criteria
Lynne-Landsman -2 AIC, BIC, N (GMM)
2010 LRT, Mplus
substantive
criteria
Heron 2011 2-5;4 Mplus: BIC, N (LCA for repeated
LRT, analysis ) Mplus &
substantive Latent Gold
criteria.
Latent Gold:
substantive
criteria
Hampson 2013 1-5; 4 BIC, entropy, N (LCGA) Mplus
adjusted Lo-
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Mendell-Rubin
LRT

Metzger 2013 -5 Linear, quadratic; (GMM) Mplus
quadratic
Xie 2013 2-4;3 APP, BIC in 0.85-0.98 (LCGM) Proc Traj,
SAS. BIC, SAS & Mplus
LRT in Mplus
Musci 2015 1-4;2 BIC, LRT, (LCPA) Mplus
substantive
criteria
Cance 2017 -5 Linear, quadratic; | BIC, entropy, 0.88-0.99 (LCGA) Mplus
quadratic LRT, bootstrap
LRT, APP,
substantive
criteria
Dutra 2017 1-5;5 BIC, LRT, 0.90-0.98 (LCGA) Mplus
APP,
substantive
criteria
Chang 2018 2-4;3 AIC, BIC, log 0.90-1.00 (LCGM) Proc Traj,
Bayes factor, SAS
APP,
substantive
criteria
Outcome variable*: Intensity and frequency of smoking
Chassin 2000’ 1-5;6 Quadratic, cubic; BIC (LCGM) Proc Traj,
cubic SAS
White 2002 2-4;3 Linear, quadratic; BIC (LCGM) Proc Traj,
quadratic SAS
Audrain-McGovern 1-5; 4 BIC, LRT, (LCGM) Mplus
2004 substantive
criteria
Orlando 2004 -5 Linear, quadratic; APP, BIC, 0.84-0.95 (LGMM) Mplus
quadratic substantive
criteria
Tucker 2005 -5 Linear, quadratic; APP, BIC, (LGMM) Mplus
quadratic substantive
criteria
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Tucker 2006° 4-5; 5 APP, BIC, 0.80-0.96 N (LGMM) Mplus
substantive
criteria
Audrain-McGovern 2-6; 5 APP, BIC, N (LGCM) Mplus
2009 LRT, Latent growth curve
substantive modeling followed
criteria by growth mixture
modelling
Otten 2009 -3 BIC, LRT N (LCGM) Proc Traj,
SAS
Outcome variable*: Any use of cigarettes
Maggi 2007 -3 BIC N (LCGM) Proc Traj,
SAS
Weden 2012 1-5;4 AIC, BIC N mixture latent class
analysis (LTA) Mplus
Huang 2013 2-4;3 ; linear AIC, APP, N (LCGM) Proc Traj,
BIC, SAS
substantive
criteria
Lynne-Landsman 1-4;3 AIC, BIC, N (GMM) Mplus
2016 LRT,
substantive
criteria
TIME SINCE ONSET ANALYSES
Outcome variable*: Intensity of smoking
Rosendahl 2008 -4 BIC Males — 0.73-1.00. N (LCGM) Proc Traj,
Females — 0.85-0.96 SAS
Karp 2005 2-4; 4 Linear, quadratic, BIC 0.94-1.00 N (LCGM) Proc Traj,
cubic; cubic SAS

Note: Missing information (i.e. empty cells) in the table indicates that information was not clearly provided in the article. LGMM: Latent growth mixture modeling.
GMM: growth mixture modeling. LCA: Latent class analysis. LCGA: Latent class growth analysis. LTA: Latent trajectory analysis. LCGM: Latent class growth
modeling. LGCM: Latent growth curve modeling. LCPA: Latent class-profile analysis
"Number of trajectories considered refers to the number of trajectories that were compared in the model selection process. Number used refers to the number of

trajectories in the final model. If there was more than one model, then results from each trajectory model is reported

’Model comparison tools used include BIC (e.g. sample-adjusted BIC); LRT (e.g. (adjusted; Vuong or Lo-Mendell-Rubin likelihood ratio test, classification
likelihood criterion, integrated completed likelihood criterion, (conditional) bootstrap likelihood ratio test, log-likelihood); APP; AIC; and substantive criteria (e.g.
previous literature and previous cluster analyses of data, parsimony, selecting best-fitting model that maintained unique trajectories, utility of each trajectory group,
trajectory group interpretability, theoretical understanding of trajectories, shape of trajectories, trajectory group sizes (i.e. proportion of people in each trajectory
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group), entropy, maximum posterior probability, bivariate model fit information using Pearson’s chi-square, bivariate residuals, % of standardized bivariate
residuals > 4, number of (free) parameters, identification, scree test).

3Refers to whether alternative specifications of within-class heterogeneity were considered (e.g. some specifications can set this to zero, while others may allow it
to be freely estimated). Wherever this information was not provided in the article the mention “N” would be listed.

“4Refers to the way in which smoking was assessed: intensity was assessed as the number of cigarettes smoked over a given time period (day(s), week(s), month(s),
year); frequency was assessed as the number of days on which participants smoked over a given time period (week(s), month(s), year); any use was assessed by
asking participants whether they had ever smoked cigarettes or whether they had smoked in the past week/month/year with a yes/no response option.

5 An “erratic” group was determined a priori and was not included in trajectory analyses

¢ The “abstainer” group was determined a priori and therefore not included in trajectory analyses
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Table 27. (Article 1, Table S5) Risk factors and outcomes associated with trajectory group membership

First author and year

Factors investigated as associated with trajectories!

Outcomes investigated®

of publication
AGE/GRADE ANALYSES
Outcome variable?; Intensity of smoking
Colder 2001
Guo 2002 No. sexual partners past 12 months,
inconsistent condom use past 12 months*

Vitaro 2004 Participant: maladjustment™® (antisocial behavior and school maladjustment), sex.

Parents: education, smoking*. Peers: smoking
Stanton 2004 Participant: intention to smoke later in life*, no. of friends who smoke*, alcohol use,

drunkenness, intention to get drunk later in life, smoked marijuana*, behaviour

problems score*, social competence score, year level intending to leave school, attitude

toward school, no. of changes to address in past 2 *, belongs to organized club*,

attention deficit disorder score*, conduct disorder score*, trouble with police, help

seeking for emotional or behavioural problem, depression score*, anxiety score,

regular part—time job, life satisfaction scale, attachment to family, attachment to

friends*, school qualification™

Parents: smoking*, SES, occupation psychological symptoms*. Other: family relations

index
White 2004 Participant: race®, SES*
Maggi 2007
Riggs 2007 Participant: age/grade*, baseline cigarette use*, ethnicity*, intervention status, sex* Adult nicotine dependence*, weekly

cigarette use* at each wave of data
collection

Lessov-Schlaggar
2008

Participant: age first smoked*, baseline age*, baseline nicotine dependence*,
satisfaction with school performance*, sex*. Parents: education*, ever smoker*,
income*.

Adult nicotine dependence*

Otten 2008 Participant: attitude, sex, SES, social preference. Parents: smoking. Peers: attitude,
smoking involvement*, social preference.
Chung 2010
Gabrhelik 2012 Participant: sex*, intervention status*
Vuolo 2013 Participant: age*, depressive affect, GPA, self-esteem, sex, race, close to parent offspring smoking
respondent, older sibling smoker*. Parents: smoking trajectory®, marital status,
education level, currently employed.
Roberts 2014 Participant: history of sexual*, physical* and/or emotional* abuse. Mother: history of
childhood sexual* and physical/emotional* abuse
Nelson 2015 Participant: college attendance*, intervention status, sex*, race* Problematic substance use*
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Orpinas 2015

| High school dropout*

Outcome variable®; Frequency of smoking

Abroms 2005

Participant: social norms*, outcome expectations*, social competence, deviance
acceptance®, depression*, friends who smoke*, problem behaving friends*, person at
home smoke*, academic engagement, school adjustment, school climate, intervention
status*, sex™*, race. Parents: involvement, monitoring, expectation*. Other: parent-child
conflict

Simons-Morton 2005

Participant: race, sex*®, intervention status*.

Maggi 2007

Bernat 2008 Participant: difficulty smoking in various places*, functional meaning of smoking*, no.
of adults who smoke (belief)*, no. of teens who smoke (belief)*, perceptions of
tobacco industry*, race®, sex. Parents: family structure*, smoking*. Peers: no. who
smoke*. Other: community type*, adults smoke in home*

Maggi 2008

Kimber 2009 Participant: intervention status*, duration of intervention*®, grade*, well-being, sex,
neighbourhood SES

de Leeuw 2010 Participant: sex, education®,

Parents: smoking*, house rules. Both: quality* and frequency* of communication
regarding smoking issues, non-smoking agreement*

Lynne-Landsman
2010

Participant: sex*, lunch subsidy, intervention status. Parents: education*

Graduate on time*, antisocial personality
disorder (lifetime)*, major depressive
disorder, unsafe sex, pregnant®, alcohol
abuse*, alcohol dependence, marijuana
abuse, marijuana dependence*, illicit drug
use*, criminal record*, non-violent juvenile
crime(s)*, violent juvenile crime(s)*, non-
violent adult crime(s), violent adult
crime(s)

Heron 2011

Participant: sex*, parity*, baseline smoking*, baseline alcohol*, baseline maximum

number of drinks*, baseline cannabis use*, conduct problems*. Mother: education®,
adolescent alcohol use, adolescent binge drinking*, adolescent smoking*, adolescent
cannabis*. Other: housing tenure*, overcrowding*

Hampson 2013

Participant: sex*, smoking status (childhood/grade 4)*, received free or reduced-cost
lunch*, initial level of sensation-seeking®, growth of sensation-seeking*

Smoking status (young adulthood)*,
hookah smoking (young adulthood)*

Metzger 2013

Participant: baseline smoking*, problem communication with mother*, problem
communication with father, less open communication with parents*, initiation of
discussions about smoking behaviour, active secrecy with mothers*, information
management (full disclosure vs concealment) strategies. Parents: initiation of
discussions about smoking, maternal solicitation of teen smoking behaviour*, paternal
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solicitation of teen smoking behaviour, maternal smoking disapproval*, paternal
smoking disapproval

Xie 2013 Participant: depressive symptoms*, attitudes toward smoking*, alcohol*, trouble with
teachers*, like of school*, isolation, teacher sanctioning of smoking*, GPA*, school
performance*. Parents: disapproval*, smoking*, sanctioning of smoking*. Family:
relationships*, disharmony*. Peers: sanctioning of smoking®, smoking norm*
Musci 2015 Participant: lunch subsidy*, intervention status, sex, genetic differences between sub-
populations*
Cance 2017
Dutra 2017 Participant: race/ethnicity*, gender, employment status/school enrollment*, Marital status®*, number of children*,
depression*, conduct problems/rebellion*, alcohol use*, marijuana use*, cocaine or highest level of education
other hard drugs use
Parents: SES*, family stability*
Peers: smoking*
Chang 2018 Internalizing problems*
Outcome variable’: Intensity and frequency of smoking
Chassin 2000* Participant: health beliefs about smoking*, locus of control*, no. friends who smoke*, | currently employed full-time, currently
no. of parents who smoke*, psychological beliefs about smoking*, tolerance for married, having children*, health beliefs*,
deviance*, cohort*. Parents: support™® life satisfaction, negative affect in past
month*, personality risk™*, positive affect in
past month, psychological beliefs*, some
college education*, stress
White 2002 Participant: sex*, SES, exposure to pregnancy smoking, self-esteem, self-derogation,

depression, disinhibition*, cigarette attitudes, school attachment, grades*, drug use*,
delinquency. Parent: smoking. Sibling: smoking. Peer: smoking

Audrain-McGovern
2004

Participant: sex, novelty-seeking®, depressive symptoms*, alcohol use*, marijuana
use*, GPA*, tobacco advertising receptivity*, team sport*, race*. Peers: smoking*

Orlando 2004 Participant: exposure to adult smoking*, low resistance self-efficacy*, belief in Currently married, college degree*, deviant
smoking benefits*, marijuana use*, deviance*, poor grades*, lack of belief in smoking | behavior*, physical health*, mental
costs*, binge drinking*. Parents: smoking approval*. Peers: smoking*. health*, ever had alcohol problem*, ever
had drug problem*

Tucker 2005° Participant: sex, ethnicity, family status. Parents: education* Currently married, college degree*,
stealing*, selling drugs™®, predatory
violence*, mental health*, alcohol
problem*, drug problem*, poor physical
health*

Tucker 2006° Participant: race*. Parents: education®. Other: family structure* Early sexual activity*, early parenthood*,

early marriage, college degree*,
employment income in past year*, welfare
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assistance in past year*, physical health*,
mental health*, arrest history*, job
problems, alcohol abuse*, drug abuse®,
abortion*

Audrain-McGovern
2009

Participant: sex, race, delay discounting*, novelty-seeking*, ADHD-attention*,
ADHD-hyperactivity, depression symptoms, academic performance*, alcohol use*,
marijuana use*. Household: smoking. Peer: smoking*.

Otten 2009 Participant: disruptiveness (6y)*, disruptiveness (7-12y) sex*, SES, social preference*.

Parents: smoking. Peers: disruptiveness

Outcome variable®: Any use of cigarettes

Maggi 2007
Weden 2012 Participant: baseline age*, sex*, race/ethnicity*. Mother: smoking history*, age at

birth*, education level, marital status*, breastfed child, prenatal care, adolescent

delinquency score*.
Huang 2013 Adult obesity trajectory*

Lynne-Landsman
2016

Participant: race, sex.

TIME SINCE ONSET ANALYSES

Outcome variable?; Intensity of smoking

with clear rules on smoking, confident in ability to succeed in school. Parents: tobacco
use, education.

Rosendahl 2008 Participant: sex*. Parents: education*, tobacco use*. Peer: tobacco use*. School
environment: tobacco use*.
Karp 2005 Participant: age, sex*, poor academic performance*, >50% of friends smoke*, school | Nicotine dependence*, tolerance*

Note: Missing information (i.e. empty cells) in the table indicates that information was not clearly provided in the article.

IRefers to risk factors of smoking trajectory class membership. If both univariate and multivariate results are presented in the article, only the multivariate will be
reported. (If no such results are reported, the column will be left blank). *Indicates a risk factor variable which was significantly associated with the smoking

trajectories (p<<0.05).

ZRefers to whether the study examined the potential effect(s) of the smoking trajectory class membership on particular outcome(s). The particular outcomes studied

are listed in the column. *Indicates an outcome variable which was significantly associated with the smoking trajectories (p<0.05).

3Refers to the way in which smoking was assessed: intensity was assessed as the number of cigarettes smoked over a given time period (day(s), week(s), month(s),
year); frequency was assessed as the number of days on which participants smoked over a given time period (week(s), month(s), year); any use was assessed by

asking participants whether they had ever smoked cigarettes or whether they had smoked in the past week/month/year with a yes/no response option.
4 An “erratic” group was determined a priori and was not included in trajectory analyses

STucker 2005: authors indicate that these variables were used as risk factors of trajectory group membership but do not provide any information on whether they

were significant risk factors or not
6 The “abstainer” group was determined a priori and therefore not included in trajectory analyses
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Table 28. (Article 1, Table S5a) Number of articles! that investigated a potential factor associated with trajectory group
membership, and among these articles, the number that reported a statistically significant association

Age/grade analyses Time-since-onset analyses
First author, date n | Reported First author, n Reported
significant date significant
association? association
n n
Sociodemographic factors?
Baseline age, grade (education level, school | Lessov-Schlaggar 2008, Bernat 2008, Orpinas
enrollment)* 2016, de Leeuw 2010, Weden 2012, Dutra 6 |6 Karp 2005 1 0
2017
Sex, gender Vitaro 2004, Lessov-Schlaggar 2008, Otten
2008, Nelson 2015, Bernat 2008, Otten 2009,
Orpinas 2016, White 2002, Gabrhelik 2012,
Abroms 2005, de Leeuw 2010, Lynne- Karp 2005,
Landsman 2010, Heron 2011, Metzger 2013, 22 110 Rosendahl 2 2
Musci 2015, Hampson 2013, Audrain- 2008
McGovern 2004, Orlando 2004, Audrain-
McGovern 2009, Weden 2012, Lynne-
Landsman 2016, Dutra 2017
Race, ethnicity (white, black, Hispanic, White 2004, Nelson 2015, Bernat 2008,
Asian, other, non-white) Orpinas 2016, Abroms 2005, Metzger 2013,
Audrain-McGovern 2004, Weden 2012, 13 | 10 - - -
Lynne-Landsman 2016, Orlando 2004, Tucker
2006, Audrain-McGovern 2009, Dutra 2017
Socioeconomic status White 2004, Otten 2009, White 2002 3 |1 - - -
Parental education Vitaro 2004, Lessov-Schlaggar 2008, Lynne- Karp 2005,
Landsman 2010, Heron 2011, Orlando 2004, 8 |6 Rosendahl 2 1
Tucker 2006, Weden 2012, Dutra 2017 2008
Household income Iggizov—Schlaggar 2008, Otten 2008, Dutra 3 |2 Karp 2005 1 0
Father’s occupation Stanton 2004 1 [0 - - -
Free or reduced lunch Musci 2015, Hampson 2013 2 |2 - - -
Housing tenure Heron 2011 1 |1 - - -
No. of address changes in past 2yrs Stanton 2004 1 |1 - - -
Overcrowding Heron 2011 1 |1 - - -
Community type (urban, rural, small city) Bernat 2008 1 |1 - - -
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Parity | Heron 2011 [1 |1 -
Psychosocial factors
Behavior problems (maladjustment, Stanton 2004, Otten 2009, Vitaro 2004, White 7 |6 i
delinquency, conduct disorder score) 2002, Weden 2012, Heron 2011, Dutra 2017
Sensation-seeking, disinhibition Hampson 2013. White 2002 2 |2 -
Novelty-seeking, impulsivity ?(;1(;19rain—McGovern 2004, Audrain-McGovern 2 |9 Karp 2005
Tolerance for deviance Chassin 2000, Abroms 2005, Orlando 2004 3 |3 -
Locus of control Chassin 2000 1 1 -
Delay discounting Audrain-McGovern 2009 1 1 -
Child’s sexual, physical, emotional abuse Roberts 2014 1 1 -
Life satisfaction Stanton 2004 1 [0 -
Social competence Stanton 2004, Abroms 2005 2 |0 -
Social preference (popularity among peers, Otten 2008, Otten 2009, Xie 2013 3 |1 i
isolation from peers)
Friend-related psychosocial factors
Peers’ antisocial behavior, friends’ Otten 2009, Abroms 2005

. . . . 2 |1 -
disruptiveness, problem-behaving friends
Attachment to friends Stanton 2004 1 1 -
Friend support Chassin 2000 1 [0 -
Friend strictness Chassin 2000 1 |0 -
Peers’ social preference Otten 2008 1 |0 -
Smoking-related psychosocial factors
Low self-efficacy for smoking resistance Orlando 2004 1 |1 -
Beliefs about smoking (belief in smoking Bernat 2008, Chassin 2000, Abroms 2005,
benefits, outcome expectations, smoking Orlando 2004,
difficulty, lack of belief in smoking costs, 4 |4 -
psychological beliefs, social beliefs,
functional meaning of smoking
Attitude(s) toward smoking Otten 2008, White 2002, Xie 2013 3 11 -
Intention to smoke Stanton 2004 1 |1 -
Smoking social norms Abroms 2005 1 1 -
Perception of tobacco industry (tobacco ad Bernat 2008, Audrain-McGovern 2004 s |9 i
receptivity)
Mental health
Depression, depressive symptoms White 2002, Xie 2013, Stanton 2004, Abroms

2005, Audrain-McGovern 2004, Audrain- 7 |6 Karp 2005
McGovern 2009, Dutra 2017

Anxiety Stanton 2004 1 |0 -
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Stress Karp 2005 0
Self-esteem, self-derogation White 2002 Karp 2005 0
Attention deficit disorder score, ADHD- Stanton 2004, Audrain-McGovern 2009
attention, ADHD-hyperactivity i )
Help-seeking for emotional or behavioral Stanton 2004
problem i )
Internalizing problems (depressive Chang 2018
symptoms, social anxiety, and social - -
loneliness)
Academic-related variables
Academic performance (grades, GPA, school | White 2002, Xie 2013, Audrain-McGovern
performance, school qualification) 2004, Orlando 2004, Audrain-McGovern Karp 2005 1
2009, Lessov-Schlaggar 2008, Stanton 2004

School-related attitudes (value/expectations Chassin 2000, Abroms 2005, White 2002,
placed on academic success and Stanton 2004, Xie 2013
independence, confident in ability to succeed
at scll)lool, academic engagement,yschool Karp 2005 0
adjustment, school attachment, perceived
trouble with teachers, likes school
Year level intending to leave school Stanton 2004 - -
School climate Abroms 2005 - -
College attendance® Nelson 2015 - -
Smoking-related factors
(Prior to) Baseline cigarette use, age first Riggs 2007, Lessov-Schlaggar 2008, Heron
tried smoking 2011, Metzger 2013, Hampson 2013 ] )
Baseline nicotine dependence Lessov-Schlaggar 2008 - -
Smoking in social environment
No. of adults who smoke Bernat 2008 - -
School-related smoking (school has clear Xie 2013
smoking rules, teachers/staff smoke near
schoql, attends school' where? breaking Karp 2005,
smoking rules results in punishment, attends

Rosendahl 1
school where many students smoke where 2008

they are not allowed to, teachers sanction
smoking, baseline prevalence of tobacco use
in class

Family-related smoking

Home smoking rules (smoking policies, non-

Bernat 2008, de Leeuw 2010. Metzger 2013
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smoking agreement, family rules about
substance use)

Sibling smoking White 2002 1 |0 -

Parents’ smoking, tobacco use, ever smoker, | Vitaro 2004, Lessov-Schlaggar 2008, Otten

no. parents who smoke, household smoking, | 2008, Bernat 2008, Otten 2009, Chassin 2000, Karp 2005,

persons at home smoke, adult smoking White 2002, Xie 2013, Abroms 2005, de 12 |8 Rosendahl
Leeuw 2010, Orlando 2004, Audrain- 2008
McGovern 2009

Mother smokes Stanton 2004, Heron 2011, Metzger 2013, 4 |3 i
Weden 2012

Father smokes Stanton 2004, Metzger 2013 2 10 -

Parental disapproval/sanctioning of smoking | Xie 2013, Orlando 2004, Metzger 2013 3 13 -

Parent communication (about smoking) de Leeuw 2010, Metzger 2013 2 |2 -

Parental smoking expectancies Metzger 2013 1 [0 -

Friend-related smoking

Peer and friends smoking Vitaro 2004, Otten 2008, Bernat 2008, Chassin Karp 2005
2000, White 2002, Stanton 2004, Abroms 1 |10 Rosen dahl,
2005, Audrain-McGovern 2004, Orlando 2008
2004, Audrain-McGovern 2009, Dutra 2017

Peer smoking attitudes, peer sanctioning of Otten 2008, Xie 2013 R i

smoking, friend smoking norm

Family-related variables

Family functioning (family relationships, Xie 2013, Stanton 2004, Abroms 2005, de

parent-child conflict, family disharmony, Leeuw 2010, Chassin 2000, Metzger 2013 6 |2 i

parental involvement, monitoring, support,

strictness, expectation, warmth)

Nuclear family, two-parent family Bernat 2008, Orlando 2004, Tucker 2006, 4 i
Dutra 2017

Attachment to family Stanton 2004 1 |10 -

Maternal characteristics

Obtained prenatal care Weden 2012 1 |0 -

Age at birth Weden 2012 1 1 -

Breastfed child Weden 2012 1 |0 -

Smoked during pregnancy White 2002 1 |10 -

Marital status when child was age 14 Weden 2012 1 1 -

Maternal weekly alcohol use when child was | Heron 2011 1 1o i

age 12

Maternal alcohol binge when child was age Heron 2011 e i

12
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Maternal cannabis use when child was age 9

Heron 2011

Mother’s psychological symptoms

Stanton 2004

Mother’s abuse (sexual, physical, emotional)

Roberts 2014

Other

Alcohol use (been drunk, binge drinking)

Xie 2013, Stanton 2004, Audrain-McGovern
2004, Audrain-McGovern 2009, Orlando
2004, Heron 2011

Intention to get drunk

Stanton 2004

Cannabis use (marijuana, pot)

Stanton 2004, Heron 2011, Audrain-
McGovern 2004, Orlando 2004, Audrain-
McGovern 2009, Dutra 2017

Drug use (other illicit drugs)

White 2002, Dutra 2017

Team sport

Audrain-McGovern 2004

peer substance use)

Extracurricular activities (belongs to Stanton 2004
organized club, regular part-time job)

Genetics (polygenic score, population Musci 2015
stratification)

Environmental profile (parental monitoring, Musci 2015

"When two or more articles used the same data, they were included as separate articles.

’The direction of associations is not reported due to heterogeneity across articles in the trajectory group used as the reference group.

3If a factor was studied in both univariate and multivariate models, results from the latter are reported.

“Variables in parentheses are the labels used by the authors to describe the concept of interest.

5Tt is not clear how “college™ is defined in this study. Authors indicate college attendance both as a baseline variable and as an outcome.
®This table is the same as Table 7 (Article 1 Table 3), but is reproduced here as this earlier version was slightly clearer and easier to follow.



Table 29. (Article 1, Table S6) Items' reported from the Guidelines for Reporting on Latent Trajectory Studies (GRoLTS)
checklist

First author and 1 2 3a | 3b | 3c 4 5 6a | 6b 7 8 9 10 11 12 | 13 | 14a | 14b | 14c | 152 | 16
year of publication
AGE/GRADE ANALYSES
Outcome variable?: Intensity of smoking
Colder 2001 Yes | No | No | Yes | Yes | Yes | Yes | No | Yes | Yes No | Yes | No | No | No | Yes | No | No | Yes | No
Guo 2002 Yes | No | No | Yes | Yes | Yes | Yes | No | No | No No | No | Yes| Yes | No | No | Yes | No | No | No | No
Vitaro 2004 No | No | No | No | No | Yes | Yes | No | No | No No | No | Yes| Yes | No | No | No | No | No | No | No
Stanton 2004 Yes | No | No | Yes | Yes | Yes | Yes | No | No | Yes No | No | Yes| Yes | No | No | Yes | No | No | Yes | No
White 2004 Yes | No | No | No | No | Yes | Yes | No | No | No No | No | Yes| Yes | No | No | Yes | No | No | Yes | No
Maggi 2007 Yes | No | No | Yes | Yes | No | Yes | No | No | No No | Yes | No | No | No | Yes | No | No | No | No
Riggs 2007 Yes | No | No | Yes | No | Yes | Yes | No | No | Yes No | No | Yes | No | No | No | Yes | No | No | No | No
Lessov-Schlaggar
2008 Yes | No | No | Yes | No | Yes | Yes | No | No | No No | No | Yes| Yes | No | No | Yes | No | No | No | No
Otten 2008 Yes | No | No | Yes | Yes | Yes | Yes | No | No | Yes Yes | No | Yes | Yes | No | No | Yes | No | No | Yes | No
Chung 2010 Yes | No | No | No | No | No | Yes | No | No | No No | Yes | Yes | No | No | Yes | No | No | No | No
Gabrhelik 2012 Yes | No | No | No | Yes | No | Yes | Yes | No | No No | No | Yes | Yes | No | Yes | Yes | No | No | No | No
Vuolo 2013 No | No | No | Yes | Yes | Yes | Yes | No | No | No No | No | Yes| Yes | No | No | No | No | No | No | No
Roberts 2014 Yes | No | No | Yes | Yes | Yes | No | No | No | No No | No | No | No | No | No | No [ No | No | No | No
Nelson 2015 Yes | No | No | Yes | Yes | Yes | Yes | No | No | No No | No | Yes| Yes | No | No | Yes | No | No | No | No
Orpinas 2015 Yes | No | No | No | No | Yes | Yes | No | No | No No | No | Yes| No | No | No | Yes | No | No | No | No
Outcome variable?®: Frequency of smoking
Abroms 2005 Yes | No | No | Yes | Yes | Yes | Yes | No | No | No No | No | Yes| No | No | No | Yes | No | No | No | No
Simons-Morton
2005 Yes | No | No | Yes | Yes | Yes | Yes | No | No | No No | No | Yes| No | No | No | Yes | No | No | No | No
Maggi 2007 Yes | No | No | Yes | Yes | Yes | Yes | No | No | No No | Yes | No | No | No | Yes | No | No | No | No
Bernat 2008 Yes | No | No | No | Yes | Yes | Yes | No | No | No No | No | Yes| Yes | No | No | Yes | No | No | No | No
Maggi 2008 Yes | No | No | Yes | No | Yes | Yes | No | No | No No | Yes | Yes | No | No | Yes | No | No | No | No
Kimber 2009 Yes | No | Yes | Yes | No | Yes | Yes | No | No | No No | No | Yes| No | No | No | Yes | No | No | No | No
de Leeuw 2010 Yes | No | No | Yes | Yes | Yes | Yes | No | No | Yes Yes | No | Yes | Yes | No | No | Yes | No | No | No | No
Lynne-Landsman
2010 Yes | No | Yes | No | Yes | Yes | Yes | No | No | No No | No | Yes | No | No | No | Yes | No | No | No | No
Heron 2011 No | No | Yes | Yes | Yes | Yes | Yes | No | No | No No | Yes | Yes | Yes | No | Yes | No | No | No | No | No
Hampson 2013 Yes | No | No | Yes | Yes | Yes | Yes | No | No | No No | No | Yes | Yes | No | Yes | Yes | No | No | No | No
Metzger 2013 Yes | No | No | No | No | No | Yes | No | No | Yes No | No | No | No | No | No|Yes| No | No | No | No
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Xie 2013 Yes | No | No | No | No | Yes | Yes | No | No | No No | No | Yes| Yes | No | No | Yes | No | No | No | No
Musci 2015 No | No | Yes | No | Yes | Yes | Yes | No | No No No | No | Yes | Yes | No | Yes | No | No | No | No | No
Cance 2017 Yes | No | No | Yes | Yes | Yes | Yes | No | No | No No | Yes | Yes | No | Yes | Yes | No | No | No | No
Dutra 2017 Yes | No | No | No | Yes | Yes | Yes | No | No No No | No | Yes | Yes | Yes | No | Yes | No | No | No | No
Chang 2018 Yes | No | No | No | Yes | Yes | Yes | No | No | No No | No | Yes | Yes | No | No | Yes | No | No | No | No
Outcome variable®: Intensity and frequency of smoking

Chassin 2000 Yes | No | No | Yes | Yes | Yes | Yes | No | No | No No | Yes | Yes | Yes | No | No | Yes | No | No | No | No
White 2002 Yes | No | No | Yes | No | Yes | Yes | No | No | Yes Yes | No | Yes | Yes | No | No | Yes | No | No | No | No
Audrain-

McGovern 2004 Yes | No | Yes | Yes | Yes | Yes | Yes | No | No | No Yes | No | Yes | Yes | No | Yes | Yes | No | No | No | No
Orlando 2004 No | No | No | Yes | Yes | Yes | Yes | No | No | No No | No | Yes| No | No | No | Yes | No | No | Yes | No
Tucker 2005 No | No | No | No | Yes | Yes | Yes | Yes | Yes | No No | No | Yes| No | No | No | Yes | No | No | No | No
Tucker 2006 Yes | No | No | No | Yes | Yes | Yes | No | No | No No | No | Yes| No | No | No | Yes | No | No | No | No
Audrain-

McGovern 2009 Yes | No | Yes | Yes | Yes | Yes | Yes | No | No | No No | No | Yes | Yes | No | Yes | Yes | No | No | No | No
Otten 2009 Yes | No | No | Yes | Yes | Yes | Yes | No | No | No No | No | Yes| No | No | No | Yes | No | No | No | No
Outcome variable®: Any use of cigarettes
Maggi 2007 Yes | No | No | Yes | Yes | No | Yes | No | No | No No | No | Yes | No | No | No | Yes | No | No | No | No
Weden 2012 Yes | No | No | No | Yes | No | Yes | No | No | No Yes | No | Yes | Yes | No | No | Yes | No | No | No | No
Huang 2013 Yes | No | No | No | Yes | Yes | Yes | No | No | No Yes | No | Yes | Yes | No | No | Yes | No | No | No | No

Lynne-Landsman
2016 Yes | No | Yes | No | Yes | Yes | Yes | No | No | No No | No | Yes | Yes | No | Yes | Yes | No | No | No | No
TIME SINCE ONSET ANALYSES
Outcome variable?: Intensity of smoking
Rosendahl 2008 Yes | No | No | No | Yes | Yes | Yes | No | No | No No | No | Yes| No | No | No | Yes | No | No | No | No
Karp 2005 Yes | No | No | No | No | Yes | Yes | No | No | Yes No | No | Yes | No | No | No | Yes | No | No | Yes | No

Note: Missing information (i.e. empty cells) in the table indicates that information was not clearly provided in the article.

11-Is the metric of time used in the statistical model reported? 2-Is information presented about the mean and variance of time within a wave? 3a-Is the missing
data mechanism reported? 3b-Is a description provided of what variables are related to attrition/missing data? 3c-Is a description provided of how missing data
in the analyses were dealt with? 4-Is information about the distribution of the observed variables included? 5-Is software mentioned? 6a-Are alternative
specifications of within-class heterogeneity considered (e.g., LGCA vs LGMM) and clearly documented? If not, was sufficient justification provided as to
eliminate certain specifications from consideration? 6b-Are alternative specifications of the between-class differences in variance-covariance matrix structure
considered and clearly documented? If not, was sufficient justification provided as to eliminate certain specifications from consideration? 7-Are alternative
shape/functional forms of the trajectories described? 8-If covariates have been used can analyses still be replicated? 9-Is information reported about the number
of random start values and final iterations included? 10-Are the model comparison (and selection) tools described from a statistical perspective? 11-Are the total
number of fitted models reported, including a one-class solution? 12-Are the number of cases per class reported for each model (absolute sample size, or
proportion)? 13-If classification of cases in a trajectory is the goal, is entropy reported? 14a-Is a plot included with the estimated mean trajectories of the final
solution? 14b-Are plots included with the estimated mean trajectories for each model? 14c¢-Is a plot included of the combination of estimated means of the final
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model and the observed individual trajectories split out for each latent class? 15-Are characteristics of the final class solution numerically described (i.e., means,
SD/SE, n, CI, etc.)? 16-Are the syntax files available (either in the appendix, supplementary materials, or from the authors)?

“Note that no article reported all the required information

3Refers to the way in which smoking was assessed: intensity was assessed as the number of cigarettes smoked over a given time period (day(s), week(s),
month(s), year); frequency was assessed as the number of days on which participants smoked over a given time period (week(s), month(s), year); any use was
assessed by asking participants whether they had ever smoked cigarettes or whether they had smoked in the past week/month/year with a yes/no response option.
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Appendix 2

Additional Material (Manuscript 1)

The current appendix presents additional information relating to the literature review

methods. (Manuscript 1)

The literature review was undertaken in nine steps: developing review criteria, carrying
out the literature searches, selecting the articles for data abstraction, obtaining an inter-rater
reliability coefficient for the article selection process (definition of the concepts of reliability
and validity is provided in section 8.3.2), data abstraction, summarizing the abstracted data, and
determining whether specific design features could have influenced the number or shape(s) of
trajectories identified. The following paragraphs provide additional information on certain steps
of this process. Guidelines suggested by van de Schoot 2017 [34] for reporting latent trajectory
studies (i.e., described in Section 2.2.5), as well as the PRISMA (i.e., Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines [94] were used to guide the review

process. (See also Appendix 3)

Review criteria

Step 1: Following discussion of the aims of the literature review, three authors (BL,
JO’L, MPS) developed a set of criteria to guide the article selection process. The central aim of
these criteria was to focus the review on articles pertaining to trajectories of cigarette smoking
in adolescence - defined herein as ages 12-18 years - which modeled population variability as
separate trajectory groups. We sought to focus the review on articles dealing with empirically
derived trajectory models (i.e., rather than trajectory models defined a priori, as described in

Section 2.2.3).

The review criteria retained are listed in Table 30. As recommended by the PRISMA
guidelines [94], a flow diagram of the article selection process and results is provided in Figure

1 of Article 1. (Chapter 4)
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Table 30. Review criteria for the title, abstract, and article review stages®

Criterion relates to Exclusion or
content, design, or inclusion
analysis? Criterion Example(s) criterion?
Content Articles not reporting active cigarette smoking | Articles reporting Exclusion
(articles pertaining only to e-cigarettes were environmental
also excluded) smoking only
Studies dealing
only with
clinicians’
practices in
relation to patient
smoking
Articles not
dealing with
cigarette smoking
(e.g., cannabis
use)
Design Cross-sectional design or analyses (no - Exclusion
longitudinal analysis)
Design Literature reviews (articles with no original - Exclusion
data and/or no original analyses)
Design Qualitative analyses only - Exclusion
Analyses Analyses used < 3 data points between ages 12- --- Exclusion
18!
Analyses Analyses with a single overall trajectory (i.e., - Exclusion
no separate and empirically derived groups of
cigarette smoking trajectories)>*
Analyses Studies where all the smoking trajectories were One study® Exclusion
defined a priori, rather than empirically (i.e. modeled four
using the data)* waves of data;
prior to any
examination of
the data 3
trajectory groups
were defined (at
each of the 4
waves
participants were
placed into one of
3 cigarette
smoking
categories;
smoking groups
were then formed
using the 4 waves
of data (see also
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section 2.2.3))

Analyses Studied cigarette smoking trajectories (i.e., - Inclusion

articles dealing only with joint trajectories of

cigarette smoking with other variable(s) were
not included)

"Where possible we used mean age as a basis for these decisions rather than the age range.

2Articles which examined specific risk factors(s) for a “mean” or “average” cigarette smoking trajectory were also

excluded.

3Articles which determined whether a “mean” or “average” trajectory of cigarette smoking differed between

intervention and control groups (i.e., in relation to a specific intervention) were excluded.

4Some trajectories could be defined a priori without this resulting in the exclusion of the article: an example is the

exclusion of subjects who never smoked during the study which can be considered to be a cigarette smoking

trajectory defined a priori.

SArticles which present only joint trajectories of smoking (i.e., of cigarette smoking with a second variable) were

also excluded from our review.

From the following reference: Windle M, Windle RC. Depressive Symptoms and Cigarette Smoking Among

Middle Adolescents: Prospective Associations and Intrapersonal and Interpersonal Influences. Journal of

Consulting and Clinical Psychology 2001; 69(2):215-26.

Article selection process

Steps 2 to 5: The article selection process is described in the Methods section of Article

1. (Chapter 4)

Inter-rater reliability

Step 6: Three authors (BL, SE, CBC) assessed a subset of titles, abstracts, and articles
independently. The three final lists of articles retained were compared. Inter-rater reliability
kappa values were computed using Proc Freq in SAS version 9.4 for Windows [166] with BL
designated as the gold standard, and SE and CBC as separate comparatives. Kappa values were
0.79 between SE and BL and 0.85 between CBC and BL, which should correspond to

“substantial” to “almost perfect” agreement, according to Cohen’s recommendations. [164]

Data abstraction

Step 7: Following guidelines suggested by van de Schoot (2017) [34] for reporting latent
trajectory studies, data were extracted from each article as described in chapter 4. The

information is presented in Tables 5-8 (Article 1), as well as in Tables 23-29, in Appendix 1.
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Study quality

We elected not to carry out a formal assessment of study quality in our review. An
example of a guide to assessing potential bias in studies and study quality is
provided/recommended by the Cochrane Consumers and Communication Review Group. [218]
In the context of a previous systematic review [20], our research group conducted an extensive
examination of tools for quality assessment. These, including the Cochrane Collaboration’s tool
for assessing risk of bias [219], were geared primarily to intervention studies and were therefore
not relevant for the current review. The tools identified also typically scored studies based on
an algorithm, however the distribution and weighting of similar domains across tools in one

comparison carried out across 86 such tools were found to be variable and inconsistent. [220]

We did however use published recommendations for reporting latent trajectory studies
[34] and created a table describing whether each of these items was reported in the studies
retained. (Table 29) This information was later transformed into a figure for easier visual

interpretation. (Figure 2 of Article 1)

Summarizing data, effect(s) of design features

Step 8: Given the wide variability in cigarette smoking measures used, Tables 23-29
(Appendix 1) as well as Tables 5-8 of Article 1 group the studies by type of outcome variable
used in the trajectory models (i.e., intensity of smoking, frequency of smoking, intensity and
frequency of smoking, any use of cigarettes). Studies were also grouped according to whether
they presented models of incident or mixed (i.e., incident and prevalent combined) cigarette

smoking trajectories.

We also grouped the reported trajectory shapes into broad categories selected to make
our reporting of these groups as objective and reproducible as possible, including: low stable,
decreasing, increasing, stable (i.e., stable at medium or high levels of smoking), and “other”
types of trajectory shapes. (Table 24) This was later grouped further into the categories: low
stable, increasing, and other. (Table 6) We also reported selected items pertaining to the
methodologies used, as suggested by van de Schoot 2017. [34] (Table 26) Finally, we reported

the risk factors for and outcomes of the trajectories reported for each article, as well as which
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associations were statistically significant. (Table 27) We further summarized the information on
risk factors and outcomes into two additional tables: the first table (Table 28) lists all articles
which studied and reported results for each potential risk factor, as well as how many studies
reported a statistically significant association (we separated these results according to whether
studies reported incident or mixed cigarette smoking trajectories). The second/final table (Table

8 of Article 1) provides the same results for outcomes of cigarette smoking trajectories.

Step 9: To determine whether selected study design features might have influenced the
number or shapes of trajectories identified, we collapsed studies into broad categories according
to these features. These results are further described in Chapter 4 and results are presented in

Table 6. (Article 1)

Categorization of trajectories

As stated in Article 1 (Chapter 4), “we categorized each trajectory in each article into
one of three broadly defined groups based on visual inspection of the curves (...). Trajectories
representing the lowest level of smoking across all time-points in each article were categorized
as “low-stable.” An “increasing” group comprised trajectories in which level of smoking
increased; although the time-point at which the slope increased, and rate of increase differed.
All other trajectories, which generally comprised trajectories that increased and then decreased

9% 9

or decreased and then increased were labelled “other”.

The ranges of proportions of participants reported correspond to the proportions of
participants (i.e., proportion of the analytical sample) reported to be in each type of trajectory

(i.e., low-stable, increasing, or other) compiled across the individual studies.

Risk factors, outcomes

The reason Tables 7, 8 (Article 1), and 28 (Appendix 1) do not report actual measures

of association or confidence intervals is as follows.

With regards to potential risk factors for cigarette smoking trajectory group(s), there
were several features of the literature on cigarette smoking trajectories which made it very
difficult to summarize the reported associations beyond a simple statement recording how many

studies reported a significant association for a particular variable. In general, there was
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considerable missing information in the published studies with regards to how the potential risk
factor variables were coded: for this reason it was frequently not possible to determine the
reference category used, and frequently the way in which the variable was coded was not stated.
Additionally, while articles did sometimes refer to a previous publication with regards to the
coding of variables, it was frequently unclear whether the variable in question had been used
exactly as described in the earlier reference in question as opposed to being further modified
(e.g., dichotomized). Additional limitations also applied specifically to the variable
race/ethnicity as a potential risk factor: one issue when attempting to summarize this variable
was whether it could or should be summarized across countries (i.e., because different countries
can vary quite extensively with regard to ethnic makeup). Furthermore, even within a country
such as the United States, different comparisons such as African American (when compared
with all other ethnicities) and Asian American (when compared with all other ethnicities) could
not easily be amalgamated since the effect of ethnicity might well depend on the particular
ethnicity(ies) being studied. A further difficulty which arose was the complexity of the outcome
(i.e., cigarette smoking trajectory group): while we did attempt to limit our summary of risk
factors to comparisons of increasing and high degree of smoking (compared with low level non
increasing and/or non smokers) summarizing this literature was greatly complicated by the

varying numbers and shapes of trajectories reported across individual studies.

(Most of the above issues also affected our ability to synthesize results across studies

with regards to reported outcomes of cigarette smoking trajectory(ies).)
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Appendix 3

PRISMA 2009 Statement Checklist (Article 1)

Table 31. PRISMA 2009 Statement Checklist (Article 1)!

Section/topic Checklist item DI
on page #

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, | 47
or both.

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: 47
background; objectives; data sources; study eligibility
criteria, participants, and interventions; study appraisal
and synthesis methods; results; limitations; conclusions
and implications of key findings; systematic review
registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of 47,48
what is already known.

Objectives 4 | Provide an explicit statement of questions being 47, 48
addressed with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be | None
accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of 48
follow-up) and report characteristics (e.g., years
considered, language, publication status) used as criteria
for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with 48
dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one 48
database, including any limits used, such that it could be
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, 48;
eligibility, included in systematic review, and, if Appendix 2
applicable, included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., 48;
piloted forms, independently, in duplicate) and any Appendix 2

processes for obtaining and confirming data from
investigators.
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Data items 11 | List and define all variables for which data were sought 48;
(e.g., PICOS, funding sources) and any assumptions and | Appendix 1-2
simplifications made.
Risk of bias in individual 12 | Describe methods used for assessing risk of bias of Appendix 2
studies individual studies (including specification of whether this (where
was done at the study or outcome level), and how this applicable)
information is to be used in any data synthesis.
Summary measures 13 | State the principal summary measures (e.g., risk ratio, 48; Appendix
difference in means). 1-2
Synthesis of results 14 | Describe the methods of handling data and combining 48;
results of studies, if done, including measures of Appendix 1-
consistency (e.g., 1 for each meta-analysis. 2 (where
applicable)
Risk of bias across 15 | Specify any assessment of risk of bias that may affect the | Appendix 2
studies cumulative evidence (e.g., publication bias, selective
reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity | 48;
or subgroup analyses, meta-regression), if done, Appendix 1-
indicating which were pre-specified. 2
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for Figure 1
eligibility, and included in the review, with reasons for
exclusions at each stage, ideally with a flow diagram.
Study characteristics 18 | For each study, present characteristics for which data Appendix 1
were extracted (e.g., study size, PICOS, follow-up
period) and provide the citations.
Risk of bias within 19 | Present data on risk of bias of each study and, if Appendix 2
studies available, any outcome level assessment (see item 12). (where
applicable)
Results of individual 20 | For all outcomes considered (benefits or harms), Figure 2,
studies present, for each study: (a) simple summary data for Tables 5-8
each intervention group (b) effect estimates and (Article 1)
confidence intervals, ideally with a forest plot.
Synthesis of results 21 | Present results of each meta-analysis done, including Not
confidence intervals and measures of consistency. applicable
Risk of bias across 22 | Present results of any assessment of risk of bias across | See Appendix
studies studies (see Item 15). 2 (where
applicable);
Figure 2
Additional analysis 23 | Give results of additional analyses, if done (e.g., Not
sensitivity or subgroup analyses, meta-regression [see applicable
Item 16]).
DISCUSSION
Summary of evidence 24 | Summarize the main findings including the strength of 53

evidence for each main outcome; consider their
relevance to key groups (e.g., healthcare providers,
users, and policy makers).
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Limitations

25

Discuss limitations at study and outcome level (e.g., risk
of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

58

Conclusions

26

Provide a general interpretation of the results in the
context of other evidence, and implications for future
research.

53-59

FUNDING

Funding

27

Describe sources of funding for the systematic review
and other support (e.g., supply of data); role of funders
for the systematic review.

59

'From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for
and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7):
doi:10.1371/journal.pmed 1000097

Systematic Reviews
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Appendix 4

Additional Tables and Figures (Manuscript 2)

Figure 9. (Manuscript 2, Figure S1) Flow chart indicating the derivation of the
analytic samples

NDIT participants

(n=1293)
Prevalent smokers Never-smokers at
at baseline baseline (n = 869)

(n=424)

Never-smokers in

cycle 20 at the end

Initiated smoking in
cycle 2-20 (n = 415)

Less than 3 time points with

\

cigarette consumption data Less than 3 time points

(n = 30) with cigarette consumption
\_ Y, data (n = 42)
~\
Never completed a 3- | No positive values for
month recall in cycle 1-20 cigarette consumption in
(n=156) sc1-20 (n = 66)
N J v v
Prevalent smokers with 3 Incident smokers with 3
time points available for time points available for
trajectory analyses trajectory analyses
(n=338) (n=307)

N/

Prevalent and incident smokers

with 3 time points available for

mixed trajectory analyses

(n = 645)
No outcome data available in | gem— No outcome data available in
cycle 22 (n =197) cycle 22 (n=72)
A 4 A 4
Outcome data Outcome data
available in cycle available in cycle

22 (n = 448) 22 (n = 235)




Table 32. (Manuscript 2, Table S1) Characteristics? of smokers included and excluded
from the incident trajectory analyses. NDIT (Canada) 1999-2005

Included in incident trajectory analyses
Yes Nob p-value
(n=307) (n=108)

Sociodemographic indicators i i :
Age, y, means (SD) ; 14.0 (1.1) ; 14.8 (1.5) ; <0.0001
Male, % E 394 E 58.3 E 0.0007
Mother university-educated, % 48.7 47.4 0.8455
Lives with one parent, % E 13.1 ! 113 E 0.6399
Born in Canada, % E 95.8 E 89.8 E 0.0227
Language spoken at home (French), % i 22.8 i 24.1 i 0.7873
Smoking-related indicators : | :
No. cig/month, median (IQR) i 0.5(0,1.3) i 0.0 (0.0, 0.5) i <0.0001
Used other tobacco products, % 41.8 333 0.1262
Parents smoke, % 31.0 27.6 0.5124
Friends smoke, % 83.0 80.6 0.5656
Psychosocial indicators
Depressive symptoms, mean(SD) 2.2(0.7) 2.0 (0.8) 0.0187
Family-related stress, mean (SD) | 1.4 (0.5 | 1.3 (0.5) | 0.2737
Other stress, mean (SD) l 1.6 (0.5) l 1.5 (0.6) l 0.0244
Self-esteem, mean (SD) i 2.5(04) i 2.5(0.4) i 0.7121
Impulsivity, mean(SD) ; 2.5(1.0) ; 2.3(0.9) ; 0.1054
Novelty-seeking, mean (SD) 3.1(0.8) 2.8(1.0) 0.0120
Lifestyle indicators
MVPA, times/wk, mean (SD) L 21.6(16.5) ! 22.1(17.4) ! 0.7762
Participated in team sports, % 58.3 56.5 0.7412

aValues for time-invariant variables (sex, mother university-educated, French spoken at home, born in Canada)
were drawn from baseline. The earliest values available for impulsivity and novelty-seeking (both measured in
cycles 14 and 18) and self-esteem (measured in cycle 12) were used. All other characteristics were measured at the
time of cigarette smoking initiation.PIncludes incident smokers with <3 cycles of data on cigarette consumption or
who never reported a non-zero value for number of cigarettes smoked per month.

bChi-square was used to test for differences in categorical variables. ANOVA was used to test for differences in
means of normally distributed variables; the Wilcoxon test was used to test for differences in no. cig/month (which
was not normally distributed).

SD: Standard deviation. IQR: Interquartile range. MVPA: Moderate and vigorous physical activity.
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Table 33. (Manuscript 2, Table S2) Baseline characteristics? of smokers included
and excluded from the mixed trajectory analyses. NDIT (Canada) 1999-2005

Included in mixed trajectory analyses
Yes Nob p-value
5 (n=645) 5 (n=194)
Sociodemographic indicators
Age, y, means (SD) i 12.8 (0.6) ! 13.0 (0.7) L 0.0002
Male, % i 39.5 i 58.2 . <0.0001
Mother university-educated, % | 42.8 | 42.2 L 0.9052
Lives with one parent, % I 10.7 I 13.1 I 0.3637
Born in Canada, % i 95.7 i 90.2 i 0.0038
Language spoken at home (French), % 36.3 32.5 0.3312
Smoking-related indicators
Smoked cigarettes, % 34.2 7.4 r<0.0001
No. cig/month (among smokers), median (IQR) ! 2.5 240 <0.0001
! (0.5, 20) i (2.5, 540) !
Used other tobacco products, % ! 17.1 ! 11.2 ! 0.0599
Parents smoke, % | 44.7 | 47.8 | 0.4703
Friends smoke, % l 52.8 l 39.0 l 0.0011
Psychosocial indicators i i i
Depressive symptoms, mean(SD) 2.2 (0.6) 2.1(0.6) 0.0554
Family-related stress, mean (SD) 1.4 (0.4) 1.3(0.5) 0.3025
Other stress, mean (SD) 1.5 (0.4) 1.5 (0.4) 0.0575
Self-esteem?, mean (SD) 2.4(0.4) 2.5(04) 1 0.1629
Impulsivity?, mean(SD) 2.5(1.0) 2.2(0.8) 0.0100
Novelty-seeking?, mean (SD) 3.0(0.8) 2.8(0.9)  0.0027
Lifestyle indicators : : |
MVPA, times/wk, mean (SD) 19.7 17.8 0.1244
i (14.6) i (14.6) i
Participated in team sports, % 60.6 57.2 0.3965

aThe earliest values available for impulsivity and novelty-seeking (both measured in cycles 14 and 18) and self-
esteem (measured in cycle 12) were used.

bprevalent and incident smokers with <3 cycles of cigarette consumption data or who never reported a non-zero
value for number of cigarettes smoked per month.

CChi-square was used to test for differences in categorical variables. ANOVA was used to test for differences in
means of normally distributed variables; the Wilcoxon test was used to test for differences in no. cig/month (which
was not normally distributed).

SD: Standard deviation. IQR: Interquartile range. MVPA: Moderate and vigorous physical activity.
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Number of cigarettes smoked per month

Figure 10. (Manuscript 2, Figure S2) Amplification of the two lowest trajectories of
the five-group model of incident trajectories with 95% confidence intervals,
according to number of cigarettes smoked per month (n = 307 incident adolescent
smokers), NDIT 1999-2005
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Table 34. (Manuscript 2, Table S3) Characteristics? of incident smokers with and without
data for at least one smoking-related outcome in early adulthood. NDIT (Canada) 1999-
2012

With data Without data . p-valueb

(n=235) ! (n=172) !
Sociodemographic : :
Age, y, mean (SD) E 14.1 (1.2) E 13.9 (1.0) E 0.2029
Male, % | 38.7 | 41.7 | 0.6548
Mother university-educated, % I 50.0 I 41.9 I 0.3280
Lives with one parent, % l 12.0 l 16.7 l 0.3008
Born in Canada, % E 97.0 E 91.7 E 0.0857
French-speaking, % 23.0 22.2 0.8935
Smoking-related indicators
No. cig/month, median (IQR) ! 0.5 (0, 1.3) ! 0.5(0, 1) E 0.6914
Used other tobacco products, % 42.1 40.8 0.8458
Parents smoke, % | 26.6 | 45.7 | 0.0024
Friends smoke, % | 83.8 | 80.6 | 0.5266
Psychosocial indicators l i i
Depressive symptoms, mean (SD) 2.2(0.7) E 2.2 (0.7) E 0.9253
Family-related stress, mean (SD) ! 1.4 (0.5) 1.4 (0.4) 0.8849
Other stress, mean (SD) 1.6 (0.5) 1.6 (0.5) 0.5169
Self-esteem, mean (SD) ! 2.5(0.4) ! 2.5(0.4) ! 0.8101
Impulsivity, mean (SD) E 2.5(1.0) E 2.4 (1.0) E 0.8464
Novelty-seeking, mean (SD) i 3.1(0.8) i 3.1(0.8) i 0.9094
Lifestyle indicators : : |
MVPA, times/wk, mean (SD) l 22.1(17.0) l 202 (15.0) l 0.4042
Participated in team sports, % E 57.9 E 59.7 : 0.7806

aValues for time-invariant variables (sex, mother university-educated, French spoken at home, born in Canada)
were drawn from baseline. The earliest values available for impulsivity and novelty-seeking (both measured in
cycles 14 and 18) and self-esteem (measured in cycle 12) were used. Values for all other characteristics were drawn
from the cycle in which the participant initiated cigarette smoking.

bChi-square was used to test for differences in categorical variables. ANOVA was used to test for differences in
means of normally distributed variables; the Wilcoxon test was used to test for differences in no. cig/month (which
was not normally distributed).

SD: Standard deviation. IQR: Interquartile range. MVPA: Moderate and vigorous physical activity. wk: week.

Ixviii



Table 35. (Manuscript 2, Table S4) Baseline characteristics? of smokers included
in the mixed trajectory analyses with and without data for at least one
smoking-related outcome in early adulthood. NDIT (Canada) 1999-2012

With data Without p-value
(n=448) : datab :
' (n=197)

Sociodemographic ; ; ;
Age, y, mean (SD) E 12.7 (0.5) E 12.9 (0.7) E <0.0001
Male, % E 37.5 E 44.2 E 0.1109
Mother university-educated, % 44.6 35.6 0.1049
Lives with one parent, % ! 10.2 ! 11.9 ! 0.5331
Born in Canada, % ! 96.2 ! 94.4 L 0.3044
French-speaking, % i 36.6 i 35.5 i 0.7938
Smoking-related indicators i i i
Smoked cigarettes, % E 30.1 E 43.8 E 0.0010
No. cig/month (among smokers), median ! 2.4(0.5,19.2) 2.5(0.5, 0.5972
(IQR) | | 20.3) |
Used other tobacco products, % 15.9 19.9 0.2304
Parents smoke, % i 42.0 i 514 . 0.0324
Friends smoke, % i 49.1 i 61.5 L 0.0044
Psychosocial indicators | | |
Depressive symptoms, mean (SD) ; 2.2 (0.6) ; 2.2 (0.6) ; 0.2359
Family-related stress, mean (SD) i 1.3(0.4) i 1.5(0.5) i 0.0054
Other stress, mean (SD) E 1.5(0.4) E 1.6 (0.5) E 0.0604
Self-esteem, mean (SD) 2.4(0.4) 2.4(0.4) 0.8535
Impulsivity, mean (SD) 2.5(1.0) 2.5(1.0) 0.9554
Novelty-seeking, mean (SD) E 3.0 (0.8) E 3.1(0.9) E 0.5255
Lifestyle indicators
MVPA, times/wk, mean (SD) | 19.8 (14.2) | 19.4 (15.7) | 0.7576
Participated in team sports, % I 62.0 I 57.4 | 0.2612

aThe earliest values available for impulsivity and novelty-seeking (both measured in cycles 14 and 18) and self-
esteem (measured in cycle 12) were used.

bChi-squ.are was used to test for differences across groups in categorical variables. ANOVA was used to test for
differences in means of normally distributed variables; the Wilcoxon test was used to test for differences in no.
cig/month (which was not normally distributed).

SD: Standard deviation. IQR: Interquartile range. MVPA: Moderate and vigorous physical activity. wk: week.
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Appendix 5

Additional Material (Manuscripts 2 and 3)

Trajectory variable

Table 36 presents the range, median, and number of missing values for the cigarette

smoking trajectory variable, for each time point.

Table 36. Range, median, and missing values for mean number of cigarettes smoked per
month in the past 3 months, by cycle among included participants® and by type of
trajectory model', NDIT 1999-2012

Incident trajectories (n = 307) Mixed trajectories (n = 645)
Time' Range Median Missing Range Median Missing

1 0-900 0 36 0-720 0 39

2 0-540 0 35 0-900 0 54

3 0-440 0 41 0-900 0 65

4 0-540 0 52 0-900 0 387
5 0-690 0 79 0-900 0 76

6 0-900 0 70 0-900 0 93

7 0-900 0 83 0-900 0 170
8 0-900 0 102 0-900 0 164
9 0-900 0 121 0-900 0 133
10 0-900 0 122 0-900 0 148
11 0-900 0 128 0-900 0 159
12 0-900 0 150 0-900 0 163
13 0-900 0 174 0-900 0 192
14 0-680 0 188 0-900 0 204
15 0-900 0 204 0-900 0 202
16 0-900 0 236 0-900 0 221
17 0-9002 0? 2452 0-900 0.166667 219
18 0-9002 0? 2682 0-900 0 228
19 -2 -2 307? 0-900 0 243
20 -2 -2 307? 0-900 0 244

!Time axis for incident trajectories was number of survey cycles since cigarette smoking onset, while for mixed
trajectories this was survey/data collection cycle.

These time points were excluded from the incident trajectory models.

3Excludes incident cigarette smokers who stopped. (Manuscript 3)

Missing values: additional information

Throughout the analyses presented in relation to objective 2, missing values (aside from

the previously discussed exclusions) ranged between 0 and 52 in all but four cases (i.e., across
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mixed trajectory groups, the comparisons of baseline variables resulted in larger numbers of
missing values for mother university-educated, self-esteem, impulsivity, and novelty seeking -
see Table 13). (Tables 11-14) An additional individual who participated only at survey cycle 22
was excluded from all analyses in Manuscripts 2 and 3, as well as the breakdown of participants

in Figure 9.
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Appendix 6

Additional Material (Manuscripts 2 and 3)

Further details regarding the incident cigarette smoking trajectory model

Table 37. Mean posterior probabilities by trajectory group, for the incident cigarette
smoking trajectory model, NDIT 1999-2012

Trajectory group Mean posterior probability
Consistently low consumption 0.80
Low-level decreasers 0.80
Slow escalators 0.90
Moderate escalators 0.83
Early-rapid escalators who peaked 0.93
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Appendix 7

Additional material (Manuscript 3)
Cannabis and cigarette smoking

Table 38 presents information on the distribution and number of missing values for the
cannabis and cigarette smoking variables relating to Objective 3.
Table 38. Distribution and number of missing values for cannabis and cigarette variables

(other than cigarette category variable) among participants included and excluded from
the incident cigarette smoking categories, NDIT 1999-2012

Included! Excluded
Variable n =857 n =436
Ever used cannabis? (n, %, (missing?)) 583, 63.0 (N/A%) 19, 86.4 (414)
Age at 1 cannabis use, y (median, range (missing®)) 15, 9-23 (278) 16, 14-19, (417)
Age at 1% cigarette, y, reported (median, range 13, 3-21 (367) 16, 13-18, (418)
(missing®))

Included participants were incident smokers who were included in the incident cigarette smoking trajectory
model, as well as baseline ever smokers, incident smokers who stopped, and never smokers during adolescence,
as described in Manuscript 3.

This was obtained at cycle 21.

3Was the number missing among participants included and excluded from the cigarette smoking categories.
“N/A: Not applicable (i.e., given the way in which included participants were defined, there were zero missing
values for this item).

Trajectories of incident smoking: included participants

The sample used to model incident cigarette smoking trajectories was restricted to
participants who had never smoked at baseline, but who initiated smoking during follow-up in
high school (i.e., incident cigarette smokers). (Figure 5, 6, and 11) Participants who had never
smoked, not even a puff, during cycles 1-20 (n =454) and those who had ever smoked at baseline
(i.e., prevalent smokers, n = 424) were excluded. Baseline ever smokers were identified using
the questions, “Have you ever in your life smoked a cigarette, even just a puff (drag, hit, haul)?”
(yes, no) and “Check the box that describes you best...” (“I have never smoked, even just a
puff”), at baseline. Responses to the same question in survey cycles 1-20 were used to identify
participants who remained never smokers during adolescence. An additional individual who
participated only at survey cycle 22 was excluded from all analyses. Among the 415 incident

cigarette smokers, n = 42 participants were excluded because they did not provide data on
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cigarette smoking in >3 data collection cycles and » = 66 had zero values for number of
cigarettes smoked in the past month for all cycles in which smoking was reported (i.e., for cycles
1-20), and therefore could not contribute to the trajectory estimation. (Figure 5) We limited
included participants to those who had three or more values for number cigarettes smoked in the
past month and for whom at least one value for this variable was larger than zero, because
trajectories cannot be estimated reliably with only one or two data points. [221] The analytical
sample for the trajectory modeling, as in Manuscript 2, therefore included a total of 307 incident
smokers. (Never smokers during adolescence, baseline ever smokers, and incident smokers who

stopped were included in later analyses but were excluded from the trajectory model.)
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Figure 11. Cigarette smoking trajectory model of incident smokers (z = 307), NDIT 1999-
2008*

Mean cigs/month over past 3 months

Mean no. cigs/month
700.00

600.00
500.00
400.00
300.00
200.00

100.00

0.007 A== S e e B : —4—1
0.00 2.00 4.00 6.00 3.00 10.00 12.00 H.00 16.00
Number of survey cycles since onset

*Low-level decreasers (in red); stable low consumers (in green); slow escalators (in blue); moderate
escalators (in yellow); early rapid escalators who peaked (in black)
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Table 39. Baseline characteristics of included! and excluded participants, NDIT 1999-

20082
Included' Excluded* Missing
(n= 857) (n=436) (n)
Age*, y, mean (SD) (CI) 12.7 (0.54) 12.9 (0.68) 0
(12.66, 12.74) (12.84, 12.96)
Female*, % (CI) 54.5 46.6 0
(51.2,57.8) (41.9,51.3)
Single-parent family, % (CI) 8.7 11.5 5
(6.8,10.6) (8.5, 14.5)
Born in Canada*, % (CI) 93.6 89.2 0
(92.0,95.2) (86.3,92.1)
French spoken at home, % (CI) 313 27.7 0
(28.2,34.3) (23.5,31.9)
Mother university-educated, (%) (CI)? 453 41.7 315
(41.8, 48.8) (35.1,48.2)
Parent(s) smoke, % (CI) 37.6 41.9 22
(34.3,40.9) (37.2, 46.6)
Friend(s) smoke*, % (CI) 35.6 42.2 3
(32.4, 38.8) (37.6, 46.8)

'Included participants were n =307 incident smokers, n = 66 incident cigarette smokers who stopped, n = 454 never smokers during adolescence,
and n = 424 baseline ever smokers (minus 7 = 394 individuals who did not provide data on cannabis use at survey 21)

2A Kruskal-Wallis test was used for age, while a chi-square test was used for all other variables. Factors for which there was a statistically
significant difference (p < 0.05) between group(s) are marked with an asterisk next to the variable name.

3Mother’s education was not measured at baseline but was rather created from information provided in cycles 13 and 17 by participants and in
questionnaires completed by participants’ mothers.

“The data presented in the current table exclude n = 1 participant who entered the study at survey 22.

y: year(s). CI: Confidence interval.

Table 40. Baseline characteristics of never, incident and prevalent smokers, NDIT 1999-
2008*

Never smokers Incident Prevalent | p-value? Missing
(n=454) smokers!' smokers (n)
(n=307) (n=424)
Age, y, mean (SD) (CI) 12.7 (0.5) 12.6 (0.4) 13.0 (0.7) <.0001 0
(12.65,12.75) | (12.55,12.64) | (12.93,13.07)
Female, % (CI) 43.8 60.6 56.6 <.0001 0
(39.2,48.4) (55.1, 66.1) (51.9,61.3)
Single-parent family, % (CI) 6.2 7.8 14.4 <.0001 5
(4.0,8.4) (4.8,10.8) (11.0, 17.7)
Born in Canada, % (CI) 87.9 95.8 94.6 <.0001 0
(84.9,90.9) (93.6, 98.0) (92.4,96.7)
French spoken at home, % (CI) 20.3 22.8 474 <.0001 0
(16.6, 24.0) (18.1, 27.5) (42.6,52.1)
Mother university-educated, (%) (CI)? 47.7 48.7 35.6 0.0020 285
(42.5,52.9) (42.7,54.7) (30.0,41.2)
Parent(s) smoke, % (CI) 26.6 32.0 58.6 <.0001 22
(22.5,30.7) (26.7,37.2) (53.8, 63.3)
Friend(s) smoke, % (CI) 15.0 29.7 71.0 <.0001 2
(11.7,18.3) (24.6, 34.8) (66.7,75.3)

'Incident smokers were n = 307 participants included in the Proc Traj model.
2A Kruskal-Wallis test was used for age, while a chi-square test was used for all other variables.
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3Mother’s education was not measured at baseline but was rather created from information provided in cycles 13 and 17 by participants and in
questionnaires completed by participants’ mothers.

“The data presented in the current table exclude n = 1 participant who entered the study at survey 22.

SD: Standard deviation. y: years. CI: Confidence interval.

Table 41. Characteristics’? of members of each incident smoking trajectory group (n =
307), NDIT 1999-2008

Trajectory group
Stable-low Low-level Slow Moderate | p-value Early- Missing
consumers decreasers | escalators | escalators rapid (n)
escalators
who
peaked
Measured at initiation
Age (y), mean (SD) (CI) 14.1(12) | 141(1.1) | 134(0.7) | 140(0.9) | 0.0259 | 13.6(0.5) 0
(13.90, 14.30) | (13.90, (13.13, (13.59, (13.25,
14.30) 13.67) 14.40) 13.95)
Single-parent family, % 17.3 8.7 12.0 10.5 0.2318* 12.5 1
(€D (11.0,23.6) | (3.5,13.8) | (0,24.7) (0,24.3) (0,35.4)
Parent(s) smoke, % (CI) 31.9 24.6 48.0 333 0.1271 50.0 4
(24.1, 39.7) (16.7, (28.4, (11.5, (15.3,
32.5) 67.6) 55.1) 84.6)
Friends smoke, % (CI) 84.3 77.2 88.0 94.7 0.16974 100 1
(78.3,90.3) (69.5, (75.3, (84.6,
84.9) 100) 100)
Not measured at initiation
Female, % (CI) 69.3 51.3 60.0 63.2 0.0344 37.5 0
(61.7,76.9) (42.2, (40.8, (41.5, (3.9,71.0)
60.4) 79.2) 84.9)
Mother university-educated, 52.0 46.0 60.9 40.0 0.4705 0 40
% (CI) (43.2, 60.8) (36.2, (41.0, (15.2,
55.8) 80.8) 64.8)
Born in Canada, % (CI) 97.1 93.0 100 94.7 0.2435% 100 0
(94.3, 99.9) (88.3, (84.6,
97.7) 100)
French spoken at home, % 19.3 243 24.0 36.8 0.3486 25.0 0
(@) (12.8, 25.8) (16.5, (7.3,40.7) (15.1, (0, 55.0)
32.1) 58.5)

'n = 42 participants who had <3 values for smoking during survey cycles 1-20, as well as participants who were never smokers at survey cycles
1-20 (n = 454), and participants who had ever smoked at baseline (n = 424) are excluded from this table.

A Kruskal-Wallis test was used for age, while a chi-square test was used for all other variables. Early-rapid escalators who peaked were
excluded from statistical inference, given the small size of this trajectory group.

3Whether the participant was born in Canada and whether French was spoken at home was measured at baseline, while mother’s education was
created from information provided in cycles 13 and 17 by participants and in questionnaires completed by participants’ mothers.

4An exact chi-square was used in this instance, rather than an asymptotic chi-square, given the fact that a significant proportion of the cells had
expected values of <5.

SD: Standard deviation. y: years.
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Figure 12. Histogram of (age at 1% cannabis use) — (age at smoking initiation), NDIT 1999-
2008
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Figure 13. Histogram of (age at 1 cannabis use) — (age at 1%t cigarette use)!, among
participants who initiated cannabis before cigarettes or who initiated both substances the
same year, obtained using reported age at cigarette initiation, NDIT 1999-2008
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IThese negative values were used in the truncated regression models (Table 20), however zero values were
removed from the model as these individuals were conceptually different (i.e., same year initiators had zero
values while participants who initiated cannabis >1 year before cigarettes had negative values).
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Figure 14. Histogram of (age at 1% cannabis use) — (age at 1%t cigarette use)!, among
participants who initiated cigarettes before cannabis, obtained using reported age at
cigarette initiation, NDIT 1999-2008
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1Zero values were removed from the model as these individuals were conceptually different (i.e., same year
initiators had zero values while participants who initiated cigarettes >1 year before cannabis had negative values).
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Appendix 8

Additional material (Manuscripts 2 and 3)

8.1 Cigsurv Variable

Additional details regarding “cisgsurv” variable (i.e., mean number of cigarettes smoked

per month in the past 3 months) are provided in this section. This variable was coded as follows.

Month 1 (no. of days smoked): “During ___, on how many days did you smoke

cigarettes, even just a puff?”

Response choices and coding (original categories of variables are provided in Table 10):

e 0=0

e 1=1

e 23=25
o 4.5=45
e 6-10=8

e 11-15=13
e 16-20=18
e 21-30=25

e Every day =30
e Don’t know = missing
e (Missing information was coded as missing)

(The same coding was used for the other two months of the 3-month recall.)

Month 1 (no. of cigarettes smoked on days where participant smoked): “On the days that

you smoked during last month, how many cigarettes did you usually smoke each day?”

Response choices and coding:

e <1=0.5
o |1=1
e 2.3=25
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o 4.5=45

e 06-10=8
o 11-15=13
e 16-20=18
o 21-25=23
e >25=30

e Don’t know = missing
e (Missing information was coded as missing)

(The same coding was used for the other two months of the 3-month recall.)

The recoded variable for number of days smoked (month 1) was then multiplied by the
recoded variable for number of cigarettes smoked on days smoked (month 1). If participants
replied that they had smoked on zero days, then the number of cigarettes smoked in that month
was set to zero (regardless of their answer to the question on number of cigarettes smoked on
days smoked). The same operations were carried out with the variables for month 2 and month

3 of the 3-month recall.

Finally, the mean of all three months was obtained to create the cigsurv variable. (cigsurv
was recoded to zero if a participant replied, “No” to the question, “Have you ever in your life
smoked a cigarette, even just a puff (drag, hit, haul)?” and cigsurv was missing. Additionally,
cigsurv was also recoded to zero if a participant had replied “0” to the question regarding the
number of days smoked, for all 3 months. This was to take into account the skip patterns in the

questionnaire.)
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8.2 Strobe Criteria

The following section details which individual STROBE criteria items were reported in

manuscripts 2 and 3. [222]

Manuscript 2:

Table 42a. STROBE Statement. Checklist of items that should be included in reports of
observational studies, Manuscript 2

Item Recommendation Present? (Y/N)!
No
Title and abstract 1 (a) Indicate the study’s design with a commonly used Y

term in the title or the abstract

(b) Provide in the abstract an informative and Y
balanced summary of what was done and what was

found

Introduction
Background/rationale 2 Explain the scientific background and rationale for Y

the investigation being reported

Objectives 3 State specific objectives, including any prespecified Y
hypotheses

Methods

Study design 4 Present key elements of study design early in the Y
paper

Setting 5 Describe the setting, locations, and relevant dates, Y

including periods of recruitment, exposure, follow-

up, and data collection

Participants 6 (a) Cohort study—Give the eligibility criteria, and the Y
sources and methods of selection of participants.
Describe methods of follow-up

Case-control study—Give the eligibility criteria, and
the sources and methods of case ascertainment and
control selection. Give the rationale for the choice of
cases and controls

Cross-sectional study—Give the eligibility criteria, and

the sources and methods of selection of participants

(b) Cohort study—For matched studies, give matching Not applicable

criteria and number of exposed and unexposed
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Case-control study—For matched studies, give

matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, Y
potential confounders, and effect modifiers. Give (Table 10)
diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and Y

measurement details of methods of assessment (measurement). (Table 10)
Describe comparability of assessment methods if
there is more than one group

Bias 9 Describe any efforts to address potential sources of Y
bias (Section 8.3.2)

Study size 10 Explain how the study size was arrived at Y

(Figure 9)

Quantitative variables 11 Explain how quantitative variables were handled in Y
the analyses. If applicable, describe which groupings (Table 10)
were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those Y
used to control for confounding
(b) Describe any methods used to examine subgroups Y
and interactions
(c) Explain how missing data were addressed Y

Listwise deletion for risk
factors and outcomes, we
included all individuals with
>3 data points AND 21 non
zero value for past 3-month
smoking in the cigarette
trajectories (mixed model);
for the incident model 23 data
points AND 21 non zero value
for past 3-month smoking
were required AFTER initiation
in order to be included in the

trajectories

(d) Cohort study—If applicable, explain how loss to
follow-up was addressed
Case-control study—If applicable, explain how

matching of cases and controls was addressed

See item (c) above as well as

section 8.3.2.2
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Cross-sectional  study—If  applicable, describe
analytical methods taking account of sampling

strategy

(e) Describe any sensitivity analyses

Please see section 8.3.2
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Results

Participants 13* | (a) Report numbers of individuals at each stage of Y
study—eg numbers potentially eligible, examined (Figure 9)
for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Y
(Figure 9)
(c) Consider use of a flow diagram Y
(Figure 9)
Descriptive data 14* | (a) Give characteristics of study participants (eg Y
demographic, clinical, social) and information on (Table 10, Manuscript 2)
exposures and potential confounders
(b) Indicate number of participants with missing Y
data for each variable of interest (Tables 10 and 36,
Manuscript 2, Appendix 4)
(c) Cohort study—Summarise follow-up time (eg, Y
average and total amount) Missing data for cigarette
smoking is described in Table
36; n = 241 refused
participation during cycles 1-
22 [145]
Outcome data 15* | Cohort study—Report numbers of outcome events Y
or summary measures over time (Table 36, Figure 9)
Case-control study—Report numbers in each
exposure category, or summary measures of
exposure
Cross-sectional  study—Report numbers of
outcome events or summary measures
Main results 16 (a) Give unadjusted estimates and, if applicable, Y
confounder-adjusted estimates and their precision
(eg, 95% confidence interval). Make clear which
confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous Y
variables were categorized (Table 10)

(c) If relevant, consider translating estimates of
relative risk into absolute risk for a meaningful time

period

Not applicable
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Other analyses 17 Report other analyses done—eg analyses of Y
subgroups and interactions, and sensitivity
analyses
Discussion
Key results 18 Summarise key results with reference to study Y
objectives
Limitations 19 Discuss limitations of the study, taking into account Y
sources of potential bias or imprecision. Discuss | (Manuscript 2, Sections 8.1,
both direction and magnitude of any potential bias 8.3.2)
Interpretation 20 | Give a cautious overall interpretation of results Y
considering objectives, limitations, multiplicity of (Manuscript 2, Section 8.1)
analyses, results from similar studies, and other
relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the Y
study results Results are not fully
representative as this was a
convenience sample and
additional exclusions were
carried out to constitute our
analytical sample
Other information
Funding 22 Give the source of funding and the role of the Y

funders for the present study and, if applicable, for
the original study on which the present article is

based

"When no further information was provided on location of relevant items, these were located in Manuscript 2.
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Table 42b. STROBE Statement. Checklist of items that should be included in reports of
observational studies, Manuscript 3

measurement

details of methods of assessment (measurement).

Item Recommendation Present?!
No (Y/N)
Title and abstract 1 (a) Indicate the study’s design with a commonly used Y
term in the title or the abstract
(b) Provide in the abstract an informative and balanced Y
summary of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the Y
investigation being reported
Objectives 3 State specific objectives, including any prespecified Y
hypotheses
Methods
Study design 4 Present key elements of study design early in the paper Y
Setting 5 Describe the setting, locations, and relevant dates, Y
including periods of recruitment, exposure, follow-up,
and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the Y
sources and methods of selection of participants.
Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the
sources and methods of case ascertainment and control
selection. Give the rationale for the choice of cases and
controls
Cross-sectional study—Give the eligibility criteria, and the
sources and methods of selection of participants
(b) Cohort study—For matched studies, give matching Not applicable
criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching
criteria and the number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, Y
potential confounders, and effect modifiers. Give (Table 10, Manuscript 3)
diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and Y

(Table 10, Manuscript 3)
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Describe comparability of assessment methods if there is

more than one group

Bias 9 Describe any efforts to address potential sources of bias Y
(Section 8.3.2)
Study size 10 Explain how the study size was arrived at Y
(Figure 9)
Quantitative variables 11 Explain how quantitative variables were handled in the Y
analyses. If applicable, describe which groupings were (Table 10, Manuscript 3)
chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used Y
to control for confounding
(b) Describe any methods used to examine subgroups and Y
interactions
(c) Explain how missing data were addressed Y

Listwise deletion for
potential risk factors for
time elapsed (both models),
as well as of individuals with

missing data on cannabis

(d) Cohort study—If applicable, explain how loss to follow-
up was addressed

Case-control study—If applicable, explain how matching
of cases and controls was addressed

Cross-sectional study—If applicable, describe analytical

methods taking account of sampling strategy

Y
Only individuals with >3
data points for cigarette
smoking AFTER initiation (as
well as 21 non zero cigarette
smoking value post
initiation) were included in
trajectory modeling; see
also Manuscript 3; n = 241
refused participation during

cycles 1-22 [145]

(e) Describe any sensitivity analyses

Y
(Section 8.3.2)
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Results Present?!
Participants 13* | (a) Report numbers of individuals at each stage of study—eg Y
numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing follow-
up, and analysed
(b) Give reasons for non-participation at each stage Y
(c) Consider use of a flow diagram Y
(Figures 5, 6)
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, Y
clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each Y
variable of interest (Tables 15-21)
(c) Cohort study—Summarise follow-up time (eg, average and Not applicable except for
total amount) cigarette categories
(Table 36, n = 241 refused
participation during cycles
1-22 [145]
Outcome data 15* | Cohort study—Report numbers of outcome events or Y
summary measures over time (Table 36, Figures 5, 6)
Case-control study—Report numbers in each exposure
category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or
summary measures
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder- Y
adjusted estimates and their precision (eg, 95% confidence
interval). Make clear which confounders were adjusted for
and why they were included
(b) Report category boundaries when continuous variables Y
were categorized (Manuscript 3, Table 10)
(c) If relevant, consider translating estimates of relative risk Not applicable
into absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and Y
interactions, and sensitivity analyses
Discussion
Key results 18 ‘ Summarise key results with reference to study objectives Y
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Limitations 19 Discuss limitations of the study, taking into account sources of Y
potential bias or imprecision. Discuss both direction and (Manuscript 3, section
magnitude of any potential bias 8.3.2)
Interpretation 20 Give a cautious overall interpretation of results considering Y
objectives, limitations, multiplicity of analyses, results from
similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study Y
results Results are not fully
representative as this was
a convenience sample and
additional exclusions were
carried out to constitute
our analytical sample
Other information
Funding 22 Give the source of funding and the role of the funders for the Funding is described in

present study and, if applicable, for the original study on

which the present article is based

Manuscript 2

"When no further information was provided on location of relevant items, these were located in Manuscript 3.
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Appendix 9

Telescoping bias: further details

The current state of the literature does not permit us to determine what the exact effect
of telescoping bias would be. Indeed, the literature suggests in some cases a shift forward in
time (i.e., the future) and in other cases backward (the past). What is however clear is that events
which are farther away in time appear to be reported with less validity and reliability than more

recent events (please note that the definition of both these concepts is provided in section 8.3.2).
Literature review

I searched Pubmed for the term, “telescoping bias” (no limits) and obtained 25 articles.
(Searches carried out in April 2020.) The most relevant articles were retained following reading
of the article abstracts. Additional articles were also obtained by searching for “tobacco” AND
“telescoping” in Pubmed (May 2020, no limits). This search returned 9 articles of which 4 were
duplicates of the previous search (no additional articles were retained from this search).
Additional searches were carried out which yielded no additional relevant articles: (i)
“cannabis” AND “telescoping”; (i1) “marijuana” AND “telescoping” in Pubmed (May 2020, no
limits). These combined searches yielded a total of n = 16 relevant articles: n = 7 studied in the
context of cigarette smoking and » = 9 studied telescoping bias within a context other than
substance use. In general, with regards to the studies of telescoping bias in relation to tobacco
use, there was no formal validation of the reported results. [223]-[228] One study [229] did not
include truly longitudinal data and will therefore not be considered further). Indeed, several of
these studies had repeated measures which were not validated by objective measures (e.g.,
biological measure(s) of tobacco or cannabis). No studies reported data on telescopic bias for

cannabis initiation.

One additional article, not obtained from the searches described (i.e., this reference was
suggested by a colleague) dealing with telescoping bias with regards to cigarette smoking did
not use longitudinal data on participants: incidence rates from cross-sectional studies were used)

to reconstruct incidence rates for smoking by age in several birth cohorts. [183]
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Other studies which compared objective measures with self-reported behaviors other
than tobacco or cannabis use reported either movement forward (i.e., reporting events as newer
than they actually are) or backward/toward the past (“time expansion”). [197]-[199], [230]-
[235]
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Table 43. Summary of studies relating to telescoping bias

doctor visits and physician

First author, Study sample Response rate (1) Questions Adjustment Nature of comparison Information on Study Relevant to
year of size (%), losses to reported (Y/N)?? for potential (D = dependent variable; [ = effect of time quality telescoping
publication (statistical follow-up!, (2) Previous confounders independent variable) since event (0: poor, 1: | bias (Y/N)?
power) additional information re: (Y/N)? (Y/N)? acceptable,
exclusions (%) validation of self- (Confounding 2: good)’
(selection reported data (Y/N)?? bias)?
bias)* (3) Gold standard
measure described
(including
validation)?
(4) Reference
category reported
(measures of
association) (Y/N)??
(Information bias)
Norman, 2,960 NR, NA, 45% Y, N, Y (N, negative N Test characteristics reported for self- N 0 Maybe?
2003 [230] (2,399+561) (cases) and reports of reported screening mammography
87% (controls) mammography not (compared with medical records)
validated), NA within (1) past year and (2) past 2
years
Petridou, 4,079 50.9%, NA, N,N,Y (Y), NA N Comparison of point estimates and N 1 Maybe?
2004 [232] none confidence intervals for rates of
injuries in the past year (comparison
between self-reported and The
Emergency Department Injury
Surveillance System in Greece)
Dalziel, 2018 4,399 NR, NA, Y, N, Y (N), NA Y Comparison of several error measures N 0 Maybe?
[233] 34.7% for number of doctor visits in the past
year (comparison between self-
reported and Australian Medicare
records)
Rhodes, 2004 23,063 78.8% Y.N,Y (YY), Y Y Percent difference in ORs comparing N 2 Maybe?
[234] (household) risk of use of mental health services
and 94.4% (during past year) according to level of
(individuals), distress (SR OR - AD OR /AD OR)
37.5%, NA *100); overlap of associated
confidence intervals
Bruijnzeels, 1,765 NR (for N, N, Y(N), Y? Y Test characteristics for parent Y 1 Y
1998 [197] physicians) interview and parent diary
and 89% (comparison between parent reports of
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(families),
10%, 2.2%

information/records); ORs for
prevalence of reasons for physician
visits by category; ORs for parental
under and over reporting according to
respondent characteristics

[199]

and 132
controls)

pain between patient reports (4-16
weeks post doctor visit) and physician
records

Betz, 1997 49 N, NR, NR Y, N, Y (N), NA N Pooled within subjects regression used Y
[198] to compare recall of events
(comparison between diary of life
events kept by participants and later
recall of these events)

Pachana, 16,715 (6,839 NR, 52% and Y,N,Y (N), NA N Consistency in reports between first Maybe?
2011 [235] and 9,876 in 28.1% (two report of an event and whether it was

two cohorts) cohorts), none? reported at subsequent waves of the

study
May, 1998 4,472 NR, NA, N, N, N (Y), NA N Comparison of mammography Maybe?
[231] 65.2% reported in a survey vs. in medicare
administrative data

Carey, 1995° 367 (235 cases ? ? ? Consistency in reports of low back Y

NA: Not applicable. NR: Not reported. OR: Odds ratio. SR: Self reported. AD: Administrative data. D: Dependent variable. I: Independent variable. Y: Yes. N: No.
"Longitudinal studies only. (This item is not applicable to cross-sectional studies.) Losses to follow-up in longitudinal studies were classified as follows: <10% excellent, 10-30%
good, 30-50% acceptable, >50% unacceptable). The proportions shown do not take into account additional exclusions such as those relating to item non response regarding

substance use variables of central importance to the article.

2Refers to whether the exact question(s) and associated response items were reported, whether the reference category(ies) used in the analyses was reported (in the case of
continuous measures, this item refers to whether coding of the variable was specified), and whether any previously available information regarding validity and/or reliability of
self-reported variables used in the studies (i.e., specifically, those relating to the associations reported in this table) was reported. (Please note that a definition of both of these

concepts is provided in section 8.3.2).

3None of the reviewed studies presented directed acyclic graphs (DAGs) to show the probable relations between variables in the conceptual model of each study. It is therefore
difficult to know whether confounders were likely to be true confounders vs. intermediate variables vs. colliders. (Confounding is generally defined as a situation where the
exposure and outcome of interest share a common cause thereby biasing the association measure; an intermediate variable is a variable on the causal pathway between exposure

and outcome; collider stratification bias occurs when conditioning on a common cause of exposure and outcome.)[88]-[90]
“4Ranking is based on the information reported in this table.
SCarey et al., 1995 was not available online, but was retained in this table given the relative lack of studies in this area.
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Telescopic-type bias appears to affect dates of self-reported events and could be a cause
of bias when self-reported information involves recalling a date: in other words this bias may
act upon recall of information involving not only the presence or absence of a lifetime entity
(e.g., ever used cannabis), but also involves the recall of one or more specific dates of events
(e.g., age of first cannabis use). Telescopic bias may also affect rates of events when these are

limited in time (e.g., any self-reported of cannabis use limited to a particular time period).

In conclusion, despite a lack of studies on telescopic bias in the particular context of self-
reported data on tobacco and cannabis use, and despite the poor quality of this literature overall,
there is a suggestion that rather than always causing a forward displacement in time, this bias
might cause either backward or forward movement. (The state of the literature did not allow any
conclusion as to the direction of this bias.) Finally, some studies (it should however be noted
that these were not within the realm of questions relating to substance use) did suggest that
validity and reliability of results might diminish according to time since the event. (Bruijnzeels
et al., 1998; Carey et al., 1995) It therefore appears likely that the validity and reliability of self-
reported data on initiation of cannabis and cigarette smoking would be reduced by the time fact
that (in many cases) some years had passed between initiation and reporting of age at initiation

by our participants (Manuscript 3).
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Appendix 10

Ethics certificates, NDIT Study (Manuscripts 2 and 3)
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REGIE REGIONALE DE LA SANTE ET DES SERVICES SOCIAUX
DE MONTREAL-CENTRE

L YT Y A

Le Comité d'éthique de santé publique de la Régie régionale de Montréal-Centre a examing le
projet de recherche ;

A prospective study on the natural history of nicotine dependence

Soumis par: Madame Jennifer O'Loughlin

Le comité d’éthique a conclu que la recherche proposée respecte les rigles dthiques en sanie
publique définies par la Régie régionale de Montréal-Centre, :

Membres du comité:

M. Denis Allard ' Agers de recherche

Dr. Robert Allard Médecin

Mme Lorraine Bernier Agente de recherche sociosanitaire

Dr. Nicole-Hébert-Croteau Médecin-conseif

M. Alain Gaurhier Secréiaire général, C 5, Marguerite Botrgeois

Mme Marie Hirtle Avocate

Mme Marcelle Monette Conseillére & Ia recherche et au développement pro, fessionnel

Mme Francine Tardif Sociologue constltante . :

M. Claudio Zanchettin Professeur en philosophie

Dr. Bernard Heneman Médecin-conseil et président dy comité

49-04-01%

Président du comité Date

Note: Le préscat certifieat w'est valide que sl wne prewve d'aceeplation da protocole poor son dvaluation scientifique 416 dépasde
2uprls du comité d*éthique de la santé publiqoe.
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REGIE REGIONALE
DE LA SANTE ET DES
SERVICES SOCIAUX November 18, 1999

DE MONTREAL-CENTRE

&)

MCGILL UNIVERSITY STUDY ON NICOTINE DEPENDENCE IN TEENS
Investigators: J. O’ Loughlin, PhD., G. Paradis, MD, P. Clarke, PhD., 1. Hanley, PhDD, R. Tyndale, PhD>,, 1. DiFranza, MD

Dear Pavent/Guardian:

The Public Health Directorate of Montréal-Centre in collaboration with McGill University, and the Universities of Toronto and
Massachusetts, is undertaking a 3-year study among Secondary I students in 12-15 Monrreal high schioals to study how smoking
becomes an established habit in cerlain adalescents. All Secondary T students in your child's school have heen asked to participate
because we necd to study children who smoke, a3 well as children who do not smoke. The ultimate purpose of this research is to help
us develop more effective sirategies to prevent the onsct of smoking in chitdren, as well as to help youth who want to quit smoking. In
asddition, this study will examine the relationship between smoking, weight, and blood pressurc during adolescence. The study has 2
parts:

Tart I - In the next few weeks, our research team will visit your child’s classroom. Two interviewers will administer a 45-minute in-
class questionnaire to all sdends shout their smoking experiznces. The interviewers will visit your child’s class again 3-4 months
later and every 3-4 months after that for the next 3 years {in Secondary L, IT and ITI} to re-administer the questionnaire in order (o
coliect updated information on the students’ smoling experiences. Trained techuicians will measure your child’s height, weight,
skinfeld thickness, waist circumfercnee and blood pressure once a year. All data will be stored in locked storage areas at the Public

Health Directorate.

Part IT- An imporlant aspect of this study is to investigate if genetic factors are invalved in smoking uptake. To explore this
possibility, we will collect a blood sample from each stadent for genetic analysis, During data collection in March 2002, a nurse will

_draw 10 ml of blood (2 teaspoons) for genetic analysis. The samples will be analyzed and stored at the University of Toronto, which
specializes in this type of genetic analysis. The blood samples will bs labeled only by number and the results of the genetic test will
remain completely confidential. A master list linking the child and the identification number will be stored securely at the Public
Health Directorate. Only the principal investigator and the projeet coordinator will have access to the list, This list will be destroyed at
the end of the study. Ii will be impossible to provide any individual results of the genetic testing to anyone becauss they will never be
linked to a particular name. After the list is destroyed, all blood samples will be completely ancnymous. The samples will be stored
for 2 maximum of ren (10) years for future genetic analysis exclusively related to smoking.

Request for your consent - We are now asking for your and yoor child's consent for Part 1 of the study (the in-class questionnaire
and the anthropometric measures). T February or March 2002, we will ask you separately and specifically for a consent for the blood
sample. Both your schoal board and school principal fully support this project and have agreed that your child’s class can participate.
However your child’s participation is completely voluntary, and it is entirely up te you and vour child whether or not he/she
participates. Your child can decide not o participate in the blood sample portien of the study and participate only in the
questionnaires and anthropometric measures, Also, your child can withdraw from the study at any lime and/or ask that his/her blood
sample be destrayed before the end of the study by contacting the Project Coardinator {tolsphone number shown below). 1f you
decide not to allow his‘her participation, or if he/she withdraws from the study before it is completed, there will be no prejudice

against your child,

Please complete the attached form to indicate whether or not your child will participate in Part I of the study, and retum it to your
child’s teacher in the next 3 days. If you have any questions, please contact the Project Coordinator, Mrs. Elizaheth MachMillan-Davey

at 52K-2400 local 3976, We thank you and your child for y

Gilles Patadis, M.D.
Principal [nvestigator Cu-Invesligator

Jennifer O’Loughlin, Ph.D.

Sante physigue

1301, rue Sherhrooke Est
Mentréal (Québec) HZL 1M3
‘Téléphone : (314) 523-2400
Télécopieur : (514) 528-2512
Tttp:/f wwwsantepub-mil ge.ca

Hépital général de Montréal
i« mongdanire




REGIE REGIONALE
\) DE LA SANTE ET DES

SERVICES SOCIAUX

DE MONTREAL-CENTRE

MCGILL UNIVERSITY STUDY ON NICOTINE DEPENDENCE IN TEENS
Investigators: J, O"Loughlin, PhD., G. Paradis, MD, P. Clarke, PhD., J. Hanley, PhD), R. Tyndale, PLD., . DiFranza, MD

CONSENT FORM - PART I
(In-class questionnaire and anthropometric measures)

Please complete and return this form to vour child’s {eacher within 3 days,
Child’s name:

First name (please print clearly) Lasi nume (please print clearly)

[1 Yes, my chuld will participate in Part T of this study (i.e. the classroom questionnaire and the
measurement of height, weight, skinlold thickness, waist circumference and blood pressure).

1 No, my child will not participate in this study.

PLEASE NOTE: You are not consenting to the blood sample at this time. You will receive a separate

consent form to sign for Part II (blend sample) in February or March 2002, just before the bload
sample will be taken. :

Signatures

Parent’s name (please print) Parent’s signature Date

Child’s name (please print) Child’s signature Date

Sonté physiqua

1301, rue Sherbrooke Est
Muntzéal {Qucbec) HZL TM3
Téléphone: (514) 528-2400
Télécopieur: (514) 328-2512
http://wwnvsanlepub-mil.ge.ca

@ Hopital général de Monwéal
mandataire
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PLEASE COMPLETE FORM ON REVERSE SIDE AND RETURN

September 21, 2001

MCGILL UNIVERSITY STUDY ON NICOTINE DEPENDENCE IN TEENS
Tnvestigators: J. O’Loughlin, PhD., G. Paradis, MD, P. Clarke, PhD., J. Haunley, PhD), R. Tyndale, PhD,, J. DiFranza, MD
McGill University, Direction de la santé publique de Montréal -Centre, University of Toronte, University of Massachusetts

Dear Parent/Guardian:

As you know your child has been participating in the MeGill University Study on Nicotine Dependence in Teens,
a project funded by the National Cancer Institute of Canada. An important aspect of this study is to investigate if
genetic factors are involved in smoking uptake. To explore this possibility, we will collect a blood sample from
each study parlicipant for genetic analysis. During data collection in March 2002, after application of a local
anagsthelic (Emla), a nurse will draw 10 ml of blood {2 teaspoons) for genetic analysis. Although the risk is very
slight, there may be bruising where the needle pierces the skin or the child may faint. Far this reason, the chiid
will be in a reclining chair as the blood is drawn, and will be ebserved 10-15 minutes afterwards, As with any
medication, some children might experience an allergic reaction to the local anaesthetic.

The blood samples will be labeled only by number. They will be analyzed at the University of Toronta, which
specializes in this type of genetic analysis, and they will be stored at the Jewish General Hospital in Monireal.
The results of the genetic test will remain completely confidential. A master list linking the child and the
identification number will be stored securcly at the Public Health Directorate. Only the principal investigator and
the project coordinator will have access to the list, which will be destroyed at the end of the study. Tt will be
impossible to provide any individual results of the genetic testing to anyone because they will never be linked to
a particular name. After the list is destroyed, all blood samples will be completely anonymous.

The samples will be stored for a maximum of ten (10) years for future genetic analysis exclusively related to
smoking. The blood samples, test results and consent forms are under the custedy and control of Dr. Jennifer
O'Loughlin, and will be kept under lock and key at all times. They will not, under any circumstances, be made
avzilable to any individnal or organization not directly involved in ¢his research project.

We are now asking for your and your child’s consent for Ihe blood sample. Your child's participation is
completely voluntary, and it is entirely up to you and your child whether or not he/she participates. Your child
can decide not to participate in the blood sample portion of the study and continue to participate only in the
questionnaires and anthropometric measurcs. Also your child can withdraw from the study at any time and/or ask
that his/her blood sample be destreyed before the end of the study by contacting the Project Coerdinator
(telephone number shown below). If you decide not to allow his/her participation, er if he/she withdraws from
the study before it is completed, there will be no prejudice against your child.

Please complete the form on the reverse side of this letter, and retum it in the enclosed addressed and stamped
envelope. We have included an extra copy of the form for you to keep. If you have any questions, please contact
the Project Coordinator, Mrs. Elizabeth McMillan-Davey at 528-2400 local 3976. Any complaints about the
study can be discussed with Ms. Gloria Sacks-Silver at (514) 528-2400 local 3520. We thank you and your child

for your help in this important project.

Jemnifer O'Loughlin, Ph.D. Gilles Paradis, M.D.
Principal Investigator Co-Investigator Please tum over 3 3 3>
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SERVICES SOCIAUX
DE MONTREAL-CENTRE

C REGIE REGIONALE
@ DE LA SANTE ET DES

MCGILL UNIVERSITY STUDY ON NICOTINE DEPENDENCE IN TEENS

Investigators: J. O’Loughlin, PhD., G. Paradis, MD, I. Clarke, PhD., I. Hanley, PhD, R, Tyndale, PhD., J. DiFranza, MD
MeGill University, Direction de la santé publique de Montréal-Centre, University of Toronto, University of Massachnsetts

CONSENT FORM FOR BLOOD SAMPLING

Please complete the 4 sections below and return by mail in the enclosed addressed, stamped envelope

1. Child’s name:

First name (please print clzarly) Last name (please print cleazly)

2. Blood sample and genetic analysis

O Yes, I have discussed this with my child and I accept that my child participate in the blood
sampling and genetic analysis.

00 Ne, my child will not participate in the blood sampling and genetic analysis.

3. Blood storage (complete only if YES in above section 2.)

O Yes, [ have discussed this with my child and I accept that my chiid’s blood sample may be stored
for ten (10) years to study genetic factors associated with smoking.

F1. No, my child’s blood sample must be destroyed at the end of the study.

4. Signatures

Parent’s name {please print) Parent’s signature Date

" Child’s name (please print} Child’s signature Date

Santé physique

1301, e Sherbrook: Bt
Montréat (Québec) HZL 1M3
Téléphone: (314) 528-2400
Télecopieur: (514) 528-2512
htlp‘,’,"www.snnlrpuh—xml.qcca

Centre universitaine de sante McGill
MeGill University Health Cenlre
/ Bundaiitive
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? McGill

Faculty of Medicina Faculté de médecine FaxfTﬁléco ieur; (514] 398-3595
36565 Fremenade Sir Willizm Jsler 3855, Promenade Sir Wiilliam Qsler BiEns =
Montreal, QC H3G Y6 Montréal, QC, H3G 1Y8

June 7, 2002

Dr. Jennifer O'Loughlin

Department of Epidemiology and Biostatistics
Purvis Hall '

1020 Pine Avenue West

Montreal, Quebec

H3A 1A2

Dear Dr. O'Loughlin,

We have recelved correspondence in support of the research proposal AQG-M48—O2§
entitled “A Prospective Study on the Natural History of Nicotine Dependence;
Request for Renewal” which was reviewed by the Institutional Review Board, Faculty

of Medicine at its meeting of May 13, 2002.

The responses and revisions were found to be acceptable and we are pleased to inform
you that final approval for the clinical protocol (Octchber 15, 2001), revised English and
French questionnaires (May 28, 2002) and English and French study instruments was
provided on June 7, 2002 valid until May 2003. The certification document (executed}

is enclosed.

It is the responsibility of the investigator to assure that the approved research protocol
and consent form is deposited with the Research Ethics Board of each hospital where

patient recruitment or study data will be collected.

We ask you to take note that review of all research involving human subjects s required
on an annual basis in accord with the date of initial approval. Should any modification
to the study or unanticipated development accur prior to the next review, please advise

IRB promptly.

“{ awrence Hutchison,
Chair,
Institutional Review Beoard

cc:  A05-M48-02A

civ



BB McGill

Facuity of Medicine Faculté de médering Fax/Talécopieur: (514) 398-3595

385% Promenage Sir Wiliiam Csler 3653, Promenade SirWillam Osler
WMentrea! QC H3G1Y6 - Montréal, OC, H3G 1Y8

CERTIFICATION Or ETIICAL ACCEPTABILITY FOR RESEARCH
’ INVOLYING HUMAN SUBJECTS

The Faculty of Medicine Institutional Review Board consisting of:

LAWRENCE [TUTCHISON, MD> PaTRICIA DORKIN, PHD

CATHERINE GARDNER, BSC CELESTE JGHNSTON, DED
WILSON MILLER, PHD, MD RoOBERT L. MUNRO, BCL

MARGARET SWARNE, BA

has examined the research project ARS5-M48-02A entitled “A Prospective Study on the
Natural History of Nicotine Dependence: Request for Renewal”

as proposed by: Jennifer Q"Loughlin to
Applicant Granting Agency, if any

and consider the experimental procedures to be acceptable gn ethical grounds for research involving
human subjects. '

June 7, 2002

- Date Chair, IRB

Institutional Review Board Assurance Number: M-1458

Ccv



Faculty of Medicing - Facuté de médecing FaxfTelécogieur: (514) 398-3595

3655 Prorrenade Sir William Qsler 3GES, Promenade Sir Wiiliam Osler
Montrzal, QC H3G.1YE Mertréal, QC, H3G 1Y6
May 13, 2002

Dr. Jannifer O'Loughtin

Dapartment of Epidemiology and Biostatistics
Purvis Hall .

1020 Pine Avenug West

Montreal, Quebec HB3A 1A2

Dear Dr. O'Loughlin:

We are writing in response 10 your requast for continuing review by the Institutional Feview Board
for the study AG5-M48-02A entided “A Prospective Study on the Natural Hisfciy of Nicotine
Dependence: Request for Renewal”,

Tha prograss report was reviewed and we are pleased to inform you that full-board re-approval for
the study was provided on May 12, 2002, valid until May 2004. The certification of annual review
(executed) has been enclosed. We note that the current consent form is dated September 15,

2002,

itis the Investigator's responsibility to assure that the current protocol and consent document are
depositad, at the time of annual review, with the Research Ethics Board of each hospital where
patient recruftment or data collection is carrdied out.

Should a study revision or unanticipated davelopment ocour prior to the next review, please advise
the IRB promptly,

Yours sincere

MNeil MacDonald, M.D.
Chair
Institutional Review Board

cc: AQ05-M48-02A
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McGill Faculty of Medicine
Institutional Review Board
~Continuing Review-

Title of Research Study: A Prospactive Study on the Natural History of Nicotine Dependence: Request for Renewal”

Dats of initiai iRB approval: _June 7, 2002 Dats of previous conlinuing review (if applicabla):

INTERIM REPCRT (PLEASE CHECK OR SFECHY)

Current Status of Study:
Active Study, X On Hold; Closed to Enrolment; X

Interim Analysis: X Final Analysis: Study Not Activated™:

“If the study has not beceme active at MaGiil, please provide carmespondence to explain; endosed:

MeGill hospital(s} where study s being conducted and has received appraval of lecal Research Ethics Board{s) (if applicable):

JGH: OO MUHCMCH: O MUHC/MGH: 1] MUHCMNH-MNi: [T

MUHC/RWVH: (1 SMH: [ Douglas [ Other: [

MeGill hospital{s) where study has not recelved approval of local Research Ethics Board(s) (if applicable}:
If study Sponsorship or financial support has changed, please provide correspandence to explain; enclosed:

Number of subjects to be enrelled by the McGill PI; __0__ Number of subjects enrolied by the MeGill Pl io date: _ 1283

Number of subjscts enrolled by the McGill Bl since last reviewn a
Have any of these subjects withdrawn from the study?. _Yes
Has the study been revised since the last review?: __No Have the study revisions been approved by the IRB?:

Has the consent form besn revised since the last review?:: No Datz of the current consant form: September 15, 2002

No

Ars thers new dala since the last review that could influsnce a subject's willingness to provide conlinuing consent?!

Have there been any serious adverse experiences (SAEs)7: _ No

Have ‘all serigus adverse exparienses (SAEs) and safety reports relevant to the study been reported to tha IRB?:

SIGNATURES:
Date:

Principal Investigator: ;

IRE Chair;, Date:

cvil



i = [+
w McGill
%
Faculty o* hMedicine Faculté de madscine Fax/Télécop:eur: (514} 3933593
3655 Promenade Sir Wiliam Osler 3555, Promerade Sir William Osla- SRR s
tdonireal, QC H3G 1Y5 Montréal, QC, H35 1Y8
May 11, 2004

Dr. Jennifer O'Loughlin

Pepartment of Epidemiology and Biostatistics
Purvis Hall

1020 Pine Avenue West

Mentreal, Quabec H3A 1A2

Dear Dr. O'Loughlin:

We are wiiting in response to your raquest for continuing review by the Institutional Review

Beard for the study AD5-M48-024, entilled: "4 Prospective Study on the Natural History of
Nicotine Dependence: Request for Renewal”,

The progress report was reviewed and we are pleased to inform you that full-hoard re-approval
for the study was provided on May 10, 2004, vaiid until May 8, 2005. The certification of annual

review (executed) has been enclosed.

Itis the Investigator's responsibility to assure that the current protocol and consent documant
ara deposited, at the time of annual review, with the Research Ethics Board of each hospital
where patient recruitment or data collection is carried oul.

Should a study revision or unanticipated development occur prior to the next review, please
advise the IRB promptly.

Yours sincerely,

Celeste Johnston, DEd.
Co-Chair
Institutional Review Board

ce AD5-M48-02A
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McGill Faculty of Medicine
Institutional Review Board
-Continuing Review-

DATE OF LIRB.
APPROVAL

MaY 10 2004

Faculty of Medicine
McGill University

Principal Investigatar: __Jennifer O’'Loughlin, Ph.D. Department/Institution;_Epidemialogy & Biostatistics

IRE Review Numbar:

M - 1458 Study NMumber (if any):_AD5 — M48 — 024

Review interval; May 2003 — May 2004

Title of Research Study: A Prosceclive study on the Natural History of Nicatine Dapendence; Request for Renewal

Date of initizt IRB approval: June 7.2002 Date of previous continuing revicw {if applicable): May 12, 2003

INTERIM REPORT (PLEASE CHECK OR SPECIFY)

Current Status of Stucy:

Active Study:

Interim Analysis:

X

X

Cn Hald:

Final Analysis:

*fthe sludy kas not become actlve at MeGill, please provids corespondence ta axplain; enclosed:

McGill hospital(s) where study Is being conducled and has received approval of local Research Ethics Board(s) (if applicable}:

JGH: 01 MUHCMCH: O MUHC/MGH: [

MUHC/RVH: OO SMH: O Douglas O Other:

Closed to Enrolment: ___X

Study Not Activated™*:

MUHC/MNH-MNI: O
O

MeGill hospitai(s} where study has nat received approval of local Reseerch Ethics Board(s) {If applicable):

If study sponsorship or financial suppor has changed, please provide correspondence to explain; enclosed: .

Number of subjects to be enrolled by the MeGill PI: 0 Number of subjects enrolled by the McGill Pl todate;_1293

Number of subjects enralfed by the McGill PI since last review: a

Have any of these subjects withdrawn from the study?: __ Yes

Has the study been revised since the last review?: _ Yas Hava tha study revisiol

s been approved by the IRE? Yes

Has tha consant farm been revised since the last review?:__No Date of the current consent form: September 15, 2002

Are there new dala since the last review that could influence a subject's wilingness to provide continuing consent?:

Havsg there been any serlous adverse experiences (SAEs)?: _ No

Mo

Have all serious adverse experiences (SAEs) and safety reports relevani {o the study been reparted to the IRB?:

SIGNATURES:

Principal Investigaton:

IRE Chair.

Date:

Date: {2MWQ &3 ,250 L‘}

T4 0 MR 2004
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 Mational Cancer Institute of Canada Institut National du Cancer du Canada
Application for Research Grant Demande de subvention de recherche
October 15, 2001/Le 15 octobre 2004

Important! The 2001 Grant Application Guide contains essential informatian for completing this form.
Important! Le Guide de demande de subveantion de 2001 contient des ranseignements essentiels pour remplir ce formulaire.

Grant Category/Catégorie da la subvention Type of Application/Type de demanda
B Regular Research Grant Ara you aiso applying for New [Jinitial Appilcation/Premiére demande
Subvention de fonctiannament Investigator Equipment? / Faites-
! vous également une demande {JRe-Application/Nouvelle scumission d'une
[ New Investigator d'aquipement paur nouveau demands refusée
Naouveau chercheur chercheur?
- . CJves oui : [<)Renewal/Renouvellement
['] Feasibility/Faisabilite es/Oui [ No/Non Current Grant # /Subvention actuelle no 110271
A. *FRINCIPALINVES‘I’]GATORICHERCHEUR PRINCIPAL
Sumame/Nom Given Name/Prénom | Middle Name/2€ prénom | Title/Titre
O'Loughlin Jennifer Lee Xor. e [ ms. mme
2. MAILING ADDRESS . CF-PRINCIPAL INVESTIGATOR/ADRESSE POSTALE DU CHERCHEUR PRINCIPAL

Institution/Etablissermnent
Régie régionale de la sant€ et des services sociaux

Department/Département
Direction de la santé publique de Montréal-Centre

Streel Address/Adresse

1301, rue Sherbrooke Est

City/ille Province Fostal Code/Code postal E-Mail Address/Adresse c. éiec.
Montréal Québec H2L 1M3 Jjennifer.oloughlin@megilt.ca
Office Telephone/Téléphcne bursau Lab Telephaone/Téléphone tab, Fax Number/Télécapieur
(514)528-2400 ext. 3448 N/A (514} 528-2425

3. TITLE OF PROJECT/TITRE DU PROJET
A prospective study on the natura] history of nicotine dependence: a request for renewal

4. HOST RESEARCH INSTITUTION/ETAELISSEMENT HOTE
Research Institute of the McGill University Health Centre (MUHC)

5. BUDGETINFORMATIONIRENSEIGNEMENTS SUR LE BUDGET

$ Year Qne 5 Year Two $ Year Three |- $ Year Four % Year Five
: $ 182 annde $ 28 année 5 38 année $ 48 année $ 58 annee
(0 Supplies & Expenses 12282 12282 4430

Foumnitures et dépenses

{Il}Salaries & YWages

Salaires
dilyPermanent Equiprment

Equipement permanent
{IVINew Investigator Eguipment (if applicable)
Equinament Nauveau charcheur (lo cas bchiany
Yearly Totals Requested (I+1+11+1\v)

Totaux annuels demandes {H+I+EI+1V) :
FOR OFFICE USE ONLY YearOne i YearTwo Year Three Year F:J_ur Year Fiye
A L'USAGE DU BUREAU SEULEMENT 18re annéef™ SHRYE ERnnee 4® année 58 année
{l) Supplies & Expenses - i

Fournfiures et dépenses . APFBDVAL
(I)Salanies & Wages

Salaires .
{II)Permanert Equipment JON =17 200

Equipement pesmanant :
[IV)New investigator Equipment (if applicabie) . [ R : -
Equipement houvear chercheur (le cas dchéant) Fagulty of Medicing
Yeaily Totals Recommendad {IHI+il+1V} ] naall Unlversity

dis [+l = .

Iﬁfgxgﬂﬁs R REV[EWE:{J]EVALLATEUR E] REVIEWENEVALUATEUA 2 | EXTERWALIEXTERNE 1 EXTERNALEXTERNE 2

23
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PLEASE PRINT YOUR NAME

First name Last name
________ 2 T WNS———
e DATECFIRE
Em{':lmx}}“;l ; APPROVAL
gﬁﬁswﬂd-l
;_! JUN - 72002
8 Faculty of Meadiging
MacGill University

MCGILL UNIVERSITY STUDY
ON NICOTINE DEPENDENGE IN TEENS

CUESTIONNAIRE VERSION

SCHoOL

SURVEY NUMBER

TODAY'S DATE ’ ) r l ( :
DAY WONTH - YEAR

GRADE

RECALL MONTHS
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INSCRIVEZ VOTRE NOM

Prénom Nom

R -
E‘-ﬁde.hh'ca_, ;?l"ﬂ
¢ Jnr ey,
i

Pl

&

Faqutyome
4 edjgj
Meail Universit)?e

ETUDE DE L'UNIVERSITE McGILL
SUR LA DEPENDANCE A LA NICOTINE
. CHEZ LES ADOLESCENTS

VERSION DU QUESTIONNAIRE EU 6

ECOLE E____‘

NUMERQ DU DOSSIER ] E,Zl:’

NUMERO DE L'ENQUETE {:D

DATE D"AUJOURD'HUI - {7 - ’ f | J l i
|

JOQUR MOIS ANNEE

ANMEE A LECOLE

MOIS DE RAPPELS
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McGill

Facutzy of Medicing . Faculte de médecine Faxfl&lécopiaur: (514) 388-369¢
365E Prarmanade SirWillam Osle 3655, Promenzde Sir Willam Osler
Mantresl, OC H3G.TY8 Kuntréal, QC, H3G 1Y6

May 13, 2002

Dr. Jennifer O'Loughlin
Department of Epidemiology and Biostatistics

Purvis Hall ;
1020 Pine Avenue West
Montreal, Quebec H3A 1A2

Dear Dr. O'Loughlin:

We are writing in response to your request for continuing review by the Institutiopal Review Board
for the study AD5-1448-02A entitled "4 Prospective Study on the Natural Histcry of Nicotine
Dependence: Request for Renawal”,

The progress report was reviewad and we are pleased to infarm you that full-board re-approval for
the study was provided on May 72, 2002, valid until May 2004. The certification of annual review
(executed) has been enclosed. We note that the current consent form is dated September 15,

2002,

itis the Investigator's responsibility to assure that the current pratocol and consent document are
depositad, at the time of annuai review, with the Research Ethics Board of each hospital where

patient recruitment or data collection is carried out.

Should a study revision or unanticipated development occur prior to the next review, please advise
the IRB prompti

Chair
institutional Review Board

Ge: A05-M48-02A
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MeGill Faculty of Mediclne
Institutiona! Review Board
-Continuing Review-

Tille of Research Study. YA Prospective Study on the Natural History of Nicotina Dependence: Raguest for Rencwal”

Date of initial [RB approval: _Jdune 7, 2002 Drate of previous continuing review (if applicalsey.

INTERIM REPORT (PLEASE CHECH OR SPECIFY)

Current Status of S'tudy:
X On Hold:, Closed lo Enrelment. X

Active Study:

Interim Analysis: X Final Analysiz:, Study Not Activated*:

“If the study has nct become active: at MeGill, please provide comespandanca fo explain; endosed:
McGill hospital{s) where study is being conducled and has received approval of local Reszarch Ethics Board(s) (if applicable):

JGH: O MUHC/MCH: O MUHC/IMGH: O MUHC/MNH-MNY; )
MUHC/RVH: O SMH: O Douglas I Other:

" MGl hospital(s) where study has not received approval of local Research Ethics Board(s) (if applicable): o
IF study Sponsorship or financial support has changed, pleasa provide corregpondence to explain; enclosed:

Number of subjecls to be envolled by the McGill PI: __0__Number of subjects envalled by the McGill Pl to date: _ 1293

Nurnber of subjects enrolled by the McGill Pl since last review: v}
Have any of these subjects withdrawn from the study?: _Yes
Have the study revisions been appraved by the IRB?:

Has the consent form been revised since the last revisw?: Na . Dats of the current consent form: September 15, 2002
No

Has the study been revised sincs the last review?: __ No

Are there naw data since the last revisw that cowld influcnce o subject's willingness o provide continuing consent?;

Have thers been any serious adversa experiences (SAES)?E Na

Have all sericus adverse experiences (SAEs} and safety reports ralevant to the study been repeorted lo the IRE?:

SIGNATURES:

Principal Investigaiof:

IRB Chair:

cXiv



 Le 15 seplembre 2002

ETUDE DE L'UNIVERSITE MCGILL SUR LA DEPENDANCE

* ALA NICOTINE CHEZT,
Cherchewrs: J O’Loughtin, PhD, G Paradis, md, P Clarkd PhD, J Hanl IPﬁb Eynda]e, PhD, | DiFranzs, md
Université MeGill, Direction de la santé publique de M antréal-Centre, Universite de ‘Taronto, Yniversits du

Massachussetis
JUN -7 2002

Chers parents/luteurs, 7 Facuity of Medicing
oGHl Uniyarsify

Comrme vous Ie saveg, votre enfant a participe a i’éJ lépendunce & la )
nicotine chez les adelesconts, un projet finance par I'Institut national du cancer du Canada.

L’objectif de ceite stude, qui touche 1200 &aves de 10 écoles de da région de Monlréal, est:de mieny
comprendre le processus qui amene certains adelestents & devenir fumeurs, Nous étadions & Ia fois™ "
les enfunis qui fiment et les enfants qui ne fument pas. De plus, cetls élude explorern la relation entre
le tabagisme, le poids corporel et la tension ariéricllc 4 1"adolescence. :

Nous vavs éorivons miaintenant povr vous informer que I4fude a é6 subventionnée pour 3 années -
additionnelles par 1" Institut national du cancer du Canada. Ce prolongement nons permetira de suivre
les éléves jusqu'a la fin du secondaire et d’explorer la faisabilité de continuer & suivre ie groupe
d*&igves aprés 12 fin des études secondaires. Comme auparavant, notre équipe visitera I"écale de votre
enfant chaque 3-4 mois pour faive remplir un questionnaire de 40 minutes, portant sur les expériences
face 4 la cigarette. De plus, 4 Ia fin du Secondaire V, des techniclens de recherche mesureront la
taille, le poids, I'épaisseur des plis cutanés, la circonférence abdominalc et 1a tension artérclle de
volre cnfant. Toustes les informations seront conservées sous clé & Ia Direction do [z Santé publique de
Montréal-Centre. Ce prolongement n’eccasionnera aictn risque o hénéfice pour les participants 3. -
Iétude. Cependant, fes résultats augmenteront notre compréhension de 1"histoirs naturelie de la .
dependance 3 a nicoting et nous aideront & développer des stratégies efficaces permettant aux enfanis
et adolescents d’éviter de commencer A fumer, ainsi que des moyens efficaces pour aider les jeunes
qui désirent arréter de fumcr, i :

La Commission scolaire et ls directeur de votre école ont approuvé: ceite Stude, Cependant, la
participation de vaire enfant est tout 4 fait volontaire et il n'en tient qU’a vaus et & votre eniant qu'il
continue 4 y participer. Votre enfant peut se retirer de I"&ude 2 n'imperte quel moment: 51 votre *
enfant ne participe pas 4 cette énude, ou sc retire, il n'y aura sucun préfudice envers lui‘elle.

5’il vous plait complétez le formulaire ci-dessous seulement si vous ne vonlez Pas que votre
enfant continue 3 participer 4 ’étude, ¢t retourner e dans Penveloppe-réponse affranchie, $i
vous ne retournez pas le formulaire, ceci nous indique que vous éonsentez quc voire enfant continue &
pérticiper & I'étude, Si vous avez des questions, s'il vous plait communiquer avec la coordonnatrice

du projet, Mme Elizabeth McMillan-Davey, au (514) 528-2400; poste 3976. Nous vous remcrcions de
vour¢ aidc précienss et de celle ds voire enfant dans cet important projet.

Jennifer O'Loughlin, Ph.D Gilles Paradig, M.D.
Cherchewre principale Co-cherchenr ) '
TR B NS T GRSTSRN. W S
(1 Non, mon enfant ' : .,
Nom de 1*cnfant ) -

qui va a I’école

5 Mom de {'écele
ne continuera pas 3 participer 3 I'Etude de PPUniversité McGill sur Ia dépenciance

"4 la nientine chez les adolescents,

Nom du parent ¢en letres moulées) Signature du parent Date

CXV
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APPROVAL

JUN-7 20

MCGILL UNTVERSITY STUDY PN N mmmmmmm: N TEE-NS
Investigators: J, O°Longhlin, PhD, G. Paradis, MD, P. Tarke, RT3 Hibdy SR, Tyndal s FhD, 1. DiFranza, MD
McGiil University, Direction de la santd publigue de MO0 > Universify of Tooonto, Riversity of Massachusers

Septernber 15" 2002

Dear Parent/Guardian:

smoke, as well as children who do nat smeke, In addition, this study will examine the relatiuhshi.p
belween smoking, weight, and blood pressyre during adolescence.

As before, our team will visit your child’s school every 3 to 4.months to administer 3 40-minute in-
class questionnaire which asks participants about their smoking experiences. In addition, at the end
of Secondary V, trained techmicians will measure your child's height, weight, skinfold thickness;
waist circuraference and blood pressire. All data are siored fn locked storage areas at the Public
Heelth Directorate, There are no risks or benefits expécted for study participants in this extension of
the project. However, the results will allow increascd understanding of the namral history of hicotine
dependence and wil] therefors help us to develop more effective strategies to prevent the onset of -
smoking in children, as well as to help youth who want to quic smoking.

Both your sehoot board and schoo] principal fully support the 3-year extension of this project,

. Hawever, as before, your child’s perticipation is completely voluntary, and it is entively up to you and
your child whether or not he/she contiiues to participate, Your child can withdraw from the study at
‘any tims, If you decide not to allow his/her participation in the extension of the study, there will be

1o prejudiee against your child, o ) y d

* Please complete the form belgw only if you do not want your child to continue Participating in

. the study, and return it in the enclosed, stamped, addressed envelope. If you do not retuin the

form, it will tadicatc to vs that you have consented iq allow your child to continue to Ppaiticipate in the

study. If you have any questions, please contact the Project Caordinator, Mrs. Elizabeth MeMillan-

Daveyat (514) 528-2400 ext. 3976, )

Jennifer O'Longhlin, PhD, Gilles Paradis, M.D
Prineipal Investigator - Co-Investigator

- T Sy AR T v e e §¢.....;........‘,w.......§<......

[ No, my child ,
: : Narne of the child i

e e Y

will not continue to participate in the McGil] University Study on Nicotine

"who attends -
& Name of schag]

Dependence in Teens,

Name of parent gplesse print) Signature of parent " Date

cxvi



\A{EE\ E% .
w McGill
\\t.;/
Facuilty of Meadicine Fazultz de medecne Fax/Teliuopiaun: (5741 398-3595

: ads Sir William Csle: 3605, Hromenade Sir William Osier
Montreal, OC H2G Y6 Montréal, QC, H3G 1¥5

28 August 2006,

. Jennifer (¥ Loughtin

Department of Epidemiology & Binstatistics
Purvis ITall

1620 Pine Avenue West

Mentreal Quebec H3A 1A2

RE: IRB Study Number A05-B21-06B
Dear Dr. (FLoughlin,

Thank you for responding to the Initial Review Board’s correspondence dated 31 May 2006 in
reference to the study entitled, Long-term follow-up of the Nicotine Dependence in Teens (NDIT)
Cuohort, This study reecived full Board review on May 29, 2006,

The submitted revisions are acceptable and final ethics approval is provided on August 28, 2006
for the following:

- Study Protocol (IRB dated May 2006);

- Appendix 8: Consent form for Self-Administered Questionnaire dated May 2006,
- Revised Appendix 9: Consent form for DNA Sample Collection dated June 2008;
- Appendix 10: Data/DNA User’s Manuel;

- Appendix 12: Self-Administered Questionnaire (May 2006).

Please ensure that an IRB acceplable French translution of the approved consent forms are
available to subjects during the consent process.

The ethics approval for this study is valid until May 2007, The Certificate of Fthical
Acceptability is enclosed.

All research involving human subjects is required to undergo an annuzl review in accerdance
with the date of initial approval. I is the responsibility of the investigator to submit a completed
application form for Continuing Review to the IRB prior to the date of expiration of ethics
approval. A copy of the Conrinuing Review Form is available on the IRB website at:

http:/fwww medicine. megill ca/researchyirb/.

Any modifications or unanticipated developments that may occur to the study prior to the annual
review must be reported to the IRB promptly. Regulation does not permit the initiation of a study
modification priotr to IRB review and approval of the change.

Sincerely.

Serge Gauthicr, MD
Chair
Institutional Review Board

Ce: A05-B21-06B
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Fzeulty of Medicine Faoute de médecine Fuxslelécopier: (514} 398-3625
3605 Promznase SirwWillam Oslzr 2655, “romanade SicWillam Osla-
Puonlreal. OC H3G 18 Monwrézl, OF, H3G "V

CERTIFICATION OF ETHICAL ACCEPTABILITY FOR RESEARCH
INVOLVING HUMAN SUBJECTS

The Faculty of Meadicine [nstitutional Review Board (TRB) 1s a registered University TRB working under the
published guidelines of the 11i-Council Pelicy Statement, in complianee with the Plan d’action ministériel en
éthique de la recherche et en intégrité scientifique, (MS35, 1998) and the Food and Drugs Act (17 June 2001);
and acts in accordance with the U.S. Code of Federal Regulations that govern rescarch on human subjocts.
The IRI3 working procedures are consistent with internationally accepted principles of good clinical practice.

At a full Board meeting on May 29, 2006, the Faculty of Medicine Institutional Review Board, consisting of*

SERGE GAUTHIER, MD FRAKCES ABOUD, PHD
MARTIN CHASEN, MB CHB, MPHIL PIERRE DESCHAMPS, BCL, LSCR.
MARYLNNE GURSKY, BN, M.ED. MARIGOLD HYDE, BSC
PCTR KAVAN, MD HARVEY SIGMAN, MD
SalLy TINGLEY, BCOM

Examined the research project A0S-B21-06B entitled Long-term Follow-up of the Nicotine Dependence in
Teens (NDIT) Cohort

As proposed by: Dr. Jennifer (¥’ Loughlin to
Applicant Granting Agency, if any

And consider the experimental procedures to be acceptable on ethical grounds for research involving human

o _

Dean of Faculty

August 28, 2006
Date Chair, IRB

Institutional Review Board Assurance Number: I'WA (0004545

cXViil
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APPENDIX 10 AUG 2 § 2006

McGill University Study on the Natural History of Ni¢otine Drgend f Medici
Data/DNA User’s Manual MGGEEE”WZ?SC&;E

1. Introduction :
The MoeGill University Study on the Natural History of Nicotine Dependence (NDIT Study) is a unique Canadian
resource with a wealth of information about tobacco use onset and nicotine dependence in youth, as well 25 a DNA
repository. While the NDIT research team has already, or will soon, complete the main effects analyses, it
encourages others 10 learn about this dalabase and to exploit it to jts full potential. This document provides
informatior to individuals who wish to have access to and use data/DNA from the NDIT Study to conduct
secondary analyses. The intent is to assure that publications emanating from this database ars consistent in the
sample sizes and in the variables reported, and to assure that there is no overlap between publications. In addition to
describing how to obtain access to the database, this Data User's Manual includes the following Appendices:

L. Questionmaires

If. Dhata Dictionary

1. List of Suppressed Variables

In'A List of Created Variables

V. List of Publications, Abstracts, and Reports (including documents in progress, submitted, and under
review)
2. Access

Access to data/DNA collected in the NDIT Study is epen to any university-affiliated investigator upon successful
completion of the application procedure. Students may apply for use of the data/DNA though their primary
supervisor. In arder to obtain access, applicants must submit a propesal to the NDIT research team in Montreal
using the format cutlined in the Data Request Application. Proposals may be submitted by fax or electronically.
Once the proposal is approved, Data Users must provide a certificate of ethics approval for the research from their
Institulional Review Board to the WDIT research team.

3. Confidentiality
The WDIT research team has taken great care to protect the identity of cohort members and to safeguard their

privacy and the confidentiality of the data/DNA they provided. Any secondary analyses undertaken using these
data/DNA must alse maintain the confidential nature of these data/DNA. To assure confidentiality, the data/DNA
provided to Data Users will be stripped of identifiers such as name, peographic location, etc., that could permit a
direct relation to be established between the data/DNA and specific respondents. Data Users must sign a
confidentiality agreemeant in order to access these data/DMA,

4. Review of Proposal

Receipt of the proposal wilt initiate the review process by the NDIT research team. Approval of proposals will be
based on scientific merit, relevance, and security provisions in place at the applicant’s institution to protect the
confidentiality of data/DNA. The review process wiil produce one of two ontcomes — acceptance or rgjection.
Results of the review will be communicated by letter to applicants within two weeks of the date of application. If a
project is rejected, the rationate for the decision will be included in the letter, Once the proposal has been approved,
a writtan agreement between the NDIT research team and Data User will be developed, which describes the
dataset/DMA 10 be provided and the Data User’s agreement to abide by the security and confidentality
requirements. After proof of ethics review by the applicant’s Institutional Review Board has been received by the
NDIT research team, Data Users will be provided with an electronic copy of the variables requested in the proposal

and/or DNA samples.

5. Data Security
The NDIT data set{s) must be stored in a password-protected location. Giving access to the datasel/DNA to other

individuals not mentioned in the proposal is not permitted. NDIT data set(s)/DNA must be destroyed upon project
completion.

Page 18
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APPENDIX 8
Consent Form for Self-Administered QuestlDo%l.;Fag‘i LR.B.
APPROVAL

McGill ALG 28 108
Faculty of Medicine
McGill University

Toint Depariments of Epidemiology and Biostatistics 1020 Pine Avenue West

and of Oecupational Healih Purvis Hall, rcom 46

Départements unifiés d'épidémiologic ct biostatistique, Montréal, Québee H3A 142

et de santé au travail Tel: (514) 398-8997 Fax; (514) 398-4303

Consent Form - Questionnaires
Principal Investigavor: Jennifer O'Loughlin
Co-Tnvestigators: Gilles Paradis, James Hanley, Rachel F. Tyndale, Joseph DiFranza
Funded by: Natiomal Cancer Institute of Canada

Project Title: MeGill University Study on the Natural History of Nicotine Dependence: Long rerm follow-up of the
nicotine dependence in teens (NDIT) cohort

Introduction: As you know, the NDIT study is a prospective investigation of 1293 students initially aged 12-13
years, reeruited from grade 7 classes in 10 Montreal high schools in 1999. Our funding was renewed in 2002 and we
are now entering the 3* phase of the study. The purpose of this current extension is to study smoking in young
adults and o continue investigating how genetic factors might be related to nicotine dependence.

Study Procedure: Every 6 months over the next 5 years, you will reccive a self-administered questionnaire by mail.
The questionnaire, which will take 10-15 minutes to complete, asks participants about their smoking experiences.
You will be asked to return the questionniaret to MeGill by mail in a stamped, addressed envelope. All identifying
information will be removed from the questionnaire at McGill and then the data will be entered intc an electronic

database,

Benefits and Risks: There are no risks or benefits expected for study participants in this extensicn of the project.
However, the results will allow increased understanding of the natural history of nicotine dependsnce and will
therefore help us to develop more effective stralegies to prevent the onset of smoking in young adults, as well as to
help young adults who want to quit smoking.

Withdrawal from Sfudy: Your participation in this extensien of the NDIT Study is completely voluntary, You may
wthdraw fom the study wt any time. If you docidy zot to continue to participate, there will be no prejudice zgainst
you. e

Confidentiality: All questionnaire data are completely confidential and data will stored in locked storage arcas at
MeGill University. Only members of the research tcam will have access to the data.

Contact: Please complete the form below if you want to continue participating in the study, and return it in the
enclosed, stamped, addressed envelope. If you kave any questions, please contact the Project Coordinator, Name of
Coordinator at Phone Number. We thank you for your help in this important project.

Page 14
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 APPENDIX 9

Consent Form for DNA Sample Collection

DATE OF 1.R.B.
APPROVAL

AUG 28 2006

Faculty of Medicing
Joint Depariments of Epidemiclogy and Biostatikics McGili U niversq%w enue West

and of Occupational Health Purvis Hall, room 46
Départements unifiés d'épidémiologie ¢f biostatistique, Muntréal, Quéhee HIA 1A2
ct de santd au travail Tel: (514) 398-B997 Fax: {514} 398-4503

Consent Form - DNA Sample
Principal Investigator: Jermifer O"Loughlin
Co-Investigators: Gilles Paradis, James Hanley, Rackel F. Tyndale, Joseph DiFranza
Funded by: National Cancer Institute of Canada

Project Title: McGill University Study on the Natural History of Nicotine Dependence: Long term follow-
up of the nicotine dependence in teens (NDIT} cohort

Infroduction: As you know, the NDIT study is a prospective investigation of 1293 students initially aged
12-13 years, recruited from grade 7 classes in 10 Montrezl high schools in 1999, Our funding was renewed
in 2002 and we are now entering the 3" phase of the study. The purpose of this current extension is to study
smoking in young adults and 1o continue investigating how genetic factors might be related to nicotine
dependence.

Study Frocedure: In the next weelk, you will receive a DNA sample kit through the mail, with an
instruction manual. You will be asked to provide a saliva sampte in a plastic container (for genetic
analysis), seal if, and return it to McGill by mail in & stamped, addressed envelope,

Benefits and Risks: There are no risks or benefits expected for study participants in this extension of the
project. However the results will allow increased understanding of the natural history of nicotine .
dependence and will therefore help us to develop more effective strategics to prevent the onset of smoking
in young adults, as well as to help young adults who want to quit smoking,

Withdrawal from Study: Your participation in providing a DNA sample is completely voluntary. If youn
decide not to provide a sampls, there will be no prejudice against you. You may withdraw from the study at
any time with no prejudice.

Confidentiality: All DNA samples will be stored at the University of Toromto in locked filing cabinets.
The samples will not have any identifying information, Only the members of the research team will have
access to the DNA and the data. All identifying information will be removed from the sample at McGill
and then the sample will be sent to Dr. Rachel Tyndale’s laboratory at the University of Toronto, where it
will be genotyped for sefected genes suspected to be refated to smoking.
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CENTRE DE RECHERCHE

Comités dévaluation scientifiqie ot d'dthigue de la recherche

Edifice Cooper

3681, boulevurd Si-Laurent, Mezz 2

Moruréal (Québec) ITz2Wi¥s

Téléphone : 514 - Ba0-8000 — Pusie 14485

Télécopieur: 514 — 412-7304
Courriel : ghislaine.otis.chin@ssss.gouv.gecn

Le 21 février 2007

Dr Jennifer O'Loughliin
Epidémiologic

A/S Mme Erika Dugas

Edifice St-Urbain

3875, Tue Saint-Urbain - 1¢ étage
Moniréal (Québec) H2W1To

Objet : | NDo6.087 — Approhation finale CER

L'étude de la dépendance i la nicotine

Docteur,

Jaccuse réception, en date du 21 février 2007, de votre lettre ainsi gue des documents suinants en vue de
lapprobation finale de Uétude décrite en rubrique :

—  Formulaire de consentement — Questionnaire ~ Version francaise — 8 féurier 2007

- Formulaire de consentement — Questionnaire — Version anglaise — 8 février 2007

- Fornmilaire de consenternent — Echantillon d’ADN — Version frungaise — 8 février 2007
- Formuloive de consentement — Echantillon d'ADN — Version angiaise — 8 février 2007

Le tour est jugé satisfaisant. .Je vous retourne sous pli une copie de chacun des formulaires portant
lestampille d'approbation du comité. Seuls ces formulaires devront &ire utilisés pour signature par les
sujets.

La présente constitue l'approbation finale, valide pour un an 4 compter du 27 novembre 2007,
date de Pupprobation tiiale. Je vous rappelle gue toute modification au protocole et/ou au formulaire
de consentement en cours d'étude, doit éfre soumise pour approbation du comité d'éthique.

Le comité suit les régles de constitution et de fonctionnement de I'Enoncé de Politique des trois Consetls
et des Bonnes pratiques cliniques de la CTH.

Vous souhaitant la meilleure des chances dans la poursuite de vos trauaux, Je vous prie daccepter,
Docteur, mes safutations distinguées.

Brigitte St-Flerre, conseillére en éthique
Vice-présidente

Comité d’éthique de la recherche
Equipe Hépital Notre-Dame du CHUM

BSTP/go
P.j.: Formulaires de consentement approuvés et estampillés

CENTRE HOSPIEALIER DE LUNIVERSITE DE MONTREAL

HOTEL-DIEY {Siege socicly HOPITAL NOTRE-DAME HOPITAE SAINT-LUC
3040, rue Saint-Urbain 1560, rue Sherbrooke st 1058, rue Saint-Donis
Monircal (Quebec) tontréal {Québec) Monlrtal (Québer]
HOW 118 H2L 4841 HX 34
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FORM 2 COMITE DETHIGUE |

L Non-multicentrique - Rencuvellement annuel 2 4 OCT. 200

CHUM
RECHERCHE - CHUM
FORMULAIRE DE DEMANDE DE RENOUVELLEMENT ANNUEL DE L APPROBATION D'UN PROJET DE RECHERCHE

SECTION 1 - Renseignements généraux

1._Date de soumission du formalaire: le 18 octobre 2011
2. Numéro de référence donné au projet par le CER - ND 06.087
3. Numéro de protocele ou autre numéro d'identification : NA
4. Nom du chercheur pringipal ; Cr. Jennifer O'Loughlin
5. {Titre en frangais du projet
L.'étude de la dépendance & la nicotine

6. Indiquez le statut actuel du projet de recherche

[J Projet en cours pour lequel aucun sujet de recherche n'a encere &té recruté dans 'stablissement,
[J Projet et recrutement en cours

B4 Projet en cours pour lkequel le recrutement est terming

[ Prajet interrompu

[T Projet en attente

7. Selon les exigences de 'organisme subventionnaire { NIH, NCI, NCIC...}, le renouvellement doit-il étre
approuvé lors d'une réunion pléniére (Full Board)? [_] Oui Nan

SECTION 2  Renseignements relatifs au déroulement du projet de recherche depuls le début

8 Date de 'approbation initiale du projet de recherche par le CER : approbation initiale le 27 nov 2006;
approbation finale le 21 fev 2007

9. Date a laquelle le projet de recherche a effectivement commencé . mars 2007

10. Date a laquelle le projet de recherche devrail se terminer ; 30 juin 2013

11. Informations relatives aux sujets de recherche depuis le début du projet (incluant la derniérs année)

Nombre de sujets 4 recruter inifialement : 1208
Nombre de sujets qui ant effectivement &1é recrutés 1208
Nombre de sujets dont la participation n'sst pas terminéa 1 1063
Nombre de sujets dont la parficipation est terminée : 0

Nombre de sujets qui ont &té exclus ou refirés du projet: 0
Nombre de sujets qui ont abandonné en cours de route . 145

Formuiaire de demande de ranouvallament anned de Fapprobation d'un projat de racherche
CHUM - Juilet 2008 Page 1de 3
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FORM 2

g!; Non-multicentrique - Renouvellement annual
CHUM

12. Indiquez les motils de I'exclusion ou du retrait des sujets de recherche qu de Fabandon du projet par
ceux-cl.
Motifs des exclusions ou retraits
NiA

Motifs des abandons, si connus
Raisons des abandons non connues

SECTION 3  Renseignements relafifs au déroulement du projet au cours de la derniére année

13. Informaticns relatives aux sujets de recherche durant la demigre année

Nombre de sujets recrutés durant 'année : NfA
Nombre: de sujets qui ont terminé durant l'année : NfA
Nombre de sujets qui ont abandonné ou &t refirgs : 0

14. Au cours de la derniére année, et par rappert & la situation au moment de la demiére approkation, y a-
t-il eu des rapports soumis au CER concemant ;

] Modifications (amendement) au protoccle?

Si oui, précisez le nombre d'amendements soumis au CER ;
(] Incidents ou réactions indésirables {Essai clinique)?
[ Accidents?

18. Au cours de Ia demiére année, y a-tleu :

-] Nouveau renseignement susceptible d'affecter |'éthicité du projet ou d'influencer sur la décision d'un
sujet de recherche guant a sa participaticn au projet :

Daviations au protecole de recherche :

Interruption temporaire dyprojet:

Problémes constaiés par Un tiers au cours dune acivité de surveillance ou de vérfication, intemne ou
externe, lesquels problémes seraient susceptibles de remettre en question scil éthicité du projet, soit
ta décigion du CER :

] Le CER a-t-il &ié avisé d’une situation de conflit d'intéréts —- apparent, &ventuel cu réel et touchant un
ou plusisurs membres de I'équipe de recherche — quiil ne connaissait pas au mement da sa dernisr
__@pprobationduprojet: e
] Nouvelles informations dans la littérature ou dans des études récentes qui pourraient madifier
I'équilibre entre les tisque et les bénéfices du projet .

Les résultas du projet ont-iis déja &té sournis pour publication, présentées ou publies:

Le CER a-til &té avisé d'une situation de conflit d'intéréts — apparent, éventuel ou réel et touchan_t un
ou plusteurs membres de I'équipe de recherche — quilne connaissait pas au moment de sa demiére
approbation du projet :

7Y atdl une aliégation de manquement & 'éthique (ex. * plainte d'un sujet de recherche, nan-respect des

Forelaie de temantie de renouvelfenent annuel oe 'apprabation o'Un projef de recherche
CHUM - dulet 2008 FPage2de 3
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FORM 2

_;gg Non-multicentrique — Renouvellement annuel
CHUM

. regles relatives a Féthigue ou 3 lintégrité) concemnant un ou plusieurs chercheurs -
-[L] ¥ a-til eu des probiémes dans I'exécution du projet de recherche ou des événements {'importance
__sont-lls survenus dans I'un des établissements ol ce projet se déroule ;

; L] Le projet a-til posé des problémes ou soulevé des difficulés sur ke plan éthique -

i [] Voulez-vous porter un autre élément 4 latizntion du CER |

Jeindra foute information qui n'aurait pas encore &té soumise au CER.
Jatieste que les renseignements fournis dans le présent formulaire sont exacts

le 18 octobre 2011
Date

SECTION 4 - Suijvi donné par le Comité d’éthique de la recherche

Renouvefl]éh"le'ﬁ{"a'i:'bbrdé

D od Fotppencderii., 30/ N Lo giriae ters . coajad,

Approuvé par :

A _oclobe) 2010

Date

Commentaires

Formutaira tle damanda te renolivelierent arnuel ta fapptobafion &'un profat de rechercha
CHUM - Juillet 2008 Page 3de 3
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CENTRE DE RECHERCIIL E EE
Comités d’évaluation scientifique of d*éthique da la recherche ===

Equipe Saint-Luc du CHUM CHUM

Edifiee Couper
3981, boulevard St-Lavrent — Meze 2
Momréal (Québec) H2W 1Y5

Téléphone : 514 R0 800 - Poste 14528
Télécopicur . 514412 73194
Courriel : __ karima.bekhiti.chun@ssss.gouv.gc.ca

Le 27 novemkre 2006

Dre Jennifer O'Loughlin
Epidemiologie

afs Mme Erika Dugas
3875 rue Saint-Urbain, 1er étage
Montréal (Québec) H2ZW 1V1

Cheére Dacteure,

J'ai le plaisir de vous informer que |z Comité d'éthique de |a recherche, & sa réunion plénigre du 27
novembre 2006, a évalué le projet mentionné ci-dessus.

A cette fin, ont notamment été examinés ies documents suivants ;

- Formulaire de présentation — Formulaire A - Annexe 2.1

= Formuiaire de renseignements supplémentaires — Annexe 2.2

- Résumé du protocole

= Protocole de recherche (version de mai 2006)

= Pata user's manual (version de juin 2006)

- Formulaire de cansentement — Echantillons d’ADN - frangais et anglais
- Formulaire de consentement — Questionnaire - frangais et anglais

. Questionnaires (versicn anglaise)

Votre projet a été approuvé conditionnellement 2 ce que les précisions et modifications suivantes soient
apportées.

Précisions demandées par le comité :

1. Nous comprenons que les échantillons mis en banque et les donindes recuelliies A 'zide des questionnaires
feront parfie d'une banque constituée & des fins de recherches futures en plus de répondre aux objectifs de
la recherche en cours. Si tel est le cas, les sujets doivent en étre informés et consentlr a ce que leurs
échantillons et leurs données puissent faire 'objet de prét @ d'autres chercheurs.

CENTRE HOSPITALIER BE EUMIVERSITE DE MONTREAL

HOTEL-DILUY (Siege socizl} HOPITAL NOTRS-DAME HOPITAL SAINT-LUC
3840, rue Saint-Urbain 1560, rie Sherbranke Est 1058, rue Saint-Denis
Montral (Quélied) Wontréal (Ouébec) Wontréal (Québed)
HW TR H2L a1 Ha2X 314
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Y aura-til un lien entre les échantillons ¢'ADN et les donnéas recusillies & 'aide des guestionnaires {méme
code didentification)?

§i nous ccmprenons bien et qu'il s'agit o'une bangue d'ADN ef de données « psycho-sociales » associées qui senira &
d'autres recherches dans le futur, i faudrait ajouter certaines informations & vos formulaires de consentement actuels ©

Madifications demandées aux formulaires de consentement :

Formulaire pour 'échantillon d' ADN :

1.
e

Indiquer une date de version du formulaire et la paginer sous la forme xly v/

Nous vous suggérons dajouter une section intitulée « Participation demandée » juste avant la section -
intitulée « procédures » et d'y inclure les informations sulvantes : Nous vous demandons d'accepter de
fournir un échantillon de salive dans le but d'en extraire 'ADN et d'accepter que cet échantillon sait conservé
(indéfiniment ou X années?) dans une banque. Nous vous demandons également d'aceepter quiils puissent
servir & d'autres recherches dans le futur, soit par la méme équipe de chercheurs, soit par d'autres équipes 2
qui fes échantillons seraient prélés {avec les nformations recueillies & I'aide des questionnalres 7)... sans
que velre identité ne soit revélés.

Dans la clause de confidentialité, sjouter que le mé&me numére de cede identifiera les données « psysho-
sociales et d’habitudes de tabagisme » . v

Dans la section sur le consentement, ajouter un consentement spécifique & participer 2 la bangue qui servira
& des préfs et des recherches dans le futur. Adapter le texte de fagon & continuer de vouvover les
participants comme dans la partie précédente.

Effectuer toute autre correction annofée au formulaire el eifectuer les comections comespondantes au
formutaire en angiais

Formulaire pour les questionnaires :

1.
2

Indiguer une date de version du formulaire et la paginer sous la forme xfy

Nous vous suggérons d'ajouter une section intitulée « Participation demandée » juste avant la section
intitulée « procédures » et d'y inclure les informations suivantes : Nous vous demandons d’accepter de
répondre & des questionnaires dont les résultats seront conservés dans une base de données pour une
durée de ... Nous vous demandons également d'accepter que ces résultals puissent servir a d'autres
recherches dans le futur, soit par la méme équipe de chercheurs, soit par d'autres équipes, {en fisn ou non
avec les echantilons d'ABN?)... sans que votre identité ne soit révelée.

Yous pourriez ajouter une section dans laguelle vous menfionnez le trage de prix en guise de
remerciements pour la participation.

Si pertinent, dans la clause de confidentialité, ajouter que le méme numéro de code dentifiera également les
achantillons CADN.

Dans la section sur le consentement, ajouter un consentement spécifique & participer 2 la banque qui servira
& des préls et des recherches dans le futur. Adapter le texte de fagon & confinuer de veouvayer les

participants comme dans la partie précédente.

Effectuer toute autre correction annotée au formulaire et effectuer les corrections correspondantes au
formulaire en anglais.

D Jennifer O'Loughlin ND 06,087 page2de 3
Approbation inifiale CER .
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Vous voudrez bien nous faire parvenir la copie frangaise des questionnaires dés qu'elle sera disponible, afin de compléter
votre dossier au comité d'éthique de la recherche.

La version anglaise des formulaires de consentement doit correspondre a [z version frangaise.

il est entendu que vous ne pouvez commencer le recrutement de sujets avant d’avoir regu
I'approbation finale du comité et que les formulaires de consentement modifiés n’aient &t

approuvés et estampillés.

Vous souhaitant la meilleure des chances dans la poursuite de vos travaux, je vous prie d'accepter,
Cocteure, mes salutations distinguées.

rigitte St-Fierre, conseilllere en éthigue
Vice-présidents

Comité d’sthique de la recherche
Equipe Notre-Dame du GHUM

BSTF/kb

P : Formulaires de consentement annotés

Dre Jennifer O'Lolghlin ND 06 037 page3ced

Approberion iniale CER
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CENTRE DE RECHERCHE

Comités d’évaluation scientifique et d'éthique de la recherche
Edifice Cooper

3981, boulevard St-Laurent, Mezz 2

Montréal (Québec) H2W 1Ys5

Téléphone: 514 — 890-8000 — Poste 14485
Télécopieur : 514 — 412-7394
Courriel : ghislaine.otis.chum@ssss.gouv.qc.ca

Le 21 février 2007

Dr Jennifer O’Loughlin
Epidémiologie

A/S Mme Erika Dugas

Edifice St-Urbain

3875, rue Saint-Urbain — r¢ étage
Montréal (Québec) H2W 1T9

Objet : - robation finale CER

L'étude de la dépendance a la nicotine

Docteur,

J'accuse réception, en date du 21 février 2007, de votre lettre ainsi que des documents suivants en vue de
Fapprobation finale de U'étude décrite en rubrique :

—  Formulaire de consentement — Questionnaire — Version frangaise — 8 février 2007

—  Formulaire de consentement — Questionnaire — Version anglaise — 8 février 2007
Formulaire de consentement — Echantillon dADN — Version francaise — 8 février 2007
—  Formulaire de consentement — Echantillon d’ADN — Version anglaise — 8 février 2007

Le tout est jugé satisfaisant. Je vous retourne sous pli une copie de chacun des formulaires portant
lestampille d’approbation du comité. Seuls ces formulaires devront étre utilisés pour signature par les
sujets.

La présente constitue ['approbation finale, valide pour un an a compter du 27 novembre 2006,
date de 'approbation initiale. Je vous rappelle que toute modification au protocole et/ou au formulaire
de consentement en cours d’étude, doit étre soumise pour approbation du comité d'éthique.

Le comité suit les régles de constitution et de fonctionnement de UEnoncé de Politique des trois Conseils
et des Bonnes pratiques cliniques de la CIH.

Vous souhaitant la meilleure des chances dans la poursuite de vos travaux, je vous prie d'accepter,
Docteur, mes salutations distinguées.

Brigitte St-Pierre, conseillére en éthique
Vice-présidente

Comité d'éthique de la recherche
Equipe Hépital Notre-Dame du CHUM

BSTP/go
P.j.: Formulaires de consentement approuvés et estampillés

CENTRE HOSPITALIER DE LUNIVERSITE DE MONTREAL

HOTEL-DIEU (Sibge social) HOPITAL NOTRE-DAME HOPITAL SAINT-LUC
3840, rue Saint-Urbain 1560, rue Sherbraoke Est 1058, rue Saint-Denis
Montreal (Québec) Montréal (Québec) Montréal (Québec)
H2W T8 H2L aM1 H2X 3)4
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Formulaire de consentement - Questionnaire --

Chercheur Principal: Jennifer

Co-Chercheurs: Gilles Paradis, James Hanley, Rachel F. Tyndale, Joseph DiFranza
Subventionné par: I’Institut National du Cancer du Canada

Titre du projet: Etude sur I"histoire naturelle de la dépendance a la nicotine : Suivi &
long terme de la dépendance a la nicotine chez une cohorte d’adolescents (NDIT)

Description: L’Etude NDIT est une enquéte prospective de 1293 étudiants recrutés dans
les classes de premiére secondaire de 10 écoles de Montréal en 1999. Notre subvention a
été renouvelée en 2002 et en 2006. Les objectifs de cette derniére prolongation sont
d’étudier le tabagisme chez les jeunes adultes et de continuer a examiner comment les
facteurs génétiques sont liés a la dépendance a la nicotine.

Participation: A cette étape, nous vous demandons d’accepter de répondre a des
questionnaires auto-administrés oli les réponses seront conservées dans une base de
données pendant 15 ans. Nous vous demandons également d’accepter que ces données
(qui seront conservés sans informations susceptibles de révéler votre identité) soient
utilisées pour des analyses additionnelles futures, soit par les mémes chercheurs, soit par
d'autres équipes de recherche, possiblement en lien avec les données tirées de I’ ADN.

Procédure de I’étude: Au cours des 5 prochaines années, vous recevrez un questionnaire
auto-administré par courrier (ou par Internet si vous préférez) a tous les ans, qui
prendront 15-20 minutes & compléter. Ces questionnaires contiendront des questions par
rapport & vos expériences concernant la consommation de cigarette, ainsi quc sur lcs
facteurs connus comme étant reliés au tabagisme. On vous demandera de nous retourner
les questionnaires par la poste dans une enveloppe adressée et préaffranchie (ou par
Internet si vous préférez). Si vous ne complétez pas le questionnaire, il est possible que
notre équipe de recherche vous contacte par téléphone pour vous rappeler de le faire.
Toutes les informations susceptibles de révéler votre identité seront retirées des
questionnaires et les données seront entrées dans une base de données électronique.

Risques et bénéfices: 11 n’y a aucuns risques ou bénéfices attendus pour les participants
de cette étude. Toutefois, les résultats obtenus contribueront a I'avancement des
connaissances sur I'histoire naturelle de la dépendance a la nicotine, ce qui pourra nous
aider a développer des stratégies efficaces pour aider les jeunes adultes a cesser de fumer.

Liberté de consentement et liberté de se retirer: Votre participation est complétement
volontaire. Vous pouvez vous retirer de I’étude a tout moment. Si vous décidez de vous
retirer, il n’y aura aucun préjudice envers vous.

Confidentialité: Toutes les données tirées des questionnaires sont complétement
confidentielles et seront conservées sous clé en tout temps. Les données ne contiendront
aucune information personnelle et seront identifiées uniquement par un code numérique
qui sera différent de celui reli¢ aux données tirées de I’ ADN. Seuls les chercheurs et la
coordonnatrice du projet auront acces au code numérique et aux données.

Date de version: 8 février 2007 Page 1/2
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Consentement: Veuillez compléter le formulaire ci-dessous pour indiquer si vous
participerez au volet questionnaire de I’étude NDIT et nous le retourner dans I'enveloppe
adressée et préaffranchie ci-jointe. Si vous avez des questions, n'hésitez pas 4 contacter la
coordinatrice du projet, Erika Dugas, au numéro de (éléphone confirmer. Nous vous
remercions de votre aide dans cet important projet.

Erika Dugas
Chercheur Principal Coordinatrice du Projet

Jennifer O’Loughlin

VEULLEZ REMPLIR LA SECTION CI-DESSOUS ET RETOURNER LE
FORMULAIRE DANS L’ ENVELOPPE ADRESSEE ET AFFRANCHIE
DANS LES 7 PROCHAINS JOURS

Consentement A participer au volet questionnaire de I’Etude NDIT

Veuillez cochez «Oui» ou «Non» ci-dessous
o Oui, j’accepte de participer au volet questionnaire auto-administré de I’Etude NDIT
o Non, je n’accepte pas de participer au volet questionnaire auto-administré de 1'Etude NDIT

Si vous avez coché «Oui» ci-dessus, veuillez cocher «Oui» ou «Non» ci-dessous
o Oui, j’accepte que les données tirées de mes questionnaires soient conservés dans une base de
données qui pourrait servir a d’autres recherches ultérieures.
o Non, je n’accepte pas que les données tirées de mes questionnaires soient conservés dans une base
de données qui pourrait servir a d’autres recherches ultérieures.

Nom du Participant (caractéres d’imprimerie) Signature Date

Date de version: § février 2007 Page 2/2
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Consent Form - Questiounairt.:sm
Co-Investigators: Gilles Paradis, James Hanley, RachelF-~ yrdate
Funded by: National Cancer Institute of Canada

Project Title: Study on the Natural History of Nicotine Dependence: Long term follow-
up of the Nicotine Dependence In Teens (NDIT) cohort

Description: The NDIT Study is a prospective investigation of 1293 students recruited
from grade 7 classes in 10 secondary schools Montreal in 1999. Our funding was
renewed first in 2002, and then again in 2006. The purpose of this latest extension is to
study smoking in young adults and to continue to investigate how genetic factors relate to
nicotine dependence.

Participation: In this phase, we ask that you accept to complete self-administered
questionnaires, the responses of which will be maintained in a database for 15 years. We
also ask you to accept that these data (which will be stored with no information that could
identify you) be used for additional analyses in the future, either by the same researchers
or by other research teams, possibly in link with the DNA data.

Study Procedure: Every year over the next 5 years, you will receive a self-administered
questionnaire by mail (or online through the Internet if you prefer), which will take 15-20
minutes to complete. It will ask you about your experience with smoking cigarettes, as
well as about factors known to relate to smoking. You will be asked to return the
questionnaires by mail in a stamped, addressed envelope (or online through the Internet if
you prefer). If you do not complete the questionnaire, our research team may contact you
by telephone to remind you to do so. All identifying information will be removed from
the questionnaire and the data will be entered into an electronic database.

Benefits and Risks: There are no risks or benefits expected for participants in this
project. However the results will allow increased understanding of the natural history of
nicotine dependence, which will help us develop more effective strategies to help young
adults quit smoking.

Withdrawal from Study: Your participation is completely voluntary. You may
withdraw from the study at any time. If you decide to withdraw, there will be no
prejudice against you.

Confidentiality: All questionnaire data are completely confidential and will be stored in
locked storage areas. The data will not have any identifying information, and will be
identified by a code, which is different from the one used for DNA data. Only the
researchers and the project coordinator will have access to the codes and the data.

Consent: Please complete the form below to indicate if you will participate in the
questionnaire component of the NDIT Study, and return it in the stamped, addressed
envelope enclosed. If you have any questions, please contact the Project Coordinator,

Last update: February 8th 2007 Page 1/2
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Erika Dugas at phone number to be confirmed. We thank you for your help in this
important project.

enniter oughlin Erika Dugas
Principal Investigator Project Coordinator

PLEASE FILL IN THE BOX BELOW AND RETURN THE FORM IN THE
STAMPED ADDRESSED ENVELOPE IN THE NEXT 7 DAYS

Consent to Participate in the Questionnaire Component of the NDIT Study

Please check either “Yes” or “No” below

O Yes, I accept to participate in the self-administered questionnaire component of the NDIT Study
O No, I do not accept to participate in the self-administered questionnaire component of the NDIT Study

If you checked “Yes” above, please check either “Yes” or “No” below

O Yes, | accept that the data from my questionnaires be included in a database that could be used for
other studies in the future.

O No, I do not accept that the data from my questionnaires be included in a database that could be used
for other studies in the future.

Name of Participant (Please Print) Signature Date

Last update: February 8th 2007 Page 2/2

CXXXV



m :
CHUM. - -rou

Formulaire de consentement - Echantillon d’ ADN,

Chercheur Principal: Jennifer O"Loughlisi-««----

Co-Chercheurs: Gilles Paradis, James Hanley, Rachel - Tyndale, Joseph DiFranza
Subventionné par: I’Institut national du cancer du Canada

Titre du projet: Etude sur I’histoire naturelle de la dépendance  la nicotine : Suivi &
long terme de la dépendance a la nicotine chez une cohorte d’adolescents (NDIT)

Description: L'Etude NDIT est une enquéte prospective de 1293 étudiants recrutés dans
les classes de premiére secondaire de 10 écoles de Montréal en 1999. Notre subvention a
été renouvelée en 2002 et en 20006. Les objectifs de cette derniére prolongation sont
d’étudier le tabagisme chez les jeunes adultes et de continuer 4 examiner comment les
facteurs génétiques sont liés a la dépendance a la nicotine.

Participation: A cette étape, nous vous demandons d’accepter de fournir un échantillon
de salive qui sera envoyé au laboratoire du Dr. Michael Philips au Centre Génome
Québec. L’ADN sera extrait des échantillons et génotypé pour certains génes pouvant
étre liés tabagisme. Nous avons besoin de cet échantillon que vous fumiez ou pas puisque
nous désirons savoir si les fumeurs ont des génes différents des non-fumeurs. Ces
échantillons d’ADN seront conservés sans informations personnelles au Centre Génome
Québec pendant 15 ans. Nous vous demandons également d’accepter que votre
échantillon d’ADN (qui sera conservé sans informations susceptibles de révéler votre
identité) soit utilisé pour des analyses additionnelles futures, soit par les mémes
chercheurs, soit par d’autres équipes de recherche, possiblement en lien avec les données
tirées du questionnaire.

Procédures: Au cours de la semaine prochaine, vous recevrez un kit de collection
d’ADN par la poste ainsi qu'un manuel d'instruction. On vous demandera de fournir un
¢chantillon de salive dans un contenant de plastique, de le refermer et de nous le
retourner par la poste dans une enveloppe préaffranchie et adressée. 1 est possible que
notre équipe de recherche vous contacte par téléphone afin de s’assurer que vous avez
recu le kit et pour savoir si vous avez des questions.

Risques et bénéfices: Il n’y a aucuns risques ou bénéfices attendus pour les participants
de cette étude. Toutefois, les résultats obtenus contribueront 4 'avancement des
connaissances sur ['histoire naturelle de la dépendance & la nicotine, ce qui pourra nous
aider a développer des stratégies efficaces pour aider les jeunes adultes a cesser de fumer.

Liberté de consentement et liberté de se retirer: Votre participation au volet-ADN est
complétement volontaire. Si vous décidez de ne pas fournir un échantillon d’ADN, iln'y
aura aucun préjudice envers vous. Vous &tes libre, en tout temps, de vous retirer du projet
sans aucun préjudice. Les échantillons d’ ADN seront détruits si vous décidez de vous
retirer de 1" étude.
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Confidentialité: Les ¢chantillons d”ADN seront conservés sans information
personnelles. Ils seront identifiés uniquement par code numeérique qui sera différent de
celui utilisé pour identifier les données tirées de votre questionnaire. Une liste maitresse
liant le nom du participant et ses codes numériques sera conservée sous clé en tout temps.
Seuls les chercheurs et la coordonnatrice du projet auront accés a I’ADN et aux données.

Consentement: Veuillez compléter le formulaire ci-dessous pour indiquer si vous
fournirez un échantillon d’ADN et retournez le formulaire dans 1'enveloppe adressée et
préaffranchie ci-jointe. Si vous avez des questions, n'hésitez pas a contacter la
coordinatrice du projet, Erika Dugas, au numéro de téléphone a confirmer. Nous vous
remercions de votre aide dans cet important projet.

Jennifer O’Loughlin Erika Dugas
Chercheur Principal Coordinatrice du Projet

VEULLEZ REMPLIR LA SECTION CI-DESSOUS ET RETOURNER LE
FORMULAIRE DANS L’ENVELOPPE ADRESSEE ET AFFRANCHIE
DANS LES 7 PROCHAINS JOURS

Consentement 3 participer au volet Echantillon d’ADN de I'Etude NDIT

Veuillez cochez «Oui» ou «Non»ci-dessous
o Oui, j’accepte de participer a la collecte d”échantillons d’ADN de I’étude NDIT
o Non, je n’accepte pas de participer a la collecte d’échantillons d’ADN de I’étude NDIT

Si vous avez cochez «Oui» ci-dessus, veuillez cochez «Qui» ou «Non»ci-dessous
o Oui, j"accepte que mon échantillon fasse partie d’une banque qui servira possiblement 4 des
recherches dans le futur.
o Non, je n'accepte pas que mon échantillon fasse partie d’une banque qui servira possiblement a des
recherches dans le futur.

Nom du Participant (caractéres d’imprimerie) Signature Date
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Consent Form - DNA Sample

Principal Investigator: Jennifer O’ Loughli

Co-Investigators: Gilles Paradis, James Hanley, Rachel F. Tyndale,.
Funded by: National Cancer Institute of Canada

Project Title: Study on the Natural History of Nicotine Dependence: Long term follow-
up of the Nicotine Dependence In Teens (NDIT) cohort

Description: The NDIT Study is a prospective investigation of 1293 students recruited
from grade 7 classes in 10 secondary schools Montreal in 1999. Our funding was
renewed first in 2002, and then again in 2006. The purpose of this latest extension is to
study smoking in young adults and to continue to investigate how genetic factors relate to
nicotine dependence.

Participation: In this phase, we ask that you agree to provide a saliva sample which will
be sent to Dr. Michael Phillip’s laboratory at Centre Genome Quebec. DNA will be
extracted from the sample and genotyped for selected genes thought to be related to
smoking. We need the sample whether or not you smoke because we need to compare is
smokers have different genes from non-smokers. The DNA sample will be stored without
any identifying information at Centre Genome Quebec for 15 years. We also ask you to
accept that your DNA sample (which will include no information that could identify you)
be used for additional analyses in the future, either by the same researchers or by other
research teams, possibly in link with questionnaire data.

Procedure: In the next week, you will receive a DNA sample kit through the mail, with
an instruction manual. You will be asked to provide a saliva sample in a plastic container,
seal it, and return it to us by mail in a stamped, addressed envelope. Our research team
may telephone you to make sure that you received the kit and to ask if you have any
questions.

Benefits and Risks: There are no risks or benefits expected for participants in this phase
of the project. However the results will allow increased understanding of the natural
history of nicotine dependence, which will help us develop more effective strategies to
help young adults quit smoking,.

Withdrawal from Study: Your participation in providing a DNA sample is completely
voluntary. If you decide not to provide a sample, there will be no prejudice against you.
You may withdraw from the study at any time with no prejudice. The DNA sample will
be destroyed if you decide to withdraw from the study.

Confidentiality: The DNA sample will be stored without any identifying information. It
will be labeled with a code that is different from the code used to identify your
questionnaire data. A Master List linking your name to your codes will be kept in locked

filing cabinets. Only the researchers and the project coordinator will have access to the
DNA and the data.
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Consent: Please complete the form below to indicate if you will provide a saliva sample,
and return the form in the stamped, addressed envelope enclosed. If you have any
questions, please contact the Project Coordinator, Erika Dugas at phone number to be
confirmed. We thank you for your help in this important project.

Jennifer O’Loughlin Erika Dugas
Principal Investigator Project Coordinator

PLEASE FILL IN THE BOX AND RETURN THE FORM IN THE STAMPED
ADDRESSED ENVELOPE THE NEXT 7 DAYS

Consent to participate to the DNA Component of the NDIT Study

Please check either “Yes” or “No” below
o Yes, [accept to participate in the DNA sample collection component of the NDIT Study
o No, I do not accept to participate in the DNA sample collection component of the NDIT Study

If you checked “Yes” above, please check either “Yes” or “No” below
o Yes, | accept that my sample be part of a bank that could be used for other studies in the future.
o No, I do not accept that my sample be part of a bank that could be used for other studies in the

future.
Name of Participant (Please Print) Signature Date
Last update: February 8" 2007 Page 2/2
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CHUM
Cormité d"éthique de larecherche du CHUM

Pavilon R, @00 rue 5t-Denis, 3% étage
Montréal (Québec) HIX (AQ

Formulaire de demande de renouvellement annuel de I'approbation d'un projet
de recherche

Date de dép6t du formulaire: 2018-09-27 08:11 Déposé par: Dugas, Erika

Date d'approbation du projet par le CER: 2007-02-21 —
Numéro(s) de projet: 2007-2384, ND 06.087 - MJB Formulaire: F9 - 42323

Statut du formulaire: Approuvé

Suivi du BCER

1. Statut de la demande:
Demande approuvée

2. La demande a été traitée par :
Lynda Ferlatte
date de traitement:
2018-10-02

3. Renouvellement accordé
du 27 novembre 2018 au 27 novembre 2019

Section 1 - Renseignements généraux

1. Indiquez, en francais, le titre complet du projet de recherche

L'étude de la dépendance a la nicotine

2. Indiquez le nom du chercheur responsable local (CHUM)

Oloughlin, Jennifer

NAGANG@ Y- 42323: Formulaire de demande de renouvellement annuel de lapprobation d'un projet de recherche 115
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3. Y a-t-il des co-chercheurs du CHUM qui collaborent au projet de recherche?
QOui

Indiquez le nom et les coordonnées des co-chercheurs et collaborateurs CHUM connus au moment
de soumettre le projet.

Sylvestre, Marie-Pierre

Désignation
Co-chercheur

Statut
Chercheur

Veuillez préciser le réle du co-chercheur/collaborateur dans le projet:
Autre

Veuillez préciser:

Dr Sylvestre est le co principal investigator donc agit comme chercheur principal

4. Est-ce que le formulaire et/ou documents soumis au CER doivent étre vus en réunion pléniére (Full Board)
selon les exigences des organismes subventionnaires (NIH, RTOG, NCIC, etc.)

Non

5. Indiquez le statut actuel du projet de recherche
Projet en cours dont le recrutement est terminé

Section 2 - Projet de recherche

1. Date a laquelle le projet de recherche a commencé:
2007-02-21

2. Date alaquelle le projet de recherche devrait se terminer:
2020-10-31

NAGANG@ Y- 42323: Formulaire de demande de renouvellement annuel de lapprobation d'un projet de recherche
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3. Quel est le profil des participants de recherche?

Quel est le sexe des participants a la recherche?
¥ Hommes
¥ Femmes
[~ Autres
Quel est le niveau d'aptitude des participants a la recherche?
¥ Majeurs aptes
[~ Maijeurs inaptes
[~ Mineurs
O Majeurs, mais dont l'inaptitude est subite
Informations complémentaires des participants a la recherche?
[~ Membres du personnel de I'établissement
[~ Personnes recrutées dans un groupe témoin
[~ Personnes hospitalisées
[~ Personnes vues en consultation (consultation externe, clinique privée, hopital de jour, etc.)
[~ Personnes qui se présentent a I'urgence de I'établissement
[~ Personnes proches des sujets
[~ Personnes touchées par un programme ciblé (précisez)
¥ Autre, spécifiez

Précisions complémentaires

Participants population générale (écoles secondaires Montréal 1999)

4. Veuillez cocher "oui" si votre projet est une RECHERCHE SUR DOSSIERS. Si vous avez cochez "OUI" a
cette question, vous devez répondre aux questions ci-dessous.

Non

5.  Veuillez cocher "oui" si votre projet est une banque. Si vous cochez "OUI", vous pouvez répondre "0" aux
demandes obligatoires de la question suivante "Informations relatives aux participants CHUM/CRCHUM".

Non

NAGANG@ Y- 42323: Formulaire de demande de renouvellement annuel de lapprobation d'un projet de recherche
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Informations relatives aux PARTICIPANTS CHUM/CRCHUM:

Nombre de participants a recruter initialement:
1293
Nombre de participants qui ont effectivement été recrutés:
1208
Nombre de participants dont la participation n'est pas terminée (suivi en cours):
1053
Nombre de participants dont la participation est terminée:
155
Nombre de participants ayant abandonné (retrait volontaire):
155
Donnez-en la raison:
non connue
Nombre de participants exclus ou retirés du projet:
155
Donnez-en la raison:
non connue

Section 3 - Informations autres centres

S'agit-il d'un projet multicentrique ?

Non

Section 4 - Derniére année

Au cours de la derniére année et par rapport a la situation au moment de la derniére approbation du CER :

NAGANG@ Y- 42323: Formulaire de demande de renouvellement annuel de lapprobation d'un projet de recherche

e miweb.ca

Avez-vous rapporté tous les effets indésirables graves au Comité d'éthique depuis la derniére
approbation du CER ?

W oul
[ NON
I NA

Avez-vous rapporté tous les changements ou amendements (protocole, formulaire de consentement,
etc.) depuis la derniére approbation du CER ?

W oul
[~ NON
I NA

2007-2384 - ND 06.087
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Signature

J'atteste que les renseignements fournis dans le présent formulaire sont exacts.

Nom et prénom de la personne qui a complété ce formulaire
Erika Dugas

NAGANG@ Y- 42323: Formulaire de demande de renouvellement annuel de lapprobation d'un projet de recherche
wuseminsh.ca 2007-2384 - ND 06.087

cxliv




