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Objective: The authors assessed 1) the overall risk of death
among cannabis users compared with nonusers and the extent
to which psychosis affects excess mortality; 2) mortality among
persons with psychotic disorders and the extent to which can-
nabis use affects excessmortality; and3) the interaction effect of
cannabis use and diagnosis of psychotic disorders on mortality.

Method: This was a longitudinal study of 50,373 Swedish male
militaryconscripts (ages18–19)whowerefollowedintheNational
Cause of Death Register up to around age 60. Cox proportional
hazard modeling was used to assess risk of death in relation to
baseline cannabis use and diagnosis of psychotic disorders.

Results: Subjects with a baseline history of heavy cannabis
use had a significantly higher risk of death (hazard ratio=1.4,
95% CI=1.1, 1.8) than those without such a history. The
authors found an excess mortality among subjects with

psychoticdisorders, but the level didnotdiffer between those
with a history of cannabis use (ever users: hazard ratio=3.8,
95% CI=2.8, 5.0; heavy users: hazard ratio=3.8, 95% CI=2.6,
6.2) and those without such a history (hazard ratio=3.7, 95%
CI=3.1, 44). No interaction was observed between cannabis
use and diagnosis of psychotic disorders with regard to
mortality.

Conclusions: The results suggest that individuals with an
early history of heavy use of cannabis are at a higher risk of
death than those with a history of no use of cannabis. Al-
though the authors adjusted for several confounders at
baseline, the results should be interpreted with caution be-
cause of a lack of information on confounders in the period
after conscription.
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Cannabis abuse is associated with adverse effects on aspects
of adolescent mental health, including cognitive and psycho-
social functioning (1, 2). Also, cannabis smoke has many ele-
ments in common with tobacco smoke, and effects in relation
to cancer, cardiovascular disease, and pulmonary disease have
beendocumented (3, 4).Although thesemedical conditions are
in turn associated with excess mortality in the general pop-
ulation (5), a systematic reviewbyCalabria etal. (6) didnotfind
sufficient evidence to conclude that the all-cause mortality of
cannabis users is increased compared with that of nonusers.

Calabria et al. (6) found only two long-term cohort studies
dealing with all-cause mortality (7, 8). One of the longest of
these studies, by Andréasson et al. in 1990 (7), was a Swedish
study of male military conscripts (the present cohort), in
which subjectswere followed to around age 33. Calabria et al.
concluded that there is a need for long-term cohort studies
that follow individuals into old age, when the health-related
detrimental effects of cannabis use, such as cancer, pulmo-
nary disease, and coronary heart disease, are more likely to
emerge.

Cannabis use is also associatedwith nonaffective psychosis
(9). The mortality rate is two to three times higher among
persons with such a psychosis, including schizophrenia, than
in the general population (10, 11). With regard to premature
deaths, about 40% are explained by suicide or have other
unnatural causes,whileabout60%havenatural causes, suchas
cardiovascular and pulmonary disease (10, 12). Although the
evidence for anassociationbetweencannabis andnonaffective
psychosis is robust (1, 9), it is still unclear whether individuals
withnonaffectivepsychosiswithahistoryofcannabisusehave
excess mortality compared with those without a history of
cannabis use.

Use of cannabis among individuals with nonaffective
psychosis increases therisksofpersistentpsychoticexperiences
(13), poor medication adherence, and relapses (14), all of which
can hypothetically lead to greater numbers of accidents and
suicide attempts.Use of cannabis, like tobacco smoking and
alcohol consumption, could therefore lead to an increased
risk of premature death (3, 15), although this has not yet
been addressed in long-term studies (7).
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Since presence of a psychotic disorder does increase the
risk of death, and possibly so also does cannabis use, it is of
interest to find out whether there is an interaction effect of
the two on risk of death. The interaction of cannabis use and
psychotic disorder on mortality rates can be interpreted as
either the psychotic disorder affecting the association be-
tween cannabis use and mortality, or cannabis use affecting
the association between thepsychotic disorder andmortality.
Both can of course operate simultaneously.

To address these issues, we performed an additional
follow-upof the 1990studybyAndréassonet al. (7), extending
the follow-up period to around age 60, when the detrimental
somatic effects of cannabis use aremore likely to be apparent.
The Swedish conscript surveys are, to date, the longest
follow-up studies of subjects with data on cannabis use.

Our aims in this study were to assess 1) the overall risk of
death until around age 60 among cannabis users compared
with nonusers, as well as the extent to which a psychosis
diagnosis during the follow-up affects excessmortality; 2) the
overall risk of death among persons with psychotic dis-
orders compared with those without psychotic disorders,
as well as the extent to which cannabis use affects excess
mortality; and 3) the possible interaction effect of cannabis
use and diagnosis of psychotic disorders on mortality.

METHOD

Subjects
The cohort consisted of 50,373 Swedish men conscripted in
1969 and 1970 for compulsory military training. Over 93%
of themenwere 18 or 19 years old. Only 2%23% ofmenwere
exempted from conscription, mainly because of a severe
mental or physical handicap or a congenital disorder. All of
the men completed two nonanonymous questionnaires at
the time of conscription. Thefirst covered social background,
upbringing conditions, friendships, relationships, attitudes,
and adjustment to school and work. The second concerned
use of alcohol, tobacco, and other substances. Details of the
survey and themethods of the follow-up have been described
elsewhere (16–18).

All conscripts were assessed by a psychologist after a
structured interview. Those presenting with psychiatric
symptoms were referred to a psychiatrist, and any psy-
chiatric disorder found was diagnosed according to ICD-8
criteria. Permission to use the conscription database for
research purposes and to perform relevant record linkages
was granted by the Stockholm Regional Ethical Review
Board.

Exposure
Information on cannabis use was obtained from the survey
at the time of conscription. In questionnaires, conscripts
were asked whether they had ever used drugs, which drugs
they had used, the first drug they used, the drug they most
commonly used, their frequency of use, and which specific
drugs (from a list of possible drugs) they had used.

Informationon level of cannabis usewasobtained through
questions on the number of occasions the subject had used
cannabis: never, once, 2–4 times, 5210 times, 11–50 times, or
.50 times. Because of the small numbers of deaths among
subjects with a psychotic disorder, we compared outcomes
for those having ever used cannabis (thereby putting all
subjects who reported any cannabis use into a single cate-
gory) with persons who had never used cannabis, and also
outcomes for those reporting moderate use (once or 2–4,
5–10, or 11–50 times) and those with the highest level of use
(.50 times) with those who had never used cannabis.

Follow-Up Data
The cohort of Swedish conscripts was followed from 1969
until 2011. Statistics Sweden maintains records of the unique
personal ID numbers of persons in Sweden. We used the
personal ID numbers of the Swedish conscripts to link the
cohort to data in the registers described below.

TheNationalCause of DeathRegister.This register records all
deaths among people registered in Sweden, and it is more
than 99% complete. Causes of death are coded according to
ICD (ICD-8 for 1965–1986, ICD-9 for 1987–1996, and ICD-10
for 1997–2011) and are divided into the following diagnostic
groups: infections: ICD-8 and ICD-9 codes 001–139 and
ICD-10 codes A00–B99; cancer: ICD-8 and ICD-9 codes
140–239 and ICD-10 codes C00–D48; endocrine: ICD-8 and
ICD-9 codes 240–279 and ICD-10 codes E00–E58; nervous
system: ICD-8 and ICD-9 codes 320–389 and ICD-10 codes
G00–G99; cardiovascular: ICD-8 and ICD-9 codes 390–429
and ICD-10 codes I20–I52; cerebrovascular: ICD-8 and
ICD-9codes430–458andICD-10codes I60–I69; respiratory:
ICD-8 and ICD-9 codes 460–519 and ICD-10 codes J00–J99;
gastrointestinal: ICD-8and ICD-9 codes 520–579 and ICD-10
codes K00–K99; injuries/accidents: ICD-8 and ICD-9 codes
800–929 and ICD-10 codes V00–V99, W00–W99, and
X40–X49; suicide: ICD-8 and ICD-9 codes 950–959 and
ICD-10 codes X60–X84; injury undetermined whether ac-
cidentally or purposely inflicted: ICD-8 and ICD-9 codes
980–989 and ICD-10 codes Y10–Y34; and other causes: ICD
codes not included in the categories above.

The Swedish National Inpatient Register. The Swedish Na-
tional Inpatient Register, which covers all inpatient admis-
sions for psychiatric care in Sweden, was used to record the
date of first admission to inpatient care for a psychotic epi-
sode during the follow-up (1970 until 2011). Diagnoses of
psychotic disorders were coded according to the Swedish
versions of ICD as follows: schizophrenia: ICD-8 code 295
(excluding 295.50, 295.70); ICD-9 code 295 (excluding 295F,
295H); and ICD-10 code F20; other nonaffective psychoses:
ICD-8 code 294.30 for psychosis associated with other
physical conditions/drug or poison intoxication; ICD-9 code
292 for drug psychosis; ICD-10 codes F125 and F127 for
psychotic disorder due to use of cannabinoids; ICD-8 and
ICD-9 code 298 for reactive psychosis; ICD-9 code 293 for
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transient organic psychotic conditions; ICD-10 code F23 for
acute and transient psychotic disorders; ICD-8 code 299.99
for unspecified psychosis; ICD-10 code F28 for other non-
organic psychotic disorders; ICD-10 code F29 for unspeci-
fied nonorganic psychosis; ICD-8 and ICD-9 code 297 for
paranoia status; and ICD-10 code F22 for persistent delu-
sional disorders.

Subjects with a diagnosis of a psychotic disorder at con-
scription were excluded from the study.

Migration. Statistics Swedenmaintains a national Register of
the Total Population based on information from the Swedish
Tax Administration. The register includes data on immi-
gration and emigration since 1966. It has national coverage
and is considered to be of high quality.

Outcomes
Overall risk of death among cannabis users compared with
nonusers. Deceased cohort members were identified during
the follow-up through the National Cause of Death Register.
Overall mortality in the cohort was assessed according to
information on the level of cannabis use obtained from the
survey at conscription.

Overall risk of death among persons with a diagnosis of a
psychotic disorder. Overall mortality among persons with a
diagnosis of a psychotic disorder in the cohortwas assessed,
through the National Cause of Death Register, according to
whether the subjects received a diagnosis of a psychotic dis-
order in the Inpatient Register during the follow-up. Psychotic
disorderwas defined as any diagnosis of schizophrenia or other
nonaffective psychosis, contingent on the subject seeking and
obtaining mental health care. We excluded those who had
received a diagnosis of a psychotic disorder at conscription.

Stratified Analyses
First, we assessed the overall risk of death among all subjects
with a history of cannabis use compared with those without
such a history in the whole cohort, stratified according to
whether the subjects received a diagnosis of a psychotic
disorder during follow-up (two main categories: subjects
without a diagnosis of a psychotic disorder, subjects with
a diagnosis of a psychotic disorder). Because of the small
numbers of deaths, we compared outcomes for heavy users
(more than 50 times) and moderate users (between one and
50 times) with those who had never used cannabis.

Second,weperformeda stratified analysis of subjectswith
a diagnosis of a psychotic disorder, and subjects with the
specific diagnosis of schizophrenia, compared with those
without such diagnoses, stratified by the three main cate-
gories of cannabisusers (neverusers, everusers, heavyusers).

Third, since alcohol intake and tobacco smoking are as-
sociated with an increased risk of premature death in the
general population, we performed stratified analyses that
excluded subjects with a history of risky use of alcohol or
tobacco smoking at conscription.

Covariates
We selected the covariates listed below on the basis of prior
research indicating that they are likely to be associated with
our outcome (mortality) and with our exposures (cannabis
use, diagnosis of psychosis) (1–3, 5–7, 10–12, 17, 19–25). Data
on the covariates were obtained from the conscription
survey and the psychological assessments at the time of
conscription.

Contact with juvenile authorities. In the conscription ques-
tionnaire, subjects were asked whether they had been in
contact with juvenile authorities. Responses were catego-
rized as several times, sometimes, or never.

Run away from home. Questionnaire information was avail-
able onwhether the subjects had run away fromhomeduring
childhood, with responses categorized as two or more times,
once, or never.

Truancy. Data on truancy were based on self-reported in-
formation from the questionnaire, categorized as once a
week, once a month, once per term, or occasionally.

Smoking. Data on smoking were based on the questionnaire,
categorized as.20 cigarettes/day, 11–20 cigarettes/day, 6–10
cigarettes/day, 1–5 cigarettes/day, or nonsmoking.

Solvent abuse. Data on solvent abuse were obtained from the
questionnaire, categorized as.10 times, 2–10 times, once, or
never.

Risky use of alcohol. Information on risky use of alcohol was
obtained from responses to questions related to consump-
tion of alcohol: none versus at least one of the following
indicators: consumption of at least 250 g 100% alcohol/
week; have taken an eye-opener during a hangover; have
been apprehended for drunkenness; have reported being
drunk often.

Intravenous drug use.Use of intravenous drugs was based on
information from the questionnaires, categorized as several
times, once, or never.

Use of other drugs. Information on the use of other drugs
was obtained from the questionnaire, and the following types
of drugs were specified: phenmetrazine (a stimulant), am-
phetamine, LSD,morphine, pentobarbital, and opium. Use of
other drugs was categorized as ever used versus never used.

Psychiatric diagnosis at conscription. Psychiatric diagnoses at
conscription were made by a psychiatrist and categorized in
this study as any versus none.

Parents divorced. Data on whether subjects had grown up
with divorced parentswere obtained from the questionnaire,
categorized as yes or no.
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Statistical Analysis
Of all 50,373 conscripts, in-
formation on cannabis use
wasmissing for 4,998 (9.9%).
Thus, 45,375 subjects were
included in the final analysis.
Table S1 in the data supple-
ment that accompanies the
online edition of this article
summarizes the baseline
characteristics of the initial
cohort of 50,373.

Model selection. Model selection was performed using
the R bestglm package (https://cran.r-project.org/web/
packages/bestglm/index.html). This package uses the
lexicographicalmethod suggestedbyMorgan andTatar (26)
for general linear models to perform an exhaustive search
by first choosing the best model for each number of cova-
riates and then the best of all selected models. The op-
timality criterion used was the Akaike information
criterion. A covariate was included in the model search
if it met the criteria for being a confounder (27). The
covariates included in each analysis were selected
according to outcomes (overall risk of death among
cannabis users compared with nonusers, and overall risk
of death among persons with a diagnosis of a psychotic
disorder compared with those without) and stratified
analyses.

Cox proportional hazards model. We used Cox proportional
hazards modeling to estimate hazard ratios for 1) the overall
risk of death among cannabis users comparedwith nonusers,
2) the overall risk of death among persons with a diagnosis
of a psychotic disorder compared with those without, and
3) stratified analyses. Crude and adjusted hazard ratios and
95% confidence intervals were computed. The assumption
of proportional hazards was investigated by studying graphs
of the log-cumulative hazard functions and the Schoenfeld
residuals. The date offirst emigrationwas used as a censoring
point. Day of death was used as the primary endpoint.

Interaction.To test for any interaction effect of psychosis and
cannabis use on mortality, we added the interaction between
psychosis and cannabis use to the model. We first performed
an additive interaction (biological interaction), since it is the

FIGURE 1. Survival Curves: Age at Death, by Baseline Level of Cannabis Use, in a Male Swedish Cohort: Never Users ComparedWith Ever
Users and Heavy Usersa
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a Thefigure showsproduct-limit survival estimates.Cannabis usewas self-reported in aquestionnaire at conscription (ages 18–19). “Ever users” are those
who reportedhavingusedcannabis one to50 times, and “heavyusers” are thosewho reportedhavingusedcannabismore than50 times. Thedifference
was statistically significant for both categories of users compared with never users (log-rank test, p,0.001).

TABLE 1. Overall Mortality in a Male Swedish Cohort, by Level of Cannabis Use

Level of
Cannabis Use N Deaths (N)

Crude Hazard
Ratio 95% CI

Adjusted
Hazard Ratioa 95% CI

Never users 40,359 3,267 1 1
Once 1,106 97 1.1 0.9, 1.3 0.9 0.7, 1.4
2–4 1,468 161 1.4 1.2, 1.6 1.0 0.8, 1.2
5–10 852 111 1.7 1.4, 2.0 1.1 0.9, 1.5
11–50 723 91 1.6 1.3, 1.9 0.9 0.7, 1.2
.50 867 191 3.0 2.6, 3.5 1.4 1.1, 1.8

a Model selection:All tencovariates listed in theMethodsectionwere included inan initial exhaustive search. The resulting
optimal model consisted of eight covariates: contact with juvenile authorities, smoking, solvent abuse, risky use of
alcohol, run away from home, psychiatric diagnosis, parents divorced, and intravenous drug use, all measured at
conscription.
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most appropriate indicator of interaction in psychiatric ep-
idemiology (24, 28, 29). We used three measures to estimate
additive interaction between cannabis use and diagnosis of a
psychotic disorder with regard to mortality: relative excess
risk due to interaction, attributable proportion due to in-
teraction, and the synergy index. We calculated 95% confi-
dence intervals for all three measures. A confidence interval
including zero in the relative excess risk due to interaction
and in the attributableproportiondue to interaction indicates
no interaction, as does a confidence interval including 1 in the
synergy index (30). We calculated the three measures of
interactionwith confidence intervals by using a SAS program
from Lundberg et al. (31). Multiplicative interaction between
cannabis use and diagnosis of a psychotic disorder with
regard to mortality was also tested. The accepted threshold
for statistical significance was 0.05.

Causes of death. In the analysis of causes of death by reported
cannabis use, chi-square tests were used to test the differ-
ences between never users and moderate users (once to 50
times), andbetweenneverusers andheavyusers (.50 times).
Linear hypothesis testing was performed to calculate the p
value for trend for a dose-response relationship.

The analyses were performed in SAS, version 9.1, and R,
version 3.0.2.

RESULTS

Overall Risk Of Death Among Cannabis Users
In the cohort of 45,375 individuals, 3,918 (8.6%) died during
the 42 years of follow-up. Of those who died, 651 (17%) had
reported cannabis use at conscription.

Figure 1 presents the survival curves by age at death
according to categoryof cannabisuse (neverusers, everusers,
and heavy users). Ever users as well as heavy users had an
earlier age at death than nonusers. The difference was sta-
tistically significant for both categories of users compared
with never users (log-rank test, p,0.001).

Table 1 lists hazard ratios for mortality for all subjects by
level of cannabis use. Compared with never users, all cate-
gories of users had an increased hazard ratio for mortality.
After adjustment for confounders, the association persisted
only for heavy users (hazard ratio=1.4, 95% CI=1.1, 1.8).

Table S2 in the online data supplement lists causes of
death in the cohort according to reported cannabis use. The
only cause-of-death category for which there was a dose-
dependent relationship was “injury undetermined whether
accidentally or purposely inflicted” (p for trend, ,0.01).

Risk of death stratified by psychosis.Table 2 lists hazard ratios
formortality for all subjectsby levelof cannabisusecompared
with nonusers, stratified according to whether the subjects
received a diagnosis of a psychotic disorder during follow-up.
Subjects with a history of cannabis use had a greater risk
of death compared with those without such a history, in-
dependent of any diagnosis of a psychotic disorder during
follow-up. After adjustment for confounders, the association
persisted only for heavy users (subjects without psychosis:
hazard ratio=1.2, 95% CI=1.0, 1.5; subjects with psychosis:
hazard ratio=1.8, 95% CI=1.1, 2.9).

Becauseof thepotential confoundingeffects ofalcohol and
tobacco use on risk of death, we performed analyses that
excluded subjects who reported risky use of alcohol and
tobacco smoking at conscription. As shown in Table S3 in the
online data supplement, ever users of cannabis had an in-
creased hazard ratio for mortality (hazard ratio=1.6, 95%
CI=1.5, 1.8), and the associations for ever users of cannabis
persisted afterwe excluded individualswith a history of risky
use of alcohol and tobacco smoking at conscription (hazard
ratio=1.4, 95% CI=1.1, 1.9).

Mortality Among Persons With Psychotic Disorders
Among all 45,375 subjects, a total of 683 (1.5%) had diagno-
ses of psychotic disorders during the 42 years of follow-up.
Among these subjects, a total of 226 (33%) died during
follow-up.

TABLE 2. Mortality Among Subjects With a History of Cannabis Use in a Male Swedish Cohort, by Whether the Subjects Received a
Diagnosis of Psychotic Disorders During Follow-Up

All Subjects Subjects Without Psychosis Subjects With Psychosis

Cannabis
Use Group

Deaths
(N)

Crude
Hazard
Ratio 95% CI

Adjusted
Hazard
Ratioa 95% CI

Deaths
(N)

Crude
Hazard
Ratio 95% CI

Adjusted
Hazard
Ratioa 95% CI

Deaths
(N)

Crude
Hazard
Ratio 95% CI

Adjusted
Hazard
Ratiob 95% CI

Never used
cannabis
(N=40,359)

3,267 1 1 3,101 1 1 166 1 1

Used cannabis
1 to 50 times
(N=4,149)

460 1.4 1.3, 1.5 0.9 0.8, 1.1 429 1.4 1.2, 1.5 0.9 0.8, 1.1 31 1.4 1.0, 2.1 1.2 0.7, 1.8

Used cannabis
.50 times
(N=867)

191 3.0 2.6, 3.5 1.4 1.1, 1.8 162 2.8 2.4, 3.3 1.2 1.0, 1.5 29 2.0 1.4, 3.0 1.8 1.1, 2.9

a Model selection for “all subjects” and “subjects without psychosis”: All ten covariates listed in theMethod sectionwere included in an initial exhaustive search. The
resulting optimal model consisted of eight covariates: contact with juvenile authorities, smoking, solvent abuse, risky use of alcohol, run away from home,
psychiatric diagnosis, parents divorced, and intravenous drug use.

b Model selection for “subjects with psychosis”: All ten covariates listed in the Method section were included in an initial exhaustive search. The resulting optimal
model consisted of two covariates: smoking and intravenous drug use.
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Risk of death stratified by cannabis use.Table 3 lists thehazard
ratios for risk ofmortality among individualswith a diagnosis
of psychosis at follow-up. We found a threefold to fourfold
greater risk of mortality among those with a diagnosis of
psychosis, but the risk did not differ between cannabis users
and nonusers (ever users: hazard ratio=3.8, 95% CI=2.8, 5.0;
heavy users: hazard ratio=3.8, 95% CI=2.6, 6.2; nonusers:
hazard ratio=3.7, 95%CI=3.1, 44).We also examinedwhether
cannabis use affected excess mortality among subjects with
the specific diagnosis of schizophrenia, but this proved not to
be the case (data not shown).

The Interaction Effect of Cannabis Use and Diagnosis of
Psychotic Disorders on Mortality
Among the226deceased subjectswithdiagnoses ofpsychotic
disorders, 72 (32%) had used cannabis and 27 (12%) had been
heavy users at the time of conscription.

Table 4 summarizes the results of the interaction analyses.
No significant interaction was found between cannabis use
and diagnosis of psychotic disorders with regard to an in-
creased crude risk of death (relative excess risk due to in-
teraction, 3.0, 95% CI=20.4, 6.5). We found a borderline
significant attributable proportion due to interaction and
synergy index between cannabis use and diagnosis of psy-
chotic disorders, but the effect disappeared after adjustment
for confounders (attributable proportion due to interaction,
0.13, 95% CI=20.2, 0.4; synergy index, 1.2, 95% CI=0.7, 2.0).
Wealso assessed thepossibility of amultiplicative interaction
between cannabis use and diagnosis of psychotic disorders
with regard to mortality, but we did not find a significant
interaction of this kind (data not shown).

DISCUSSION

In this long-term follow-up of Swedish male conscripts, we
found that thosewith a baseline history of heavy cannabis use
had a significantlyhigher riskof death (40%)over the42-year
follow-upperiod than thosewithout ahistoryof cannabisuse.

The association persisted after controlling for several pos-
sible confounders.

Our findings may seem surprising in light of a previous
studyof this cohort (7) inwhichcannabisusewasnot found to
be associatedwith an increased riskof death.However, in this
longer-term follow-up, the cohort members had reached an
age where the detrimental somatic effects of cannabis use
were more likely to be apparent.

Even though our study shows that subjects with an early
history of cannabis use had a significantly higher risk of death
even after excluding those with an early history of tobacco
smoking and risky use of alcohol, its results should be
interpreted with caution. In particular, there is a lack of
information about cannabis use, tobacco smoking, and risky
use of alcohol for the period after conscription.

It is possible that heavy users of cannabis at baseline
continued using cannabis during follow-up, and that this had
the strongest effect on mortality at greater ages. The cu-
mulative evidence does suggest that early initiation of can-
nabis use increases the chances of becoming a daily or nearly
daily user (32, 33). About 10% of persons who ever use
cannabis, and one-third to one-half of those who use it daily,
will become dependent (34) and continue using it despite
experiencing problems (32, 34).

Persons at the greatest risk of cannabis dependence have a
history of poor academic achievement, deviant behavior in
childhoodandadolescence, rebelliousness, andpoorparental
relationships (1). Although we adjusted for several of these
confounders at baseline, it is possible that adverse events in
adulthood associated with cannabis use affect the results,
which should therefore be interpreted with caution.

We found that the groupof subjectswith abaselinehistory
of moderate or heavy cannabis use had a significantly higher
percentage of deaths due to “injury undetermined whether
accidentally or purposely inflicted” than the group without a
baseline history of cannabis use. Although the number of
persons is small, it is still possible that cannabis use might
trigger impulsive acts, ultimately leading to death. Cannabis

TABLE 3. Mortality Among Subjects in a Male Swedish Cohort Who Received Diagnoses of Psychotic Disorders During Follow-Up, by
Cannabis Use Category

Total Never Users Ever Users (1–50 times) Heavy Users (>50 times)

Diagnostic
Group

Crude
Hazard
Ratio 95% CI

Adjusted
Hazard
Ratioa 95% CI

Crude
Hazard
Ratio 95% CI

Adjusted
Hazard
Ratiob 95% CI

Crude
Hazard
Ratio 95% CI

Adjusted
Hazard
Ratioc 95% CI

Crude
Hazard
Ratio 95% CI

Adjusted
Hazard
Ratioc 95% CI

Subjects
without
psychosis
(N=44,691)

1 1 1 1 1 1 1 1

Subjects with
psychosis
(N=683)

4.7 4.0, 5.3 3.8 3.2, 4.3 4.4 3.8, 5.1 3.7 3.1, 4.4 4.6 3.5, 6.0 3.8 2.8, 5.0 4.6 2.1, 4.7 3.8 2.6, 6.2

a Model selection: All ten covariates listed in the Method section were included in an initial exhaustive search. The resulting optimal model consisted of eight
covariates: contact with juvenile authorities, smoking, solvent abuse, risky use of alcohol, run away from home, psychiatric diagnosis, parents divorced, and
intravenous drug use.

b Model selection: Seven covariates were included in an initial exhaustive search. The resulting optimal model consisted of six covariates: contact with juvenile
authorities, parents divorced, smoking, risky use of alcohol, run away from home, and psychiatric diagnosis.

c Model selection: Seven covariates were included in an initial exhaustive search. The resulting optimal model retained all seven covariates: contact with juvenile
authorities, parents divorced, smoking, risky use of alcohol, run away from home, truancy, and psychiatric diagnosis.
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users have been found to have higher rates of hospital ad-
mission for injuries from all causes (1) and of fatal traffic
collisions (19) compared with nonusers.

However, we did not find an increased risk of suicide
among cannabis users, aswas the case in a previous study using
the same longitudinal population as our own (22). A review by
Serafini et al. (35) showed that the association between can-
nabis use and suicidal risk is not robust in the literature and is
also inconsistent in relation to completed suicide (22, 36, 37).

The relation between cannabis use and cancer has been
investigated inanumberof reviews (4, 20).Evidence fora link
is conflicting, but there is reason to suspect that cannabis use
can cause some forms of cancer, including lung cancer. In
relation to cardiovascular fatalities related to cannabis use,
research findings suggest that cannabis may cause death in
individuals with existing vulnerability (38, 39), but more
evidence is neededbefore anyfirmconclusions canbe drawn.

Although our previous study of this cohort (16) indicated
that schizophrenia patients with a history of cannabis use
receive a significantly larger amount of inpatient care, both
psychiatric and somatic, we did not find that a history of
cannabis use increased the risk of death in subjects with
psychotic disorders, and we did not find an interaction effect
between cannabis use and diagnosis of psychotic disorders
with regard tomortality.We are limited in this respect in that
we did not have data regarding the treatment of psychotic
disorders or substance abuse in the inpatient register. The
introduction of second-generation antipsychotics in the
1990smayhavedecreased the riskof deathamong individuals
with psychotic disorders who use cannabis. This has been
suggested in a review by Wobrock et al. (40), in which second-
generation antipsychotic agents were shown to have greater
efficacy than first-generation antipsychotic agents in re-
ducing substance use in patients with schizophrenia.

Medication is not the only factor that can affect the as-
sociation between cannabis use and risk of death among
subjectswith diagnoses of psychotic disorders. Other factors,
suchas psychological and social support and typeof care,may
also have an impact (23).

Our study has several limitations, and the results should
be interpreted with caution. First, since our information on
cannabis use is based solely on a survey at conscription, the
study fails to account for differences in lifetime use of can-
nabis. Nevertheless, performing a long-term longitudinal
study does make it possible to conduct analyses of risk of
death up to old age in relation to background factors. The
Swedish conscript survey provides for the longest follow-up
to date of subjects with data on cannabis use. Replication in
other long-term cohorts with data on cannabis use would be
valuable, although such cohorts, as shown by Calabria et al.
(6) and Degenhardt et al. (41), are rare.

Second, the causal pathway between cannabis use and
risk of death is complicated. Even though cannabis use was
assessed at baseline, we do not know the extent to which
subjects continueduse intoadulthood. It ispossible that other
risk factors after baseline influenced our results, such as risky
behavior and use of tobacco, alcohol, and other substances.

Third, the National Cause of Death Register does not
record the deaths of persons who emigrate from Sweden.
However, we found that subjects with a history of cannabis
usehadaslightlyhigher rateof emigration than thosewithout
such a history (data not shown), so the effect of unrecorded
deaths of emigrantswould result in anunderestimation of the
true effect of cannabis use on mortality in this cohort.

Fourth, identification of diagnoses of psychosis was lim-
ited to persons in inpatient care. Jörgensen et al. (42) found
that using data only from inpatient care results in lower
estimates of incidence rates compared with using both

TABLE 4. Interaction Between Cannabis Use and Diagnosis of Psychotic Disorder With Regard to Mortality in a Male Swedish Cohort

Relative Excess
Risk Due to Interaction

Attributable
Proportion Due to Interaction Synergy Index

Diagnostic and Cannabis
Use Categories Deaths (N)

Interaction
Effect 95% CI

Interaction
Effect 95% CI

Interaction
Effect 95% CI

No psychotic disorder
and no cannabis
use (N=39,809)

3,101 0 0 1

Psychotic disorder
and ever use
of cannabisa (N=133)

73

Crude hazard ratio 3.0 –0.4, 6.5 0.3 0.06, 0.58 1.5 1.0, 2.4
Adjusted hazard ratiob 0.6 –1.2, 2.6 0.13 –0.2, 0.4 1.2 0.7, 2.0

Psychotic disorder
and heavy use
of cannabisc (N=56)

27

Crude hazard ratio 3.0 –0.4, 6.4 0.3 0.06, 0.58 1.5 1.0, 2.4
Adjusted hazard ratiob 0.6 –1.2, 2.5 0.13 –0.2, 0.5 1.2 0.7, 2.0

a Including all subjects who reported cannabis use in any category at baseline.
b Model selection: All ten covariates listed in the Method section were included in an initial exhaustive search. The resulting optimal model consisted of eight
covariates: contact with juvenile authorities, smoking, solvent abuse, risky use of alcohol, run away from home, psychiatric diagnosis, parents divorced, and
intravenous drug use. The interaction effect was clamped into the final optimal model.

c Including all subjects who reported having used cannabis .50 times at baseline.
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inpatient and outpatient data. This applies especially since
the 1990s, when a higher proportion of patients with psy-
chosishavebeen treatedasoutpatients rather than inpatients.
However, Jörgensen et al. (35) also showed that 75% of all
persons identifiedwith a nonaffective psychosis do appear in
inpatient carewhena longer time frame is usedorwhenolder
cohorts are included. Thus, the facts thatmost of our subjects
were treatedbefore themajorperiodofdeinstitutionalization
in Sweden and that our study has a long observation period
suggest that we are likely to have captured a largemajority of
patients with psychosis in the cohort.

Cannabis use has also been associated with affective
disorders. However, the evidence for causal links between
cannabis use and affective disorders is less convincing (9, 43,
44). In another study using the same longitudinal population
as this study, we found no association between baseline
cannabis use and subsequent risk of affective disorders after
adjusting for confounders (45). Thus, we decided to focus in
this study on nonaffective psychosis.

Fifth, we did not have data on the type of treatment re-
ceived and possible comorbid substance abuse later in life.
Thus,wedo not know the extent towhich the introduction of
second-generation antipsychotics during the 1990s influ-
enced our results on the risk of death among subjects with
psychotic disorders. Second-generation antipsychotics have
been shown to improve effectiveness in the treatment of
schizophrenia and comorbid substance abuse (40), which
might decrease the mortality gap between users and never
users of cannabis with psychosis.

Regarding the validity of diagnoses in Sweden’s National
Inpatient Register, a number of studies have demonstrated
the adequate validity of major psychiatric diagnoses, in-
cluding schizophrenia, in epidemiology (46, 47).

In summary, we report on what is to date the longest
follow-upof subjectswithdata on cannabis use andmortality.
Study limitations notwithstanding, we found that subjects
with a baseline history of heavy use of cannabis have an
increased risk of death over the course of follow-up. We did
not find that a history of cannabis use affects the excess
mortality among subjects with psychotic disorders, and we
did not find an interaction effect between cannabis use and
diagnosis of psychotic disorders with regard to mortality.
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