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ABSTRACT

Background: Research is needed on how substance use patterns develop over time in the general
adolescent population. This knowledge is crucial in calibrating prevention and other interventions.
Method: The study concerns use of cigarettes, alcohol, and cannabis in a nationally representative
cohort of Swedish adolescents (n1=3999). Two waves (9th and 11th school grade) from the Futura01
study were analyzed using latent transition analysis (LTA) and multinomial regression analysis.
Results: Four substance use patterns, were identified, ranging from Non-user, Alcohol experienced,
Alcohol User to Co-user of cigarettes, alcohol, and cannabis. Statuses thus conveyed a continuum
from no use to more advanced use. Half of the individuals remained in their original status between
time-points, and half transitioned, most often one step on the continuum. Alcohol user was the
most stable status over time (0.78), and the Non-user status the least (0.36). The probability of
remaining in the Alcohol experienced status was 0.57, and 0.45 for the Co-user status. There was a
low probability of transitioning from alcohol to cannabis use. Females were more likely to belong
to Alcohol experienced and males to Co-user statuses, but these associations weakened over time.
Conclusions: The study identified transitions across substance use statuses between time-points.
These usually concerned different levels of alcohol use, and not into more advanced substance
use that included the illegal substance cannabis. The study corroborates that young Swedes belong
to a “sober” generation and usually do not transition from legal into illegal substance use during
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late adolescence, though with some gender differences.

Introduction

Legal and illegal substance use have long been part of ado-
lescence, considered a means to explore limits and have fun
(Jackson, 2004; Parker et al., 1998). However, adolescent
substance use has also been framed in terms of deviance
and dangerousness, with emphasis placed on the potential
negative effects this use can have on both current and future
generations of adolescents (Lindgren, 1993). The consump-
tion of legal and illegal substances poses several health risks
(Abrams et al., 2018; Gobbi et al.,, 2019; Marshall, 2014).
Use of more than one substance has generally been associ-
ated with a greater risk of harm than the use of a single
substance (Connor et al., 2013, 2014; Conway et al., 2013;
Halladay et al., 2020), and early use of more than one sub-
stance is considered to be particularly harmful (Ciairano
et al,, 2009; Moss et al.,, 2014; Poudel & Gautam, 2017).
With this as a starting point, it is crucial to study how
substance use develops over time concerning both legal
substances and illegal substances! in representative samples
of adolescents from the general population.

After the prevalence of substance use peaked during the
end of the 20th century, the past decades have shown
decreased use of legal substances among adolescents across

Europe, and the use of cannabis has decreased somewhat
during this time period as well (ESPAD, 2019). On the
international level, it appears as if use patterns vary with
gender (Chiauzzi et al,, 2013; Choi et al., 2018; Halladay
et al., 2020; Measham & Shiner, 2009). The decline in alco-
hol use has been steeper among males than among females
(Pape et al., 2018), but males seem more prone to transition
forward into the use of illegal substances (Choi et al., 2018).

Swedish adolescents have followed the decreasing trend
in legal substance use (Gripe, 2021; Zetterqvist & Ramstedst,
2019). Simultaneously, the mean age of onset of both alcohol
and cigarette use has increased (Guttormsson & Zetterqvist,
2019). The prevalence of cannabis use has been stable rather
than decreasing, but remains low compared to most
European countries (Englund, 2019; ESPAD, 2019). There
is an association between cigarettes and cannabis use among
Swedish adolescents, but the question of causality remains
unclear (Guttormsson & Zetterqvist, 2019).

Efforts have been made to understand why changes in
substance use patterns occur among adolescents (Caluzzi
et al.,, 2022; Vashishtha et al.,, 2020). It has been suggested
that the explanation should be sought on the population
level, rather than on the individual level. This includes
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considering both the somewhat vague concept of “youth
culture” as well as different paths into adulthood (Pape
et al., 2018).

There is a lack of research on what the characteristics
are of different groups of adolescent substance users in
Sweden, as well as how their substance use patterns develop
over time (e.g., Karlsson et al., 2018). Previous international
studies have identified different groups of substance users
with person-centered approaches, such as latent class analysis
(LCA). In population-based studies, these patterns typically
include no or limited use, moderate use, and extensive use
(Connor et al., 2013). A systematic review identified four
main patterns: alcohol; alcohol with cannabis and/or tobacco;
tobacco with alcohol; alcohol, tobacco, and cannabis, with
or without other illegal substances (Halladay et al., 2020).
For example, a nationally representative cohort study of 10th
graders in the United States identified four predominant
classes of users: a Non-user group; an alcohol user group;
a marijuana user group; and a polysubstance user group
(Conway et al., 2013). Moreover, Choi and colleagues iden-
tified three classes in a sample of adolescents in Texas, USA:
mild alcohol use; alcohol and moderate marijuana use; and
polysubstance use (Choi et al., 2018).

Longitudinal approaches, for instance latent transition
analysis (LTA), can identify shifts in status membership over
time (Collins & Lanza, 2003), as well as transitions backward
in use, as in individuals who use a substance at baseline
but not at follow-up (Velicer et al., 1996). Increased under-
standing of such transitions is important when informing
prevention and intervention strategies (Connor et al., 2014;
Lanza & Rhoades, 2013; Tomczyk, Isensee, et al., 2016;
Tomczyk, et al., 2016). However, the use of LTA to explore
substance use among adolescents over time is scarce (Merrin
et al., 2018). There is a need for research on youth substance
use in different contexts, including also in low-prevalence
settings (Sznitman et al., 2013) such as Sweden.

To contribute to this important field of research, we
conducted an LTA study on a large, nationally representative
longitudinal sample of Swedish school adolescents born in
2001. The aim of this study is to identify patterns of ciga-
rette; alcohol and cannabis use in the general population of
adolescents and describe transitions between use patterns
over time. A secondary aim is to examine whether status
membership and transitions over time vary with gender.

Data and methods
Sample and setting

We use data from the two first waves of Futura0l, a pro-
spective cohort study among a nationally representative
sample of Swedish adolescents born in 2001 (Dennermalm
et al.,, 2022; Raninen et al., 2022; Sjédin et al.,, 2021, 2022).
Futura0l uniquely follows Swedish adolescents’ paths into
adulthood, with a focus on trying to understand declining
drinking levels (Raninen et al., 2022).

The first wave of data was collected in 2017, when par-
ticipants were 15-16years of age and attended 9th grade
(n=5576), and a second wave of data was collected two

years later in 11th grade. Out of 500 randomly selected
schools at the first wave, 344 schools (69%) participated,
with one school class per school filling out the question-
naires. The first wave was collected manually on paper in
the classroom, and the second wave was collected through
postal services or an online questionnaire. After excluding
incomplete surveys and surveys without ID numbers, the
response rate at baseline was 82% among the students who
were offered to participate. This study included those who
participated in both waves and had complete values on all
the items used in the analyses (i.e., using listwise deletion,
n=3999).

The Swedish Ethical Review Authority granted permission
2020-01272. The authors of this study did not collect the
data but complied with all study protocols to ensure the
protection of the data and the anonymity of the
participants.

Measures

Items included were dichotomous variables relating to sub-
stance use during 9th and 11th grade. They were current
use of cigarettes (daily/almost daily) and current use of
alcohol, measured by the Alcohol Use Disorders Identification
Test (AUDIT-C). AUDIT-C measures problem drinking with
three questions: “How often did you have a drink containing
alcohol in the past year” (“Never,” “Monthly or less,” “Two
to four times a month,” “Two to three times per week,
“Four or more times a week”), “How many drinks did you
have on a typical day when you were drinking in the past
year?” (“1 or 2 “3 or 4 “5 or 6, 7 to 9, 10 or more”)
and “How often did you have six or more drinks on one
occasion in the past year?” (“Never,” “Less than monthly,
“Monthly, “Weekly,” “Daily or almost daily”). The summed
score ranges from 0 to 12 points. There are no set cut-points
between different levels of use or risk in AUDIT-C and
some suggest that the scale should be interpreted differently
depending on age, gender, and other factors (Liskola et al.,
2018), making universal cut-points for different behaviors
less relevant. We used AUDIT-C with cut-points set at one
and five, respectively, to explore different levels of alcohol
experience. A score of one or higher tapped having tried
alcohol and a score of five or higher tapped a more advanced
alcohol use. We decided upon cut-points that were deemed
theoretically relevant at both time-points. Cannabis con-
sumption was measured by two questions, differentiating
between use on one or two occasions and 10 or more times.
The data we had access to measured lifetime prevalence of
cannabis use at 9th grade and past year use at 11th grade.
Additionally, we included gender as a covariate in the later
multinomial regression analyses. The items and descriptive
statistics are shown in Table 1.

Latent transition analysis

LTA is a person-centered statistical method for longitudinal
modeling (Velicer et al., 1996). It is based on LCA, a method
that aims to estimate latent variables based on responses to
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Table 1. Substance use at two time-points (%).

9th grade (age 15)

11th grade (age 17)

Female (55) Male (45) Total Female (55) Male (45) Total
Daily/almost daily cigarette 3.1 23 2.8 7.3 5.0 6.3
Alcohol, AUDIT-C=1 29.1 27.8 28.5 68.9 66.7 67.9
Alcohol, AUDIT-C>5 7.5 9.5 8.4 17.5 253 21.6
Cannabis once or twice 3.7 6.6 5.0 6.8 12.0 9.2
Cannabis 10 times or more 0.8 1.7 1.2 13 31 2.2
2201 1798 3999 2201 1798 3999
n=3999.
a set of dichotomous or categorical manifest items (Collins Results

& Lanza, 2003; Velicer et al., 1996). The idea is that the
latent variable causes responses to the observed variables and
that the former can be estimated based on the response pat-
terns to the latter. As such, LCA is similar to factor analysis
in which a continuous latent variable is assumed to determine
the responses to a range of continuous indicators (Collins &
Lanza, 2003). However, the main difference is that LCA is
person-centered, and is as such more useful for identifying
distinct groups of individuals. LCA also makes it possible to
assign persons into latent classes and to predict class mem-
bership from covariates. Two sets of parameters are central
to LCA: the unconditional probability of being a member in
each latent class (i.e., the prevalence of each class), and the
probability of responding in a certain way to each of the
indicators included for each latent class (i.e., conditional prob-
abilities) (Collins & Lanza, 2003). For longitudinal data, LTA
builds on the logic of LCA but can be used to explore the
probability of individuals’ movements between statuses over
time (Collins & Lanza, 2003; Velicer et al., 1996).

Key to these approaches is model fit, that is, determining
the ideal number of classes in LCA or statuses in LTA. This
choice is guided by two overarching principles: model fit
using a range of fit indices (Asparouhov & Muthén, 2012;
Nylund et al., 2007), and interpretability (Collins & Lanza,
2003; Nylund et al., 2007). However, there is inconclusive
evidence on which measure is more robust when evaluating
model fit (Asparouhov & Muthén, 2012; Nylund et al., 2007),
and the literature is also inconsistent regarding procedures
(Ryoo et al., 2018). This study drew inspiration from (Ryoo
et al., 2018) and included the following six steps: We began
by deciding upon dichotomous items, based on assumptions
of usefulness at both time-points. Second, we diagnosed and
explored cross-sectional data using 1-6-class solutions in the
LCA to identify which solution is favored with respect to
the fit indices Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), Adjusted BIC, Lo-Mendell-
Rubin Likelihood Ratio Test (LMR LRT), Bootstrap LRT and
Entropy. We then tested if measurement invariance across
time-points held for the status solutions suggested in the
second step. In the following step, we decided upon the ideal
number of statuses based on interpretability and a range of
fit indices (AIC, BIC, and the Likelihood Ratio Test). Then
we identified transition probabilities. (6) Lastly, we ran mul-
tinomial regression analysis with gender as covariate and
substance use status as the outcome.

We used Mplus version 8.7 (Los Angeles, CA, USA) for
the LCA and LTA and IBM SPSS statistics version 26 (IBM
Corp., Armonk, NY) for the multinomial regression analysis.

Table 1 shows proportions responding “Yes” to the items
used in the analysis by time-point. The total proportions
are presented, as well as stratified by gender. The prevalence
of daily or almost daily use of cigarettes increased from
2.8% in 9th grade to 6.3% in 11th grade. The percentage
of individuals who scored one or more on the AUDIT-C
scale increased from 28.5% to 67.9% and the proportion of
individuals who scored five or more increased from 8.4%
to 21.6%. Similarly, there was an increase in reported use
of cannabis once or twice from 5.0% to 9.2% and 10 times
or more from 1.2% to 2.2%. Females were more likely to
have used cigarettes daily or almost daily and to have scored
one or more on the AUDIT-C scale, while males were more
likely to have scored five or more on the AUDIT-C and to
have experimented with or used cannabis.

Table 2 presents fit indices for the LCA analyses with
different number of classes, separately for 9th and 11th
grade. These provided initial suggestions on the ideal num-
ber of statuses to be included in the LTA. Lower AIC, BIC,
and adjusted BIC values indicate relatively better model fit.
Though there is no consensus on where to set the cut-point
for good class separation, Asparouhov and Muthén (2014)
argue that entropy values of >0.6 indicate good class
separation.

The fit indices in Table 2 are inconclusive, suggesting
that either a 3- or 4-class solution fits the data best.
Therefore, we chose to move forward using both the 3- and
4-class solutions in the LTA, where we began with assessing
whether measurement invariance held across 9th and 11th
grade for the 3- and the 4-class solution (see Table 3).

The AIC and BIC values in Table 3 indicated better
model fit for the 4-status solution, compared to the 3-status
solution, regardless of whether measurement invariance was
assumed or not. The fit indices, however, were inconsistent
as to whether a model with measurement invariance fitted
the data better or not. Because the meaning of the transi-
tions in LTA is easier to interpret if measurement invariance
holds (Collins & Lanza, 2003), we continued with a 4-class
solution assuming such invariance. The item response prob-
abilities (IRPs) for the final 4-status solution LTA are pre-
sented in Table 4 and Figure 1. Because measurement
invariance is assumed, the IRPs are the same for both 9th
and 11th grade.

Based on our interpretation of the characteristics of the
IRPs, we chose the following names for the latent statuses:
Non-user, Alcohol experienced (high probability of scoring
21 on AUDIT-C), Alcohol user (high probability of scoring
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Table 2. Fit statistics and entropy for LCA, 1-6-class models.

AlC BIC ABIC LMR LRT BLRT Entropy
9th grade (age 15)
1 10214.842 10246.311 10230.423 N/A N/A N/A
2 8473.086 8542.318 8507.365 0.0000 0.0000 0.887
3 8296.740 8403.735 8349.716 0.0000 0.0000 0.880
4 8276.975 8421.732 8348.648 0.0001 0.0000 0.909
5 8287.474 8469.995 8377.846 0.4320 1.0000 0.890
6 8300.368 8520.651 8409.436 0.0675 1.0000 0.806
11th grade (age 17)
1 14347.007 14378.476 14362.588 N/A N/A N/A
2 12881.109 12950.341 12915.388 0.0000 0.0000 0.710
3 12586.986 12693.981 12639.963 0.0000 0.0000 0.721
4 12588.361 12733.118 12660.034 0.0644 0.0128 0.769
5 12600.227 12782.747 12690.598 0.6951 1.0000 0.731
6 12612.277 12832.510 12721.296 0.3746 1.0000 0.675

Note: bold indicates best model fit based on the specific fit index.
AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion; ABIC: Adjusted Bayesian Information Criterion;
LMR LRT: Lo-Mendell-Rubin likelihood ratio test; BLRT: Bootstrap likelihood ratio test

Table 3. Tests of longitudinal measurement invariance.

Mi G? AIC BIC DF Diff.G? Diff.DF p Value
3-Solution Yes 631.188 20243.032 20387.790 997

No 477.033 20083.246 20322.411 983 154.155 14 <0.001
4-Solution Yes 407.182 19997.117 20217.400 987

No 336.741 19967.705 20313.864 967 70.441 20 <0.001

Note: bold indicates the best solution model for the corresponding fit index.
MI: measurement invariance; G% the likelihood ratio statistics; AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion;
DF: degrees of freedom; Diff.G% the difference of likelihood ratio statistics; Diff.DF: the difference of degrees of freedom

Table 4. Item response probabilities at both time-points by latent statuses.

Item Non-user  Alcohol experienced  Alcohol user  Co-user
Daily/almost daily use of cigarettes 0.001 0.028 0.110 0.430
AUDIT-C=1 0.000 0.826 1.000 0.964
AUDIT-C=5 0.000 0.000 0.701 0.626
Cannabis once or twice 0.004 0.031 0.128 1.000
Cannabis 10 times or more 0.000 0.000 0.000 0.475
1 -
0.8 | Daily/almost daily use of
’ cigarettes
0.6 AUDIT-C >1
AUDIT-C >5
04
= Cannabis once or twice
0,2
] u Cannabis 10 times or more
O L |
Non-user Alcohol Alcohol user Co-user
experienced

Figure 1. Item response probabilities at both time-points by latent statuses.

2 5 on AUDIT-C), and Co-user (high probability of scoring
on both AUDIT-C scores and having tried cannabis and
daily use of cigarettes).

The size of each status varied greatly, both between sta-
tuses and between time-points. Notably, daily or almost
daily use of cigarettes did not define a status on its own,
nor did it come to dominate the Co-user status.

Figure 2 displays the prevalence of the different statuses
at 9th and 11th grade, and the flow between these. The
numbers to the left of the diagram represent the prevalences
in 9th grade and the number to the right the prevalences

in 11th grade. As can be seen, the majority of the partici-
pants were assigned to the Non-user status at 9th grade
(67.8%) and considerably smaller shares to the other sta-
tuses: Alcohol experienced (20.1%), Alcohol user (9.4%),
and Co-user (2.7%). At 11th grade, the largest status shifted
from Non-user (24.3%) to Alcohol experienced (44.4%). The
proportion of those belonging to the Alcohol user status
three-folded to 27.0%, and the Co-user status increased
to 4.3%.

As can be seen from the thickness of the bars in Figure 2,
the majority either stayed in the status assigned to them at
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9th grade Co-user (2.7%)

9th grade Alcohol user (9.4%)

9th grade Alcohol experienced (20.1%)

9th grade Non-user (67.8%)

11th grade Co-user (4.3%)

11th grade Alcohol user (27.0%)

11th grade Alcohol experienced (44.4%)

11th grade Non-user (24.3%)

Figure 2. Diagram illustrating the prevalence of the different statuses at 9th and 11th grade, and the flow between these. The thick-

ness of the bars illustrates the transition prevalence.

Table 5. Latent transition probabilities.

11th grade (age 17)
9th grade (age 15)

Non-user Alcohol experienced Alcohol user Co-user

Non-user 0.36 0.47 0.16 0.02
Alcohol experienced 0.00 0.57 0.39 0.04
Alcohol user 0.00 0.1 0.78 0.11
Co-user 0.05 0.13 0.36 0.45

Note: the probabilities of staying in the status an individual was assigned to
at 9th grade are marked in bold.

9th grade or transitioned to a status in close proximity. A
substantial part of the individuals stayed in the status they
were assigned to at 9th grade (48.6%, not shown in the
figure). Approximately, half of the individuals transitioned
forward (49.9%, not shown in the figure), predominately
from Non-user to the two alcohol statuses. Interestingly, the
individuals who were assigned to the Co-user status at 11th
grade derived equally from the Co-user status, the two alco-
hol statuses, and the Non-user status. This suggests that the
individuals with experience of cannabis at 11th grade had
diverse previous substance use experiences.

Shifting to transition probabilities, the LTA provides con-
ditional transition probabilities for each of the statuses
(Table 5). In determining how to label the magnitude of
the transition probabilities, we worked inductively to identify
measures which we considered fit the data best. In the
article, we based the measures on terciles: this measures the
study’s latent transition probabilities 0.00-0.16 as “low

stability,” 0.36 —0.57) as “medium stability;” and finally, 0.78
as “high stability” As shown in Table 5, individuals in the
Non-user status were medium stable (0.36), with a very low
probability of transitioning to other statuses than Alcohol
experienced (0.47). Alcohol-experienced individuals were
also a medium stable group with a 0.57 chance of remaining
in their initial status. The relatively small share of individ-
uals in the Alcohol user status was the most stable (0.78),
with a low probability of transitioning to either the Alcohol
experienced or Co-user statuses. Individuals assigned to the
Co-user status stayed in their initial status (0.45) or tran-
sitioned backward to the Alcohol user status (0.36). The
total probability of transitioning from the Co-user status
was 0.55 (1-0.45), showing that the majority of those with
experience of cannabis use in 9th grade had no cannabis
experience the past year in 11th grade.

Next, we performed multinomial regression analyses at
both time-points, with gender as covariate. The dependent
variable was membership in each of the four latent statuses,
separate for 9th and 11th grade (see Table 6). The Non-user
status was used as reference category. Females had 23%
higher odds of belonging to the Alcohol experienced status
than males in 9th grade and 32% higher odds in 11th grade,
compared to the reference category (OR 1/0.81 vs. OR
1/0.76). The estimates were significant and stable across
time-points. Males were more likely to belong to the Co-user
status at both time-points, compared to the reference
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Table 6. Cross-sectional multinomial regression analysis with gender as co-variate (male = 1) and the

Non-user status as reference category.

9th grade (age 15)

11th grade (age 17)

OR 95% Cl p OR 95% Cl p
Alcohol experienced 0.81 (0.69—0.95) 0.011 0.76 (0.66 —0.88) <0.000
Alcohol user 1.12 (0.87—-1.43) 0377 1.13 (0.95-1.34) 0.181
Co-user 1.93 (1.30-2.85) 0.001 1.44 (1.02-2.01) 0.036
n=3999.

category, although to a lesser degree at 11th grade (OR 1.93
vs. OR 1.44). The results were statically significant. The
association between gender and being assigned to the
Alcohol user status was small and non-significant.

Discussion
Main results based on different substances

Using LTA on a nationally representative cohort of Swedish
adolescents, this study identified four substance use statuses,
ranging from Non-user, Alcohol experienced, Alcohol user,
to Co-user. The majority was assigned to the Non-user
status or the two alcohol statuses, which corresponds with
previous research (Halladay et al., 2020; Tomczyk, Isensee,
et al., 2016). The size of the statuses varied greatly, both
between the statuses and between time-points. The low
prevalence of cigarette and cannabis use in Sweden may
explain why this study, similar to (Choi et al., 2018; Merrin
et al., 2018), but in contrast to (Lanza et al., 2010), did not
identify a cigarette-only or a cannabis-only status.

The study identified two distinct alcohol statuses. Our
interpretation is that the Alcohol experienced status con-
sisted of individuals who had minor experience with alcohol,
with a high item response probability (IRP) for AUDIT-C>1
and IRP of zero on the AUDIT-C>5 item. The members
of this status had used 1-2 units of alcohol monthly or less,
but not experienced drunkenness or more frequent use. In
contrast, the Alcohol user status included individuals who
scored five or more on AUDIT-C and thereby had a more
diverse experience of alcohol. It has been suggested (Liskola
et al, 2018) that three is an adequate cut-point for early
detection of problematic drinking among adolescents.
Although early detection of problematic use was beyond the
scope of this study, one in five scored an AUDIT-C of five
or more in 11th grade. If applying cutoffs suggested by
Liskola et al. (2018), our study would indicate that a fairly
large proportion of Swedish adolescents are at risk of prob-
lematic drinking. This does not corroborate current research
on adolescent alcohol use, where the vast majority of the
adolescent population uses less and has a later onset than
previous generations (e.g., Guttormsson & Zetterqvist, 2019),
and seems to be an overly inclusive definition of alcohol
problems.

The numerically smallest status, the Co-user status, was
defined by a high IRP for alcohol and cannabis experience
and medium-high IRP for use of cigarettes (0.43), alcohol
(0.63), and cannabis (0.48). Our interpretation is that this
status encompassed a heterogenous group of adolescents

with different combinations of substance use experiences.
Thus, they shared being alcohol and cannabis experienced,
with some having additional use of cigarettes, and somewhat
more frequent alcohol, and/or cannabis use. Our findings
suggest that participants who used alcohol often used it
without the presence of other substances, while individuals
who used cannabis also used alcohol (Choi et al., 2018;
Merrin et al.,, 2018; Raninen et al., 2018). The lack of a
cannabis-only status challenges the idea of cannabis being
a replacement substance for cigarettes or alcohol (Raninen
et al., 2018), since cannabis is often used alongside these
substances (Merrin et al., 2018).

Transitions between substance use statuses

As mentioned, the LTA identifies transitions between sta-
tuses over time (Velicer et al., 1996). The international lit-
erature is inconclusive as to the prevalence of transitions
between substance use statuses (Choi et al,, 2018; Chung
et al., 2013; Merrin et al., 2018; Mistry et al., 2015). Our
LTA revealed significant transitions between time-points,
although usually to a nearby status, similar to what has
been reported previously (Choi et al., 2018). As shown in
prior research, more profound changes over statuses are
often only observed over longer time periods (Merrin et al.,
2018). In this study, the stability of the statuses varied from
0.36 (Non-user) to 0.78 (Alcohol user). Also, transitioning
forward to a more distal status was uncommon, as were
transitions backward from the alcohol statuses.

In contrast to Chung et al. (2013), Lanza et al. (2010),
and Merrin et al. (2018), this study shows that individuals
with an early onset of alcohol use were more likely to con-
tinue using alcohol, compared to individuals with early onset
of cannabis, of which more than half did not maintain
cannabis use by 11th grade. In other words, an early onset
of cannabis in this sample of adolescents from the Swedish
normal population did not predict cannabis use in later
school years.

Approximately, half of the individuals remained in their
original status and half transitioned forward into a status
of more extensive or advanced use. As half of the individuals
transitioned forward, this finding could be interpreted as
support for the gateway hypothesis regarding moves from
“softer” to “harder” substance use (Yamaguchi & Kandel,
1984). However, the probability of transitioning to the
Co-user status from other statuses was low, suggesting that
movement primarily occurred within the boundaries of legal
substances. Additionally, following the gateway hypothesis,
one would expect that a decrease in the use of legal



(gateway) substances would result in a decrease in the use
of cannabis. However, cannabis use among Swedish adoles-
cents remains low and stable (Englund, 2019), raising ques-
tions about the ability of the gateway hypothesis to inform
the understanding of use among Swedish adolescents.

Another question that this study raises is how to under-
stand transitions forward into more extensive use or more
substances compared to transitions backward into less use
and fewer substances. Transitioning forward may be asso-
ciated with negative circumstances or risk factors (del
Palacio-Gonzalez & Pedersen, 2022) or may be a normal
part of current youth culture (Parker et al., 1998), while
transition backward from cannabis or alcohol use may
potentially be the consequence of negative experiences or
school-based prevention. However, evaluations of these
school-based prevention efforts are scarce and previous
research indicates low impact due to poor quality of pro-
gramming and poor use of resources (Beckman et al., 2017;
Karlsson, 2006). The characteristics of this numerically small
group of backward transitioners are of interest for the devel-
opment of more high-quality programs and should be the
subject of future research.

Substance use patterns and gender

Prior research is somewhat inconclusive as to the association
between gender and substance use (Chiauzzi et al., 2013;
Choi et al.,, 2018; Halladay et al., 2020; Tomczyk, Isensee,
et al., 2016). This study showed a statistically significant
association between being female and belonging to the
alcohol-experienced group at both time-points. As to the
use of cannabis, a LCA-specific systematic review found no
clear association between gender and use of illegal sub-
stances (Tomczyk, Isensee, et al., 2016). In contrast, our
analysis showed that males were more likely to use several
substances, including cannabis, which agrees with previous
research (Choi et al,, 2018). However, the results suggest
that the association between gender and Co-use use weak-
ened somewhat over time. Gender thus seems to be an
instable predictor (Dennermalm et al., 2022) and appears
of less importance for understanding advanced substance
use over time. A gender-specific LTA could explore aspects
of gender’s influence on substance use over time, this could
be the subject of future research.

Strengths and limitations

A key strength of this study is its longitudinal design, which
makes it possible to elucidate transitions in substance use
patterns over time. Another strength is that the sample is
nationally representative. One important limitation is the
different time frames of the items capturing cannabis use.
This is not standard practice when doing LTA, where both
the items, number of statuses, and IRPs, preferably, should
be identical across time-points. Another limitation concerns
the possibility of social desirability bias when participants
filled out the questionnaire during class. Finally, we would
like to emphasize the limitation of using the same cutoff
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points for males and females in AUDIT-C since gender may
affect drinking patterns and outcomes.

Conclusion

This study concludes that a majority of those assigned to
the Co-user status in 9th grade transitioned backward to use
of legal substances, raising questions about the idea of legal
substances as gateways to cannabis use. It also shows that
Swedish adolescents are rarely daily users of cigarettes, their
use of alcohol is not very extensive and they tend to not
use cannabis. Moreover, the vast majority of transitions in
substance use statuses between 9th and 11th grade occurred
within the boundaries of legal substances. Young Swedes
appear to belong to a “sober” generation, and they usually
do not transition into cannabis use during late adolescence.
This challenges the extent to which youth substance use in
Sweden in fact lives up to its politico-professional status as
a “high-profile problem” (see Méansson & Ekendahl, 2015).

Note

1. In Sweden, some substances are categorized as illegal (e.g.,
cannabis, cocaine, and opioids), and others legal (tobacco and
alcohol). While use of tobacco and alcohol among adolescents
under the age of 18 is not criminalized, it is illegal to sell to
minors (FRA, 2017; Zetterqvist & Ramstedt, 2019).
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