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Abstract

Introduction: Despite evidence indicating a rapid progression in use of alcohol during
adolescence, little is known about the ways patterns of drinking develop over time. This
study investigated patterns of alcohol use within a cohort of youth in Ontario and
Alberta and the probability of changes between patterns.

Methods: The sample consists of two-year linked longitudinal data (school year 2013/14
to 2014/15) from 19 492 students in Grades 9 to 12 in 89 secondary schools across
Ontario and Alberta, Canada, who participated in the COMPASS study. The latent class
analysis used two self-reported items about the frequency of drinking (measured as
none, monthly, weekly, or daily use) and the frequency of binge drinking (measured as
none, less than or once a month, 2-4 times a month, or more than once week) to char-
acterize patterns of alcohol use. The effects of gender, ethnicity and cannabis and ciga-
rette use on alcohol use patterns were examined.

Results: The study identified four drinking patterns: non-drinker, periodic drinker
(reported monthly drinking and no binge drinking), low-risk drinker (reported monthly
drinking and limited binge drinking) and high-risk regular drinker (reported drinking
1-3 times a week and binge drinking 2-4 times a month). Non-drinker was the most
prevalent pattern at baseline (55.7%) and follow-up (39.7%). Periodic drinkers had the
highest likelihood of an increase in alcohol consumption, with 40% moving to the low-
risk pattern. A notable proportion of participants returned to a lower severity pattern or
transitioning out of drinking.

Conclusion: There are four distinct youth alcohol-use patterns. The high probability of
transitioning to drinking during the secondary school years suggests the need for pre-
ventive interventions in earlier stages of use, before drinking becomes habitual.
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Highlights

e Four distinct classes of youth alco-
hol wuse were identified: non-
drinkers, periodic drinkers, low-
risk drinkers and high-risk regular
drinkers.

e Youth had a moderate likelihood of
staying in the same class of drink
consumption from baseline to
follow-up.

e Periodic drinkers had the highest risk
of increasing alcohol consumption.

e A notable proportion of drinkers
returned to a lower alcohol-use
class or quit drinking.

e Cigarette use and cannabis use
were associated with membership
in high alcohol-use classes.

Introduction

Alcohol use is common among Canadian
youth and its excessive consumption is a
major public health concern. By the time
they graduate from secondary school 60%
of Canadian students report consuming
alcohol in the past year, 46% of whom
undertake binge drinking (5 or more drinks

on one occasion).! Youth who drink alco-
hol are more likely than others to experi-
ence health and social consequences,
including motor vehicle accidents,? unpro-
tected sexual activity,’ suicide,* and
mental health disorders.” Furthermore,
longitudinal studies indicate that alcohol-
related consequences are not limited to
adolescence; early drinkers tend to drink

more as adults and therefore continue to
be at higher risk of adverse outcomes,®
and of using other substances such as cig-
arette and cannabis.’

Existing empirical evidence indicates that
youth alcohol-use behaviours are not
static over time and consumption of alco-
hol typically increases throughout adoles-
cence.® Recent longitudinal studies have
captured such developmental changes in
alcohol-use patterns and suggest this pro-
gression differs greatly between individu-
als in terms of timing and severity of
escalation. For example, Peterson and col-
leagues’® identified five trajectories among
students in Grades 5 to 10: non-drinkers,
middle onset drinkers, late onset drinkers,
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moderate drinkers and early high drink-
ers. Shin and colleagues' explored trajec-
tories of drinking among students at
29 secondary schools in the USA and
found four prominent alcohol patterns:
non-drinker, potential drinker, experi-
menter and regular drinker. Such alcohol
patterns are distinguished by frequency
and quantity of alcohol use (e.g., number
of days the individual undertakes drinking
or binge drinking)."

Although longitudinal research has char-
acterized developmental patterns of alco-
hol use in youth over time, the number
and types of identified patterns (or
classes) are inconsistent. In addition, indi-
viduals may transition between classes
over time, for example, a non-drinker may
begin drinking, a drinker may cease drink-
ing, or an individual may move from a
high-risk to a lower-risk drinking class.
Youth-related substance use theories and
models of development such as the gate-
way theory' and the common liability
model” emphasize understanding youth
alcohol-use classes and how distinct
classes develop over time. This knowledge
is critical for establishing interventions
that aim to help youth stay in the non-
drinker class or promote transitions to
lower-risk or non-drinker classes. Despite
longitudinal studies documenting youth
alcohol trajectories, only a few studies
have investigated transitions between
classes.!*1> Moreover, most of the relevant
studies examined American or European
youth populations and not among
Canadian youth. In Canada, Rawana and
Ames'® studied protective factors of the
alcohol-use trajectories in a sample of
Aboriginal youth aged 12 to 23. They
found a relatively stable frequency of
heavy drinking over time with the peak at
age 21 and the lowest rate at age 16. Since
alcohol trajectories are extremely depen-
dent on contextual factors, such as alco-
hol control and access policies and
cultural norms, identifying changes in
drinking patterns of Canadian youth is a
key step to informing future intervention
development.

This study adds to the literature by inves-
tigating whether there are distinct patterns
of alcohol use within a cohort of youth in
Ontario and Alberta, and, if so, what the
likelihoods are of maintaining or changing
drinking patterns over time. We used
latent transition analysis (LTA) to charac-
terize the profiles of drinking based on the
frequency of alcohol use and binge
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drinking. LTA is a longitudinal extension
of latent class modelling in which unob-
served heterogeneity in the population is
allowed by identifying homogenous
groups of individuals in a sample based
on similar responses to a set of ques-
tions.'” LTA, as a person-oriented model-
ling approach, can model changes in
drinking behaviours over time and predict
for whom, and in what direction, a change
may occur.'® This knowledge can be used
by prevention programs to target the indi-
viduals at the highest risk of problematic
drinking and to test the effectiveness of an
intervention.

Considering previous research, we expected
that a large proportion of youth would
abstain during their secondary school
years, but also that a considerable propor-
tion would be engaged in drinking at dif-
ferent levels of consumption. We also
hypothesized that a notable proportion of
youth would either reduce their levels of
alcohol use or quit drinking. As some pre-
vious studies documented higher rates of
alcohol use among higher-grade students
and male students,’*?® we assessed the
influence of these factors on subgroup
membership and transitions between dif-
ferent latent classes. Furthermore, as it
has been shown that changes in alcohol-
use behaviour may be influenced by the
use of other substances such as cigarettes
and cannabis,?? we evaluated the effect
of other substance use on the likelihood of
transitions between latent classes over the
two years of follow-up.

Methods
Sample

The sample was drawn from year 2 (base-
line; school year 2013-2014) and year 3
(follow-up, school year 2014-15) of the
COMPASS study. COMPASS is a longitu-
dinal study designed to annually collect
hierarchical data from a cohort of Canadian
students in Grades 9 through 12. A full
description of the COMPASS study and its
methods are available in print* or online
(www.compass.uwaterloo.ca).

The COMPASS study purposefully recruited
89 secondary schools across Ontario
(n = 79) and Alberta (n = 10). Partic-
ipants from the schools were recruited
using an active-information passive-con-
sent procedure. The resulting baseline
sample consisted of 34839 students in
Grades 9 to 11. The average participation

rate was 79.2% across schools. The sam-
ple in the follow-up year consisted of
31060 students in Grades 10 to 12 with an
average participation rate of 78.7%. The
main reasons for non-participation were
absenteeism and spare or co-op education
periods; a small number of parents or stu-
dents refused participation (1.2%). Data
were linked between two consecutive
years based on responses of participants
to six questions that was used to create a
unique code for each student.?* The link-
age algorithm merged 19492 students’
data over two years, but could not match
11568 (33.2%) individuals. In addition,
554 (1.6%) individuals were excluded
because they reported being in the same
grade as the previous year. As previously
reported, students with non-linked data
were more likely to use alcohol, cigarettes,
or cannabis compared to the linked stu-
dents (data not shown).?* The linked data
was evenly distributed in terms of gender
(53.1% female) and school years: 38.8%
(n = 7556) in Grade 9, 34.6% (n = 6738)
in Grade 10, and 26.6% (n = 5165) in
Grade 11.

Alcohol measures

The study used two self-reported items
about the frequency of drinking and fre-
quency of binge drinking that are cur-
rently used in Canadian surveillance of
youth substance use.” The frequency of
drinking alcohol was measured by responses
to the question, “In the last 12 months,
how often did you have a drink of alcohol
that was more than just a sip?” The
response options were on a scale of 1 to
10. Considering the distribution of responses
and in keeping with the World Health
Organization alcohol use identification
test (AUDIT) system of recording the fre-
quency of drinking,”® the responses were
classified into four outcomes: no drink; up
to 3 times a month (monthly use); 1 to
3 times a week (weekly use); and more
than 3 times a week (nearly daily use).
Binge drinking was assessed using the
question, “In the last 12 months, how
often did you have 5 drinks of alcohol or
more on one occasion?” Responses in an
original scale of 8 options were coded into
four outcomes: no binge drinking; less
than or once a month; 2 to 4 times a
month; and more than once a week.

Students self-reported their demographic
characteristics, including gender (female = 1,
male = 2); school year (Grades 9 to 12);
and ethnicity (White, Black, Asian, Aboriginal,
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Latin American, Other). Ethnicity was
classified as a binary variable (White = 1,
non-White = 0) because of the low fre-
quency of students that were Black
(n=617, 3.2%); Asian (n=993, 5.1%);
Aboriginal (n = 490, 2.5%), Latin
American (n = 308, 1.6%); or other eth-
nicities (n = 1965, 10.2%). Students’ cig-
arette use was assessed by asking
students, “On how many of the last 30
days did you smoke one or more ciga-
rettes?” Responses were recorded for anal-
ysis into a binary variable (none = 0, use
in any day during the past 30 days = 1).
Cannabis use was assessed by asking stu-
dents, “In the last 12 months, how often
did you use marijuana or cannabis?”
Responses were also classified into a
binary variable (none = 0, use in any day
during the last year = 1).

Statistical analysis

We employed LTA on frequency of drink-
ing and frequency of binge drinking in
past year to group similar individuals
based on their levels of drinking and binge
drinking. A two-stage analytical approach
was used. In the first stage, two to six
class solutions were tested. These models
were compared using the Bayesian infor-
mation criteria (BIC) as the goodness-of-
fit statistic, which includes a penalty for
over-fitting; lower BIC values are therefore
indicative of a better model for the data.
To ensure that global, rather than local,
maxima was found for the likelihood
function, we ran each model with 50 dif-
ferent starting values for the parameters.*
The quality of group separation was mea-
sured in terms of entropy statistics, which
is a weighted average of group member-
ship probabilities on a (0,1) scale.?® The
closer the entropy statistic is to 1, the
greater the distinction between latent
classes. Once the most appropriate latent
class model was selected, we examined
the measurement invariance of latent
classes over the two years of the study to
see if the structure of latent classes
remained stable over time.

In the second stage, we investigated the
association between latent class member-
ship and covariates of gender, ethnicity
and cigarette and cannabis use. We also
explored the association between proba-
bility of transitions between different
latent classes and gender and school
grade. To test the effect of covariates, indi-
viduals were assigned to latent classes
based on the maximum posterior probability
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of class membership. A set of multinomial
logistic regressions was then fitted. The
outcome variable in the multinomial
regression was membership in each class
with the non-drinker class as the reference
category. All models were fitted using
PROC LTA in SAS 9.4.1.” Procedure LTA
allows for missing values on the outcome
variables, but excludes participants with
missing covariate data. In the current
study, LTA with covariates excluded
368 participants out of 19492 linked data
because of missing data on gender or
other substance use (78 missing gender,
290 missing other substance use and
31 missing both covariates). The structure
of the latent classes did not change as a
result of this reduction.

Results

Table 1 presents the levels of alcohol and
other substance use by participants in the
study. The number of alcohol users and
binge drinkers had increased at the fol-
low-up. The rate of binge drinking
increased from 28.7% in the baseline year
to 43% in the follow-up year. At the base-
line, 5.7% of participants reported use of
cigarettes, which increased to 9.5% at the
follow-up. During the two years, the rate
of cannabis use increased by 67.2%, ris-
ing from 15.6% at the baseline to 26.1%
at the follow-up.

Table 2 reports changes in the levels of
alcohol use and binge drinking between
the two waves of the study according to
school years (Grade 9, 10 or 11). Of 5083
Grade 9 non-drinkers, 3374 (66.4 %) reported

abstinence when they moved to Grade 10.
The results in Table 2 indicate that the
rate of abstinence between baseline and
follow-up years was quite similar over the
school years with rates of 66.4%, 62.2%
and 61.4% for Grades 9, 10 and 11, respec-
tively. During the two vyears, rates of
increase in the frequency of drinking
changed similarly. For example, non-
drinkers in Grades 9, 10 and 11 initiated
monthly drinking at rates of 31.0%, 35.1%
and 35.6%.

Identifying alcohol use patterns

LTAs were conducted to identify distinct
latent classes of drinking characterized by
alcohol use patterns at the baseline. The
model fitting procedure began with fitting
latent transition models ranging from two
to six latent classes to the data. Our deci-
sion on the number of latent classes was
made according to goodness-of-fit statis-
tics of BIC and also parsimony and inter-
pretability of latent class structure (Table 3
represents fit statistics). BIC decreased
substantially from 2- to 5-class solutions
and then began to increase from the
6-class solution (BIC,=8809, BIC, = 2665,
BIC, = 1306, BIC, =919, BIC, = 1012). Despite
the lower BIC value, there was consider-
able overlap between two latent classes
identified by the 5-class model. Comparing
the degree to which the latent classes
were distinguished by 4-class and 5-class
models using average posterior probabili-
ties indicated a slightly better recognition
of classes by the 4-class model. The over-
all entropy estimates for the 4-class model
were 0.91 and 0.89 at baseline and

TABLE 1
Frequency and per cent of self-reported levels of alcohol and other substance
use in baseline and follow-up years of the study (n = 19 492)

Baseline

Variable 201314 (%)

Follow-up

2014-15 (%) Relative change

Alcohol drinking

None 10 327 (53.9)
Up to 3 times a month 7534 (39.3)
1-3 times a week 1116 (5.8)
3+ times a week 186 (1.0)
Binge drinking
None 13 848 (71.3)
Less than or once a month 3855 (19.8)
2-4 times a month 1492 (7.7)
More than once a week 242 (1.2)
Cigarette use 1115 (5.7)
Cannabis use 2999 (15.6)

7386 (38.4) —28.5%
9740 (50.6) 29.3%
1804 (9.4) 61.6%
302 (1.6) 62.4%
11082 (57.0) —20.0%
5439 (28.0) 41.1%
2512 (12.9) 68.4%
405 (2.1) 67.4%
1860 (9.5) 66.8%
5015 (26.1) 67.2%
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follow-up, respectively (range: 0.45-0.99),
compared to the 5-class estimates of 0.91
and 0.87, respectively (range: 0.35-0.99).
We also found that the classes identified
by the 4-class model were more conceptu-
ally meaningful and interpretable relative
to those of the 5-class model. We exam-
ined the local independence of latent vari-
able items following  Reboussin’s®
approach. The results of a correlation
analysis of latent variable items showed
that despite the presence of structural
zero in binge drinking responses for non-
drinkers, standardized residuals decreased
substantially from the 2-class model to the
4-class model (Figure 1), indicating that
local independence is not violated for the
final model. Given these considerations,
we selected the 4-class model, which gen-
erates clearly distinct and interpretable
classes of alcohol use with substantial
class sizes.

According to the conditional probabilities
of the final model, shown in Table 4, we
assigned the following labels to the latent
classes: non-drinkers (had never drunk or
did not use alcohol in past year); periodic
drinkers (reported monthly drinking and
no binge drinking); low-risk drinkers
(reported some steady monthly drinking
but limited binge drinking); and high-risk
regular drinkers (reported drinking 1 to
3 times a week and binge drinking 2 to
4 times a month). Non-drinkers were the
largest subgroup in both waves (55.7% of
baseline to 39.7% of follow-up), although
the prevalence of this group decreased by
16% at follow-up. The number of periodic
drinkers increased slightly from 22.9% at
baseline to 26.3% at follow-up. The prev-
alence of the remaining of the two classes
of low-risk drinkers and high-risk regular
drinkers increased approximately 50% at
follow-up.

To examine the stability of identified
latent classes over time, we compared the
fit of the 4-class model, constraining item-
response probabilities to be equivalent
across two years with the unconstrained
model. The BIC of the restricted model
(1509.6) was lower than the BIC of the
unrestricted model (1640.1), indicating
that the same classes across waves would
represent the same characteristics.

Transition probabilities in alcohol-use
patterns

Table 5 shows latent transition probabili-
ties based on the LTA model adjusted for
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TABLE 2
Changes in the frequency of youth alcohol drinking and binge drinking by school years in baseline and follow-up years of the study (n = 19 492)?

Follow-up (2014-15) levels of drinking

Baseline (2013-14)
levels of drinking

Grade 11 to 12

Grade 10 to 11

Grade 9 to 10

n (%)

n (%)

n (%)

Weekly Daily

Monthly

Weekly Daily None

Monthly

Weekly Daily None

Monthly

None

Drinking

1576 (31.0) 100 (2.0) 33 (0.6) 2021 (62.2) 1142 (35.1) 65 (2.0) 22 (0.7) 1122 (61.4) 651 (35.6) 46 (2.5) 8(0.5)

3374 (66.4)

None

38 (1.5)

330 (12.5)

2086 (79.1)

2149 (76.7) 366 (13.1)  48(1.7) 183 (6.9)

238 (8.5)

30 (1.5)

1452 (72.4) 292 (14.5)

232 (11.6)

Up to 3 times month (monthly)
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TABLE 3
Fit statistics for latent class models of alcohol drinking
and binge drinking for youth participating in the COMPASS study (n = 19 492)

Model Log-Likelihood df Adjusted BIC BIC Entropy BLRT? p value
2-class —56 561 240 8761.4 8809.1 0.95 <.001
3-class —53434 229 2582.9 2665.5 0.95 <.001
4-class —52778 216 1357.0 1480.9 0.93 <.001
5-class —52 401 201 703.1 874.5 0.91 302
6-class -52377 148 1011.7 1351.7 0.88 .950

Abbreviations: BIC, Bayesian information criteria; BLRT, bootstrap likelihood ratio test.

A non-significant value of the BLRT suggests that the model with one fewer classes is accepted.

the school year and cigarette and cannabis
use. The probabilities on the diagonal
reflect the probability of membership in
the same latent class at both time points,
which is high for all classes. Low-risk
drinkers and high-risk regular drinkers
had a higher likelihood of maintaining the
same class at follow-up relative to non-
drinkers and periodic drinkers. In con-
trast, the periodic drinkers were most
likely to transition into the low-risk
drinker class. In particular, 40% of the
students in the periodic drinker class at
baseline moved to the low-risk drinker
class at follow-up. Non-drinkers demon-
strated a 24% chance of transitioning to
periodic drinking. Also, despite 65% of
high-risk regular drinkers maintaining

their class at follow-up, a notable propor-
tion of individuals in this group lowered
their alcohol consumption. Specifically,
18% of high-risk regular drinkers moved
to the low-risk class and 8% reported
complete cessation of alcohol drinking
(Table 5). Individuals within the low-risk
drinker and high-risk regular drinker
classes had the same probability (8%) of
becoming non-drinkers at follow-up. In
total, 17% of drinkers at baseline quit
drinking at follow-up.

Predictors of membership in latent class
and transition probabilities

After determining latent classes, we exam-
ined the potential effects of gender and

FIGURE 1

ethnicity in predicting the membership of
individuals in the four latent classes at the
baseline. Comparison fit of the model
with gender and without gender showed
that gender significantly related to latent
class membership (2(loglikelihood ,, . cen.
o~ likelthood gender = 58.2, df=3, p<.001)).
The odds ratios (ORs) in Table 6 suggest
that male students were more likely to be
in the high-risk regular drinker class than
female students (OR=1.2, 95% confi-
dence interval [CI]: 1.04-1.36). Ethnicity
was also found to be a significant predic-
tor of class membership (2(likelihood .
ey~ Likelthood o =37.2, df=3,
p<.001)), and White students were at a
significantly higher risk of engaging in
alcohol use than their non-White peers.

Table 6 presents the OR associated with
transitions from each latent class relative
to remaining in the same class. Male non-
drinkers had a 2.4 (95% CI. 1.76-3.27)
times greater chance of engaging in high-
risk regular drinking. The odds ratio tran-
sition from the high-risk drinking to
abstinence was also higher for male stu-
dents (OR = 1.33, 95% CI: 0.78-2.28).
Results of Table 6 indicate that Grade 9
students were more likely to move to
higher-risk drinking classes than Grade 11
students, while there were no significant

Standardized residuals of bivariate correlations in frequency of drinking and binge-drinking levels used for creating latent classes
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differences between Grade 10 and Grade
11 students in transitioning to higher-risk
drinking classes.

Discussion

This study characterized patterns of alco-
hol use in a large sample of secondary
school students, identifying four latent
classes. These distinct classes align with
previous research indicating the presence
of an underlying grouping structure to
youth alcohol use.*?* Consistent with
other studies,” we found that the most
prevalent class was non-drinkers. The size
of this group decreased by 16% at follow-
up but remained the dominant group.
Individuals in the low-risk drinker and
high-risk regular drinker classes engaged
in some levels of binge drinking, indicat-
ing that a considerable proportion of
youth is at risk of immediate and long-
term consequences of alcohol consump-
tion. This finding is supported by evidence
that suggests that when youth do drink
alcohol, they are more likely to binge
drink.!

LTA allowed us to characterize the homog-
enous group of alcohol users and also to
understand the developmental process of
their alcohol use over time. In particular,
the data showed that youth were highly
likely to maintain their alcohol-use behav-
iour between baseline and follow-up. The
low-risk drinker class was the most stable
of the four identified. Furthermore, we
found a high degree of transitioning
between latent classes from baseline to
the following year. Individuals mainly
moved into the expected increasing direc-
tion and consumed more at follow-up.
Periodic drinkers demonstrated the high-
est likelihood of an increase in alcohol
consumption by moving to the low-risk
drinker class. This high transition proba-
bility suggests that many of those who
drink a few times a month increase their
frequency of drinking to weekly while
also starting to engage in binge drinking.
Estimated transition probabilities indi-
cated that alcohol consumption increases
incrementally and most of the transitions
occurred into the next-higher level of
consumption. ™

Although most youth moved to a higher
alcohol-use class, a notable proportion
returned to a lower severity class or tran-
sitioned out of drinking. Nearly one out of
10 low-risk or high-risk regular drinkers
was likely to stop drinking. Drinking
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TABLE 4
Structure and prevalence of latent classes of youth alcohol-use behaviours
in baseline and follow-up years of the study (n = 19 492)

Latent class characteristics Non-drinker I;::;(T: I;ior‘::‘:;:( re g:llifll'l;il:islll(ker
Prevalence at baseline [2013-14] (%) 55.7 22.9 15.8 5.6
Prevalence at follow-up [2014-15] (%) 39.7 26.2 24.6 9.4
Drinking

None 0.963 0.007 0.001 0.000
Up to 3 times a month 0.036 0.970 0.943 0.400
1-3 times a week 0.000 0.019 0.053 0.585
More than 3 times a week 0.000 0.004 0.002 0.015
Binge drinking
None 0.999 0.701 0.000 0.031
Less than or once a month 0.001 0.287 0.864 0.127
2-4 times a month 0.000 0.011 0.136 0.827
More than once a week 0.000 0.003 0.000 0.014

cessation by individuals in these two
classes was more likely than by periodic
drinkers, possibly because students using
alcohol at such a high frequency can be
severely affected in their daily lives, with
poorer academic engagement and perfor-
mance.> In comparison, the likelihood of
cessation by periodic drinkers was only
1%, suggesting that most students in the
early stages of alcohol consumption con-
tinue to drink. Future research needs to
determine the characteristics of the youth
that reduce their consumption and to
investigate the factors that influenced this
decrease.

As in previous research,*> we found that
school grade was associated with transi-
tions between latent classes. The results
of this study show that the odds of transi-
tioning from the non-drinking class to
other classes are similar for students in
different grades, indicating a stable chance
of starting alcohol drinking between
school years. On the other hand, periodic
drinkers and low-risk drinkers in Grade 9

are more likely to escalate their alcohol
use than students in Grade 11. This find-
ing indicates that initiation and escalation
of alcohol consumption by secondary
school students are more likely to happen
during the first two years of secondary
school and that behaviours of students
become more stable as they move to
higher grades, suggesting that the preven-
tion programs would be more efficient if
they targeted Grade 9 and 10 students.

The results of this study confirmed previ-
ous research that male youth have higher
odds than female youth of engaging in,
transitioning to and remaining in prob-
lematic drinking.’*** Also, male students
indicated a higher probability of quitting
drinking. Consistent with problem behav-
iour theory that posits an interrelation
between use of different substances,*223¢
the results of the current study demon-
strated the relevance of cigarette and can-
nabis use in relation to heightening the
probability of membership in the higher-
risk drinking classes. The odds of

TABLE 5
Transition probabilities for the four-latent class model of youth alcohol
consumptions in baseline and follow-up years of the study (n = 19 124)

Follow-up (2014-15) class

Baseline (2013-14) class Non-drinker Periodic Low-risk High-risk
drinker drinker regular drinker
Non-drinker 0.64 0.24 0.09 0.03
Periodic drinker 0.01 0.54 0.40 0.05
Low-risk drinker 0.08 0.02 0.69 0.20
High-risk regular drinker 0.08 0.09 0.18 0.65

Note: Adjusted for school year, cigarette and cannabis use.

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice




TABLE 6

Estimated odds ratios reflecting the effects of covariates on membership and transitions between latent
classes of youth alcohol drinking in baseline and follow-up years of the study (n = 19 124)

Non-drinker

Periodic drinker

Low-risk drinker

High-risk regular drinker

Covariate
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Class membership covariate

Males Reference 0.85 (0.79-0.93) 0.86 (0.80-0.93) 1.20 (1.04-1.36)

White Reference 1.51 (1.37-1.65) 1.72 (1.57-1.89) 1.26 (1.08-1.49)

Smoking Reference 4.44 (3.50-5.63) 12.63 (10.31-15.47) 22.85 (14.24-33.62)

Cannabis Reference 5.98 (5.17-6.91) 10.88 (8.34-13.75) 19.24 (9.81-30.47)
Transition covariates
Males

Non-drinker Reference 0.83 (0.76-0.90) 1.15 (0.89-1.49) 2.40 (1.76-3.27)

Periodic drinker

Low-risk drinker

High-risk regular drinker
Grade 9 (relative to Grade 11)

Non-drinker
Periodic drinker

Low-risk drinker

High-risk regular drinker
Grade 10 (relative to Grade 11)

Non-drinker
Periodic drinker

Low-risk drinker

High-risk regular drinker

1.64 (1.21-2.22)
1.42 (0.80-2.51)
1.33 (0.78-2.28)

Reference
1.11 (0.80-1.55)
1.52 (0.80-2.89)
2.56 (1.42-4.61)

Reference
0.92 (0.67-1.26)
0.82 (0.45-1.49)
0.91 (0.52-1.58)

Reference
0.00?
0.75 (0.38-1.48)

0.84 (0.77-0.91)
Reference
0.00?

2.06 (0.94-4.53)

1.11 (1.02-1.22)
Reference
0.00°
0.68 (0.32-1.43)

1.00 (0.87-1.16)
Reference
0.80 (0.57-1.14)

0.95 (0.74-1.22)
1.47 (1.26-1.71)
Reference
1.14 (0.71-1.83)

1.12 (0.83-1.52)
0.98 (0.84-1.13)
Reference
1.21 (0.85-1.72)

1.90 (1.33-2.71)
1.77 (1.51-2.08)

Reference

0.87 (0.65-1.16)
1.91 (1.34-2.74)
1.37 (1.14-1.65)

Reference

1.01 (0.77-1.33)
0.84 (0.58-1.22)
0.97 (0.83-1.15)

Reference

Abbreviations: Cl, confidence interval; OR, odds ratio.

Note: Baseline was the 2013-14 school year and follow-up was the 2014-15 school year.

2 There was no transitioning from the low-risk to periodic class.

membership in the periodic drinker class
for cigarette smokers was more than four
times that of non-smokers. Similar pat-
terns were observed for cannabis users,
for whom the odds of engaging in higher
levels of drinking were greater than for
non-drinkers. This finding supports the
existing literature, which shows that a
high level of alcohol consumption co-
occurs with cigarette or cannabis use.¥”
However, based on the current study it is
unclear which of these substances serves
as a gateway for the use of the others.
Future research is needed to examine the
sequencing of initiation between different
substances. Theoretical models such as
the gateway theory*® and the common lia-
bility theory'* and empirical evidence*
suggest that youth deciding on the use of
any of alcohol, cigarette and cannabis is
associated with a higher risk of the use of
others, regardless of use sequences. The
findings of our study confirm the previous
research and suggest that prevention
interventions need to focus on all of the
most common substances simultaneously.
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The LTA that is used in the current
research is a person-centred approach that
can model individuals’ changes based on
their patterns of responses on an outcome
of interest. Therefore, it can be used to
understand the patterns in data and to
explore if individuals are different from
one another with respect to the outcome
of interest. Moreover, LTA is able to
account for the measurement errors typi-
cally associated with self-report surveys.!”
In this method, each individual with an
empirical response has a probability of
membership in every latent class and the
model assigns individuals to a class with
the highest probability of membership.
The results from the LTA need to be
applied with awareness of its limitations.
One of the main limitations of LTA is that
subgroups detected in a study sample are
not necessarily the same as real underly-
ing subgroups in the population and the
number of subgroups identified by LTA
can be greater than the actual number.*
Another limitation of LTA is the assump-
tion that the underlying latent variable

describes any observed association between
indicators of the latent variable. This
assumption may be hard to meet in some
real applications and may cause biases in
parameter estimation, such as overestima-
tion of the number of classes.***

The results of this study should be consid-
ered in light of its limitations. The main
limitation of this study was reliance on
self-reported measures of alcohol use.
Youth reports on alcohol and other sub-
stance use are potentially associated with
underreporting and measurement errors.
Secondly, the linkage process could not
link a portion of students’ data over two
years of follow-up. The non-linked data
appear not to be a random collection, but
data from students who are more likely to
drink, smoke cigarettes and use cannabis.
As a result, the linked data can underesti-
mate the size and probability of transi-
tioning to high-risk groups. In addition,
the developmental course of alcohol con-
sumption was investigated with one year
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of follow-up. More comprehensive knowl-
edge about changes in youth drinking
behaviour would require a longer follow-
up time. Finally, measurement time points
were about one year apart, so students’
alcohol behaviours could have changed
several times over this period. Because of
these types of potentially missed transi-
tions, the transition probabilities should
be interpreted with caution.!”

Future research can evaluate to what
extent transitioning between different
identified patterns of alcohol use may be
influenced by a change to any prevention
programs or policies on alcohol control.
For example, our research team is examin-
ing, using four years of data in a quasi-
experimental setting, the impact on youth
alcohol-use patterns of the new Liquor
Control Board of Ontario (LCBO) policy
that authorizes up to 450 grocery stores
across Ontario to sell alcohol. Evaluating
the effect of this natural experiment (or
for researchers evaluating other forms of
alcohol policy) would be better served by
examining the impact on the more
nuanced alcohol-use transition patterns
presented here rather than simply evaluat-
ing the impact on a less informative out-
come such as use versus no use. In
addition, future research may implement
and assess the impact of behavioural
change interventions, such as Alcohol
Brief Intervention** and Motivational
Enhancement Therapy,* to motivate prob-
lematic drinkers to quit alcohol or
decrease their consumption. The transi-
tion modelling approach used here can
also be applied to other risk behaviour or
substance use domains, such as cannabis
and cigarettes, and may serve as a tem-
plate for guiding future evaluations of pre-
vention policies, such as the new federal
cannabis regulations in Canada or any

potential changes to tobacco control
efforts.
Conclusion

The study suggests that alcohol consump-
tion tends to increase in those youth who
start, but the volume of increase is not the
same across all populations of youth. The
large transition from periodic drinker class
to higher levels of drinking we observed
indicates the need for preventive interven-
tions in the earlier stages of use, before
drinking becomes habitual. In addition,
there is more need for interventions that
target current alcohol users to increase the
likelihood of transitions from alcohol

Vol 39, No 8/9, August/September 2019

drinker classes to the non-drinker class.
The study demonstrated that cigarette or
cannabis use was associated with mem-
bership in classes with high levels of alco-
hol consumption, suggesting that efforts
that address polysubstance use may be
more efficient than single alcohol programs.
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