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Is early exposure to cannabis associated with bipolar disorder?
Results from a Finnish birth cohort study
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Abstract

Background and aims: There are few longitudinal studies assessing the association of

cannabis use and subsequent onset of bipolar disorder. We aimed to measure the associ-

ation between early cannabis exposure and subsequent bipolar disorder.

Design, Setting and Participants: Observational study linking a sample from the northern

Finland birth cohort 1986 (n = 6325) to nation-wide register data to examine the associ-

ation of life-time cannabis exposure at age 15/16 years and subsequent bipolar disorder

until age 33 (until the end of 2018); 6325 individuals (48.8% males) were included in the

analysis.

Measurements: Cannabis exposure was measured via self-report. Bipolar disorder was

measured via bipolar disorder-related diagnostic codes (ICD-10: F30.xx, F31.xx) col-

lected from the Care Register for Health Care 2001–18, the Register of Primary Health

Care Visits 2011–18, the medication reimbursement register of the Social Insurance

Institution of Finland 2001–05 and the disability pensions of the Finnish Center for Pen-

sions 2001–16. Potential confounders included demographic characteristics, parental

psychiatric disorders, emotional and behavioral problems and other substance use.

Findings: Three hundred and fifty-two adolescents (5.6%) reported any cannabis use

until the age of 15–16 years. Of the whole sample, 66 (1.0%) were diagnosed with bipo-

lar disorder. Adolescent cannabis use was associated with bipolar disorder [hazard ratio

(HR) = 3.46; 95% confidence interval (CI) = 1.81–6.61]. This association remained statis-

tically significant after adjusting for sex, family structure and parental psychiatric

disorders (HR = 3.00; 95% CI = 1.47–6.13) and after further adjusting for adolescent

emotional and behavioral problems (HR = 2.34; 95% CI = 1.11–4.94). Further

adjustments for frequent alcohol intoxications, daily smoking and lifetime illicit drug use

attenuated the associations to statistically non-significant.

Conclusions: In Finland, the positive association between early cannabis exposure and

subsequent development of bipolar disorder appears to be confounded by other

substance use.
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INTRODUCTION

Bipolar disorder is a severe mental disorder which frequently first pre-

sents in early adulthood [1], and is associated with significant morbid-

ity [2] and reduced life expectancy [3]. The endocannabinoid system

has been implicated in mood control functions [4], and acute tetrahy-

drocannabinol (THC) ingestion has been demonstrated to alter mood

in several clinical trials [5, 6]. Thus, it is plausible that perturbations of

the endocannabinoid system caused by cannabis use might contribute

to the onset of bipolar disorder. However, the few existing prospec-

tive longitudinal studies examining the association between cannabis

use and the onset of bipolar disorder have had mixed findings. Five

such studies have utilized an adult sample [7–11] and four examined

the association with adolescent cannabis use [12–15]. Moreover, the

only meta-analysis published thus far on this subject [16] included

only two studies [9, 15], further underscoring the paucity of the

evidence base.

Studying the impact of cannabis exposure in adolescence in rela-

tion to bipolar disorder is of paramount importance, as adolescence is

a time-period when the brain is most vulnerable and the risk of future

mental disorders arising from cannabis use is greatest at this develop-

mental phase [17, 18]. Of the four prospective longitudinal studies

focusing upon adolescent cannabis use and onset of bipolar disorder-

related outcomes, three [12, 13, 15] reported a significant positive

association and one small study reported a negative finding [14].

Those studies have been conducted with small, highly selective sam-

ples [12, 14] or they have utilized symptom scales as proxy measures

for bipolar disorder-related outcomes [13, 15]. Furthermore, follow-

up times have been modest, ranging from 1 year [14] to 8.3 years

[15]. In addition to this, although polysubstance use is common in

adolescence and thus presents as a potential source of confounding

[19], only one of these studies adjusted for other substance use [13].

Lastly, only one study analyzing data from the Avon Longitudinal

Study of Parents and Children (ALSPAC) [13] has utilized a birth

cohort-based sample.

The northern Finland birth cohort (NFBC) 1986 is a prospective

general population-based study where rich phenotypical data are

linked to national health-care and medication registers for clinician-

rated ICD-10 diagnoses for bipolar disorder. The study includes

detailed information on socio-demographic factors, mental health

problems and adolescent substance use. This enables the examination

of association between adolescent cannabis use and bipolar disorder

in a robust analytical framework accounting for potential confounding

factors.

The aim of our study was to examine the association between

cannabis exposure prior to age 15/16 years and the onset of bipolar

disorder. To our knowledge, this is the first study utilizing a register-

based clinical bipolar disorder diagnosis as an outcome measure. This

methodological approach ensures minimal attrition, thus enhancing

the generalizability of the results. Furthermore, to our knowledge, this

is also the largest study in terms of sample size and only the second

one to utilize a birth cohort-based sample with prospective data. In

addition, the 18-year follow-up in our study is more than twofold

longer than any previous study conducted thus far covering the age

range where diagnosis of bipolar disorder is most likely.

METHODS

Participants and data collection

The NFBC 1986 is an ongoing follow-up study including 99% of all

births in the two northernmost provinces in Finland between 1 July

1985 and 30 June 1986 [20]. The original sample included 9432 live-

born children. A multi-disciplinary follow-up study was conducted in

2001–02, when study members were aged 15–16 years. Initially, self-

report postal questionnaires were sent to the adolescents (n = 9215)

in which they answered questions concerning their health and

wellbeing (n = 7344). Thereafter, all participants were invited to take

part in a clinical study where they completed self-report question-

naires including questions on substance use. Participants who pro-

vided informed consent and answered questions on cannabis were

included in the present study. To account for the effect of prior men-

tal health disorders to study variables, we excluded those who had

been diagnosed with any prior psychiatric disorder before the age of

16. The final sample totaled 6325 individuals (67.1% of original sam-

ple) (Figure 1). The 15–16-year follow-up study was approved by the

Ethics committee of the Northern Ostrobothnia Hospital District in

Finland (14 June 1999). The authors assert that all procedures con-

tributing to this work comply with the ethical standards of the rele-

vant national and institutional committees on human experimentation

and with the Helsinki Declaration of 1975, as revised in 2008 and

having complied with the Strengthening the Reporting of Observa-

tional Studies in Epidemiology (STROBE) guidelines for cohort studies

[21] The STROBE checklist is included in the Supporting information.

As the primary research question and analysis plan were not pre-

registered on a publicly available platform, the results should be con-

sidered exploratory.

Exposure variable: cannabis use

Data on life-time adolescent cannabis use were collected during the

clinical study when participants were aged 15–16 years. They were

asked: ‘Have you ever used marihuana or hashish?’ with options

‘never, once, 2–4 times, 5 times or more, or I use regularly’. For the
main multivariable analysis, cannabis use was studied as the dichoto-

mized (no/yes). In addition to this, univariable analyses were con-

ducted utilizing a three-class cannabis variable (never, one to four

times, five times or more).

Outcome variable: bipolar disorder

Data on bipolar disorder-related diagnostic codes (ICD-10: F30.xx, F31.

xx) were collected cumulatively from the participants’ age of 16 years
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until the end of 2018, when participants were aged 33 years. Data on

these diagnostic codes were obtained from the Care Register for Health

Care 2001–18, the Register of Primary Health Care Visits 2011–18,

the medication reimbursement register of the Social Insurance Institu-

tion of Finland 2001–05 and the disability pensions of the Finnish Cen-

ter for Pensions 2001–16. The Care Register contains information on

patients discharged from inpatient care, and since 1998 also on special-

ized outpatient care. The Register of Primary Health Care Visits

includes all outpatient primary health care delivered in Finland. Detailed

information concerning these registers is provided in previous studies

[22–24]. Information on deaths and times of emigration, which were

used as censoring points in our analyses, were obtained from the

Population Register data and the Registry for causes of death.

Adolescent behavioral and emotional problems

Information on adolescent mental health was collected at age 15–

16 years using the Youth Self Report (YSR) [25]. The YSR consists of

118 items measuring symptoms of emotional and behavioral problems

in adolescents aged 11–18 years. Responses to YSR items are scored

on a three-point scale, with statements being not true (0); somewhat/

sometimes true (1); or very true (2) in terms of reflecting how the

young person has felt within the past 6 months. The sum of scores

can be operationalized as YSR total score, YSR internalizing or exter-

nalizing scores or eight subscales [25]. If there were three or fewer

missing values in a subscale, they were replaced by the mean value of

items. If more than three items were missing from any subscale, the

total score of the YSR was classified as missing [26]. For this study,

the YSR item ‘I use alcohol or drugs for non-medical purposes’ was

removed from the YSR total sum score.

Alcohol use, daily smoking and other illicit
substance use

Data on life-time illicit substance, daily smoking and frequent alcohol

intoxications use were collected at age 15–16 years using a

F I GU R E 1 Flow-chart of the current study from the northern Finland birth cohort 1986
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questionnaire during the clinical study. The participants were asked:

‘Have you used ecstasy, heroin, cocaine, amphetamine, LSD or other

similar intoxicating drugs?’. A person was categorized to the ‘yes’
group if they had used any of these substances at least once. Fre-

quent alcohol intoxications were questioned as: ‘Have you been

drunk during the past year? (0, 1–2, 3–5, 6–9, 10–19, 20–39 or

40 times or more)’, and this dichotomized (no/yes) to those who had

been ‘drunk’ 10 times or more during the past year. Information on

regular cigarette smoking was collected from postal questionnaires:

adolescents were asked if they currently smoked cigarettes daily

(at least one cigarette/day, no/yes).

Family structure, parental education and parental
psychiatric disorders

Information on family structure and education level were ascertained

in the parents’ questionnaire when participants were aged 15–

16 years. Family structure was defined dichotomously as (a) both par-

ents living with the participant continuously and (b) other families.

The highest educational level achieved by either parent was

dichotomized as less than 12 years or 12 years or more of schooling.

Data on life-time parental psychiatric diagnoses were obtained

from the nation-wide Registers of Health Care during 1972–2018

(including inpatient care and visits to specialized outpatient health

care since 1998 and primary health care since 2011) and the Finnish

Center for Pensions until 2016. The variable was classified dichoto-

mously as whether or not either parent had been diagnosed with an

ICD-10 mental disorder.

Statistical analyses

We used cross-tabulation and χ2 or Fisher’s exact test or the Mann–

Whitney U-test, as appropriate, to assess the relationship of life-time

cannabis use and onset of bipolar disorder. Linear regression and

multicollinearity diagnostics with variance inflation factor (VIF) scores

were used to detect correlation between multiple covariates. VIF > 5

was used as an indicator of multicollinearity. Univariable analyses

were also conducted utilizing a three-class cannabis variable (never,

one to four times, five times or more). Dose–response was studied

with a trend test using a categorical cannabis use variable (never, one

to four times, at least five times) as continuous in a logistic regression

model with odds ratios (OR) and confidence intervals.

We applied Cox regression analysis with hazard ratios (HR) and

95% confidence intervals (CI) to study the association of life-time ado-

lescent cannabis use with subsequent bipolar disorder. Times at emi-

gration (n = 256) and death (n = 50) were used as censoring points in

the survival analyses. The models are as follows: model 1: sex, family

structure and any parental psychiatric disorder; model 2: sex, family

structure, any parental psychiatric disorder and YSR total; and model

3: sex, family structure, any parental psychiatric disorder, YSR total,

frequent alcohol intoxications past 12 months, daily smoking and the

use of other illicit drugs than cannabis. The Cox proportional hazard

assumption was examined by using hazard logarithms and scaled

Schoenfeld residuals.

To assess the effects of missing data, multiple imputations were

conducted using fully conditional specifications with 10 data sets. A

post-hoc analysis using Fisher’s exact test was conducted on the sub-

population of subjects diagnosed with unipolar depression to study

the relationship between life-time cannabis use and transitioning to

bipolar disorder. Those subjects for whom a diagnosis of unipolar

depression was recorded after a diagnosis of bipolar disorder had

already been established (n = 11) were excluded from this analysis.

Also, the mean ages of onset of bipolar disorder in relation to cannabis

exposure at baseline were examined with the Mann–Whitney U-test.

Previous attrition analyses have shown that males (64 versus

71%; P < 0.001), individuals living in urban areas (66 versus 71%,

P < 0.001) and individuals with parental psychiatric disorder (58 ver-

sus 69%, P < 0.001) were less likely to participate in the 15–16-year

follow-up study [26]. Thus, inverse probability weighting [27] was

used to weight the sample data by sex, parental psychiatric disorder

and urbanicity. Both the weighted and unweighted data were ana-

lyzed with logistic regression analysis and ORs. Statistical significance

was retained in the weighted analyses of cannabis exposure and onset

of bipolar disorder for all those associations that were statistically sig-

nificant in the unweighted analyses, and the strength of the associa-

tions were of similar magnitude (data available from the authors).

All statistical analyses were performed using SPSS statistical soft-

ware (IBM SPSS Statistics, version 25; IBM Co., Armonk, NY, USA),

except for examination of the Cox proportional hazard assumption

that was analyzed using R (R Foundation for Statistical Computing,

version 3.6.0; R Core Team, Vienna, Austria).

RESULTS

The variables under study and their relation to cannabis use and bipo-

lar disorder during the follow-up are presented in Table 1. Of 6325

participants, 352 adolescents (5.6%) reported any cannabis use until

the age of 15–16 years; 291 (4.6%) adolescents reported having tried

cannabis one to four times and 61 (1.0%) five times or more fre-

quently. In all, 54.5% of females and 45.5% of males reported any can-

nabis use (P = 0.191). Significant multicollinearity was not seen

between any variables included in the final multivariable model (all

VIFs < 1.3). Based on register information 1.0% (n = 66/6325, 23%

male) had been diagnosed with bipolar disorder by the end of the

follow-up.

In the univariable analyses (Figure 2), an association between can-

nabis use frequency and onset of bipolar disorder onset was seen as

follows: one to four times (HR = 3.03; 95% CI = 1.44–6.36), five times

or more (HR = 5.55; 95% CI = 1.74–17.73). A dose–response was

seen with the trend test (OR = 2.57; 95% CI = 1.61–24.12).

The results of the multivariable analyses are summarized in

Table 2. Violations of the Cox proportional hazard assumption were

not detected. A crude association of adolescent cannabis use and risk
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T AB L E 1 Association of covariates and cannabis use and bipolar disorder in northern Finland birth cohort 1986

Cannabis use frequency Bipolar disorder

Total
n

n = 6325
No cannabis
use n = 5973

Once or more
n = 352

P-value

No bipolar

disorder
n = 6259

Bipolar

disorder
n = 66

P-valuen % n % n % n % n %

Sex 6325

Male 3089 48.8 2929 49.0 160 45.5 0.191 3074 49.1 15 22.7 < 0.001

Female 3236 51.2 3044 51.0 192 54.5 3185 50.9 51 77.3

Family structure 5413

Divorced 1102 20.4 1004 19.6 98 33.4 < 0.001 1085 20.3 17 29.3 0.089

Intact 4311 79.6 4116 80.4 195 66.6 4270 79.7 41 70.7

Parental education 5504

Less than 12 years 3382 61.4 3207 61.6 175 58.3 0.255 3349 61.5 33 57.9 0.580

12 years or more 2122 38.6 1997 38.4 125 41.7 2098 38.5 24 42.1

Cannabis use 6325

No 5973 94.4 5973 100.0 0 0.0 – 5918 94.6 55 83.3 0.001a

Yes 352 5.6 0.0 352 100.0 341 5.4 11 16.7

Other illicit drug use 6299

No 6268 99.5 5942 99.9 326 92.9 < 0.001a 6204 99.5 64 97.0 0.041a

Yes 31 0.5 6 0.1 25 7.1 29 0.5 2 3.0

Alcohol intoxication

10 ≥ times past

year

6167

No 5024 81.5 4910 84.4 114 32.9 < 0.001 4986 81.7 38 59.4 < 0.001

Yes 1143 18.5 910 15.6 233 67.1 1117 18.3 26 40.6

Parental psychiatric

disorder

6325

No 4046 64.0 3836 64.2 210 59.7 0.083 4017 64.2 29 43.9 0.001

Yes 2279 36.0 2137 35.8 142 40.3 2242 35.8 37 56.1

Daily smoking 5853

No 5134 87.7 4960 89.7 174 54.2 < 0.001 5089 87.9 45 70.3 < 0.001

Yes 719 12.3 572 10.3 147 45.8 700 12.1 19 29.7

YSR total Mean SD Mean SD Mean SD < 0.001b Mean SD Mean SD < 0.001b

26.5 15.6 25.9 15.2 36.2 19.0 26.3 15.5 37.2 17.6

aFisher’s exact test;
bMann–Whitney U-test. YSR = Youth Self Report.

F I GU R E 2 Crude association of cannabis
exposure at baseline and onset of bipolar disorder
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of bipolar disorder was seen (HR = 3.46; 95% CI = 1.81–6.61). When

adjusted for sex, family structure and parental psychiatric disorders,

the association between cannabis use and bipolar disorder diagnosis

attenuated but remained statistically significant (HR = 3.00; 95%

CI = 1.47–6.13). Statistical significance persisted even after further

adjusting for the YSR total score (HR = 2.34; 95% CI = 1.11–4.94).

However, further adjustments for frequent alcohol intoxications, daily

smoking and lifetime illicit drug use attenuated the associations to sta-

tistically non-significant. The results in the complete case sample were

similar to those in the imputed sample (model 3, data available from

the authors).

In the subsample of subjects diagnosed with unipolar major

depression (n = 572), cannabis use was not associated with

transitioning from unipolar depression to bipolar disorder [8.8%

(n = 6) versus 5.6% (n = 28), P = 0.271]. Furthermore, the mean of age

of onset of bipolar disorder was similar in participants with or without

cannabis exposure at baseline [25.0 years (n = 11) versus 25.9 years

(n = 55), P = 0.810).

DISCUSSION

In this birth cohort study, we report a crude association between ado-

lescent cannabis use and subsequent onset of bipolar disorder. This

association remained significant after adjusting for sex, family struc-

ture, parental psychiatric disorders and baseline adolescent emotional

and behavioral problems. However, further adjustments for frequent

alcohol intoxications, daily smoking and other illicit drug use attenu-

ated association to statistically non-significant. Early cannabis use was

thus not found to be associated with onset of bipolar disorder after

extensive confounder control including adolescent substance use

other than cannabis. However, while an independent association

between cannabis use and bipolar disorder was not seen due to con-

founding by other substance use, the data still suggest early cannabis

exposure to be an adverse clinical marker for onset of bipolar disor-

der. Moreover, participants in this cohort who smoked cannabis

before age 16 years have been shown to be at increased risk of other

adverse mental health outcomes, including psychosis [28] and self-

harm [29]. Therefore, reducing cannabis use in adolescents is an

important public health priority.

The previously published prospective longitudinal studies on ado-

lescent cannabis use and bipolar disorder have been heterogeneous in

terms of outcome measures, sample sizes and characteristics, lengths

of follow-up and substance use-related covariates controlled for

(Supporting information, Table S2). To the best of our knowledge,

there are no prospective longitudinal community studies that have

examined the association between adolescent cannabis use and bipo-

lar disorder-related outcomes with register-based data on bipolar dis-

order diagnoses made in clinical practice. In two studies, small high-

risk samples were utilized: a sample comprised of 211 probands of

individuals with Type 1 bipolar disorder [12] and a clinical at-risk sam-

ple of 52 individuals [14]. These studies used DSM-IV diagnoses as

their primary outcome measure. However, neither controlled for other

substance use. The two general-population-based studies had sample

sizes of 3370 [13] and 543 [15], and the former controlled for both

hazardous alcohol use and other drug use in the final multivariable

model. Hypomania symptoms assessed by the 32-item version of the

Hypomania Checklist (HCL-32) [13] and mania symptoms assessed by

the Composite International Diagnostic Interview (CIDI) [15] were

used for the main outcome measures. The duration of follow-up

ranged from 1 year [14] to 8 years [15] raising concerns regarding

reverse causality. Also, studies in adult populations have utilized either

the National Epidemiological Survey on Alcohol and Related Condi-

tions (NESARC) [7, 8, 11] or Netherlands Mental Health Survey and

Incidence Study (NEMESIS) [9, 10] cohorts, each with a follow-up

time of only 3 years and both lacking information concerning early-

onset exposure. This underscores the limitations of the evidence base

concerning a possible independent association between cannabis use

and onset of bipolar disorder.

The cumulative incidence of bipolar disorder (1.0%) observed in

our study is similar to reported life-time prevalence figures in the liter-

ature [30, 31]. In contrast, studies utilizing self-report measures of

mania symptoms [13] or high-risk samples [12] have reported several-

fold higher incidences of their respective outcomes, but the afore-

mentioned methodological choices introduce limitations regarding

outcome validity [13] and generalizability [12]. Conversely, in our

study, only 23% of the subjects who were diagnosed having bipolar

disorder were male. Although higher prevalence rates have been

reported in Type 2 bipolar disorder for females [32], bipolar disorder

is thought to be equally prevalent in both sexes [33]. However,

T AB L E 2 Hazard ratios (HR) for the risk of bipolar disorder in northern Finland birth cohort 1986 in different groups of cannabis use

Frequency of cannabis use Sample size
No cannabis use

Once or more

Cases Cases HR 95% CI

Bipolar disorder Crude 6325 55 11 3.46 1.81–6.61

Model 1 5413 49 9 3.00 1.47–6.13

Model 2 5190 49 9 2.34 1.11–4.94

Model 3 4992 47 9 1.70 0.73–3.98

Model 1: sex, family structure, parental psychiatric disorder; model 2: sex, family structure, parental psychiatric disorder, YSR total; model 3: sex, family

structure, parental psychiatric disorder, YSR total, frequent alcohol intoxications past year, daily smoking, other illicit substance use. Statistically significant

results in bold type. CI = confidence interval; YSR = Youth Self Report.
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register-based psychiatric outcomes, as utilized in our study, reflect

help-seeking behavior, with females more likely to obtain treatment

for bipolar disorder [34].

The strengths of this study are as follows: the 18-year follow-up

time is many-folds longer than in any study conducted on the subject

thus far, and captures the greatest risk period for diagnosis of bipolar

disorder. We find the mean age of bipolar affective disorder register

diagnosis to be, on average, 10 years after cannabis exposure, which

reduces the likelihood of reverse causality. Several substance use-

related covariates were controlled for, as polysubstance use among

adolescent cannabis use is common [19] and thus introduces a signif-

icant potential source of confounding. Importantly, cigarette smoking

was included in the multivariable models, as it frequently co-occurs

with both bipolar disorder [35, 36] and cannabis use [19, 37, 38] and

has also been associated with subsequent onset of bipolar disorder

in prospective studies [39–41]. Parental psychiatric disorders were

also controlled for, which is to be regarded as a strength, as genetic

diathesis contributes significantly to the risk of bipolar disorder [42].

Given that an early age of onset is typical for bipolar disorder with

an average age of onset of 22 years [43], the study design is well

poised to study hypotheses concerning disease onset. The

NFBC1986 birth cohort provides data on a large community sample

with high ethnic and genetic homogeneity. To our knowledge, no

other studies have examined the association of adolescent cannabis

use and bipolar disorder-related outcomes by utilizing a linkage to

nation-wide registers. Also, clinician-made bipolar diagnoses entered

in Finnish national registries have been found to be accurate after

reassessment of medical records using DSM-IV criteria [44]. Addi-

tionally, there is almost complete participant retention, with only a

very small proportion of cohort members deceased or emigrated dur-

ing the follow-up.

However, there are also limitations. Power issues prevented the

usage of a multi-class cannabis variable in the multivariable models.

This is the most significant limitation of the study, as cannabis expo-

sure may vary from one episode of cannabis experimentation to

heavy use and it is not biologically plausible that a single exposure

would lead to bipolar disorder years later, and the use and compres-

sion of cannabis exposure information in the form of a categorical

dichotomous variable may introduce an unwanted bias [45]. Also,

information on the potency of the cannabis products consumed and

mode of consumption was unavailable for analysis. Furthermore,

information on life-time cannabis use at age 15–16 years was col-

lected using self-reports and at one time-point, which may result in

an underestimation of true association. However, focusing on early-

onset exposure at age 15/16 years is crucial, as there is evidence

that the age of initiation of cannabis use is associated with

increased risk of other adverse sequelae such as psychosis [46–48].

Also, in this sample only 5.6% of the participants reported exposure

to cannabis at age 15/16 years introducing power issues and

increasing the likelihood of Type II error. In the European

School Survey Project on Alcohol and Other Drugs (ESPAD) 2003

survey, the life-time prevalence of cannabis use at the age of 15/16

in Finland was 11%, which suggests that under-reporting might be

an issue with our data [49]. However, this source of bias would

more probably weaken the observed associations, rather than inflate

them. As stated previously, probably due to gender differences in

treatment-seeking behavior, a disproportionate number of females

with bipolar disorder were captured utilizing our register-based

outcome variable. Lastly, complementary sources of information on

substance use such as biometrical assay data were unavailable for

analysis.

CONCLUSIONS

In this study, the association between exposure to cannabis at age

15/16 years and subsequent onset of bipolar disorder was not sig-

nificant after adjusting for other substance use. Future studies need

to consider other substance use when evaluating the association of

cannabis use with bipolar disorder. More prospective studies with

multiple time-points of cannabis use assessment, adequate sample

sizes and lengths of follow-up are required to inform whether the

association of early exposure to cannabis and bipolar disorder is

independent, as well as to eliminate the possibility of reverse

causality.
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