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Does cannabis use predict the first incidence of mood
and anxiety disorders in the adult population?
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ABSTRACT

Aims Toinvestigate whether cannabis use predicted the first incidence of mood and anxiety disorders in adults during
a 3-year follow-up period. Design and participants  Data were derived from the Netherlands Mental Health Survey and
Incidence Study (NEMESIS), a prospective study in the adult population of 18—64 years. The analysis was carried out
on 3881 people who had no life-time mood disorders and on 3854 people who had no life-time anxiety disorders at
baseline. Measurements Life-time cannabis use and DSM-TTI-R mood and anxiety disorders, assessed with the Com-
posite International Diagnostic Interview (CIDI). Findings After adjustment for strong confounders, any use of -
cannabis at baseline predicted a modest increase in the risk of a first major depression {(oddsratio 1.62; 95% confidence
interval 1.06-2.48) and a stronger increase in the risk of a first bipolar disorder (odds ratio 4.98; Y5% conlidence
interval 1.80-13.81). The risk of ‘any mood disorder” was elevated for weekly and almost daily users but not for less
frequent use patterns. However, dose—response relationships were less clear for major depression and bipolar disorder
separately. None of the associations between cannabis use and anxiety disorders remained significant after adjustment

for confounders. Conclusions

The associations between cannabis use and the first incideace of depression and bipolar

disorder. which remained significant after adjustment for strong confounders, warrant research into the underlying

mechanisms.
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INTRODUCTION

Since the early 1990s, the prevalence of cannabis use has
greatly increased in most western countries [1]. While
cannabis has generally been perceived to be a relatively
harmless drug. concerns about its health effects are
growing. In recent years, evidence of the aetiological role
of cannabis in the onset of psychotic symptoms and
schizophrenia has accumulated [2]. Less information is
available on the link between cannabis use and other
mental health problems, such as mood and anxiety
disorders.

Several cross-sectional studies support associations
between cannabis use and measures of depression and/or
anxiety [3-6]. For example, Fergusson et al. [4] showed
that at least weekly use of cannabis among young people
aged 14-21 years in New Zealand was associated mod-
estly with a diagnosis of major depression (adjusted odds
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ratio 1.7). This effect remained significant after control-
ling for confounding factors, such as adverse life events,
alcohol abuse and deviant peer affiliations. However,
opposite findings (no associations) have also been
reported [7-10]. The evidence from longitudinal studies
with regard to the role of cannabis use as & possible cause
of depression and anxiety is also mixed, although most
have reported that regular cannabis use predicts an
increased risk of later depression and/or anxiety {7.11}.

Reasons for inconsistent results between studies may
include the different degrees of controlling for confound-
ing factors and the use of heterogeneous measures of
cannabis consumption and mental problems, the latter
ranging from symptoms to disorders. So far, none of the
prospective studies has examined the whole spectrum of
mood and anxiety disorders. Moreover, most longitudinal
studies investigating the relationship between cannabis
use and anxiety or depression have been carried out in
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young people. Only one study focused on the adult popu-
lation [12]. Its results showed that the risk of onset of
depressive symptoms (anhedonia and suicidal ideation)
was four times greater in people with a baseline indica-
tion of cannabis abuse than the risk in people without
cannabis abuse. This relationship remained after control-
ling for confounding demographic factors. Qutcome mea-
sures of anxiety were not included.

To our knowledge, ours is the first study to determine
whether cannabis use predicts the first incidence of a
whole spectrum of mood and anxiety disorders in the
adult population. We intended to investigate whether
cannabis has the potential to cause mental health prob-
lems in their more severe manifestations. Therefore, full-
blown anxiety and mood disorders were chosen as
outcome measures. The associations were examined in
different models. including different sets of commonly
reported potential confounders.

METHODS
Sample

This study is based on a secondary analysis of data col-
lected by the Netherlands Mental Health Survey and Inci-
dence Study (NEMESIS) among the Dutch population
aged 1864 years. NEMESIS was designed as a longitudi-
nal study with three measurements, in 1996 (baseline)
andin 1997 and 1999 (follow-up). A detailed description
of the objectives and methods of the study is given in Bijl
et al. [13]. The subjects were selected by a multi-stage,
stratified and random sampling procedure. First, a sample
of 90 Dutch municipalities was drawn. Secondly. a
sample of private households was drawn. Finally, within
each household the member was selected with the most
recent birthday, provided he or she was between 18 and
64 years and was sufficiently fluent in Dutch to be inter-
viewed. The selected households were sent an introduc-
tory letter by the Ministry of Health inviting them to
participate in the study. At baseline (Ty), a total of 7076
people provided informed consent and were interviewed.
The respouse rate was 69.7%. The sample was represen-
tative of the Dutch population with regard to gender, civil
status and urbanicity. Only the group aged 18-24 years
was significantly under-represented, and we therefore
post-stratified fully the data to Statistics Netherlands
figures. At the first follow-up in 1997 (1)), 5618 people
participated again and a total of 4848 respondents were
interviewed in 1999 (T2).

Instruments and assessments

Subjects were interviewed face to face in their homes
using the Composite International Diagnostic Interview
(CIDI, version 1.1, computerised version) [14]. The CIDI
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is a structured diagnostic interview designed for use by
non-clinical interviewers. The CIDI yields Axis T disorders
as defined in the DSM-ITI-R [15]. It has been shown to
have an acceptable inter-rater and test-retest reliability.
and an acceptable validity for most diagnoses [16]. Inter-
viewers underwent a 3-day training course in recruiting
respondents and computer-assisted interviewing,
followed by a 4-day training course at the WHO-CIDI
training centre of the Academic Medical Centre in
Amsterdam.

Variables and data analysis
Cannabis use

Cannabis exposure was measured as the life-time use of
cannabis (more than five times) at baseline. Those report-
ing cannabis use less than five times at baseline are here-
after called ‘'non-users’. The frequency of use during the
period of heaviest use (1-3 days per month. 1-4 days per
week, almost every day; reference ‘no use’) was used as a
proxy measure of the intensity of life-time cannabis expo-
sure in order to establish a dose-relationship.

QOutcome measures and risk set

Outcome measures included the incidence of a DSM-III-R
diagnosis of the main categories mood or anxiety disor-
ders as well as the separate mood or anxiety disorders,
occurring for the first time between T, and 7> (over 1997
and 1999). The risk of the first incidence of mood disor-
ders posed by cannabis use was investigated in all subjects
who had successfully completed a CIDI interview at 1»
and did not meet criteria for a mood disorder at baseline.
Similarly, the risk of the first incidence of anxiety disor-
ders posed by cannabis use was investigated in all subjects
who had successfully completed a CIDI interview at T»
and did not meet criteria for an anxiety disorder at base-
line. The risk set of people followed for the first incidence
of any mood disorder consisted of 3881 individuals. The
risk set of people followed for the first incidence of any
anxiety disorder consisted of 3854 individuals. Table 1
gives the sizes of the risk sets for the separate disorders.

Confounders

Confounders were selected on the basis of a previous
study on the incidence of mental disorders using the
same database [17] and on the basis of other studies
investigating the relationship between cannabis use and
mental disorders [9,10]. These were: socio-demographic
factors, including age, gender, education (four levels).
urbanicity (five levels), employment and partner status:
neuroticism [18], parental psychiatric history, childhood
trauma {emotional neglect, psychological abuse, physical
abuse, sexual abuse), life-time alcohol use disorders,
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Table 1 Three-year incidence of mood and anxiety disorders among users and non-users of cannabis.
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other substance use disorders (hallucinogens, sedatives,
opioids, cocaine, amphetamines. inhalants, PCP) and life-
time anxiety disorders (mood cohort), life-time mood
disorders (anxiety cohort) and life-time psychotic symp-
toms. Life-time psychotic symptoms were included
because a previous study on the same data set revealed
associations between cannabis use and psychotic symp-
toms [19]. All confounders were measured at baseline
and did not incorporate changes during the follow-up
period.

Data analysis

According to Long's rule ({20, p. 34) for determining the
minimum number of respondents needed to use logistic
regression models, a sample size is recommended of at
least 100 respondents plus 10 for each parameter
(including the intercept) in the model that needs to be
estimated. In the full multivariate mode! (see paragraph
below), this would amount to at least 300 respondents.
Hence, a sample of over 3800 respondents for each of the
mood and anxiety disorders cohorts is more than
adequate.

Associations between life-time cannabis use at base-
line and the first incidence of mood and anxiety disorders
were expressed as odds ratios indicating the risk of devel-
oping a mood or anxiety disorder in cannabis users
compared to non-users. To examine the impact of con-
founders on the associations, a series of multivariate
logistic regression analyses were carried out in which
confounding variables measuared at Tp were entered into
four models, each adding new confounders to the previ-
ous ones. The first model included socio-demographic
factors. The second model included the factors from
model 1 plus neuroticism, parental psychiatric history
and childhood trauma. The third model added life-time
alcohol use disorders and other substance use disorders
and the fourth model also took other mental disorders
into account. Finally, to investigate & dose-response rela-
tionship, a four-level variable based on the frequency of
use during the period of heaviest use (see ‘cannabis use’)
was entered into the full model as an independent vari-
able. SPSS versiont 11.5 [21] was used to carry out these
analyses.

The population attributable fraction (PAF) was derived
from the associations between any cannabis use at base-
line and mood or anxiety disorders at follow-up in the full
model of the logistic regression analysis using the Aflogit
procedure in STATA. Assuming causality, the PAF
describes the percentage by which the incidence rate of
mood or anxiety disorders can be reduced, when the
exposure to cannabis is eliminated completely from the
baseline population.

We conducted sensitivity analyses to examine
whether differential attrition could have biased the
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Table 2 Association between cannabis use at baseline and the 3-year incidence of mood disorders.

3-year incidence

Any mood disorder Major depression Dysthymia Bipolar disorder
Life-time cannabis
use at baseline OR 95% CI OR 95% CI OR 95% Cl1 OR 95% (1
Model 1 2.83¢# 1.89-4.23 2,620 1.80-3.81 2.58¢ 1.19-5.59 7.58¢* 2.93-19.63
Model 2 1.93° 1.26-2.96 1.720 1.15-2.57 1.29 0.57-2.92 4.89° 1.83-13.06
Model 3 2.03° 1.30-3.17 1.68°¢ 1.11-2.55 1.55 0.67-3.58 5.38" 1.93-14.99
Model 4 1.96° 1.25-3.08 1.62° 1.06-2.48 1.52 0.66-3.50 4.98° 1.80-13.81

Values are given as odds ratios (and 95% confidence intervals) using those subjects who did not report any cannabis use at baseline as the reference
category. Bold figures indicate significant associations. Levels of significance: *P < 0.001; *P < 0.01; P < 0.05. Model 1: adjusted for gender, age,
education, urbanicity, employment, partner status. Model 2: adjusted for confounders in model 1 and neurotic personality, parental psychiatric history.
traumatic events in childhood. Model 3: adjusted for confounders in model 2 and life-time alcohol use disorders or other substance use disorders. Model
4: adjusted for confounders in model 3 and for life-time psychotic symptoms and life-time anxiety disorders at baseline.

findings. This was performed by multiple imputation of
missing values of the outcome measures at T» using the
Hotdeck command in STATA [22]. The Hotdeck proce-
dure replaces missing values with regression estimates
based on the complete cases in the corresponding strata.
This is conducted in a number of steps depending on the
proportion of missing cases. In this analysis Hotdeck was
repeated 100 times, resulting in an equal amownt of esti-
mates of the missing values for each case. The final analy-
sis is then based on all these estimates. Imputation of
missing values was stratified by known predictors of
attrition and incidence of mood/anxiety disorders:
gender, age, marital status, employment, education,
urbanicity and neuroticism [23.24].

RESULTS

The mean age of the risk set followed for the category
mood disorders (1= 3881) was 39 years (8D 12.9) at
baseline; 54% were male; 31% had a high education
level; 83% lived in an urban environment: 29% had no
partner and 28% had no paid employment. The mean age
of the risk set followed for the category anxiety disorders
(1= 3854) was also 39 years (SD 12.7) at baseline; 55%
were male; 33% had a high education level; 83% lived in
an urban environment; 30% had no partner and 27%
had no paid employment. The incidence of the category
mood disorders, diagnosed between T, and T, was 5.6%.
The incidence of the category anxiety disorders was
5.7%. Table 1 gives the incidence rates for the specific
disorders as defined by baseline cannabis use.

Incidence of mood disorders

In the most simple model (1) correcting only for socio-
demographic factors, baseline cannabis use was associ-
ated with a more than twofold increased risk of the first
incidence of ‘any mood disorder’ (OR 2.8; Table 2). The
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associations were strongest for bipolar disorder (OR 7.6).
Cannabis users were also signiticantly more likely than
non-users to have a first diagnosis of major depression or
dysthymia (OR 2.6 for both disorders). Additional adjust-
ment for neuroticism, parental psychiatric history and
childhood trauma (model 2) resulted in appreciably
weaker but still significant associations between cannabis
use and both major depression and bipolar disorder (OR
1.7 and 4.9. respectively). The association between can-
nabis use and dysthymia lost significance.

Additional adjustment for alcohol and other sub-
stance use disorders, life-time psychotic symptoms and
life-time anxiety disorders (models 3 and 4) had virtually
no impact on the size and significance of the association
between cannabis use and bipolar disorder, and only
minimally reduced the association between cannabis use
and major depression.

An analysis of the associations per frequency level in
the fully adjusted model (Table 3) suggests that at least
weekly or more frequent use of cannabis increased the
risk of the first incidence of the category mood disorders.
However, this pattern was less clear when the separate
mood disorders were considered. For major depression no
differences were seen between the different frequency
levels. For bipolar disorder a trend towards increasing
effect size was seen with increasing frequency of use,
except lor daily use.

The population attributable fractions based on any
use of cannabis at baseline and the first 3-year incidence
of the category mood disorders and the separate disorders
major depression and bipolar disorder were 7.7%, 5.5%
and 34.4%, respectively.

Incidence of anxiety disorders

Any use of cannabis at baseline increased the risk of the
category anxiety disorders only in model 1, corrected for
(OR Table 4).

socio-demographic factors 1.6: see
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Table 3 Associations between cannabis use at baseline and 3-year incidence of mood disorders by frequency of use during the period

of heaviest use. '

Any nood disorder Major depression Dysthyniia Bipalar disorder
Frequency of use OR 95% Cit OR ‘o CI OR 95% Cl OR 95% Cl
No use 1 1 1 1
1-3 days a month 1.38 0.70-2.71 1.49 0.82-2.71 1.03 0.28-3.74 2.85 0.56-14.53
1-4 days a week 2.57° 1.33-4.98 1.79 0.94-3,40 227 0.72-7.23 8.93* 2.77-28.82
Almost every day 2.38° 1.09-5.19 1.60 0.75-3.42 1.54 0.37-6.46 3.13 0.56-17.47

Values are given as odds ratios (and 95% confidence intervals) using those subjects who did not report any cannabis use at baseline as the reference
category. Bold tigures indicate significant associations. Levels of significance: *P < 0.001; *P < 0.01: *P < 0.05. "Adjusted for gender, age. education,
urbanicity. employment, partner status, neurotic personality. parental psvchiatric history, traumatic events in childhood, life-time alcohol use disorders
or other substance use disorders, life-time psychotic symptoms and life-time anxiety disorders at baseline (model 4).

Disorder-specific analyses revealed significant associa-
tions for panic disorder and generalized anxiety disorder
(OR 2.4 and 2.8, respectively). Correcting for neuroti-
cism. parental psychiatric history and childhood trauma
(model 2) reduced odds ratios and none of them
remained significant. The third model, which also cor-
rected for life-time alcohol use and other substance use
disorders, further reduced the strength of the (non-
significant) associations between cannabis use and panic
disorder and agoraphobia. Additional adjustment for life-
time psychotic symptoms and mood/anxiety disorders
had little impact on the associations.

There were no significant linear trends in the associa-
tions between frequency levels of cannabis use and
anxiety disorders.

Sensitivity analyses

Based on 100 uwmputation sequences, in which missing
values of incidences of mood or anxiety disorders at
follow-up were stochastically imputed on the basis of pre-
dictors of attrition, the (estimated average) associations
between any use of cannabis at baseline and the first
incidence of any mood disorder, major depression or
bipolar disorder remained significant (OR any mood
2.51,95% CI 1.62-3.87; major depression 1.93, 95% CI
1.26~2.95; bipolar disorder 5.44, 95% CI 1.75-16.89).

DISCUSSION
Key findings

This longitudinal study in the adult population showed
that after statistical adjustment for a series of strong con-
founders, cannabis use increased the risk of first inci-
dence of major depression by a factor of 1.6 and the risk
of first incidence of bipolar disorder by a factor of 3.0.
None of the associations between cannabis use and
anxiety disorders remained significant after correcting
for potential confounders.
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Limitations

Before discussing these findings we have to address a
number of limitations. First, this study relied on self-
reported use of cannabis. As is the case with all illegal
drugs, this may lead to under-reporting and misclassifi-
cation, However, this bias is assumed to be fairly small. In
the Netherlands, the use of cannabis {and to a lesser
extent other recreational drugs, such as cocaine and
ecstasy) is generally not stigmatized and there are no
risks of legal sanctions and associated social costs, which
might make people reluctant to admit this substance use.
Nevertheless. any under-reporting of cannabis use can be
assumed to result in an underestimation of risks rather
than giving rise to spurious associations. A second poten-
tial limitation is the fact that this study was conducted
between 1996 and 1999, while the average delta(9)-
tetrahydrocannabinol (THC) concentration in Nederwiet
(Dutch-grown weed—the most consumed Dutch mari-
huana brand) has doubled from 9% in 1999 to 18% in
2005 [25]. This may indicate that the reported associa-
tions are underestimated, at least in so {ar as the higher
concentrations of THC in cannabis have resulted in an
increased internal body exposure and in so far as the link
between cannabis use and mental disorders is explained
by a pharmacological mechanism. Thirdly, in order to
avoid sparsely filled cells in the multivariate model. which
might hamper the statistical analysis. cannabis use at
baseline was defined as the life-time use of cannabis. This
life-time use might potentially have been far in the past.
None the less, a post-hoc analysis on data for last-year
cannabis use revealed a similar pattern of effects. includ-
ing significant associations for the main category of
mood disorders (OR 2.47, 95% CI 1.32-4.63; P < 0.005)
and marginally significant associations for the separate
disorders, major depression (OR 1.81.95% C10.99-3.29;
P =0.051) and bipolar disorder (OR 3.13, 95% CI 0.89-
11.05; P = 0.076). These results suggest that the {indings
are (also) related to more proximal use. Finally. the
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founders, suggesting a direct relationship. However, the
lower limit of the 95% confidence interval in the final
model was close to 1 and the size of the association was
relatively small. This raises the question of whether any
uncontrolled confounding may have been overlooked
that may ultimately move the association towards the
null. In this regard, a recent study suggests that much of
the association between cannabis dependence and major
depression may be explained by shared or correlated
genetic vulnerabilities [31]. To some extent. this genetic
vulnerability may have been controlled for by statistical
adjustment for ‘parental psychiatric history’, but we
cannot exclude this factor fully. Another, perhaps more
important, factor is that we have not controlled for
tobacco smoking status, which was assessed only at the
follow-up assessments’ and not at baseline. Because
tobacco smoking may increase the risk of depression
[32.33] and regular tobacco smokers are over-
represented among cannabis users [10], it might have
contributed to the reported association. This may hold
especially for countries such as the Netherlands, where
cannabis is smoked predominantly in a joint mixed with
tobacco.

Besides significant associations between variables and
adjustment for confounders, a direct or causal relation-
ship may be supported by a dose-response relationship.
This study showed no clear pattern between the separate
frequency levels and the risk of major depression. It
should be noted, however, that version 1.1 of the CIDI
does not allow a detailed assessment of cannabis expo-
sure. The dose-response relationship was based on the
frequency of use during the period of heaviest use,
without taking into account the age at onset, the number
of joints per occasion and the duration of heaviest use.
Future longitudinal studies should apply more detailed
measures of cannabis use. None the less, the dose—
response relationships between cannabis and the onset of
psychosis reported in various studies quantifying can-
nabis exposure in the same way suggests that it may be
sufficiently valid as a proxy measure of the intensity of
cannabis exposure [19,34].

Further, although cannabinoids exert complex effects
on various brain neurotransmitter and neuroendocrine
systems that have also been implicated in depression,
plausible evidence of the specific neurophysiological
pathways through which cannabis use leads to depressed
mood is missing [35].

With all these caveats in mind, Degenhardt et al. [7]
argue that a relationship between cannabis use and
depression might also be indirect, or socially mediated.
Some studies report associations between regular and
early onset of cannabis use among adolescents and nega-
tive social consequences, such as educational failure,
unemployment and crime [36,37], and it has been
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hypothesized that all these factors may increase risks of
later mental health problems. Whether similar mecha-
nisms might have been at work in the present study
remains to be investigated.

In conclusion, the results of this study provide addi-
tional evidence of an association between cannabis use
and clinically relevant levels of depression in adults.
However, we should be cautious in drawing conclusions
on causality, because we lack evidence on a dose-
response relationship and a plausible mechanism under-
lying the association. Moreover, competing explanations,
such as concurrent tobacco smoking, cannot be ruled
out.

Bipolar disorder

Substance use—especially alcohol, cannabis and
stimulants—is exceptionally common in people with
bipolar disorder {38]. The specific reasons for this comor-
bidity remain equivocal. Approximately 60% of the
bipolar patients in clinical studies appear to develop sub-
stance abuse disorders before the onset of their bipolar
illness, but there is also anecdotal evidence that cannabis
is used as selt-medication {39]. According to our knowl-
edge, this is the first prospective population-based study
to demonstrate that cannabis use is associated with a
(fivefold) increase in the risk of a first diagnosis of bipolar
disorder.

The decrease in strength of the association by 34%
after adjusting for neurotic personality, parental psychi-
atric history and traumatic events in childhood indicates
that part of the association is due to common risk factors.
However, after additional adjustment for confounders the
association remained stable and significant. Further. the
dose-response relationship suggested that at least weekly
use of cannabis was associated with an increased risk of
bipolar disorder, although the daily dose level failed to
reach significance, due possibly to the low number of
daily cannabis users.

There is converging evidence that cannabis use
increases the risk of psychotic symptoms and schizophre-
nia [40]. As psychotic symptoms are also common in
bipolar disorder, it is possible that the association between
cannabis use and bipolar disorder in this study is due
(partly) to its link with new onset psychotic symptoms.
However, an analysis at symptom level rather than diag-
nostic category suggests that cannabis use also has a
unique contribution to the incidence of non-psychotic
manic symptoms [41].

The increase in (positive) psychotic symptoms by can-
nabis has been linked, among others, to the capacity of its
main psychoactive component THC to enhance mesolim-
bic dopaminergic activity {42]. There is also limited evi-
dence from pharmacological and brain imaging studies
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that (mesolimbic) dopaminergic hyperactivity may
underlie both psychosis/schizophrenia and mania [43].
Thus, dopaminergic hyperactivity may also underlie the
association between cannabis and bipolar disorder. More-
over, glutamate/glutamine levels in the prefrontal cortex
have been shown to be elevated in patients with acute
mania and bipolar disorder [44—46}. and THC has been
reported to increase (prefrontal) cortical glutamate levels
|47].

Ashton etal. [48] have argued that cannabis
may have both psychotic/mania-like properties and
antipsychotic/mood stabilizing properties, the former
being mediated by THC and the latter by cannabidiol
(CBD). The concentration ratio of CBD/THC in domestic-
grown marihuana, which has by far the greatest market
share in the Netherlands and the United States, is very
low [49,50]. Therefore it is probable that, in these coun-
tries, the psychological effects of cannabis can be attrib-
uted to THC. On the other hand, relative CBD content is
appreciably higher in some forms of hashish }49,50{,
which might perhaps explain why some patients with
bipolar disorder seem to benefit from cannabis. However,
trials confirming the therapeutic efficacy of cannabis
with high CBD content are still being awaited.

In addition to a causal relationship. another explana-
tion for the reported association proposes that cannabis
use is just a symptom of the prodrome of bipolar disorder
[51,52] In the current study respondents with a full-
blown bipolar disorder were excluded at baseline, but
people with subclinical symptoms of the disorder might
have been included. It is possible that periods of changes
in mood, impulsivity and poor judgement associated with
the prodrome of bipolar disorder have promoted cannabis
use.

In conclusion, the strength of the association between
cannabis use and bipolar disorder and indications of a
dose-response relationship suggests that the results merit
further attention. However, a validation of the findings in
other studies is important. In addition, the symptom
overlap between bipolar disorder and psychosis/
schizophrenia provides a clue about a physiological
mechanism. but the specific pathways through which
cannabis is linked to bipolar disorder remain to be
elucidated.

Possible implications

Both major depression and bipolar disorder are highly
debilitating disorders, in terms of quality of life. work
absenteeism, morbidity and risk of suicide (attempts)
[53-55]. With regard to the practical significance of our
findings, the population attributable fraction indicated
that some 6% of new cases of major depression and 34%
of new cases of bipolar disorder over a 3-year period
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might be prevented. assuming that any intervention can
remove cannabis use completely and that the association
is fully causal, thus without residual confounders. As
both assumptions can be questioned, these figures most
definitely reflect the upper limit of the public health
impact of cannabis use. While the population attribut-
able fraction is nearly six times greater for bipolar disor-
der than for major depression. the absolute numbers of
new cases due to cannabis use may be smaller for bipolar
disorder, because of the lower overall incidence rate.
Taking into account a current 3-year incidence of 6.1%
for major depression of 0.5% for bipolar disorder. the frac-
tions indicate that the maximum health gain would
consist of preventing the incidence of major depression in
34 000 people and of bipolar disorder in 17 000 people
in the Dutch population aged 18-64 years (some
10 mitlion).

CONCLUSIONS

In conclusion, this study showed that cannabis use pre-
dicts a fairly modest increase in the risk of a first major
depression and a somewhat greater increase in the risk of
a first bipolar disorder in the adult population. While we
have corrected for quite strong confounders, conclusive
evidence on the causality of the associations cannot be
drawn from this research because competing explana-
tions cannot be excluded fully. However. considering the
strength of the association, as well as indications of a
dose-response relationship and plausibility of a physi-
ological mechanism, a causal relationship is more likely
for bipolar disorder than major depression. However, a
confirmation of the findings in other studies is needed,
especially studies that include more precise measures of
cannabis exposure. Finally, this study failed to find an
increase in the risk of anxiety disorders in cannabis users.
Given the average age of the respondents, the results
mainly apply to relatively late onset mood and anxiety
disorders.
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