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Abstract

Introduction: In the 21st century, there has been a decline in alcohol use among

adolescents in most Nordic countries, while trends of cannabis use have diverged.

We explore how alcohol and cannabis use, respectively, and co-use of the two sub-

stances, have changed among Nordic adolescents. Three hypotheses are used to

frame the study: (i) cannabis use has substituted alcohol use; (ii) there has been a

parallel decline in both substances; and/or (iii) there has been a ‘hardening’ of
users, implying that alcohol users increasingly use cannabis.

Methods: Data from the European School Survey Project on Alcohol and Other

Drugs, conducted among 15- to 16-year-olds in Denmark, Finland, Iceland,

Norway and Sweden (N = 74,700, 49% boys), were used to explore trends of past-

year alcohol and cannabis use in the period 2003–2019.
Results: The proportion of adolescents reporting alcohol use decreased signifi-

cantly in all Nordic countries except Denmark. The proportion of those using can-

nabis only was low (0.0%–0.7%) and stable in all countries. The total number of

substance use occasions declined among all adolescents in all countries but

Denmark. Among alcohol users, cannabis use became increasingly prevalent in

all countries but Denmark.

Discussion and Conclusions: We found no support for the ‘parallel decline
hypothesis’ in alcohol and cannabis use among Nordic adolescents. Partially in

line with the ‘substitution hypothesis’, cannabis use accounted for an increasing

proportion of all substance use occasions. Our results suggests that the co-use of

alcohol and cannabis has become more common, thus also providing support to

the ‘hardening’ hypothesis.
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1 | INTRODUCTION

In the 21st century, alcohol use decreased among adoles-
cents in the Nordic countries (i.e. Denmark, Finland,
Iceland, Norway and Sweden) [1–4]. Similar trends have
been observed in several other high-income countries
[5–7]. The decline was considerable in Iceland (i.e. from
63% past-year drinkers in 2003 to 26% in 2019) and mod-
est in Denmark (from 95% to 89%), with the other Nordic
countries in between. Over the same period, the preva-
lence of cannabis use remained low, and no clear time
trends are observed in any of the Nordic countries [8].
Possession or use of cannabis is illegal in all Nordic coun-
tries, whereas alcohol control policies, for instance with
regard to minimum legal age for purchase, are less
restrictive in Denmark than in the other countries. How-
ever, perceptions of harmfulness and availability of these
substances may differ over time and between countries
[9, 10].

Although several publications have offered descrip-
tions and attempts to explain the recent trends in adoles-
cents’ use of alcohol [11] and cannabis [12], few
studies—and only from the United States—have exam-
ined time trends in co-use (i.e. concurrent use) of both
substances (e.g. in the past year) [13] and how change
over time in use of one substance may impact use of the
other [14, 15]. In this study, we explore the trends in
past-year alcohol and cannabis use separately, as well as
co-use of the substances, by employing comparative data
from the Nordic countries.

There are several reasons why it is of interest to
examine trends in co-use of alcohol and cannabis. First,
co-use carries more risk than use of either substance
alone. Co-users consume more alcohol and use more can-
nabis, compared to single substance users [16–18].
Among young co-users, intake usually occurs simulta-
neously, that is, at the same occasion [19–21]. Such
simultaneous intake has immediate synergistic effects
and impairs cognition and driving ability [17, 18]. More-
over, heavier co-use of alcohol and cannabis during ado-
lescence increases the likelihood of negative outcomes in
adulthood, including substance use dependence, other
mental health problems, criminality and failure to com-
plete secondary education [17, 22]. Thus, to better under-
stand the complexity of adolescent substance use at the
population level, as well as to find possible explanations
for the downward trend in youth alcohol consumption, it
is important to study trends in both alcohol and
cannabis use.

One proposed hypothesis on the time dynamic rela-
tionship between alcohol and cannabis use is the substi-
tution hypothesis, which suggests that the observed
decline in alcohol use has led to a substitution of alcohol

with cannabis. In this context, the assumption is that the
decline in alcohol use, which probably reflects fewer
social occasions for drinking, may have caused some ado-
lescents to turn to cannabis use as an alternative psycho-
active substance. If this substitution were a predominant
mechanism, we would expect an overall increase in can-
nabis use. This could be either in terms of an increase in
prevalence of cannabis use only, an increase in frequency
of use, or an increase in prevalence of co-use, or some
combination of the three. If the decrease in alcohol use
occasions were completely substituted by cannabis use,
we would expect the sum of these substance use occa-
sions to be approximately constant over time. Studies
examining the substitution hypothesis using data from
the United States before and after the legalisation of med-
ical or recreational cannabis use in certain federal states,
have generated inconsistent and generally insignificant
findings [14].

An alternative hypothesis posits that the decline in
alcohol use may have led to a corresponding decline also
in cannabis use, and in co-use of alcohol and cannabis
within the same timeframe (e.g. past-year use). This may
be termed the parallel decline hypothesis, which suggests
that drinking occasions provide opportunities for canna-
bis use in two ways: (i) partying or other alcohol use
occasions may provide social contexts where cannabis is
shared or sold; and (ii) alcohol intoxication may lower
the barriers for illegal substance use. Against this back-
ground, one could assume—a priori—that the decline in
alcohol use among adolescents may have resulted in
fewer opportunities to use cannabis and consequently a
decline in prevalence of co-use and/or a decline in fre-
quency of cannabis use among co-users. A few studies of
historic trends in alcohol and cannabis use among high
school students in the United States reported that trends
in co-use and single substance use were closely tied [13].

A third hypothesis is that among alcohol users, the
likelihood of cannabis use depends on the prevalence of
alcohol use, and furthermore, that the frequency of can-
nabis use among co-users also depends on the prevalence
of alcohol use. The reasoning behind this assumption is
that, consistent with the ‘problem behaviour theory’ [23],
various low-prevalent problem behaviours, including
cannabis use, tend to cluster and more often in individ-
uals characterised by impulsivity and low self-control
[24]. These characteristics are also associated with fre-
quent cannabis use in adolescence [25]. As the propor-
tion of individuals with such characteristics is likely quite
stable over time, partly due to their genetic underpinning
[26], we expect these characteristics to be more prevalent
among co-users at times when alcohol users are few as
compared to times when they are in majority [27, 28].
Thus, we may hypothesize that when alcohol use has
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decreased and has become rarer and more ‘deviant’ from
the majority: (i) the prevalence of cannabis users among
alcohol users increases; (ii) the frequency of cannabis use
among co-users increases and hence; (iii) the proportion
of substance use occasions in which cannabis is used,
increases. Thus, when alcohol use decreases, one might
hypothesize a hardening of users, such that alcohol users
to an increasing extent also are involved in other low-
prevalent risk behaviours, in this case cannabis use.

Against the backdrop of declining alcohol use in the
Nordic countries, we apply comparative data from adoles-
cents in Denmark, Finland, Iceland, Norway and Sweden
from the period 2003–2019 to explore the trends in alco-
hol use and cannabis use, and the co-use of the two. The
hypothesis outlined above will be used to frame the dis-
cussion of the results.

2 | METHODS

2.1 | Data

Data for this study stem from the European School Survey
Project on Alcohol and Other Drugs (ESPAD) trend data-
base. The ESPAD survey has been conducted every fourth
year since 1995 to investigate substance use and substance-
use patterns among 15- to 16-year-old students [8]. We uti-
lised ESPAD data from Denmark, Finland, Iceland,
Norway and Sweden on five representative cross-sectional
surveys of students (2003, 2007, 2011, 2015 and 2019). The
total sample size across all surveys and countries comprised
76,786 students aged 15–16 years. The analytical sample
included all students with valid answers to questions about
alcohol and cannabis use during the past 12 months
(n = 74,700). Sample characteristics by country and year,
including response rates and numbers/proportions of stu-
dents with valid responses (analytic samples), are described
in Table S1. As shown in Table S1, there are low non-
response rates across survey years in all study countries.

2.2 | Measures

The students were asked: (i) on how many occasions
(if any) have you had any alcoholic beverage to drink
during the past 12 months?; and (ii) ‘On how many occa-
sions (if any) have you used cannabis during the past
12 months?’, with response categories ‘0’, ‘1–2’, ‘3–5’,
‘6–9’, ‘10–19’, ‘20–39’ and ‘40 or more occasions’ for
both questions. These two variables were combined and
classified into four groups of students: non-users (neither
alcohol nor cannabis); alcohol users only; cannabis users
only; and co-users of both alcohol and cannabis. In

addition, we used semi-continuous measures for alcohol
and cannabis use frequency in the past 12 months, where
response options were recoded to mid-points for each
category: ‘0’, ‘1.5’, ‘4’, ‘7.5’, ‘14.5’, ‘29.5’ and ‘40’.

The total number of substance use occasions among
co-users was calculated as the sum of past-year alcohol
use occasions and cannabis use occasions. These occa-
sions can include use of either substance alone or both
substances. The proportion of cannabis use occasions
among all substance use occasions among co-users
(in percent) was calculated as the number of cannabis
use occasions divided by total number of substance use
occasions multiplied by 100.

2.3 | Statistical analyses

The Cochran–Armitage test [29] was used to examine lin-
earity in time trends for prevalence of substance use
across the five survey waves in each study country. To
test differences between 2003 and 2019 in mean fre-
quency of substance use, we employed the one-way anal-
ysis of variance test.

For countries where non-proportionate stratification
for sampling has been used (i.e. Denmark, Finland and
Norway), data have been weighted to account for sample-
specific characteristics [8]. All analyses were conducted
in SAS Enterprise Guide, version 8.3 [30].

3 | RESULTS

We first examined the data for trends in the prevalence of
alcohol and cannabis use. Figure 1 shows the distribution
of categories of past 12-month substance use among all
adolescents by survey year and country. The proportion of
non-users of alcohol and cannabis increased in all Nordic
countries in the period 2003–2019. In 2019, the proportion
of non-users was highest in Iceland (73.7%) and lowest in
Denmark (10.9%). The Cochran-Armitage tests for trends
showed that the declining trend in the proportion of alco-
hol users only was statistically significant in all countries
except Denmark. In general, the proportion of students
with co-use of alcohol and cannabis was higher in
Denmark than in the other Nordic countries. Between
2003 and 2019, the proportion of co-users increased in
Finland, Norway and Sweden and decreased in Denmark
and Iceland. The changes were statistically significant in all
countries although there was fluctuation in the prevalence
of students with co-use during the study period.

The proportion reporting cannabis use only was very
low in all Nordic countries, varying between 0% and 0.7%
in all survey years (Figure 1). Thus, in the further
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analyses, we focused on those who had used (i) alcohol
only; and (ii) alcohol and cannabis (co-users) during the
past 12 months.

10,9

10,3

7,7

5,8

4,9

74,5

78,7

77,3

73,5

78,4

0,1

0,2

0,1

0,1

0,0

14,6

10,8

14,9

20,6

16,6

0 % 20 % 40 % 60 % 80 % 100 %

2019

2015

2011

2007

2003

Ye
ar

Denmark

Non user Alcohol only Cannabis only Co-use

40,0

35,7

25,1

23,5

20,8

50,5

57,5

66,4

70,5

71,8

0,2

0,1

0,1

0,0

0,0

9,4

6,7

8,4

5,9

7,5

0 % 20 % 40 % 60 % 80 % 100 %

2019

2015

2011

2007

2003

Ye
ar

Finland

Non user Alcohol only Cannabis only Co-use

73,7

75,3

56,4

44,4

36,9

21,3

18,8

34,8

49,3

53,3

0,5

0,5

0,7

0,1

0,1

4,6

5,5

8,0

6,3

9,7

0 % 20 % 40 % 60 % 80 % 100 %

2019

2015

2011

2007

2003

ye
ar

Iceland

Non user Alcohol only Cannabis only Co-use

55,9

55,0

39,6

34,1

25,8

37,1

40,0

56,1

61,7

68,5

0,4

0,2

0,1

0,1

0,1

6,6

4,8

4,3

4,1

5,7

0 % 20 % 40 % 60 % 80 % 100 %

2019

2015

2011

2007

2003

Ye
ar

Norway

Non user Alcohol only Cannabis only Co-use

52,7

48,4

35,3

29,4

23,1

40,4

46,8

58,4

65,6

72,4

0,5

0,3

0,2

0,1

0,1

6,4

4,5

6,2

5,0

4,4

0 % 20 % 40 % 60 % 80 % 100 %

2019

2015

2011

2007

2003

Ye
ar

Sweden

Non user Alcohol only Cannabis only Co-use

F I GURE 1 The proportions of different groups of alcohol and cannabis use during the past 12 months. By country, 2003–2019.
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F I GURE 2 Proportion of cannabis users among alcohol users

by country and year, 2003–2019.
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F I GURE 3 Mean frequency of cannabis use (past 12 months)

among co-users of alcohol and cannabis. By country, 2003–2019.
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Next, we calculated the proportion of cannabis users
among alcohol users. Figure 2 shows a substantial
increase in the proportions of cannabis users among alco-
hol users in all countries but Denmark (see Table S2, for
exact figures).

Figure 3 displays the past 12-month frequency of can-
nabis use among co-users of alcohol and cannabis in the
Nordic countries and per survey year. Only in Iceland did
the frequency of use decline between 2015 and 2019.

Otherwise, there was a clear, overall increasing trend in
the frequency of cannabis use.

The average number of combined past 12-month alco-
hol and cannabis use occasions is presented by country
and survey year in Table 1. The upper half of Table 1
shows that among all adolescents, the average number of
substance use occasions has been clearly higher in
Denmark than in the other Nordic countries in all study
years. Moreover, while this number remained stable over

TAB L E 1 Average number of total alcohol and cannabis use occasions. By country, 2003–2019. All adolescents and co-users of alcohol

and cannabis past 12 months and one-way ANOVA test for differences between 2003 and 2019.

2003 2007 2011 2015 2019
One-way ANOVA test for differences
between 2003 and 2019

All adolescents

Denmark 20.4 20.9 16.8 14.8 20.2 F = 0.09, Pr(F) = 0.766

Finland 9.0 8.0 8.3 5.2 5.7 F = 157.44, Pr(F) < 0.0001

Iceland 7.1 5.7 3.5 2.3 2.0 F = 317.66, Pr(F) < 0.0001

Norway 8.2 6.4 4.8 3.5 4.2 F = 263.46, Pr(F) < 0.0001

Sweden 7.5 7.2 5.8 4.0 4.1 F = 158.64, Pr(F) < 0.0001

Co-users of alcohol and cannabis

Denmark 37.1 40.9 36.0 35.2 43.6 F = 27.88, Pr(F) < 0.0001

Finland 26.8 29.3 28.6 23.2 27.2 F = 0.08, Pr(F) = 0.0790

Iceland 31.2 29.3 23.3 28.1 22.9 F = 13.79, Pr(F) = 0.0002

Norway 28.4 30.5 23.9 23.3 25.3 F = 2.74, Pr(F) = 0.0984

Sweden 23.8 28.0 24.5 24.3 27.0 F = 2.33, Pr(F) = 0.1282

Abbreviation: ANOVA, analysis of variance.
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F I GURE 4 The proportion (%) of cannabis use occasions relative to all substance use occasions (alcohol, cannabis or both) among co-

users. By country, 2003–2019.
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time in Denmark for all adolescents (Pr(Z) = 0.766), it
decreased substantially (Pr(Z) < 0.0001) over time in the
other countries. Also, among co-users of alcohol and can-
nabis (bottom half of table), the average number of sub-
stance use occasions was higher in Denmark than in the
other Nordic countries in all study years. The average
number of substance use occasions among co-users in
Finland, Norway and Sweden remained stable over time.
In Denmark, the average number of occasions increased
among co-users (Pr(Z) < 0.0001) whereas in Iceland there
was a statistically significant decline (Pr(Z) = 0.0002).

Finally, we examined changes in the proportion of
cannabis use occasions relative to all substance use occa-
sions among co-users of alcohol and cannabis between
2003 and 2019. Figure 4 shows that in four of the Nordic
countries (Finland, Iceland, Norway and Sweden), all of
which had experienced a decline in adolescent alcohol
use in the 21st century, cannabis use accounted for an
increasing proportion of all substance use occasions over
the study period. In Denmark, where the prevalence of
alcohol use remained fairly stable and high over time, the
proportion of substance use occasions accounted for by
cannabis use increased only slightly (see Table S3 for
exact figures).

4 | DISCUSSION

The present study utilised cross-sectional data over the
period from 2003 to 2019 to examine trends in alcohol
and cannabis use, and co-use of the two substances,
among Nordic adolescents. To the best of our knowledge,
this study is the first to explore trends in co-use of alcohol
and cannabis in the Nordic countries. We found a statisti-
cally significant decline in the proportion of alcohol users
only in all countries except Denmark, and among alcohol
users, cannabis use became increasingly prevalent in
three countries (Finland, Norway and Sweden) and dis-
played no clear trend in the other two. In all countries
but Denmark, the total number of substance use occa-
sions declined among all adolescents, along with the
decline in alcohol use prevalence, whereas cannabis
accounted for an increasingly larger proportion of all sub-
stance use occasions among co-users.

To what extent do our findings correspond with the
proposed hypotheses on the association between alcohol
and cannabis use? There was little support for the substi-
tution hypothesis; although cannabis accounted for an
increasingly larger fraction of all substance use occasions,
there was no indication that alcohol users switched to
cannabis use only. We did not find a similar declining
trend in cannabis use as we saw for alcohol use in four
countries. Thus, the hypothesis of a parallel declining

trend in prevalence of alcohol and cannabis use was not
supported by our data. The underlying mechanisms for a
parallel decline may, however, still be valid. It is possible
that fewer heavy drinking occasions led to some reduc-
tion in cannabis use, but other factors, including percep-
tions of availability and harmfulness, may have
countered this effect. Our results were more in line with
the ‘hardening’ of alcohol users hypothesis, as we found
that among users, the proportion of cannabis use occa-
sions relative to all substance use occasions (alcohol, can-
nabis, or both) increased with the decline in alcohol use.
In other words, if we consider low-prevalent cannabis
use a deviant and norm-breaking behaviour compared to
the majority, our results suggest a ‘hardening of alcohol
users’ and that cannabis to an increasing extent has
become complementary to alcohol along with the decline
in alcohol use. This interpretation corresponds with that
of previous studies showing that alcohol users more often
reported aggressive, criminal or other low-prevalent
norm-breaking behaviours in periods when alcohol
use was less common [27, 28]. Notably, the concept of
‘hardening’ may also reflect the overall health risks from
substance use, assuming that co-use of alcohol and can-
nabis mostly occurs simultaneously, and thereby carries a
substantially elevated risk of acute health harms [17, 18].

With our data, it is not possible to identify whether
the use of alcohol and cannabis occurred simultaneously.
However, it seems likely that a considerable proportion
of cannabis use occasions reported in our study also
included intake of alcohol. Previous studies have demon-
strated that there is a close link between alcohol and can-
nabis use and that a significant proportion of young
people who use cannabis have done so in association
with drinking alcohol [19, 31, 32]. Studies from Norway
and Australia suggest that in approximately 80% of all
cannabis use occasions, alcohol was also used [19, 33].
Swift et al. [16] also found that a high level of alcohol use
is especially common among those using cannabis on a
regular basis.

The trends of adolescents’ alcohol and cannabis use
in Denmark are markedly different from those in the
other Nordic countries. Denmark is the Nordic country
with the lowest age limit for purchasing alcoholic bever-
ages, and Danish parents have far less restrictive attitudes
towards offspring drinking [3], which may partly explain
the higher proportion of adolescent drinkers in Denmark
than the rest of the Nordic countries. Moreover, the
trends in perceived availability and in parental attitudes
differ between Denmark and other Nordic countries. In
Finland, Norway and Sweden, the decline in perceived
access to alcohol was significantly associated with the
decline in youth drinking [2], whereas the decline in both
drinking and perceived access to alcohol was less

6 RAITASALO ET AL.
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pronounced in Denmark [34]. Although parental atti-
tudes became even more restrictive in Sweden, they
remained lenient in Denmark [3].

Although the cannabis policies are similar in the Nor-
dic countries, the attitudes towards cannabis use as mea-
sured by risk perceptions during the study period have
been more liberal among adolescents in Denmark com-
pared to the other Nordic countries [34]. Although it has
been shown that perceptions of low risk [9, 35], higher
availability [36, 37], low parental monitoring in general
[38] and parents’ less restrictive cannabis rules [39] are
associated with increased likelihood of cannabis use in
adolescents, no studies seem to have examined whether
possible changes in attitudes, availability and parental
practices are associated with an increase in co-use of
alcohol and cannabis among youth.

4.1 | Strengths and limitations, and
avenues for future research

The strengths of this study include the use of high-quality
survey data with representative samples and low non-
response rates from a well-established study conducted in
the five Nordic countries. Data were collected with the
same methodology and survey questions throughout the
study period. As the data comprised five representative
cross-sections of youths, it was possible to investigate the
trends in alcohol and cannabis use over time, as well as
trends in the interrelationships between them. Some
methodological limitations of our study should be consid-
ered. A major limitation of our study was that we did not
have information on simultaneous use of alcohol and
cannabis. In addition, our data are based on self-reported
information on alcohol and cannabis use. The limitations
of self-reported data are well known, and there is always
a risk that students consciously or unconsciously do not
give accurate or honest answers about substance use, as
well as a risk of heavy consumers being underrepresented
among respondents [40]. Exaggerated responses also
occur among adolescents; to minimise this type of bias
the survey was conducted in the classroom, with a strong
emphasis on each student’s anonymity [8]. In addition,
the data were centrally cleaned, and the obvious exagger-
ated (outlier) responses were removed from the data set.
A validity report on ESPAD [41] has shown that only a
minority (1–2%) did not answer questions on substance
use honestly.

The hypothesis that the association between alcohol
and cannabis use depends on the extent of alcohol use
among youth, draws on assumptions about changes in
the distribution of characteristics of young drinkers.
These changes in turn are based on alcohol use becoming

marginalised. Unfortunately, these assumptions could
not be put to empirical test due to the absence of relevant
measures of such characteristics. Further studies are
therefore warranted, to examine whether aggregate-level
changes in drinking behaviour are associated with
changes in the distribution of the characteristics of
drinkers. Such characteristics include personality traits,
such as impulsivity and low self-control, which may
affect the alcohol–cannabis association [24, 25]. Thus, to
better understand the mechanisms underlying the associ-
ation between alcohol and cannabis use, future studies
should aim to incorporate such factors to determine their
importance for drinking behaviour relative to a particular
level of drinking, and to determine their possible impact
on the alcohol-cannabis association. Future studies need
to explore trends in co-use of alcohol and cannabis, par-
ticularly studies on the changes in simultaneous use of
the two substances including measures of amounts of
cannabis used. Moreover, a better understanding of why
the observed trends in alcohol and cannabis use occurred
among youth is needed, along with their health and
social consequences.

5 | CONCLUSIONS

The findings from this study suggest that the proportion
of Nordic adolescents who only use alcohol has decreased
between 2003 and 2019, while cannabis use became more
prevalent among alcohol users in three out of five Nordic
countries. The substitution hypothesis was partially
supported, and the results also lend support to the ‘hard-
ening’ hypothesis; that is, we found an increase in the
proportions of cannabis users among alcohol users
(except in Denmark) and that the proportion of cannabis
use occasions relative to all substance use occasions
(alcohol, cannabis, or both) increased with the decline in
alcohol use. In Denmark, the decrease in alcohol use has
been less pronounced while cannabis use and the propor-
tion of co-users have been relatively stable. Co-use of
alcohol and cannabis is associated with an increased like-
lihood of impaired cognition among youth [17] and an
increased likelihood of negative outcomes in adulthood,
including substance use dependence, other mental health
problems and failure to complete secondary education
[17, 22]. Thus, by preventing co-use of alcohol and can-
nabis among youth in the Nordic countries there is a
potential to limit health and social problems among
youth.
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