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Highlights

•	 40% of students indicated anxiety 
and/or depression and 60% of stu-
dents reported substance use.

•	 Females had a higher prevalence of 
anxiety and/or depression (50% vs. 
29%).

•	 Overall, anxiety and/or depression 
were associated with dual use and 
poly-substance use. 

•	 Females with both anxiety and 
depression had the highest odds of 
being in the poly-substance use 
class.

Abstract

Introduction: Few studies have assessed patterns of substance use among Canadian 
adolescents. This cross-sectional study examined substance use classes among Canadian 
secondary school students and associations with anxiety and depression.

Methods: This study used data from Year 6 (2017/18) of the COMPASS study. Students 
(n = 51 767) reported their substance use (alcohol, cannabis, cigarette and e-cigarette 
use) and anxiety and depression symptoms. We employed latent class analysis to iden-
tify substance use classes and multinomial logistic regression to examine how anxiety 
and depression were associated with class membership. 

Results: Overall, 40% of students indicated having anxiety and/or depression (50% in 
females; 29% in males) and 60% of students reported substance use (60% in females; 
61% in males). We identified three substance use classes: poly-use, dual use, and non-
use. Females with both anxiety and depression had the highest odds of being in the 
poly-use class compared to the non-use class (odds ratio [OR] = 4.09; 95% confidence 
interval [CI]: 3.59–4.65) followed by females with depression only (OR = 2.65; 95% CI: 
2.31–3.04) and males with both anxiety and depression (OR = 2.48; 95% CI: 2.19–2.80). 
Symptomatology was also associated with belonging to the dual use class except among 
males with anxiety only (OR = 1.13; 95% CI: 0.94–1.37). 

Conclusion: Canadian secondary school students are engaging in dual and poly-substance 
use, and anxiety and depression were associated with such use. Females had a higher 
prevalence of anxiety and depression and should be a priority population for mental 
health programming. 

Keywords: anxiety, depression, alcohol drinking, cannabis smoking, cigarette smoking, 
vaping, latent class analyses, adolescent

Introduction

In 2017, 57% of Canadians aged 15 to 
19 years reported alcohol use, 19% reported 
cannabis use, 8% reported cigarette smok-
ing and 23% reported trying e-cigarettes.1 
Such use is associated with adverse men-
tal, physical and academic outcomes.2,3 
Notably, recent evidence shows an esti-
mated 23% of Canadian students in 
Grades 9 to 12 use more than one sub-
stance, also known as poly-substance use 
or poly-use.4 

While the prevalence of substance non-
use has remained steady among high 
school students over the past five years, 
poly-use is increasing among adolescents, 
likely due to the emergence of e-cigarettes.5 
A recent systematic review identified strong 
evidence for the presence of subgroups of 
adolescent substance use, with common 
clusters being low use, single- or dual-
substance use, moderate general multi-use 
and high multi-use.6 Unfortunately, there 
is limited research examining patterns of 
substance use among Canadian adolescents 

and how e-cigarette use fits in.6-9 This is 
concerning, as poly-use is associated with 
higher risks of negative social and health 
consequences.10,11

Age has been consistently identified as a 
risk factor for poly-substance use.6,12 The 
relationship between sex and poly-substance 
use is more nuanced. Most studies found 
males more likely to be in higher use cat-
egories,4,5,9,13-18 but others have found no 
difference19-22 or increased risk for females 
in certain poly-use classes,23,24 or different 
latent classes.25 Other individual-level fac-
tors associated with poly-substance use 
include lower socioeconomic status, early-
onset substance use, low social connect-
edness and parental and peer substance 
use.6,12,16,24,26-34

Substance use has also been associated 
with adolescent anxiety and depression.35,36 
This is a common problem among adoles-
cents: one-third of Ontario high school stu
dents report moderate-to-severe symptoms 
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of anxiety and/or depression.37 Generally, 
those who report poly-use have higher 
instances of poor mental health, including 
anxiety and depression.11,38-40 However, one 
study identified protective effects of inter-
nalizing problems (which is a measure 
capturing anxiety, depression and somatic 
symptoms) on poly-use class membership 
among adolescents.24 

Most of the work examining poly-use and 
poor mental health among adolescents 
has focussed on depression. However, 
there is a high prevalence of comorbidity, 
with an estimated 25% to 50% of youth 
with depression also meeting the criteria 
for an anxiety disorder.41 These youth 
have a higher risk of longer duration of 
symptoms, greater impairment, recur-
rence and greater utilization of mental 
health services.41 Therefore, it is important 
to consider both depression and anxiety 
simultaneously in analyses.

In the context of the limitations in the cur-
rent knowledge base, our objectives were 
to determine the substance use classes 
among Canadian secondary school stu-
dents and examine their cross-sectional 
associations with anxiety and depression 
symptoms.

Methods

Design

The COMPASS study is a prospective 
cohort study in Canada that annually col-
lects data from students in Grades 9 to 12 
in British Columbia, Alberta and Ontario, 
and Secondary I to V in Quebec (the 
equivalent of Grades 7 to 11). Students in 
Grades 7 and 8 equivalent or with no 
assigned grade were categorized as “other.” 
To examine cross-sectional patterns of 
substance use, this study used student 
questionnaire data from Year 6 (Y6: 
2017/18) of the COMPASS study from 122 
schools in British Columbia (n  =  16), 
Alberta (n  =  8), Ontario (n  =  61), and 
Quebec (n = 37). Schools were purposively 
sampled based on permitted use of pas-
sive consent protocols.42 A full description 
of the COMPASS study can be found online 
(https://uwaterloo.ca/compass-system/) 
or in print.43

Participants

A total of 66 434 students participated 
in Y6 of the COMPASS study. Student 
response rate was 81.8% and the primary 

reason for non-response was being absent 
at the time of data collection. Among 
respondents, 51 767 had complete data 
(complete information for covariates and 
at least one substance use measure) and 
were included in the final sample. There 
were no significant differences in chi-
square tests comparing those included 
and excluded based on missing outcome 
data (data available upon request). 

Measures

Substance use 
Students were asked to report alcohol use 
(“In the last 12 months, how often did 
you have a drink of alcohol that was more 
than just a sip?”); cannabis use (“In the 
last 12 months, how often did you use 
marijuana or cannabis? [a joint, pot, weed, 
hash]”); cigarette use (“Have you ever tried 
cigarette smoking, even just a few puffs?” 
and “On how many of the last 30 days did 
you smoke one or more cigarettes?”); and 
e-cigarette use (“Have you ever tried an 
electronic cigarette, also known as an 
e-cigarette?” and “On how many of the 
last 30 days did you use an e-cigarette?”). 
It should be noted that these measures are 
not equivalent to problematic substance 
use and should not be interpreted as such. 

Anxiety 
The Generalized Anxiety Disorder 7 (GAD-7) 
scale44 was used to assess generalized 
anxiety symptoms. The GAD-7 reports on 
self-perceived feelings of worry, fear and 
irritability over a two-week period. Students 
were asked how often they were bothered 
by each symptom with the following 
response options: “Not at all,” “Several 
days,” “Over half the days” or “Nearly 
every day.” The GAD-7 has been found to 
be reliable among adolescents (α = 0.91)45 
and in the current study had an alpha 
coefficient of 0.91 for females and 0.90 for 
males. When screening for anxiety disor-
ders, a score of 10 is used as a recom-
mended cut point for further evaluation 
and was used to categorize students as 
having clinically relevant anxiety symp-
tomatology (herein “anxiety”).44

Depression  
The Center for Epidemiological Studies 
Depression Scale (CES-D-10)46,47 was used 
to assess depression symptoms. Items assess 
characteristics of clinical depression, includ
ing negative affect, anhedonia and somatic 
symptoms, such as “I felt everything I did 
was an effort,” or “I could not get ‘going.’” 
Students were asked how often they 

experienced each symptom within the last 
7 days, with the following response options: 
“None or less than 1 day,” “1–2  days,” 
“3–4 days,” or “5–7 days.” The CES-D-10 has 
been found to be reliable among adoles-
cents (α = 0.85)46 and in the current study 
had an alpha coefficient of 0.74 for females 
and 0.78 for males. A score of 10 or higher 
is indicative of clinically relevant depres-
sion symptomatology (herein “depression”).46

Covariates  
Poly-substance use is associated with other 
risky behaviour11,48-51 as well as family and 
friend support.4 Truancy was used as a 
measure of student risky behaviour. 
Students were asked, “In the last 4 weeks, 
how many classes did you skip when you 
were not supposed to?” Students who 
reported any number of classes skipped 
were categorized as truant. To ascertain 
whether students felt they had family or 
friend support, they were asked how much 
they agreed with the statement “I can talk 
about my problems with my family/friends.” 
Students who selected “Agree” or “Strongly 
agree” were categorized as having family 
or friend support. 

Consistent with other adolescent health 
research,52 sex (male, female), grade (9, 
10, 11, 12, other), ethnicity (White, non-
White), and weekly spending money (zero, 
$1–$20, $21–$100, $100+, don’t know), 
were included as demographic covariates. 

Analysis

Descriptive statistics were calculated for 
the entire sample. Chi-square statistics 
and Cramer’s V were used to compare 
descriptive statistics by sex for categorical 
variables. Cramer’s V is a measure of 
effect size from 0 to 1 where values 
greater than 0.1 indicate an effect.53

To create substance use classes and exam-
ine their associations with anxiety and 
depression, latent class analysis (LCA)54 
was implemented using Mplus version 8.2 
(Muthen & Muthen, Los Angeles, CA, 
USA). LCA is a measurement model that 
uses categorical variables to identify 
homogenous latent classes within the data 
that are mutually exclusive and exhaus-
tive.54 First, a series of LCA models were 
fit to determine the number of classes to 
best fit the data. Categorical indicators of 
alcohol use, cannabis use, cigarette use 
and e-cigarette use were used as latent 
class indicators. 

https://uwaterloo.ca/compass-system/
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Using multiple group LCA, we evaluated 
whether there were statistically significant 
differences in class membership by sex 
(p < 0.05). Sex was first used as a group-
ing variable to explore differences among 
male and female students. Chi-square 
tests for measurement invariance com-
pared models in which classes were fixed 
and then allowed to vary by sex. Tests 
indicated significant differences in classes 
between males and females. Akaike 
Information Criterion (AIC) and Bayesian 
Information Criterion (BIC) values indi-
cated better model fit when classes were 
allowed to vary by sex. Therefore, sepa-
rate classes were created for male and 
female students and the following steps 
were carried out separately for males and 
females. 

To establish the best-fitting LCA solution, 
we started with a one-class solution and 
added classes until good fit was no longer 
obtained. We used log-likelihood, AIC, 
BIC and the Lo-Mendell-Rubin adjusted 
likelihood ratio test (LMRT) as indicators 
of model fit. Lower log-likelihood, AIC 
and BIC values indicate better model fit.55 
The LMRT tests whether a model with k 
classes fits better than a model with k−1 
classes; a significant result indicates that 
it does.56 These model selection criteria, 
combined with model interpretability, 
were used to place participants into the 
appropriate latent classes. While entropy 
was not used for model selection, it is 
reported as an indicator of classification 
from zero to one, with larger values indi-
cating better latent class separation.54,57 

After identifying substance use classes 
using LCA, we conducted multinomial 
logistic regression to examine how anxiety 
and depression were associated with like-
lihood of membership in each class using 
the R3STEP command in Mplus.58 Covariates 
included in the model were sex, grade, 
ethnicity, weekly spending money, family 
support, friend support and truancy. The 
TYPE=COMPLEX and CLUSTER com-
mands in MPlus were used to account for 
the nesting of students within schools. 

Results

Descriptive statistics

About half of the sample was female, and 
over two-thirds identified as White (Table 1). 
In 2017/18, 40% of students reported no 
substance use, 22% reported the use of 
one substance (i.e. past-year use of alcohol 
or cannabis or ever use of cigarettes or 

e-cigarettes) and 38% reported the use of 
two or more substances. Just over half of 
students reported having used alcohol in 
the past year (52%), whereas most had not 
used cannabis in the past year (77%). Over
all, 23% of students reported trying ciga-
rettes and 37% reported trying e-cigarettes. 
Most students reported having family (59%) 
and friend (76%) support and no truancy 
in the past four weeks (67%). Overall, 
40% of students indicated having anxiety 
and/or depression. Chi-square tests indi-
cated significant differences by sex for all 
variables except grade, while Cramer’s V 
only indicated an effect for e-cigarette use 
(ever use: female 32%; male 41%) and 
anxiety and depression (anxiety and/or 
depression: female 50%; male 29%). 

Substance use classes

A three-class model was selected as the 
best fitting model, as it had lower values 
for the model selection criteria and a more 
appropriate interpretation than its smaller 
and larger counterparts (Table 2). 

The three classes identified in this study 
were named poly-use class, dual use class 
and non-use class (Table 3; Figure 1). The 
high-use class, poly-use, made up 11% of 
the female sample and 15% of the male 
sample. This class had the highest proba-
bility of all forms of substance use. Female 
students in this class were most likely to 
use alcohol one to three times per month 
and cannabis once per week or more 
often, to have tried cigarettes and to have 
used e-cigarettes on six or more days in 
the past month. Male students in this 
class were most likely to use alcohol and 
cannabis once per week or more, to have 
used cigarettes one to five days in the past 
month and to have used e-cigarettes six or 
more days in the past month. The dual 
use class made up 26% of the female sam-
ple and 26% of the male sample. This 
class had a relatively high probability of 
alcohol and e-cigarette use, and a lower 
probability of cannabis and cigarette use. 
Finally, the non-use class represented the 
students reporting no or low use. This 
class made up 62% of the female sample 
and 59% of the male sample. Students in 
this class were most likely to report no 
past-year alcohol or cannabis use and never 
having tried cigarettes or e-cigarettes. 

Mental illness and substance use classes

Anxiety and depression were first explored 
descriptively by substance use class 

(Figure  2). Among females, those with 
only anxiety had 1.48 (95% confidence 
interval [CI]: 1.20–1.83) higher odds of 
being in the poly-use class and had 1.33 
(1.16–1.51) higher odds of being in the 
dual use class than in the non-use class 
(Table 4). Those with only depression had 
2.65 (2.31–3.04) higher odds of being in 
the poly-use class and 1.48 (1.34–1.64) 
higher odds of being in the dual use class 
compared to the non-use class. Finally, 
those with both anxiety and depression 
had 4.09 (3.59–4.65) higher odds of being 
in the poly-use class and 1.81 (1.65–1.99) 
higher odds of being in the dual use class 
than in the non-use class.

Among males, those with only anxiety 
had 1.41 (1.14–1.73) higher odds of being 
in the poly-use class compared to the non-
use class. Differences between the dual 
use and non-use class were not statisti-
cally significant. Those with only depres-
sion had 1.69 (1.52–1.87) higher odds of 
being in the poly-use class and 1.21 (1.10–
1.34) higher odds of being in the dual use 
class compared to the non-use class. 
Finally, those with both anxiety and 
depression had 2.48 (2.19–2.80) higher 
odds of being in the poly-use class and 
1.18 (1.05-1.32) higher odds of being in 
the dual use class.

Discussion 

This study examined a sample of Canadian 
adolescents from Alberta, British Columbia, 
Ontario and Quebec schools. We identi-
fied that three in five adolescents used 
one or more substances and two in five 
students experienced clinically relevant 
psychiatric symptomatology. Co-occurrence 
of anxiety and depression was high, espe-
cially among female students; few stu-
dents identified as having anxiety alone. 
The high prevalence of substance use and 
symptoms of anxiety or depression in this 
population during an important develop-
mental period is a cause for concern.

Despite statistical tests indicating that 
classes differed by sex, similar classes 
were identified for female and male stu-
dents. Results from the latent class analy-
sis indicated three different patterns of 
substance use: poly-substance use, dual 
substance use and non-use. While similar 
classes were identified for female and 
male students, a higher proportion of 
male students were in the poly-substance 
use class and male students were more 
likely to use substances at a higher 
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TABLE 1 
Descriptive characteristics of the Year 6 (2017/18) COMPASS sample,  

by sex (British Columbia, Alberta, Ontario and Quebec, Canada)

Variable 

Total sample 
(n = 51 767)

Female (n = 26 308)
Male  

(n = 25 459) Chi-square / t test 
p-value

Cramer’s V

n % n % n %

Grade

9 12 197 23.6 6 212 23.6 5 985 23.5 0.91 0.00

10 12 767 24.7 6 493 24.7 6 274 24.6

11 12 406 24.0 6 328 24.0 6 078 23.9

12 8 168 15.8 4 111 15.6 4 057 15.9

Othera 6 229 12.0 3 164 12.0 3 065 12.0

Ethnicity

White 34 890 67.4 17 859 67.9 17 031 66.9 0.02 0.01

Non-White 16 877 32.6 8 449 32.1 8 428 33.1

Weekly spending money

Zero 8 318 16.1 3 777 14.4 4 541 17.8 < 0.01 0.08

$1–$20 13 029 25.2 6 750 25.7 6 279 24.7

$21–$100 12 433 24.0 6 755 25.7 5 678 22.3

$100+ 9 819 19.0 4 545 17.3 5 274 20.7

Don’t know 8 168 15.8 4 481 17.0 3 687 14.5

Past-year alcohol use

None 24 537 47.6 12 184 46.5 12 353 48.7 < 0.01 0.08

< 1 x /month 10 532 20.4 5 939 22.7 4 593 18.1

1–3 x /month 11 930 23.1 6 256 23.9 5 674 22.4

≥ 1 x /week 4 568 8.9 1 838 7.0 2 730 10.8

Missing 200

Past-year cannabis use

None 39 808 77.1 20 459 77.9 19 349 76.2 < 0.01 0.06

< 1 x /month 4 959 9.6 2 724 10.4 2 235 8.8

1–3 x /month 3 088 6.0 1 556 5.9 1 532 6.0

≥ 1 x /week 3 790 7.3 1 515 5.8 2 275 9.0

Missing 122

Cigarette use

None 39 820 77.0 20 456 77.8 19 364 76.1 < 0.01 0.04

Ever use 7 049 13.6 3 609 13.7 3 440 13.5

1–5 days (in past month) 2 790 5.4 1 358 5.2 1 432 5.6

6+ days (in past month) 2 067 4.0 869 3.3 1 198 4.7

Missing 41

E-cigarette use

None 32 616 63.4 17 733 67.7 14 883 58.9 < 0.01 0.13

Ever use 7 522 14.6 3 741 14.3 3 781 15.0

1–5 days (in past month) 6 844 13.3 3 278 12.5 3 566 14.1

6+ days (in past month) 4 494 8.7 1 447 5.5 3 047 12.1

Missing 291

Family support

No 21 245 41.0 11 632 44.2 9 613 37.8 < 0.01 0.07

Yes 30 522 59.0 14 676 55.8 15 846 62.2

Continued on the following page
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Variable 

Total sample 
(n = 51 767)

Female (n = 26 308)
Male  

(n = 25 459) Chi-square / t test 
p-value

Cramer’s V

n % n % n %

Friend support

No 12 684 24.5 6 012 22.9 6 672 26.2 < 0.01 −0.04

Yes 39 083 75.5 20 296 77.2 18 787 73.8

Truancy

No 34 648 66.9 17 212 65.4 17 436 68.5 < 0.01 −0.03

Yes 17 119 33.1 9 096 34.6 8 023 31.5

Anxiety and depression symptoms 

None 31 335 60.5 13 224 50.3 18 111 71.1 < 0.01 0.24

Anxiety only 2 209 4.3 1 450 5.5 759 3.0

Depression only 7 764 15.0 4 206 16.0 3 558 14.0

Both 10 459 20.2 7 428 28.2 3 031 11.9

Notes: Anxiety symptoms were assessed using the GAD-7 scale; depression symptoms were assessed using the CES-D-10. A score of ≥ 10 was used as the cut-off to indicate anxiety and depression. 
Family/friend support refers to students agreeing with the statement “I can talk about my problems with my family/friends.”
a Primarily Grades 7 and 8 equivalents.

TABLE 1 (continued) 
Descriptive characteristics of the Year 6 (2017/18) COMPASS sample (n = 51 767),  

by sex (British Columbia, Alberta, Ontario and Quebec, Canada)

TABLE 2 
Model fit indices for 1 through 7 latent class models of substance use  

in Year 6 (2017/18) of the COMPASS study, by sex

Number of 
classes

Log-likelihood FP AIC BIC
LMRT  

p-value
Entropy

Female

1 −96 491.1 12 193 006.2 193 066.2 — 1.00

2 −84 113.0 25 168 276.0 168 400.9 0.00 0.82

3 −82 633.7 38 165 343.4 165 533.4 0.00 0.76

4 −82 435.3 51 164 972.6 165 227.6 0.02 0.78

5 −82 247.2 64 164 622.4 164 942.3 0.77 0.74

6 −82 191.3 77 164 536.7 164 921.6 0.78 0.69

7 −82 157.8 90 164 495.5 164 945.5 0.79 0.72

Male

1 −100 222.3 12 200 468.7 200 528.3 — 1.00

2 −86 759.7 25 173 569.5 173 693.6 0.00 0.84

3 −85 059.5 38 170 195.0 170 383.7 0.00 0.76

4 −84 853.8 51 169 810.0 170 062.9 0.06 0.73

5 −84 744.9 64 169 617.7 169 935.6 0.26 0.74

6 −84 706.9 77 169 567.8 169 950.2 0.66 0.74

7 Did not converge

Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; FP, free parameters; LMRT, Lo-Mendell-
Rubin Test.

Notes: Bold typeface signifies class model selected. “—” signifies no value.

frequency. This result supports research 
that has found males more likely to belong 
to higher-use categories,4,5,9,13-18 although 
others have found no difference19-22 or 
increased risk for females in certain poly-
use classes (e.g. nonmedical use of pre-
scription medication, not measured in this 
study).23,24 It should be noted that measures 

of substance use did not differentiate 
between simultaneous use (i.e. “true” co-
use) and concurrent use (i.e. sequential use); 
therefore, students in the poly-substance 
use class did not necessarily use sub-
stances simultaneously.  

These results are consistent with a recent 
systematic review that identified typical 

patterns of substance use among adoles-
cents: a low-use or no-use class compris-
ing the most adolescents, a predominantly 
alcohol-use class, and finally high multi-
use groups.6 Our study findings differed 
from that review in two main ways. First, 
we identified only one multi-use group, 
while other studies have identified a mod-
erate and a high multi-use group;14,24,59-62 
although many of these surveys included 
additional illicit substances (i.e. ecstasy, 
amphetamines, cocaine14,24,59), which were 
not examined in this study. 

Second, rather than a predominantly alcohol-
use class, we identified a dual use class 
that also included trying e-cigarettes. This 
is similar to a USA study that identified an 
alcohol and e-cigarette use class.9 These 
findings highlight that adolescent preven-
tion and treatment strategies should con-
sider substance use patterns, including 
dual and poly-substance use.

The current study highlights the impor-
tance of including e-cigarette use or vap-
ing when examining patterns of adolescent 
substance use. It is often included with 
cigarettes as a tobacco product; however, 
trends in use are diverging.63 For example, 
in 2017/18, 13% of adolescents reported 
exclusive e-cigarette use while only 3% 
reported cigarette use and 5% reported 
dual use, although e-cigarette use has 
been found to predict future dual use.64 
While previous studies have identified an 
“alcohol only” class,25,61,65 that was not the 
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case in this study. Our dual use class com-
prised a quarter of the students, and the 
presence of this class indicates that stu-
dents who were previously only experi-
menting with alcohol a few times per 
month may now also be experimenting 
with e-cigarettes. In the poly-substance 
use class, e-cigarette use was more fre-
quent than in the dual use class. Due to 
the negative effects of nicotine on the 
developing brain66 and the largely unknown 
long-term effects of e-cigarette use on 
lung health,67 the prevalence of this dual 
use class is concerning and should be 
considered in future work examining ado-
lescent substance use. It is important for 
surveillance work to be able to monitor 
the use of new substances that emerge in 
the marketplace and how new products 
and changes to regulations may impact 
substance use profiles among adolescents. 

The descriptive statistics showed a gradi-
ent in anxiety or depression symptom 
prevalence across classes (Figure 2). Those 
in the poly-use class had the highest prev-
alence of anxiety and depression, followed 
by the dual use class and the non-use class. 
While other studies have also identified 
this gradient, it has not been previously 
examined by sex.11,38 Notably, prevalence 
of anxiety and depression in the lowest-
risk group (i.e. non-use) among females 
(23%) was similar to prevalence in the 
highest-risk group (i.e. poly-substance 
use) among males (20%). Based on these 

TABLE 3 
Conditional item-response probabilities and the prevalence of substance use behaviours  

in Year 6 (2017/18) of the COMPASS study, by sex

Variable

Female Male

Class 1 
Poly-use

Class 2 
Dual use

Class 3 
Non-use

Class 1 
Poly-use

Class 2 
Dual use

Class 3 
Non-use

Latent class prevalence 11.4% 26.2% 62.4% 14.7% 26.0% 59.3%

Past-year alcohol use

None 0.04 0.10 0.73 0.05 0.15 0.76

< 1 x /month 0.11 0.35 0.19 0.09 0.32 0.14

1–3 x /month 0.49 0.47 0.08 0.40 0.43 0.08

≥ 1 x /week 0.36 0.08 0.01 0.47 0.10 0.02

Past-year cannabis use

None 0.11 0.63 1.00 0.13 0.63 0.99

< 1 x /month 0.21 0.27 0.00 0.17 0.22 0.01

1–3 x /month 0.28 0.09 0.00 0.22 0.10 0.00

≥ 1 x /week 0.41 0.02 0.00 0.49 0.05 0.00

Cigarette use

None 0.12 0.64 0.98 0.12 0.66 0.98  

Ever use 0.33 0.31 0.02 0.29 0.29 0.02

Past month, 1–5 days 0.30 0.05 0.00 0.30 0.04 0.00

Past month, 6+ days 0.25 0.01 0.00 0.30 0.01 0.00 

E-cigarette use

None 0.15 0.35 0.95 0.06 0.23 0.90

Ever use 0.17 0.34 0.04 0.09 0.34 0.07

Past month, 1–5 days 0.33 0.27 0.01 0.27 0.32 0.02

Past month, 6+ days 0.35 0.04 0.00 0.58 0.11 0.00
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FIGURE 1  
Substance use item probabilities for three-class latent class model in Year 6 (2017/18) of the COMPASS study, by sex
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FIGURE 2  
Estimated proportion of students reporting clinically meaningful symptoms of anxiety, depression or both  

in each of the three latent classes of substance use in Year 6 (2017/18) of the COMPASS study, by sex

TABLE 4 
Substance use class membership by symptoms of anxiety and/or depression  

in Year 6 (2017/18) of the COMPASS study, by sex

Symptoms
Odds ratio (95% CI)

Class 1 vs. class 3a Class 2 vs. class 3a

Female students

None 1.00 1.00

Anxiety symptoms only 1.48 (1.20–1.83) 1.33 (1.16–1.51)

Depression symptoms only 2.65 (2.31–3.04) 1.48 (1.34–1.64)

Both 4.09 (3.59–4.65) 1.81 (1.65–1.99)

Male students

None 1.00 1.00

Anxiety symptoms only 1.41 (1.14–1.73) 1.13 (0.94–1.37)

Depression symptoms only 1.69 (1.52–1.87) 1.21 (1.10–1.34)

Both 2.48 (2.19–2.80) 1.18 (1.05–1.32)

Abbreviation: CI, confidence interval.

Note: Models adjusted for grade, ethnicity, weekly spending money, family support, friend support and truancy.
a Class 1 is the poly-substance use class, class 2 is the dual use class and class 3 is the non-use class.

findings, female students should be a 
priority population for mental health 
programming. 

This study identified an association between 
substance use classes and anxiety and 
depression. These results are in line with 
many other studies that have examined 

adolescent substance use and anxiety 
and/or depression.11,38,39 While the current 
research does not address direction of 
effect, some explanatory theories for this 
relationship have been proposed. First is 
the hypothesis that individuals use sub-
stances to cope with existing symptoms.68 
This is supported by evidence that has 

found that depression during adolescence 
predicts future increased substance use, 
although there are variations by sex and 
substances used.28,69,70 Nevertheless, the evi
dence does not always support this direc-
tion of effect.35 Other researchers hypothesize 
lowered mood is a direct result of sub-
stance use in adolescence.71 Regardless of 
the direction of effect, these results empha
size the need to assess symptoms of anxi-
ety and/or depression among students 
who are found to be using substances and 
vice versa.

It should be noted that, in contrast to our 
results, Halladay et al.6 identified subgroups 
of adolescents with distinct substance use 
and mental health concerns. While we 
were not able to identify these students in 
regression analyses, they were present in 
our descriptive examination of our sam-
ple. For example, 28% of females and 
58% of males in the poly-substance use 
class did not report anxiety or depression. 

Strengths and limitations

This study has several strengths. The 
COMPASS study has a large sample size 
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and uses measures based on national sur-
veillance tools.52 The questionnaire uses 
an active-information passive-consent pro-
tocol to encourage participation and hon-
est reporting, which has been shown to be 
particularly important in substance use 
and mental health research.42,72,73 In addi-
tion, this study had a good participation 
rate, with data available for 78% of all 
participants. Finally, we made use of vali-
dated scales for anxiety and depression to 
assess students’ symptoms.  

This study was not without limitations. 
First, we made use of cross-sectional data, 
preventing causal inferences. Second, the 
COMPASS study was designed to evaluate 
changes in school programs and policies 
and therefore uses a convenience sample 
that is not representative of Canadian high 
school students. Third, there are limita-
tions to the questionnaire used. There 
could be reporting bias in the substance 
use questions due to the illicit nature of 
substances for underage youth, whereby 
participants may have underreported their 
use. Other illicit substances were not 
examined in this study, potentially further 
contributing to the underreporting of sub-
stance use. The questionnaire also lacked 
a definition of e-cigarette use and may 
have also captured some cannabis use in 
this measure. Additionally, measures of 
anxiety, depression and substance use 
were not indicative of diagnosed clinical 
disorders. These disorders are prevalent 
and have a large impact on health service 
use among young people.74,75 We were 
also lacking measures of peer or family 
substance use, which is associated with 
early initiation and escalating use through 
adolescence.26 However, this study made 
use of variables indicating family and 
friends support, which have been nega-
tively and positively associated with poly-
substance use, respectively.4 Furthermore, 
there were no measures available of 
parental psychopathology, which is a sig-
nificant risk factor for children.76,77 Fourth, 
there was much missing data on the out-
come variables in this study (19%); how-
ever, there were no significant differences 
in the outcome variable in chi-square tests 
comparing those included and those 
excluded based on missing data. 

Conclusion

Half of female students and almost one-
third of male students reported clinically 
relevant symptoms of anxiety and/or 

depression. Co-occurrence of anxiety and 
depression was common, and few stu-
dents reported anxiety only. We identified 
three substance use classes: poly-use, 
dual use and non-use. Those with both 
anxiety and depression or depression only 
were more likely to belong to the poly-
substance use and dual use classes than 
the non-use class. Anxiety was associated 
with belonging to the poly-substance use 
class among female and male students 
and belonging to the dual use class among 
female students. 

Acknowledgements

The COMPASS study has been supported 
by a bridge grant from the Canadian 
Institutes of Health Research (CIHR) Institute 
of Nutrition, Metabolism and Diabetes 
through the “Obesity – Interventions to 
Prevent or Treat” priority funding awards 
(OOP-110788; awarded to STL), an operat-
ing grant from the CIHR Institute of 
Population and Public Health (MOP-114875; 
awarded to STL), a CIHR project grant 
(PJT-148562; awarded to STL), a CIHR 
bridge grant (PJT-149092; awarded to KAP/
STL), a CIHR project grant (PJT-159693; 
awarded to KAP), a CIHR team grant 
(CVP-429107; awarded to STL), and by a 
research funding arrangement with Health 
Canada (#1617-HQ-000012; awarded to STL). 
COMPASS Québec additionally benefits 
from funding from the Ministère de la 
Santé et des Services sociaux of the pro-
vince of Quebec and the Direction régio-
nale de santé publique du CIUSSS de la 
Capitale-Nationale. GCW is funded by the 
Ontario Graduate Scholarship (OGS). 

Conflicts of interest

Scott Leatherdale is an Associate Scientific 
Editor with the HPCDP Journal, but has 
recused himself from the review process 
for this paper. The authors declare there 
are no other conflicts of interest.

Authors’ contributions and 
statement

GCW conceived this work, conducted the 
analyses and drafted the manuscript as 
part of her PhD dissertation at the University 
of Waterloo. STL supervised GCW in con-
ceptualizing this project and drafting the 
manuscript. KAP and MAF provided ideas 
and thoughts for discussion and revised 
the manuscript for important intellectual 
content. STL is the principal investigator 
of the COMPASS study, wrote the funding 

proposal, developed the tools and led 
study implementation and coordination. 
All authors supported GCW in study design 
and analysis plan and read and approved 
the final manuscript.

The content and views expressed in this 
article are those of the authors and do not 
necessarily reflect those of the Government 
of Canada.

References 

1.	 Government of Canada. Canadian 
Tobacco, Alcohol and Drugs Survey 
(CTADS): summary of results for 2017 
[Internet]. Ottawa (ON): Government 
of Canada; 2018 [modified 2019 Jan 
04; cited 2020 Sep 26]. Available from: 
https://www.canada.ca/en/health 
-canada/services/canadian-tobacco 
-alcohol-drugs-survey/2017-summary 
.html

2.	 Schulte M, Hser Y-I. Substance use and 
associated health conditions through
out the lifespan. Public Health Rev. 
2013;35(2). https://doi.org/10.1007 
/BF03391702

3.	 Patte KA, Qian W, Leatherdale ST. 
Binge drinking and academic perfor-
mance, engagement, aspirations, and 
expectations: a longitudinal analysis 
among secondary school students in 
the COMPASS study. Health Promot 
Chronic Dis Prev Canada. 2017;37(11): 
376-85. https://doi.org/10.24095/hpcdp 
.37.11.02

4.	 Zuckermann AME, Williams GC, Battista 
K, Jiang Y, de Groh M, Leatherdale 
ST. Prevalence and correlates of youth 
poly-substance use in the COMPASS 
Study. Addict Behav. 2020;107:106400. 
https://doi.org/10.1016/j.addbeh.2020 
.106400

5.	 Zuckermann AME, Williams G, Battista 
K, de Groh M, Jiang Y, Leatherdale 
ST. Trends of poly-substance use among 
Canadian youth. Addict Behav Rep. 
2019;10:100189. https://doi.org/10.1016 
/j.abrep.2019.100189

6.	 Halladay J, Woock R, Munn C, et al. 
Patterns of substance use among ado-
lescents: a systematic review. Drug 
Alcohol Depend. 2020;216:108222. 
https://doi.org/10.1016/j.drugalcdep 
.2020.108222

https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary.html
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary.html
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary.html
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary.html
https://doi.org/10.1007
/BF03391702
https://doi.org/10.1007
/BF03391702
https://doi.org/10.24095/hpcdp
.37.11.02
https://doi.org/10.24095/hpcdp
.37.11.02
https://doi.org/10.1016/j.addbeh.2020
.106400
https://doi.org/10.1016/j.addbeh.2020
.106400
https://doi.org/10.1016
/j.abrep.2019.100189
https://doi.org/10.1016
/j.abrep.2019.100189
https://doi.org/10.1016/j.drugalcdep
.2020.108222
https://doi.org/10.1016/j.drugalcdep
.2020.108222


161 Health Promotion and Chronic Disease Prevention in Canada 
Research, Policy and PracticeVol 41, No 5, May 2021

7.	 Merrin GJ, Leadbeater B. Do classes 
of polysubstance use in adolescence 
differentiate growth in substances 
used in the transition to young adult
hood? Subst Use Misuse. 2018;53(13): 
2112-24. https://doi.org/10.1080/1082
6084.2018.1455702

8.	 Merrin GJ, Thompson K, Leadbeater 
BJ. Transitions in the use of multiple 
substances from adolescence to young 
adulthood. Drug Alcohol Depend. 
2018;189:147-53. https://doi.org/10.1016 
/j.drugalcdep.2018.05.015

9.	 Morean ME, Kong G, Camenga DR, 
Cavallo DA, Simon P, Krishnan-Sarin 
S. Latent class analysis of current 
e-cigarette and other substance use in 
high school students. Drug Alcohol 
Depend. 2016;161:292-7. https://doi 
.org/10.1016/j.drugalcdep.2016.02.018

10.	 Moss HB, Goldstein RB, Chen CM, Yi 
H. Patterns of use of other drugs among 
those with alcohol dependence: asso-
ciations with drinking behavior and 
psychopathology. Addict Behav. 2015; 
50:192-8. https://doi.org/10.1016/j 
.addbeh.2015.06.041

11.	 Bohnert KM, Walton MA, Resko S, et 
al. Latent class analysis of substance 
use among adolescents presenting to 
urban primary care clinics. Am J 
Drug Alcohol Abuse. 2014;40(1):44-
50. https://doi.org/10.3109/00952990
.2013.844821

12.	 Tomczyk S, Hanewinkel R, Isensee B. 
Multiple substance use patterns in 
adolescents—a multilevel latent class 
analysis. Drug Alcohol Depend. 2015; 
155:208-14. https://doi.org/10.1016/j 
.drugalcdep.2015.07.016

13.	 Banks DE, Rowe AT, Mpofu P, Zapolski 
TCB. Trends in typologies of concur-
rent alcohol, marijuana, and cigarette 
use among US adolescents: an ecolo-
gical examination by sex and race/
ethnicity. Drug Alcohol Depend. 2017; 
179:71-7. https://doi.org/10.1016/j 
.drugalcdep.2017.06.026

14.	 Conway KP, Vullo GC, Nichter B, et 
al. Prevalence and patterns of poly-
substance use in a nationally repre-
sentative sample of 10th graders in 
the United States. J Adolesc Health. 
2013;52(6):716-23. https://doi.org/10 
.1016/j.jadohealth.2012.12.006

15.	 Leatherdale ST, Burkhalter R. The 
substance use profile of Canadian 
youth: exploring the prevalence of 
alcohol, drug and tobacco use by gen-
der and grade. Addict Behav. 2012; 
37(3):318-22. https://doi.org/10.1016 
/j.addbeh.2011.10.007

16.	 Strunin L, Díaz-Martínez A, Díaz-
Martínez LR, et al. Age of onset, cur-
rent use of alcohol, tobacco or 
marijuana and current polysubstance 
use among male and female Mexican 
sudents. Alcohol Alcohol. 2017;52(5): 
564-71. https://doi.org/10.1093/alcalc 
/agx027

17.	 Mazur J, Tabak I, Dzielska A, Wąż K, 
Oblacińska A. The relationship between 
multiple substance use, perceived 
academic achievements, and selected 
socio-demographic factors in a Polish 
adolescent sample. Int J Environ 
Res Public Health. 2016;13(12):1264. 
https://doi.org/10.3390/ijerph13121264

18.	 Odden HL. Alcohol, tobacco, mari-
juana and hallucinogen use in Samoan 
adolescents. Drug Alcohol Rev. 2012; 
31(1):47-55. https://doi.org/10.1111/j 
.1465-3362.2010.00280.x

19.	 Jongenelis M, Pettigrew S, Lawrence 
D, Rikkers W. Factors associated with 
poly drug use in adolescents. Prev 
Sci. 2019;20(5):695-704. https://doi 
.org/10.1007/s11121-019-00993-8

20.	 White A, Chan GC, Quek LH, et al. 
The topography of multiple drug use 
among adolescent Australians: find
ings from the National Drug Strategy 
Household Survey. Addict Behav. 2013; 
38(4):2068-73. https://doi.org/10.1016 
/j.addbeh.2013.01.001

21.	 Pettigrew S, Jongenelis M, Lawrence 
D, Rikkers W. Common and differen-
tial factors associated with abstinence 
and poly drug use among Australian 
adolescents. Int J Drug Policy. 2017; 
50:41-7. https://doi.org/10.1016/j 
.drugpo.2017.09.011

22.	 Valente JY, Cogo-Moreira H, Sanchez 
ZM. Gradient of association between 
parenting styles and patterns of drug 
use in adolescence: a latent class analy
sis. Drug Alcohol Depend. 2017;180: 
272-8. https://doi.org/10.1016/j 
.drugalcdep.2017.08.015

23.	 Silveira ML, Green VR, Iannaccone R, 
Kimmel HL, Conway KP. Patterns and 
correlates of polysubstance use among 
US youth aged 15–17 years: wave 1 of 
the Population Assessment of Tobacco 
and Health (PATH) Study. Addiction. 
2019;114(5):907-16. https://doi.org/10 
.1111/add.14547

24.	 Cranford JA, McCabe SE, Boyd CJ. 
Adolescents’ nonmedical use and 
excessive medical use of prescription 
medications and the identification of 
substance use subgroups. Addict Behav. 
2013;38(11):2768-71. https://doi.org 
/10.1016/j.addbeh.2013.06.015

25.	 Picoito J, Santos C, Loureiro I, Aguiar 
P, Nunes C. Gender-specific substance 
use patterns and associations with 
individual, family, peer, and school 
factors in 15-year-old Portuguese ado-
lescents: a latent class regression ana-
lysis. Child Adolesc Psychiatry Ment 
Health. 2019;13:21. https://doi.org/10 
.1186/s13034-019-0281-4

26.	 Russell BS, Trudeau JJ, Leland AJ. 
Social influence on adolescent poly-
substance use: the escalation to opioid 
use. Subst Use Misuse. 2015;50(10): 
1325-31. https://doi.org/10.3109/1082
6084.2015.1013128

27.	 Biggar RW Jr, Forsyth CJ, Chen J, 
Burstein K. The poly-drug user: 
examining associations between drugs 
used by adolescents. Deviant Behav. 
2017;38(10):1186-96. https://doi.org 
/10.1080/01639625.2016.1246022

28.	 Brooks-Russell A, Conway KP, Liu D, 
et al. Dynamic patterns of adolescent 
substance use: results from a nation
ally representative sample of high 
school students. J Stud Alcohol Drugs. 
2015;76(6):962-70. https://doi.org/10 
.15288/jsad.2015.76.962

29.	 White J, Walton D, Walker N. Explor
ing comorbid use of marijuana, tobacco, 
and alcohol among 14 to 15-year-olds: 
findings from a national survey on 
adolescent substance use. BMC Public 
Health. 2015;15:233. https://doi.org 
/10.1186/s12889-015-1585-9

30.	 Tomczyk S, Isensee B, Hanewinkel R. 
Latent classes of polysubstance use 
among adolescents—a systematic review. 
Drug Alcohol Depend. 2016;160:12-29. 
https://doi.org/10.1016/j.drugalcdep 
.2015.11.035

https://doi.org/10.1080/10826084.2018.1455702
https://doi.org/10.1080/10826084.2018.1455702
https://doi.org/10.1016
/j.drugalcdep.2018.05.015
https://doi.org/10.1016
/j.drugalcdep.2018.05.015
https://doi
.org/10.1016/j.drugalcdep.2016.02.018
https://doi
.org/10.1016/j.drugalcdep.2016.02.018
https://doi.org/10.1016/j
.addbeh.2015.06.041
https://doi.org/10.1016/j
.addbeh.2015.06.041
https://doi.org/10.3109/00952990.2013.844821
https://doi.org/10.3109/00952990.2013.844821
https://doi.org/10.1016/j
.drugalcdep.2015.07.016
https://doi.org/10.1016/j
.drugalcdep.2015.07.016
https://doi.org/10.1016/j
.drugalcdep.2017.06.026
https://doi.org/10.1016/j
.drugalcdep.2017.06.026
https://doi.org/10
.1016/j.jadohealth.2012.12.006
https://doi.org/10
.1016/j.jadohealth.2012.12.006
https://doi.org/10.1016
/j.addbeh.2011.10.007
https://doi.org/10.1016
/j.addbeh.2011.10.007
https://doi.org/10.1093/alcalc
/agx027
https://doi.org/10.1093/alcalc
/agx027
https://doi.org/10.3390/ijerph13121264

https://doi.org/10.1111/j
.1465-3362.2010.00280.x

https://doi.org/10.1111/j
.1465-3362.2010.00280.x

https://doi
.org/10.1007/s11121-019-00993-8
https://doi
.org/10.1007/s11121-019-00993-8
https://doi.org/10.1016
/j.addbeh.2013.01.001
https://doi.org/10.1016
/j.addbeh.2013.01.001
https://doi.org/10.1016/j
.drugpo.2017.09.011
https://doi.org/10.1016/j
.drugpo.2017.09.011
https://doi.org/10.1016/j
.drugalcdep.2017.08.015
https://doi.org/10.1016/j
.drugalcdep.2017.08.015
https://doi.org/10
.1111/add.14547
https://doi.org/10
.1111/add.14547
https://doi.org
/10.1016/j.addbeh.2013.06.015
https://doi.org
/10.1016/j.addbeh.2013.06.015
https://doi.org/10
.1186/s13034-019-0281-4
https://doi.org/10
.1186/s13034-019-0281-4
https://doi.org/10.3109/10826084.2015.1013128
https://doi.org/10.3109/10826084.2015.1013128
https://doi.org
/10.1080/01639625.2016.1246022
https://doi.org
/10.1080/01639625.2016.1246022
https://doi.org/10
.15288/jsad.2015.76.962
https://doi.org/10
.15288/jsad.2015.76.962
https://doi.org
/10.1186/s12889-015-1585-9
https://doi.org
/10.1186/s12889-015-1585-9
https://doi.org/10.1016/j.drugalcdep
.2015.11.035
https://doi.org/10.1016/j.drugalcdep
.2015.11.035


162Health Promotion and Chronic Disease Prevention in Canada 
Research, Policy and Practice Vol 41, No 5, May 2021

31.	 Valente JY, Cogo-Moreira H, Sanchez 
ZM. Predicting latent classes of drug 
use among adolescents through paren
tal alcohol use and parental style: a 
longitudinal study. Soc Psychiatry 
Psychiatr Epidemiol. 2019;54:455-67. 
https://doi.org/10.1007/s00127-018 
-1645-4

32.	 Cho J, Stone MD, Leventhal AM. 
Anhedonia as a phenotypic marker of 
familial transmission of polysubstance 
use trajectories across midadolescence. 
Psychol Addict Behav. 2019;33(1):15-
25. https://doi.org/10.1037/adb0000427

33.	 Su J, Supple AJ, Kuo SI. The role of 
individual and contextual factors in 
differentiating substance use profiles 
among adolescents. Subst Use Misuse. 
2018;53(5):734-43. https://doi.org/10
.1080/10826084.2017.1363237

34.	 Chan GC, Kelly AB, Carroll A, Williams 
JW. Peer drug use and adolescent 
polysubstance use: do parenting and 
school factors moderate this associa-
tion? Addict Behav. 2017;64:78-81. 
https://doi.org/10.1016/j.addbeh 
.2016.08.004

35.	 Fallu JS, Brière FN, Janosz M. Latent 
classes of substance use in adolescent 
cannabis users: predictors and subse-
quent substance-related harm. Front 
Psychiatry. 2014;5:9. https://doi.org 
/10.3389/fpsyt.2014.00009

36.	 Cairns KE, Yap MB, Pilkington PD, 
Jorm AF. Risk and protective factors 
for depression that adolescents can 
modify: a systematic review and meta-
analysis of longitudinal studies. J 
Affect Disord. 2014;169:61-75. https:// 
doi.org/10.1016/j.jad.2014.08.006

37.	 Boak A, Hamilton H, Adlaf E, Henderson 
J, Mann R. The mental health and 
well-being of Ontario students, 1991–
2015: detailed OSDUHS findings [CAMH 
Research Document Series No. 43]; 
2016. 232 p. Available from: https://
www.camh.ca/-/media/files/pdf---
osduhs/the-mental-health-and-well 
-being-of-ontario-students-1991-2015 
---detailed-osduhs-findings.pdf?la=en 
&hash=59BFD5B17408AAEE0E837 
E01048 088ED51E558B2 

38.	 Kelly AB, Chan GC, Mason WA, 
Williams JW. The relationship between 
psychological distress and adolescent 
polydrug use. Psychol Addict Behav. 
2015;29(3):787-93. https://doi.org/10 
.1037/adb0000068

39.	 Maslowsky J, Schulenberg JE, O’Malley 
PM, Kloska DD. Depressive symp-
toms, conduct problems, and risk for 
polysubstance use among adoles-
cents: results from US national sur-
veys. Ment Health Subst Use. 2014; 
7(2):157-69. https://doi.org/10.1080 
/17523281.2013.786750

40.	 Lopez-Quintero C, Granja K, Hawes 
S, Duperrouzel JC, Pacheco-Colón I, 
Gonzalez R. Transition to drug co-use 
among adolescent cannabis users: the 
role of decision-making and mental 
health. Addict Behav. 2018;85:43-50. 
https://doi.org/10.1016/J.ADDBEH 
.2018.05.010

41.	 Garber J, Weersing VR. Comorbidity 
of anxiety and depression in youth: 
implications for treatment and pre-
vention. J Clin Psychol. 2010;17(4): 
293-306. https://doi.org/10.1111/j.1468 
-2850.2010.01221.x

42.	 Thompson-Haile A, Bredin C, 
Leatherdale ST. Rationale for using 
active-information passive-consent per
mission protocol in COMPASS [Inter
net]. Waterloo (ON): University of 
Waterloo. [COMPASS Tech Rep Series]. 
2013 [cited 2020 Sep 26];1(6). Available 
from: https://uwaterloo.ca/compass 
-system/publications/rationale-using 
-active-information-passive-consent

43.	 Leatherdale ST, Brown KS, Carson V, 
et al. The COMPASS study: a longitu-
dinal hierarchical research platform for 
evaluating natural experiments related 
to changes in school-level programs, 
policies and built environment resources. 
BMC Public Health. 2014;14:331. https:// 
doi.org/10.1186/1471-2458-14-331

44.	 Spitzer RL, Kroenke K, Williams JB, 
Löwe B. A brief measure for assessing 
generalized anxiety disorder: the GAD-7. 
Arch Intern Med. 2006;166(10):1092-
7. https://doi.org/10.1001/archinte.166 
.10.1092

45.	 Tiirikainen K, Haravuori H, Ranta K, 
Kaltiala-Heino R, Marttunen M. Psy
chometric properties of the 7-item 
Generalized Anxiety Disorder Scale 
(GAD-7) in a large representative sample 
of Finnish adolescents. Psychiatry Res. 
2019;272:30-5. https://doi.org/10.1016 
/j.psychres.2018.12.004

46.	 Bradley KL, Bagnell AL, Brannen CL. 
Factorial validity of the Center for 
Epidemiological Studies Depression 
10 in adolescents. Issues Ment Health 
Nurs. 2010;31(6):408-12. https://doi 
.org/10.3109/01612840903484105

47.	 Haroz EE, Ybarra ML, Eaton WW. 
Psychometric evaluation of a self-report 
scale to measure adolescent depres-
sion: the CESDR-10 in two national 
adolescent samples in the United 
States. J Affect Disord. 2014;158:154-
60. https://doi.org/10.1016/j.jad.2014 
.02.009

48.	 Wanner B, Vitaro F, Carbonneau R, 
Tremblay RE. Cross-lagged links among 
gambling, substance use, and delin-
quency from midadolescence to young 
adulthood: additive and moderating 
effects of common risk factors. Psychol 
Addict Behav. 2009;23(1):91-104. https:// 
doi.org/10.1037/a0013182

49.	 Dornbusch SM, Lin I-C, Munroe PT, 
Binachi AJ. Adolescent polydrug use 
and violence in the United States. Int 
J Adolesc Med Health. 1999;11(3-4): 
197-220. https://doi.org/10.1515/IJAMH 
.1999.11.3-4.197

50.	 McNaughton Reyes HL, Foshee VA, 
Bauer DJ, Ennett ST. Proximal and 
time-varying effects of cigarette, alco-
hol, marijuana and other hard drug use 
on adolescent dating aggression. J 
Adolesc. 2014;37(3):281-9. https://doi 
.org/10.1016/j.adolescence.2014.02.002

51.	 Connell CM, Gilreath TD, Hansen NB. 
A multiprocess latent class analysis of 
the co-occurrence of substance use 
and sexual risk behavior among ado-
lescents. J Stud Alcohol Drugs. 2009; 
70(6):943–51. https://doi.org/10.15288 
/jsad.2009.70.943

52.	 Elton-Marshall T, Leatherdale ST, Manske 
SR, Wong K, Ahmed R, Burkhalter R. 
Research methods of the Youth Smoking 
Survey (YSS). Chronic Dis Inj Can. 2011; 
32(1):47-54.

https://doi.org/10.1007/s00127-018
-1645-4
https://doi.org/10.1007/s00127-018
-1645-4
https://doi.org/10.1037/adb0000427
https://doi.org/10.1080/10826084.2017.1363237
https://doi.org/10.1080/10826084.2017.1363237
https://doi.org/10.1016/j.addbeh
.2016.08.004
https://doi.org/10.1016/j.addbeh
.2016.08.004
https://doi.org
/10.3389/fpsyt.2014.00009
https://doi.org
/10.3389/fpsyt.2014.00009
https://
doi.org/10.1016/j.jad.2014.08.006
https://
doi.org/10.1016/j.jad.2014.08.006
https://www.camh.ca/-/media/files/pdf---osduhs/the-mental-health-and-well-being-of-ontario-students-1991-2015---detailed-osduhs-findings.pdf?la=en&hash=59BFD5B17408AAEE0E837E01048088ED51E558B2
https://www.camh.ca/-/media/files/pdf---osduhs/the-mental-health-and-well-being-of-ontario-students-1991-2015---detailed-osduhs-findings.pdf?la=en&hash=59BFD5B17408AAEE0E837E01048088ED51E558B2
https://www.camh.ca/-/media/files/pdf---osduhs/the-mental-health-and-well-being-of-ontario-students-1991-2015---detailed-osduhs-findings.pdf?la=en&hash=59BFD5B17408AAEE0E837E01048088ED51E558B2
https://www.camh.ca/-/media/files/pdf---osduhs/the-mental-health-and-well-being-of-ontario-students-1991-2015---detailed-osduhs-findings.pdf?la=en&hash=59BFD5B17408AAEE0E837E01048088ED51E558B2
https://www.camh.ca/-/media/files/pdf---osduhs/the-mental-health-and-well-being-of-ontario-students-1991-2015---detailed-osduhs-findings.pdf?la=en&hash=59BFD5B17408AAEE0E837E01048088ED51E558B2
https://www.camh.ca/-/media/files/pdf---osduhs/the-mental-health-and-well-being-of-ontario-students-1991-2015---detailed-osduhs-findings.pdf?la=en&hash=59BFD5B17408AAEE0E837E01048088ED51E558B2
https://www.camh.ca/-/media/files/pdf---osduhs/the-mental-health-and-well-being-of-ontario-students-1991-2015---detailed-osduhs-findings.pdf?la=en&hash=59BFD5B17408AAEE0E837E01048088ED51E558B2
https://doi.org/10
.1037/adb0000068
https://doi.org/10
.1037/adb0000068
https://doi.org/10.1080
/17523281.2013.786750
https://doi.org/10.1080
/17523281.2013.786750
https://doi.org/10.1016/J.ADDBEH
.2018.05.010
https://doi.org/10.1016/J.ADDBEH
.2018.05.010
https://doi.org/10.1111/j.1468
-2850.2010.01221.x
https://doi.org/10.1111/j.1468
-2850.2010.01221.x
https://uwaterloo.ca/compass-system/publications/rationale-using-active-information-passive-consent
https://uwaterloo.ca/compass-system/publications/rationale-using-active-information-passive-consent
https://uwaterloo.ca/compass-system/publications/rationale-using-active-information-passive-consent
https://
doi.org/10.1186/1471-2458-14-331
https://
doi.org/10.1186/1471-2458-14-331
https://doi.org/10.1001/archinte.166
.10.1092
https://doi.org/10.1001/archinte.166
.10.1092
https://doi.org/10.1016
/j.psychres.2018.12.004
https://doi.org/10.1016
/j.psychres.2018.12.004
https://doi
.org/10.3109/01612840903484105
https://doi
.org/10.3109/01612840903484105
https://doi.org/10.1016/j.jad.2014
.02.009
https://doi.org/10.1016/j.jad.2014
.02.009
https://
doi.org/10.1037/a0013182
https://
doi.org/10.1037/a0013182
https://doi.org/10.1515/IJAMH
.1999.11.3-4.197
https://doi.org/10.1515/IJAMH
.1999.11.3-4.197
https://doi
.org/10.1016/j.adolescence.2014.02.002
https://doi
.org/10.1016/j.adolescence.2014.02.002
https://doi.org/10.15288
/jsad.2009.70.943
https://doi.org/10.15288
/jsad.2009.70.943


163 Health Promotion and Chronic Disease Prevention in Canada 
Research, Policy and PracticeVol 41, No 5, May 2021

53.	 Cohen J. Statistical power analysis 
for the behavioral sciences. 2nd ed. 
New York (NY): Lawrence Erlbaum 
Associates; 1988. 567 p.

54.	 Collins LM, Lanza ST. Latent class 
and latent transition analysis with 
applications in the social, behavioral, 
and health sciences. Hoboken (NJ): 
John Wiley & Sons, Inc; 2010. 330 p.

55.	 Nylund KL, Asparouhov T, Muthén 
BO. Deciding on the number of 
classes in latent class analysis and 
growth mixture modeling: a Monte 
Carlo simulation study. Struct Equ 
Model. 2007;14(4):535-69. https://doi 
.org/10.1080/10705510701575396

56.	 Lo Y, Mendell NR, Rubin DB. Testing 
the number of components in a nor-
mal mixture. Biometrika. 2001;88(3): 
767-78. https://doi.org/10.1093/biomet 
/88.3.767

57.	 Celeux G, Soromenho G. An entropy 
criterion for assessing the number of 
clusters in a mixture model. J Classif. 
1996;13:195-212. https://doi.org/10.1007 
/BF01246098

58.	 Asparouhov T, Muthén B. Auxiliary 
variables in mixture modeling: three-
step approaches using Mplus. Struct 
Equ Model. 2014;21(3):329-41. https:// 
doi.org/10.1080/10705511.2014.915181

59.	 Baggio S, Spilka S, Studer J, Iglesias 
K. Trajectories of drug use among 
French young people: prototypical 
stages of involvement in illicit drug 
use. J Subst Use. 2016;21(5):485-90. 
https://doi.org/10.3109/14659891.2015 
.1063720

60.	 Coulter RW, Ware D, Fish JN, Plankey 
MW. Latent classes of polysubstance 
use among adolescents in the United 
States: intersections of sexual identity 
with sex, age, and race/ethnicity. LGBT 
Health. 2019;6(3):116-25. https://doi 
.org/10.1089/lgbt.2018.0149

61.	 Dermody SS. Risk of polysubstance 
use among sexual minority and hetero
sexual youth. Drug Alcohol Depend. 
2018;192:38-44. https://doi.org/10.1016 
/j.drugalcdep.2018.07.030

62.	 Gilreath TD, Astor RA, Estrada JN Jr, 
Benbenishty R, Unger JB. School vic-
timization and substance use among 
adolescents in California. Prev Sci. 
2014;15(6):897-906. https://doi.org/10 
.1007/s11121-013-0449-8

63.	 Cole AG, Aleyan S, Battista K, 
Leatherdale ST. Trends in youth 
e-cigarette and cigarette use between 
2013 and 2019: insights from repeat 
cross-sectional data from the COMPASS 
study. Can J Public Health. 2020. 
https://doi.org/10.17269/s41997-020 
-00389-0

64.	 Aleyan S, Hitchman SC, Ferro MA, 
Leatherdale ST. Trends and predictors 
of exclusive e-cigarette use, exclusive 
smoking and dual use among youth 
in Canada. Addict Behav. 2020;109: 
106481. https://doi.org/10.1016/j.addbeh 
.2020.106481

65.	 Parker EM, Bradshaw CP. Teen dating 
violence victimization and patterns of 
substance use among high school stu-
dents. J Adolesc Health. 2015;57(4):441-
7. https://doi.org/10.1016/j.jadohealth 
.2015.06.013

66.	 U.S. Department of Health and Human 
Services. The health consequences of 
smoking—50 years of progress: a report 
of the Surgeon General. Atlanta (GA): 
U.S. Department of Health and Human 
Services, Centers for Disease Control 
and Prevention, National Center for 
Chronic Disease Prevention and Health 
Promotion, Office on Smoking and 
Health; 2014. Available from: https://
www.ncb i .n lm.n ih .gov/books 
/NBK179276/ 

67.	 U.S. Department of Health and Human 
Services. E-cigarette use among youth 
and young adults: a report of the 
Surgeon General. Atlanta (GA): U.S. 
Department of Health and Human 
Services, Centers for Disease Control 
and Prevention, National Center for 
Chronic Disease Prevention and Health 
Promotion, Office on Smoking and 
Health; 2016. 295 p. Available from: 
https://www.cdc.gov/tobacco/data_
statistics/sgr/e-cigarettes/pdfs/2016_
sgr_entire_report_508.pdf

68.	 Baker TB, Piper ME, McCarthy DE, 
Majeskie MR, Fiore MC. Addiction 
motivation reformulated: an affective 
processing model of negative rein
forcement. Psychol Rev. 2004;111(1): 
33-51. https://doi.org/10.1037/0033 
-295X.111.1.33

69.	 Repetto PB, Zimmerman MA, Caldwell 
CH. A longitudinal study of depres-
sive symptoms and marijuana use in 
a sample of inner-city African Americans. 
J Res Adolesc. 2008;18(3):421-47. 
https://doi.org/10.1111/j.1532-7795 
.2008.00566.x

70.	 Mason WA, Hitchings JE, Spoth RL. 
Emergence of delinquency and depressed 
mood throughout adolescence as pre-
dictors of late adolescent problem 
substance use. Psychol Addict Behav. 
2007;21(1):13-24. https://doi.org/10 
.1037/0893-164X.21.1.13

71.	 McCarthy DE, Curtin JJ, Piper ME, 
Baker TB. Negative reinforcement: 
possible clinical implications of an 
integrative model. In: Kassel JD, edi-
tor. Substance abuse and emotion. 
Washington (DC): American Psycho
logical Association; 2010;15-42. https:// 
doi.org/10.1037/12067-001

72.	 White VM, Hill DJ, Effendi Y. How 
does active parental consent influence 
the findings of drug-use surveys in 
schools. Eval Rev. 2004;28(3):246-60. 
https://doi.org/10.1177/0193841X032 
59549

73.	 Chartier M, Vander Stoep A, McCauley 
E, Herting JR, Tracy M, Lymp J. 
Passive versus active parental permis-
sion: implications for the ability of 
school-based depression screening to 
reach youth at risk. J Sch Health. 
2008;78(3):157-64. https://doi.org/10 
.1111/j.1746-1561.2007.00278.x

74.	 Canadian Institute for Health Infor
mation (CIHI). Child and youth men-
tal health in Canada [Internet]. Ottawa 
(ON): CIHI; 2020 [cited 2020 Sep 26]. 
Available from: https://www.cihi.ca 
/en/child-and-youth-mental-health-in 
-canada-infographic

https://doi
.org/10.1080/10705510701575396
https://doi
.org/10.1080/10705510701575396
https://doi.org/10.1093/biomet
/88.3.767
https://doi.org/10.1093/biomet
/88.3.767
https://doi.org/10.1007
/BF01246098
https://doi.org/10.1007
/BF01246098
https://
doi.org/10.1080/10705511.2014.915181

https://
doi.org/10.1080/10705511.2014.915181

https://doi.org/10.3109/14659891.2015
.1063720
https://doi.org/10.3109/14659891.2015
.1063720
https://doi
.org/10.1089/lgbt.2018.0149
https://doi
.org/10.1089/lgbt.2018.0149
https://doi.org/10.1016
/j.drugalcdep.2018.07.030
https://doi.org/10.1016
/j.drugalcdep.2018.07.030
https://doi.org/10
.1007/s11121-013-0449-8
https://doi.org/10
.1007/s11121-013-0449-8
https://doi.org/10.17269/s41997-020
-00389-0
https://doi.org/10.17269/s41997-020
-00389-0
https://doi.org/10.1016/j.addbeh
.2020.106481
https://doi.org/10.1016/j.addbeh
.2020.106481
https://doi.org/10.1016/j.jadohealth
.2015.06.013
https://doi.org/10.1016/j.jadohealth
.2015.06.013
https://www.ncbi.nlm.nih.gov/books/NBK179276/
https://www.ncbi.nlm.nih.gov/books/NBK179276/
https://www.ncbi.nlm.nih.gov/books/NBK179276/
https://www.cdc.gov/tobacco/data_statistics/sgr/e-cigarettes/pdfs/2016_sgr_entire_report_508.pdf
https://www.cdc.gov/tobacco/data_statistics/sgr/e-cigarettes/pdfs/2016_sgr_entire_report_508.pdf
https://www.cdc.gov/tobacco/data_statistics/sgr/e-cigarettes/pdfs/2016_sgr_entire_report_508.pdf
https://doi.org/10.1037/0033
-295X.111.1.33
https://doi.org/10.1037/0033
-295X.111.1.33
https://doi.org/10.1111/j.1532-7795
.2008.00566.x
https://doi.org/10.1111/j.1532-7795
.2008.00566.x
https://doi.org/10
.1037/0893-164X.21.1.13
https://doi.org/10
.1037/0893-164X.21.1.13
https://
doi.org/10.1037/12067-001
https://
doi.org/10.1037/12067-001
https://doi.org/10.1177/0193841X032
59549
https://doi.org/10.1177/0193841X032
59549
https://doi.org/10
.1111/j.1746-1561.2007.00278.x
https://doi.org/10
.1111/j.1746-1561.2007.00278.x
https://www.cihi.ca/en/child-and-youth-mental-health-in-canada-infographic
https://www.cihi.ca/en/child-and-youth-mental-health-in-canada-infographic
https://www.cihi.ca/en/child-and-youth-mental-health-in-canada-infographic


164Health Promotion and Chronic Disease Prevention in Canada 
Research, Policy and Practice Vol 41, No 5, May 2021

75.	 Canadian Institute for Health Infor
mation (CIHI). Hospital stays for harm 
caused by substance use among youth 
age 10 to 24. Ottawa (ON): CIHI; 2019 
[cited 2020 Sep 26]. Available from: 
https://secure.cihi.ca/free_products 
/HSU-youth-report-2019-en-web.pdf 

76.	 Beardslee WR, Versage EM, Gladstone 
TRG. Children of affectively ill parents: 
a review of the past 10 years. J Am 
Acad Child Adolesc Psychiatry. 1998; 
37(11):1134-41. https://doi.org/10.1097 
/00004583-199811000-00012

77.	 Reinherz HR, Giaconia RM, Carmola 
Hauf AM, Wasserman MS, Paradis 
AD. General and specific childhood 
risk factors for depression and drug 
disorders by early adulthood. J Am 
Acad Child Adolesc Psychiatry. 2000; 
39(2):223-31. https://doi.org/10.1097 
/00004583-200002000-00023

https://secure.cihi.ca/free_products/HSU-youth-report-2019-en-web.pdf
https://secure.cihi.ca/free_products/HSU-youth-report-2019-en-web.pdf
https://doi.org/10.1097
/00004583-199811000-00012
https://doi.org/10.1097
/00004583-199811000-00012
https://doi.org/10.1097
/00004583-200002000-00023
https://doi.org/10.1097
/00004583-200002000-00023



