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ABSTRACT

Aims Debate continues about whether the association between cannabis use in adolescence and common mental
disorders is causal. Most reports have focused on associations in adolescence, with few studies extending into adult-
hood. We examine the association from adolescence until the age of 29 years in a representative prospective cohort
of young Australians. Design Nine-wave, 15-year representative longitudinal cohort study, with six waves of data
collection in adolescence (mean age 14.9–17.4 years) and three in young adulthood (mean age 20.7, 24.1 and 29.1
years). Participants Participants were a cohort of 1943 recruited in secondary school and surveyed at each wave
when possible from mid-teen age to their late 20s. Setting Victoria, Australia. Measurements Psychiatric morbidity
was assessed with the Revised Clinical Interview Schedule (CIS-R) at each adolescent wave, and as Composite Inter-
national Diagnostic Interview (CIDI)-defined ICD-10 major depressive episode and anxiety disorder at 29 years. Fre-
quency of cannabis use was measured in the past 6 months in adolescence. Cannabis use frequency in the last year and
DSM-IV cannabis dependence were assessed at 29 years. Cross-sectional and prospective associations of these out-
comes with cannabis use and dependence were estimated as odds ratios (OR), using multivariable logistic regression
models, with the outcomes of interest, major depressive episode (MDE) and anxiety disorder (AD) at 29 years.
Findings There were no consistent associations between adolescent cannabis use and depression at age 29 years.
Daily cannabis use was associated with anxiety disorder at 29 years [adjusted OR 2.5, 95% confidence interval
(CI):< 1.2–5.2], as was cannabis dependence (adjusted OR 2.2, 95% CI: 1.1–4.4). Among weekly+ adolescent cannabis
users, those who continued to use cannabis use daily at 29 years remained at significantly increased odds of anxiety
disorder (adjusted OR 3.2, 95% CI: 1.1–9.2). Conclusions Regular (particularly daily) adolescent cannabis use is
associated consistently with anxiety, but not depressive disorder, in adolescence and late young adulthood, even among
regular users who then cease using the drug. It is possible that early cannabis exposure causes enduring mental health
risks in the general cannabis-using adolescent population.
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INTRODUCTION

The extent and nature of the association between canna-
bis use and the more common mental health problems,
namely anxiety and depression, has attracted much
recent attention [1–7]. An earlier review [8] concluded

that there was an association particularly among
early-onset regular cannabis users, but that further
prospective population-based studies were needed to
carefully evaluate the strength of associations; consider
potential mechanisms underlying these associations; and
extend the age range of follow-up because most studies
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measured only adolescent mental health outcomes. Some
[3,5,7], but not all, of the recent work [2] has reported
positive associations between cannabis use in adoles-
cence and depressive symptoms or episodes in very early
adulthood. Very few have extended follow-up to later
ages [4]. Some suggest that there may be stronger positive
associations between cannabis use and depression in
females [3,9] and in early adulthood [5,6].

The links between cannabis use and anxiety disorders
are less clear [10]. Cross-sectional studies have often
found elevated rates of anxiety disorders among cannabis
users, but these associations have not always persisted
after controlling for confounding variables [10]. Prospec-
tive studies have reported similarly inconsistent findings
[11], with some finding an association that persisted
after control for confounders [5] and others have not
[4,12].

There are good reasons to assess potential conse-
quences of adolescent cannabis use into adulthood.
It is possible that adolescent cannabis use may have
longer-term effects on brain neurotransmitter systems
[13], which may cause psychotic symptoms [14] and
perhaps depressive and anxiety symptoms [13,15,
16]. Adolescence is also an important time for the
achievement of many developmental milestones: edu-
cational, personal, social and occupational. The use of
cannabis and other drugs may adversely affect function-
ing across these domains in ways that impair later
mental health.

In this study, we extend an earlier examination of the
association between adolescent cannabis use and mental
health at the age of 21–22 years [9] in a representative
cohort of young Australians until the age of 29 years. We
addressed the following questions:
1 Is cannabis use in adolescence associated with depres-

sion or anxiety disorders at 29 years?
2 To what extent can any such associations be

accounted for by potential confounding variables?
3 What impact does the pattern of cannabis use between

adolescence and young adulthood have on the risk of
depression and anxiety disorders at 29 years?

METHODS

Sample

Between August 1992 and January 2008 we conducted a
nine-wave cohort study of health in adolescents and
young adults resident in the state of Victoria, Australia.
Data collection protocols were approved by The Royal
Children’s Hospital’s Ethics in Human Research Commit-
tee. The cohort was designed to be representative of the
Victorian population of mid-secondary-school adoles-
cents in 1992. It was defined by two-stage cluster sam-
pling, with two classes selected at random in each of a
state-wide sample of 44 schools, which were selected at
random using a state-wide stratified frame of govern-
ment, Catholic and independent private schools, with
probability of selection proportional to the number of
students. One class entered the study in the latter part of
the ninth school year (wave 1) and the second class 6
months later (wave 2). School retention rates to year 9 in
the year of sampling were 98%. Participants were subse-
quently reviewed at a further four 6-month intervals
during the teens (waves–6) with three follow-up waves in
young adulthood aged 20–21 years (wave 7), 24–25
years (wave 8) and 28–29 years (wave 9). In waves 1–6,
participants self-administered the questionnaire on
laptop computers, with telephone follow-up of those
absent from school. Waves 7–9 were undertaken using
computer-assisted telephone interviews [17].

From a total sample of 2032 students, 1943 (95.6%)
participated at least once during the first six (adole-
scent) waves (Fig. 1). Waves 7–9 were undertaken using
computer-assisted telephone interviews [17], with 1756
(53% female) participating in at least one of these waves
and known to be alive at the time of the wave 9 survey. Of
these, 1282 completed all three young adult waves, 293
completed two and 181 completed one only. Wave 9 inter-
views were completed by January 2008, at which time 15
cohort members were known to have died, 108 were lost
to follow-up and 319 refused to participate. In wave 9,
1501 participants were interviewed between May 2006
and January 2008, 1407 of whom completed the full

phase

survey wave 1 wave 2 wave 3 wave 4 wave 5 wave 6 wave 7 wave 8 wave 9
year 1992 1993 1993 1994 1994 1995 1998 2001/3 2006/8

mean age 14.9 yr 15.5 yr 15.9 yr 16.4 yr 16.8 yr 17.4 yr 20.7 yr 24.1 yr 29.0 yr
sample n 898 1727 1697 1628 1575 1530 1601 1520 1388

design
     Total intended sample = 1037( w1) + 995 (w2) = 2032

ascertainment      96% (1943) of sample par�cipated at least once in waves 1-6

2 entry points 

Young adultAdolescent

Figure 1 Sampling and ascertainment in the Victorian Adolescent Health Cohort, 1992–2008
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(1383) or part (24) interview schedule and 94 completed
a reduced hard-copy subset of the questions, without the
Composite International Diagnostic Interview (CIDI). The
strategy of administering a hard-copy subset of questions
was pursued with people who would otherwise not have
been surveyed.

Analysis measures

Adolescent symptoms of depression and anxiety were
assessed at each adolescent wave using the revised
Clinical Interview Schedule (CIS-R). The CIS-R is a
branched psychiatric interview designed to assess symp-
toms of depression and anxiety in non-clinical popula-
tions [18,19]. Its 14 subscales delineate the frequency,
severity, persistence and intrusiveness of common symp-
toms and their addition result in a possible total of 55
points. The total scores on the CIS-R were dichotomized
so that scores greater than 11 delineated a mixed
depression–anxiety state. This was at a lower threshold
than syndromes of major depression and anxiety disor-
der, but at a level where clinical intervention would be
considered appropriate [19–21]. Adolescent exposure
was assessed by identifying participants who had scored
at this level in any adolescent wave (waves 2–6)—this
was termed ‘clinically significant anxiety/depression’.

Major depressive episode (MDE) was defined according
to ICD-10 [22] and was measured at 29 years using
the Composite International Diagnostic Interview
(CIDI)–Auto.

Anxiety disorder (AD) was defined according to ICD-10
and was measured at 29 years using the CIDI–Short Form
[23]. Participants were classified with anxiety disorder if
they were diagnosed with any of: generalized anxiety dis-
order; social phobia disorder; agoraphobia; or panic dis-
order. Specific phobic disorders were not measured.

Adolescent cannabis use (to wave 6) was assessed using
self-reported frequency of use in the previous 6 months,
categorized as: never, less than weekly (occasional),
weekly and daily. We classified participants according to
their maximum frequency of use during the adolescent
phase: non-users, occasional users and weekly+ users
(weekly or daily).

Young adult cannabis use. Participants in the young adult
phase (waves 7–9) were asked to report their maximum
cannabis use in the past year. At each wave, we identified
participants who were non-users, using cannabis less
than weekly (occasional), weekly or more often (daily).

Young adult cannabis dependence

We administered the computerized CIDI (2.1, 12-month
version) at all young adult waves to generate the
DSM-IV criteria for a diagnosis of cannabis dependence

in participants reporting at least weekly cannabis use in
the past 12 months. We applied this filter to minimize
responder fatigue because we considered that a diagno-
sis of cannabis dependence required regular cannabis
use, given the DSM-IV description of substance depend-
ence as occurring with a ‘pattern of repeated (sub-
stance) self-administration’ [24]. People with three or
more criteria were considered to have DSM-IV cannabis
dependence.

Cannabis use from adolescence to young adulthood. We con-
structed a variable to describe the continuity of cannabis
use from adolescence to wave 9. Maximum adolescent
cannabis use was reduced to the dichotomous variable
none/occasional and weekly/daily and then stratified
by wave 9 cannabis use measured on three levels:
none, occasional/weekly and daily, resulting in a six-level
variable.

Background measures included: the participant’s
sex; neither parent having completed secondary
education (yes/no); school location at study inception
(non-metropolitan/metropolitan location); and parental
divorce/separation by wave 6 (yes/no).

Other substance use. Alcohol consumption in each wave
was calculated from a retrospective alcohol diary
(beverage- and quantity-specific) in which participants
reported alcohol use in the previous week. High-risk
alcohol use was defined as 15 or more standard drinks
(one standard drink = 10 g alcohol) in the previous week.
For each of the young adult waves we identified any illicit
drug use as any reported use of ecstasy, cocaine or
amphetamines in the past year.

Auxiliary variables

Additional measures believed to be associated with
incomplete participation (missing data) were included in
an imputation model as auxiliary variables (see Analysis
section). These included further background details of
the subject’s age; level of education (completed second-
ary education/did not complete); nationality (Australian/
non-Australian born); parental smoking status (yes/no);
tobacco use (non-smoker, occasional, daily) at each
wave and symptoms of depression and anxiety (yes/no)
at waves 7, 8 and 9 (CIS-R at wave 7 and the General
Health Questionnaire (GHQ-12) [25] at waves 8 and 9).
In wave 9 the participant’s maximum qualification
achieved (secondary education, vocational qualifica-
tion, degree) and a selection of dichotomous variables
with yes/no responses: ever had a baby; currently
partnered/married; receiving government welfare; in
paid employment.
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Analysis

The outcomes of interest in each analysis were MDE and
AD measured at wave 9. Cross-sectional and prospective
associations of these outcomes with cannabis use and
dependence were estimated as odds ratios (OR) [with 95%
confidence intervals (CI)], using multivariable logistic
regression models. All models were (a) adjusted for back-
ground factors, then (b) for these plus alcohol use and,
for waves 7–9, other illicit drug use measured concur-
rently with the cannabis exposure, and finally (c) for all
the above plus any adolescent symptoms of anxiety/
depression. The increasing levels of cannabis use were
entered into the logistic regression models as dummy
variables with ‘no use’ as the baseline category. The Wald
test was used to assess the joint null hypothesis of no
cannabis effects. Potential modification of cannabis use
and dependence effects by sex were also assessed in each
model using a Wald test for interaction, with P < 0.1 as a
threshold for inclusion in the model.

Data collection was undertaken at a developmental
point when young people are difficult to trace because of
high mobility. There was very low missingness on indi-
vidual measures, but including individuals who missed
waves creates bias in summary measures calculated from
these data. To address this, we used the method of multi-
ple imputation [26]. We imputed 20 complete data sets,
separately for males and females, under a multivariate
normal model in STATA version 11 [27], incorporating
all analysis and auxiliary variables. CIS anxiety and
depression scores (waves 2–7) and units of alcohol
(waves 7–9) were imputed after Box–Cox transforma-
tions. Cannabis use, smoking, wave 9 illicit drug use and
level of education variables were log-transformed before
imputation. Depression and anxiety measures at waves
8 and 9, risky drinking at waves 2–6, illicit drug use at
waves 7 and 8, cannabis dependence and dichotomous
background measures were imputed as binary variables.
Maximum level of parental education and age were
imputed as normal variables. After imputation, trans-
formed variables were converted back to their original
scale and all were categorized for analysis, with adaptive
rounding used for binary measures [28].

Wave 1 was omitted, as it contained observations
from only 46% of the cohort, and 182 participants
with no adult-phase observations were omitted as they
contained too little information. Forty-one participants
had responded at one or more adult waves but had only
a single adolescent observation in wave 1. When using
summarized adolescent measures, we considered it was a
reasonable strategy to include these individuals by bring-
ing forward their wave 1 observations to wave 2. Thus the
imputation analysis data set was defined by adult phase
(waves 7–9) participation (n = 1761, 53% female).

Although there was little missingness on individual
measures for each survey completed, we used multiple
imputation to address potential bias and loss of informa-
tion arising from respondents’ missing waves [26]. Of
the 59 outcome, background and auxiliary variables
included in the multiple imputation model, four variables
were completely observed in the imputation analysis data
set, 12 had <10% missing, 32 had 10–<20% missing and
11 had more than 20% missing. No variable was missing
for more than 25% of participants. After imputation, a
further five participants who had died by wave 9 were
excluded from the analysis (n = 1756).

All frequencies and odds ratios were obtained by aver-
aging results across 20 imputed data sets with inferences
under multiple imputation obtained using Rubin’s rules
[26]. Data analysis was undertaken using STATA version
11 [27].

RESULTS

The analysis data set consisted of 1756 participants,
of whom 931 (53%) were female, 457 (26%) and were
attending a school outside the Melbourne metropolitan
area at study inception; for 579 (33%) neither parents
had completed their education, and 387 (22%) had
parents who were divorced or separated by the comple-
tions of the participant’s schooling, or equivalent age.

At 29 years, there was little association between fre-
quency of concurrent cannabis use and the occurrence
of MDE in all adjusted models (Table 1). There was
some evidence that cannabis dependence approximately
doubled the odds of MDE compared with no cannabis use,
after adjusting for background factors and concurrent
alcohol use. There was no evidence of effect modification
by sex in any of the models (all interactions P > 0.5).

Cannabis use and dependence were associated con-
currently with an elevated risk of AD. After adjusting for
background factors, we found the following pattern of
risk associated with cannabis use: daily cannabis users
were at 2.3 times the odds (95% CI: 1.1–4.5) of meeting
criteria for AD compared to non-users, while weekly
users and occasional users were similarly at risk. Those
who were cannabis-dependent were at 2.5 times elevated
odds (1.3–4.8) compared to those who were not depend-
ent. These effects remained after controlling for other
concurrent drug use and adolescent anxiety/depression.

Table 2 shows the levels of cannabis use in adoles-
cence and at waves 7 and 8, as well as the results of
analyses examining potential predictive associations
between cannabis use and dependence during earlier
waves and MDE and AD at age 29 years (Table 2). There
was little convincing evidence of an association between
MDE at age 29 years and earlier cannabis use. In con-
trast to MDE, there was some evidence of a predictive
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association between AD and weekly+ cannabis use
during adolescence (which reduced after adjustment for
adolescent anxiety/depression). There was an association
between daily cannabis use and also cannabis depend-
ence at age 24 (the prior wave), compared with no can-
nabis use at the same age, and AD at age 29 years. There
was no evidence of effect modification by sex in any pre-
dictive model for either outcome (all interaction P-values
>0.17).

Table 3 shows the association between cannabis use
patterns across adolescence and young adulthood with
MDE and AD at age 29. Compared to the lowest risk cate-
gory (none or <weekly cannabis use in adolescence and no
concurrent use) there was little evidence of increased risk
for MDE at 29 years for those who discontinued adoles-
cent use or whose use continued into young adulthood.
There was also some weak indication of an elevated risk
in both categories that included young adult daily users,
which is consistent with the results shown in Table 1.

Similarly, consistent with Table 1, the two groups with
concurrent daily cannabis use clearly had a higher risk of
AD at 29 years than those in the lowest risk category.
Weekly+ adolescent uses who did not report cannabis use
at 29 years still had an approximately twofold elevated
risk for AD, compared with the lowest risk category. This
association was marginally significant after adjustment
for psychiatric morbidity during the teens. There was
no evidence of effect modification by sex (interaction
P-value = 0.96 for both models).

DISCUSSION

We have described patterns of cannabis use and their
changing associations—both cross-sectional and
longitudinal—with mental health problems during
almost 15 years of follow-up of this cohort. There was no
strong evidence of an association between adolescent
cannabis use and MDE at age 29, with or without adjust-
ment for potential confounders. Heavier adolescent
cannabis use was associated more consistently with a
roughly twofold higher risk of anxiety disorder at 29
years, particularly if cannabis use continued at 29 years.
It seemed clearest that early regular cannabis use in
adolescence increased risk of anxiety disorder at age
29 years, with slightly higher risks if regular use also
occurred at 29 years. A similar level of risk was found at
29 years for people who had not used cannabis regularly
(weekly+) in adolescence but who used cannabis at age
29 years. There also appeared to be an increased risk of
anxiety disorders at age 29 among adolescent cannabis
users, even if they ceased using cannabis in adulthood.

Multiple potential confounders were considered, and
the associations for anxiety disorders remained. It is still
possible that other confounding variables may explain

the observed associations. It is possible, for example, that
continued and/or escalating cannabis use is a marker for
other life-course features that are also associated with an
increased risk of anxiety, such as impaired social role
transitions and unemployment [29].

Our findings suggest that the association that has
been reported between cannabis use and anxiety in
other studies in young adults may arise because the
same factors that predispose people to use cannabis
also increase their risks for common mental disorders
[30–32]. These common factors might include biological,
personality, social and environmental factors, or a com-
bination of these factors. This is a plausible hypothesis
because social disadvantage is more common among
people who are problematic substance users [33] and
who meet criteria for common mental disorders [34–36].
There are also higher rates of separation and divorce, and
lower rates of being married or in a de-facto relationship
among people with mental and substance use disorders
[34–37]. Other factors that have been associated with
both cannabis use disorders and common mental dis-
orders include parental psychiatric illness and family
dysfunction [38–41].

It is also possible that the association between
cannabis use and anxiety disorders may be causal that
was biologically or socially mediated in some way. For
example, recent reviews have suggested that there may be
specific points during the life-span—in particular, during
adolescence (puberty)—when changes in endocannabi-
noid activity (caused by D9-tetrahydrocannabinol) might
have more long-lasting effects on brain functions and
behaviour that persist into adulthood [13,14,16].
One possible mechanism could be through changes in
hypothalamic–pituitary–adrenal (HPA) axis function:
cannabinoid agonists have biphasic effects upon HPA axis
activity in animal studies [42]. Furthermore, young
people with lower HPA activity (as measured by cortisol
levels at waking) were found in one study to have earlier-
onset cannabis use, leading the authors to suggest that
lower HPA activity may increase sensation seeking to
increase stimulation [43]. It could also be that regular
cannabis use during adolescence and in young adulthood
is one marker of developmental trajectories (including
educational and social) that place young people at greater
risk of mental health problems. These possibilities would
be consistent with the increasing evidence that the asso-
ciations observed between cannabis use and both anxiety
and depression are strongest when cannabis use begins
during adolescence.

Limitations

The cross-sectional association between cannabis
use and depression/anxiety symptoms in adolescence
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weakened during adulthood, with cross-sectional asso-
ciations observed at some assessment periods and not
others. In part, this may have reflected the slightly differ-
ent assessment approaches used in some waves of assess-
ment, where scales were used that assessed symptoms of
both.

Our capacity to see consistent associations with
depression may be affected by the limited precision of
estimates of the associations, as cannabis prevalence
decreased sharply across young adulthood. The overall
trend was for cannabis use to decrease over young adult-
hood, whereas the pattern of use associated most clearly
with anxiety disorders was either the maintenance or
increasingly frequent use of cannabis in young adult-
hood. Furthermore, there is the possibility that unmeas-
ured confounders may have explained the associations
observed here. Future research needs to consider this
possibility in other cohorts across similar ages to examine
whether this occurs in other groups. Pooling of cohorts
might improve capacity to examine these associations
across age periods when cannabis use becomes less
prevalent.

CONCLUSIONS

Regular use of cannabis in adolescence was not associ-
ated consistently with depressive disorders in late young
adulthood (age 29 years) but was associated more
consistently with anxiety disorders, even after statistical
adjustment for potential confounders. A suggestive trend
for higher rates of anxiety disorders later in adulthood in
heavier teen users who ceased use in young adulthood
raises the possibility that early cannabis use produces
an enduring increase in the risks of mental disorders.
Further work is required to replicate this finding and
clarify whether there is a causal relationship between
early heavy cannabis use and anxiety disorders, or
whether this association is better explained by residual
confounding by social context or temperament.
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