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To investigate contributions of genetic and environmen-
tal risk factors and possible direction of causation for 
the relationship between symptoms of cannabis use dis-
orders (CUD) and psychotic-like experiences (PLEs), 
a population-based sample of 2793 young adult twins 
(63.5% female, mean [range] age 28.2 [19–36] y) were 
assessed for symptoms of CUD and PLEs using the 
Composite International Diagnostic Interview. Latent 
risk of having symptoms of CUD or PLEs was modeled 
using Item Response Theory. Co-twin control analysis 
was performed to investigate effect of familiar con-
founding for the association between symptoms of CUD 
and PLEs. Biometric twin models were fitted to estimate 
the heritability, genetic and environmental correlations, 
and direction for the association. Lifetime use of can-
nabis was reported by 10.4 % of the twins, and preva-
lence of PLEs ranged from 0.1% to 2.2%. The incidence 
rate ratio of PLEs due to symptoms of CUD was 6.3 
(95% CI, 3.9, 10.2) in the total sample and 3.5 (95% 
CI, 1.5, 8.2) within twin pairs. Heritability estimates for 
symptoms of CUD were 88% in men and women, and for 
PLEs 77% in men and 43% in women. The genetic and 
environmental correlations between symptoms of CUD 
and PLEs were 0.55 and 0.52, respectively. The model 
allowing symptoms of CUD to cause PLEs had a better 
fit than models specifying opposite or reciprocal direc-
tions of causation. The association between symptoms 
of CUD and PLEs is explained by shared genetic and 
environmental factors and direct effects from CUD to 
risk for PLEs.
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direction of causation

Introduction

Use of cannabis occurs more frequently among patients 
with psychotic disorders than in the general population.1 
Regular use of cannabis entails a 2- to 3-fold increased 
risk of subsequent non-affective psychotic disorders.2–4 
Following the seminal registry-based follow-up study of 
Swedish conscripts in 1987,5 the association between can-
nabis use in adolescence and later risk of psychotic symp-
toms and psychotic disorders has been demonstrated in 
both clinical6 and general population settings.7–12 The 
mechanisms underlying this association are not fully 
understood, but some data indicate that cannabis is a 
causal factor for psychotic disorders.2,13

Age of cannabis initiation and the amount and fre-
quency of use,14,15 genetic variation,16 and a family history 
of psychotic illness all seem to increase the risk for psy-
chotic disorders.13 Evidence that cannabis use precedes 
onset of psychotic symptoms,9,17 and a dose-response 
relationship2,18 argue for a causal relationship.19 However 
the issue of reversed causality, ie, that experiencing psy-
chotic symptoms or having an emerging psychotic dis-
order may increase the risk for cannabis use,20 and the 
fact that cannabis intoxication may lead to psychotic-like 
symptoms, must be carefully addressed.17 The relation-
ship between cannabis use and psychosis may also be 
explained by shared genetic or environmental factors, or 
by gene-environment interaction.21–23 Results from previ-
ous analyses of genetically informative samples have lent 
support for a common etiology of psychotic disorders 
and cannabis use disorders (CUD), although the results 
are mixed.20,24–27

Based on twin studies, the point estimated heritability 
for liability to schizophrenia is 81%,28 and a mega-analysis 
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of genome-wide association datasets revealed more than 
100 genetic susceptibility loci.29 The heritability of CUD 
is about 40%–50%,30 but no genome-wide significant sus-
ceptibility loci have been established.31

Converging evidence from population-based studies 
provides empirical support for a psychosis continuum 
that range from infrequent subclinical manifestations 
of psychosis proneness via psychotic-like experiences 
(PLEs), to manifest psychotic symptoms and clinical psy-
chotic disorders like schizophrenia.32 Based on data from 
structured interviews of more than 30 000 individuals 
from 18 countries, mean lifetime prevalence of psychotic 
experiences in the general population is 5.8%.33 However, 
the prevalence estimates vary considerably across stud-
ies.34 Premorbid environmental risk factors and affective 
symptomatology may differ between PLEs and psychotic 
disorders.35 Longitudinal studies have shown that pres-
ence of PLEs in adolescence increases the risk of psy-
chotic disorder in adulthood,34 and twin studies have 
demonstrated genetic similarities between subclinical and 
clinical psychosis phenotypes.36,37 Estimating the effect of 
cannabis use on experiencing PLEs in the general popula-
tion may thus be a more cost-efficient and valid alternative 
to studying the relationship in clinical psychosis patients, 
who are fewer and more susceptible to selection bias.

Prospective randomized control experiments are con-
sidered the best way to study causal relationships, but 
innovative statistical methods applied to cross-sectional 
data can be an alternative. One approach is to model cau-
sation based on pairs of genetically informative relatives 
measured on a single occasion.38–40 Under the assump-
tions that members of a twin pair do not have mutual 
effect on one another either within or across traits, the 
relationship between the 2 traits is equivalent for both 
members of a twin pair, the 2 traits have differing modes 
of inheritance, and there are no unmeasured variables that 
influence both measures and thereby inflate the correla-
tions arising through the causal influence of one variable 
on the other,39 differences in the patterns of cross-twin 
cross-trait correlations can allow one to falsify hypoth-
eses about the direction of causation (DOC) between 2 
variables measured on a single occasion.

The phenotypic association between cannabis use and 
psychosis is well established,2 but the relative importance 
of common genetic and environmental factors is unclear. 
If  the association is environmental or causal, reducing 
cannabis use in the population would lead to lower preva-
lence of PLEs and psychotic illness. On the other hand, if  
the association is entirely due to common genetic factors, 
the prevalence of psychotic disorders would be indepen-
dent of level of cannabis use in the population.

The aim of the present study was to investigate the 
relative contribution of genetic and environmental risk 
factors, and DOC, for the putative association between 
symptoms of CUD and PLEs in a population-based sam-
ple of young adult Norwegian twins. More specifically, 

we aimed to estimate (1) to which degree familial factors 
shared by twins confound the putative phenotypic asso-
ciation between symptoms of CUD and PLEs, (2) the 
heritability of latent factors for symptoms of CUD and 
PLEs, and (3) the extent to which common genetic and 
environmental risk factors or direct causal effects may 
explain the co-occurrence of symptoms of CUD and 
PLEs.

Methods

Participants

The Norwegian Institute of Public Health Twin panel is 
a population-based cohort of twins born between 1967 
and 1979.41 Since 1992, self-report questionnaire and 
face-to-face diagnostic interview data have been col-
lected as part of a mental health research project. Details 
regarding recruitment and assessments have been pub-
lished previously.42,43 Briefly, all complete pairs of 8045 
twins who had completed a questionnaire in 1998 were 
invited to a diagnostic interview for DSM-IV mental dis-
orders. Between 1999 and 2004, 2801 twins completed 
the interview, of which 2793 twins had full data on psy-
chotic symptoms and 2469 twins had complete data on 
symptoms of CUD. The current sample thus includes 
information on 2793 twins (63.5% female, mean age 28.2 
y, range 19–36 y). Zygosity classification was based on 
questionnaire data and validated by microsatellite analy-
sis for 676 same-sex twin pairs, resulting in less than 1% 
misclassification.42 The current sample consisted of 898 
monozygotic (MZ) females, 444 MZ males, 532 same-sex 
dizygotic (DZ) females, 235 same-sex DZ males, and 684 
DZ twins from opposite-sex pairs (344 females and 340 
males). Participation in the interview study was predicted 
by higher age and monozygosity, but not by any mental 
health indicator from previous questionnaire data.44

Procedures

All participants were assessed for lifetime DSM-IV axis 
I  disorders using the Norwegian version of the com-
puterized Munich Composite International Diagnostic 
Interview (M-CIDI).45 The interviewers were mostly psy-
chology students in the final part of their training and 
psychiatric nurses trained by teachers certified by the 
World Health Organization and supervised closely dur-
ing the data collection period. Most interviews were con-
ducted face-to-face. For practical reasons, 231 (8.3%) of 
the interviews were conducted over telephone. Members 
of a twin pair were assessed by different interviewers.

The substance use module of the M-CIDI includes 
a screen for lifetime use of any substance of abuse. 
Lifetime ratings on all items concerning cannabis use 
were included in the analyses. The psychosis module of 
the M-CIDI includes a screen for 22 psychotic symptoms. 
Individuals endorsing at least one of the screen items 
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were administered the full module. All items concerning 
delusions were rated with 2 thresholds, the first indicat-
ing that the item was endorsed, and the second that the 
content was definite psychotic based on responses to a 
probing question. When reviewing the verbal responses, 
3 of the delusion items (“Have you ever believed people 
were spying on you?,” “Was there ever a time when you 
believed people were following you?,” and “Have you 
been convinced that people you saw talking to each other 
were talking about you or laughing at you?”) had a high 
number of false positive responses. Thus only definite 
psychotic responses were kept in the analyses for these 
items while responses to both thresholds were kept for the 
remaining items. The items kept in the analysis will in the 
following be referred to as PLEs.

The study was approved by the Norwegian Data 
Inspectorate and the Regional Committee for Medical 
and Health Research Ethics, and written informed con-
sent was obtained from all participants after complete 
description of the study.

Statistical Analysis

Item Response Theory (IRT) was used to investigate the 
construct validity of a latent factor structure for symp-
toms of CUD and PLEs. Latent trait theory relates 
characteristics of items (ie, item parameters) and charac-
teristics of individuals (ie, latent traits) to the probability 
of endorsing a particular response category.46 Responses 
on the M-CIDI were modeled directly using a factor 
analysis for categorical data using a logistic log link. The 
latent factor had a fixed mean of zero and variance of 
unity in males (ie, standard normal distribution), one 
threshold parameter for each response category within 
each item and a discrimination parameter, or slope, for 
each item, often referred to as the 2-parametric (2P) IRT 
model. The threshold parameter indicates the severity 
of a given symptom, and the discrimination parameter 
indicates how effectively a given item can discriminate 
between subjects with different severity of a mental dis-
order. If  the discrimination parameter is equal for all 
items, ie, all items are equally reliable, a 1-parametric (1P) 
IRT-model is estimated, also known as the Rash model 
when used on dichotomous data.47 By the principle of 
parsimony, the 1P model should be preferred over the 2P 
model given a non-significant reduction of fit to the data. 
To allow for population heterogeneity, the latent mean 
and variance was estimated in females.

To obtain estimates of excess risk of PLEs given symp-
toms of CUD, and evidence for familial confounding of 
the association, co-twin control analyses were run based 
on derived ordinals from the IRT models. Lower risk esti-
mates within twin pairs than in the total sample indicates 
familial confounding due to genetic and environmental 
factors shared by the twins. Lower risk estimates in MZ 
than in DZ twins indicates a strong genetic effect for 

the association. We used a mixture confirmatory factor 
analysis in which the parametric latent variable distribu-
tion was replaced by a non-parametric approach using a 
discretized or ordinalized representation of the distribu-
tion.48 We selected the best fitting mixture model using 
Bayesian Information Criterion (BIC). Based on the mix-
ture confirmatory factor analysis we grouped the latent 
distributions of both symptoms of CUD and PLEs into 
4 derived ordinal categories. The prevalences of the cat-
egories for symptoms of CUD risk were (from high to 
low) 1.3%, 3.1%, 2.9%, and 92.7%, and the prevalences 
of the categories for PLE risk were 0.2%, 1.3%, 6.9%, and 
91.7%. Co-twin control analyses on the derived ordinal 
categories were run in STATA version 1449 by fitting con-
ditional fixed-effects Poisson regression models. All other 
analyses were run in Mplus 7.3150 using Full Information 
Maximum Likelihood raw data methods.

Biometric twin modeling was used to estimate the herita-
bility of symptoms of CUD and PLEs separately. Individual 
differences in liability are assumed to derive from 4 latent 
sources of risk: additive genetic (A), non-additive genetic 
(D), shared environmental (C), and individual-specific 
environmental factors (E), which includes all environmen-
tal factors that contribute to differences between the twins 
plus measurement error. Bivariate methods51 were used to 
exploit the expected genetic and environmental correla-
tions between MZ and DZ twin pairs, and to estimate the 
genetic and environmental correlations between symptoms 
of CUD and PLEs. Because MZ twin pairs are genetically 
identical and DZ twin pairs share on average half of their 
genes, A contribute twice as much to the resemblance in 
MZ compared to DZ twins for a particular phenotype, 
and D contribute only one-fourth to the resemblance in 
DZ twins compared to MZ twins. Both MZ and DZ twins 
are assumed to share all their C factors and none of their 
E factors. In the present study we modeled symptoms of 
CUD and PLEs as latent traits without random measure-
ment error. The genetic and environmental correlations are 
the proportional overlap in genetic and environmental risk 
factors for the 2 phenotypes. The sum of genetic (covG) 
and environmental covariance (covE) equals the pheno-
typic covariance (covP). The relative importance of covG 
and covE can be found by dividing covG and covE by covP.

Univariate biometric IRT models were compared in the 
following order: (1) 2P vs 1P, (2) genetic sex differences, 
and (3) significance of A, C and D effects. Since D and 
C effects are confounded in the classical twin design, we 
tested for C effects when the MZ correlation was less than 
2 times the DZ correlation and for D effects when the MZ 
correlation was more than 2 times the DZ correlation. 
We tested 3 forms of genetic sex differences: (1) general 
sex limitation, where different genetic factors influence 
the trait in men and women, (2) common sex limitation, 
where the same genetic factors influence the trait in ques-
tion, but with different effect in men and women, and (3) 
no sex-limitation, where the same genetic factors have the 
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same effect across sex. Model comparisons were evalu-
ated using the Akaike Information Criterion (AIC) and 
Sample Size Adjusted BIC (SSABIC).52,53 Both AIC and 
SSABIC provide a balance between model complexity 
and model or data misfit, with the SSABIC disfavoring 
model complexity more than AIC.

Bivariate twin models were fitted to compare the cor-
related liability model (figure 1-I) and the DOC model 
(figure 1-II).38 Phenotypes used in the bivariate models 
were the best fitting univariate biometric IRT models. 
While the phenotypes are not causally related in the 
correlated liability model, but influenced by common 
genetic and environmental risk factors, the phenotypes 
are allowed to reciprocally cause each other in the DOC 
model. We constrained the genetic and environmen-
tal correlations to be equal across sex in all bivariate 
models.54 All biometric models were run directly on the 
observed symptom data using IRT-models, and not on 
the derived ordinals used in the co-twin control analyses.

Results

A total of  289 subjects (10.4%) reported lifetime use of 
cannabis, and 201 (7.2%) had used cannabis more than 
5 times. Prevalence of  individual symptoms of  CUD 
ranged between 0.1% (experienced an accident or injury 
when influenced by cannabis) and 1.3% (used canna-
bis more or for a longer period than planned; table 1). 
A  total of  708 individuals (25.3%) were administered 
the full psychosis module in M-CIDI after endorsing 1 
or more of  the screening questions. Prevalence of  indi-
vidual PLEs ranged from 0.1% (delusions about thought 
insertion) and 2.2% (delusions of  reference; table  2). 
The best fitting IRT model for symptoms of  CUD was 
a 1P AE no sex limitation model, while the best fitting 
model for PLEs was a 1P AE common sex limitation 
model (table 3). All items regarding symptoms of  CUD 
discriminated equally well between subjects with differ-
ent severity of  CUD, but they indexed different levels of 
risk. Similarly, all items regarding psychotic symptoms in 

Fig. 1. Biometric twin modeling of correlated liability and direction of causation for the association between symptoms of cannabis use 
disorder (CUD) and psychotic-like experiences (PLEs). The figure presents conceptual and best fitting models of the relative contribution 
of additive genetic (A), non-additive genetic (D), shared environmental (C), and individual-specific environmental effects in correlated 
liability (panel I and III) and direction of causation (panel II and IV) models for the association between symptoms of CUD and PLEs 
modeled as latent traits based on responses to questions in the Composite International Diagnostic Interview (CIDI). Circles represent 
latent variables and rectangles represent observed variables. Unidirectional paths represent regression coefficients. Unidirectional path 
estimates must be squared to obtain the proportion of variance explained by each component. rG denotes genetic correlation and rE 
denotes environmental correlation.
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M-CIDI, except the screening questions, discriminated 
equally well between subjects with different severity of 
psychosis risk, but they indexed different levels of  risk. 

Further details regarding item characteristic curves for 
symptoms of  CUD and PLEs are found in the supple-
mentary material.

Table 1. Prevalence of Endorsed Items From CIDI Regarding Cannabis Use and Symptoms of Cannabis Use Disorders Among 2793 
Young Adult Norwegian Twins

Item Item Content Response Categories n %

L3A1 Have you ever taken cannabis? 1 289 10.4
L3B1 Have you ever taken cannabis 5 times or more? 1 201 7.2

1a 46 1.7
2b 28 1.0

L7 In the period when you were using cannabis most frequently, how often did you use it? 3c 31 1.1
4d 38 1.4
5e 57 2.0

L9A Have you ever felt such a strong desire or urge to use cannabis that you could not keep from 
using it; or did you ever want cannabis so badly, that you could not think of anything else?

1 19 0.7

L10A Have you ever tried to stop taking cannabis altogether, but found you couldn’t or have you 
ever had the continual desire to reduce your consumption?

1 17 0.6

Have you already tried several times or had the continual desire to reduce your use of 
cannabis or stop taking it altogether but found you couldn’t?

2 10 0.4

L11A If you took less cannabis than you normally did or didn’t take any, did you have any of these 
problems (list of withdrawal symptoms)?

1 35 1.3

L11C Did you ever take cannabis in order to make these problems (list of withdrawal symptoms) 
go away or to keep from having them?

1 22 0.8

L12A Has there ever been a period when you spent a great deal of time using or getting over the 
effects of cannabis?

1 20 0.7

L13A Have there often been times when you used more cannabis than you intended to or when you 
used cannabis for a much longer period than you intended to?

1 35 1.3

L14A Did you ever find that you had to use much more cannabis than before to get the effect you 
wanted or did you ever find that the same amount had less of an effect on you than it once 
did?

1 30 1.1

L15A Have you ever given up or greatly reduced important activities in order to get or to use 
cannabis – activities like sports, work or associating with friends?

1 19 0.7

L16A Has taking cannabis ever caused you any medical problems? 1 5 0.2
L17A Has taking cannabis ever caused you any emotional or psychological problems – such as 

being uninterested in your usual activities, being depressed, suspicious or distrustful of other 
people, or having strange thoughts?

1 32 1.2

L17C Did you continue to use cannabis after you realized it was causing you any of these 
emotional problems?

1 21 0.8

L19E Did you ever have considerable problems with your family or friends because of your taking 
cannabis [OR] Did your taking cannabis ever cause the break-up of a relationship you’re 
your partner, a family member or friend [OR] Did you ever get into financial difficulties 
because of your taking cannabis [OR] Have you ever attacked someone or injured them while 
under the influence of cannabis?

1 16 0.6

Did you ever have any of these kinds of problems more than once in connection with your 
taking cannabis?

2 5 0.2

L20A Have there been several times when you were under the influence of cannabis, or suffering 
from its after-effects when that increased your chances of getting hurt – for instance when 
riding a bicycle, driving a car or boat, operating a machine, or anything else?

1 20 0.7

L21A Has taking cannabis ever caused considerable problems with your family, friends at work 
or at school (for example, repeatedly staying home from work/school, poor performance, 
expulsion from school, neglecting of children and the household)?

1 18 0.6

L22A Did your use of cannabis ever lead to you getting into trouble with the police more than 
once, for example, for possession of drugs, theft in order to obtain the substance or driving 
under the influence?

1 16 0.6

L23A Have you ever accidentally injured yourself, that is, had an accident or a bad fall while under 
the influence of cannabis?

1 4 0.1

Note: CIDI, Composite International Diagnostic Interview.
aLess than 1 day a month.
b1–3 days a month.
c1 or 2 days a week.
d3 or 4 days a week.
eAlmost daily.
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When controlling for age and sex, the incidence rate 
ratio (IRR) for belonging to one higher derived ordi-
nal category of  latent risk for PLEs given one higher 
derived ordinal category of  latent risk of  symptoms of 
CUD was 6.3 (95% CI, 3.9–10.2) in the total sample. In 
the co-twin control analyses, the IRR was reduced to 3.5 
(95% CI, 1.5–8.2) within twin pairs (MZ and DZ pairs 
combined).

Latent risk for symptoms of CUD was 88% heritable in 
both men and women, and latent risk for PLEs was 77% 

heritable in men and 43% heritable in women. The latent 
traits for symptoms of CUD and PLEs were correlated 
0.54 in men and 0.47 in women. The proportion of the phe-
notypic covariance that was due to genetic factors was 85% 
in men and 73% in women (figure 1-III). The genetic and 
environmental correlations were 0.55 and 0.52, respectively. 
A model where comorbidity was entirely due to common 
genetic factors had an inferior fit to the data (table 4).

We compared 3 DOC-models: (1) Symptoms of CUD 
and PLEs reciprocally cause each other, (2) Symptoms 

Table 2. Prevalence of Endorsed Items From CIDI Regarding Psychotic-Like Experiences Among 2793 Young Adult Norwegian Twins

Item Item Content Thresholda n %

G0 Have you ever had any of the experiences on this list (22 screening items) 1 708 25.4
G1 Have you ever believed people were spying on you? 1 38 1.4

2 24 0.9
G2 Was there ever a time when you believed people were following you? 1 87 3.1

2 36 1.3
G2B Have you been convinced that people you saw talking to each other were talking about 

you or laughing at you?
1
2

256
62

9.2
2.2

G3 Have you ever believed that you were being secretly tested or experimented on? 1 6 0.2
2 3 0.1

G4 Have you ever believed that someone was plotting against you or trying to hurt you or 
poison you?

1
2

11
7

0.4
0.3

G5 Have you ever been convinced that someone you had not met was in love with you? 1 5 0.2
G6 Have you ever been unreasonably convinced that your spouse or partner was being 

unfaithful, although he/she told you that was not true?
1 14 0.5

G7 Have you ever believed that someone was reading your mind? 1
2

25
13

0.9
0.5

G8 Have you ever been convinced you could actually hear what another person was thinking, 
even though he or she was not speaking?

1 17 0.6

G9 Have you ever been convinced that others could hear your thoughts? 1 19 0.7
G10 Have you ever been convinced that you were under the control of some power or force, so 

that your actions and thoughts were not your own?
1
2

12
9

0.4
0.3

G11 Have you ever been convinced that strange thoughts, or thoughts that were not your own, 
were being put directly into your mind?

1 12 0.4

G12 Have you ever been convinced that someone or something could take or steal your 
thoughts out of your mind?

1 2 0.1

G13 Have you ever been convinced that you were being sent special messages through 
television or the radio, or that a program had been arranged just for you alone?

1 6 0.2

G13B Have you felt that a book, or newspaper, or song was meant only for you and no one else? 1 7 0.3
2 8 0.3

G14 Have you ever felt strange forces working on you, as if  you were being hypnotized or 
magic was being performed on you, or you were being hit by x-rays or laser beams?

1 8 0.3

G15 Other volunteered delusions 1 29 1.0
G17 Have you ever seen something or someone that others who were present could not  

see - that is, had a vision\hallucination when you were completely awake?
1 39 1.4

G18 Have you more than once heard things other people couldn’t hear, for example sounds or 
something like a voice?

1
2

21
18

0.8
0.6

G19 Did you ever hear voices others could not hear? 1 18 0.6
2 3 0.1

G20 Have you ever been bothered by strange smells that nobody else seemed to be able to 
smell, perhaps even unusual odours coming from your own body?

1 19 0.7

G20C Have you ever had strange tastes in your mouth that could not be explained by anything 
you had eaten or put in your mouth?

1
2

11
2

0.4
0.1

G21 Have you ever had unusual feelings on your skin or inside your body - like being touched 
when nothing was there or feeling something moving inside your body?

1 31 1.1

G22 Have you ever had a time when you were unable to move at all when it wasn’t due to a 
physical or other medical reason?

1
2

27
9

1.0
0.3

G22A Have you ever had a time when you moved constantly and couldn’t stop when it wasn’t 
due to a physical or other medical reason?

1
2

7
3

0.3
0.1

Note: aThreshold 1 reflects that the individual has the symptom, and threshold 2 reflects that the symptom has definite psychotic or bizarre content.
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of CUD cause PLEs, and (3) PLEs cause symptoms of 
CUD. Model 2 and 3 are more parsimonious than model 
1, and we therefore compared model 2 and 3 with model 
1.  Model 3 fit the data significantly less well than the 
other 2 models, and model 2 had a better fit than model 
1 (table  4). The best DOC model (Symptoms of CUD 
cause PLEs, figure1-IV) had a similar fit to the data as the 
best correlated liability model.

Discussion

In this population-based sample of 2793 young adult 
Norwegian twins we found that latent risk of PLEs was 
6.3 times higher among individuals who had symptoms 
of CUD, but when controlling for genetic and environ-
mental factors shared by twin pairs in co-twin control 
analyses, the excess risk was reduced to 3.5. The latent 
risk for symptoms of CUD and PLEs were highly heri-
table, and half  of the genetic risk factors were common 
to both phenotypes, but common environmental factors 
could not be discarded. There was stronger support for a 
causal pathway from symptoms of CUD to PLEs when 
compared to the opposite or reciprocal pathways.

Previous family studies have predominantly demon-
strated correlated liability for CUD and psychosis phe-
notypes,24,25,27 but some findings have supported causal 
effects,55 reversed causality,20 and shared environmental 

risk factors.26 In a Swedish population-based registry 
study, having a CUD diagnosis was associated with a 
10-fold increase in risk for later receiving a schizophrenia 
diagnosis.27 However, the excess risk was gradually reduced 
by increasing time gap between first diagnosis of CUD 
and first diagnosis of schizophrenia, and by controlling for 
increasing degree of familial confounding. Nevertheless, 
there was still about 4 times higher risk for incident schizo-
phrenia after a diagnosis of CUD when familial factors 
were controlled for. In the present study, we found 3.5 times 
higher risk of PLEs given symptoms of CUD when famil-
ial factors shared by MZ and DZ twins were controlled 
for. The similarity in findings indicate that the association 
between cannabis use and psychosis may not be restricted 
to clinical psychotic disorders, but may also include PLEs.

The heritability estimates for the latent factor of CUD 
in the present study (0.84) are higher than the 0.62–0.72 
found in a US sample of female twins56 and 0.58–0.76 
found in male twins,57 and substantially higher than the 
0.45 found in an Australian,58 and 0.33 found in a US 
Vietnam Era twin sample.59 In the present study the heri-
tability estimate for PLEs among men (0.77) was similar 
to the 0.81 reported from meta-analytic studies on clini-
cal psychosis phenotypes,28,60 while studies of subclinical 
psychotic symptoms in adolescence have demonstrated 
considerably lower estimates (0.15–0.59).36,61 The higher 
heritability estimates for symptoms of CUD and PLEs in 

Table 3. Model Fitting of Univariate Biometric IRT-Analyses for Latent Risk of Having Symptoms of Cannabis Use Disorders (CUD) 
or Psychotic-Like Experiences (PLEs) Among Young Adult Twins

Model Variance Components Sex Effects IRT Model −2*ll No. of Free Parameters AIC SSABIC

Symptoms of 
CUD

c0 ADE GSL 2p 8423.1 54 8531.1 8643.0
c1 ADE GSL 1p 8452.6 39 8530.6 8611.5
c2 ADE CSL 1p 8452.7 38 8528.7 8607.5
c3 ADE NSL 1p 8452.8 35 8522.8 8595.4
c4 AE NSL 1p 8453.1 34 8521.1 8591.6

PLEs p0 ACE GSL 2p 11258.4 73 11404.4 11555.7
p1 ACE GSL 1p 11285.3 49 11383.3 11484.9
p2 ACE CSL 1p 11285.3 48 11381.3 11480.8
p3 ACE NSL 1p 11292.6 45 11382.6 11475.9
p4 CE CSL 1p 11293.4 46 11385.4 11480.7
p5 AE CSL 1p 11286.6 46 11378.6 11474.0

Note: Bold font indicates best fitting model. IRT, item response theory; GSL, general sex limitation; CSL, common sex limitation; NSL, 
no sex limitation; AIC, Akaike Information Criterion; SSABIC, Sample Size Adjusted Bayesian Information Criterion.

Table 4. Bivariate Model Fitting for the Association Between Symptoms of CUD and PLEs Among Young Adult Twins

Model Covariance −2ll No. of Free Parameters AIC SSABIC

Correlated liability 1 AE 15358.0 78 15514.0 15675.7
2 A 15361.5 77 15515.5 15675.2

Direction of causation 1 Symptoms of CUD →← PLEs 15354.1 78 15510.1 15671.8
2 Symptoms of CUD → PLEs 15359.2 76 15511.2 15668.8
3 Symptoms of CUD ← PLEs 15371.8 76 15523.8 15681.3

Note: Bold font indicates best fitting model.
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the present compared to previous studies may partly be 
explained by the latent trait model, which by definition 
excludes random measurement error from the individual-
specific environmental risk factors, thus more accurately 
estimate genetic effects. Compatible with this explana-
tion, in a study of CUD in male US twins, where a latent 
trait was modeled based on twin and co-twin ratings, the 
heritability estimate was 0.79,62 which is similar to the 
0.84 found in the present study.

The heritability estimate for PLEs was lower among 
women (0.43) than among men (0.77) in the present study. 
Given that women have a later onset of psychotic disor-
der than men,63 and the sample was predominantly young 
adults, we may not have captured the true prevalence of 
psychotic symptoms among women, and therefore pos-
sibly underestimated the heritability in women.

The DOC results indicate that a portion of the pheno-
typic association between symptoms of CUD and PLEs 
may be accounted for by direct causal effects of cannabis. 
If  cannabis were an independent risk factor for schizo-
phrenia, the increasing use of cannabis, and especially 
the increasing availability of high potency cannabis,18 
should be accompanied by an increase in the prevalence 
of schizophrenia. However, there are no indications of 
increased prevalence of schizophrenia.64 A  putative 
explanation is that cannabis can trigger psychosis in the 
vulnerable brain and precipitate earlier onset of psychotic 
disorder.65

In the present study, 10% of the twins reported lifetime 
use of cannabis. In a telephone survey among 16–64-year 
old Norwegians in 2004, 16.2% reported lifetime canna-
bis use.66 The prevalence of cannabis use shows a wide 
geographical variation, ranging from only a few percent 
in some Eastern European countries to over 50% among 
US adults.67 A population-based interview study carried 
out in the 1990s in Norway demonstrated that lifetime 
prevalence of any illicit drug use disorder was 3.4% in the 
urban Oslo region68 and 0.4% in a rural Western coastal 
region.69 In contrast, population-based interview studies 
the last 2 decades have demonstrated lifetime prevalence 
of 10.3%–11.9% for any illicit drug use disorders in the 
United States.70,71 In support of the putative causal associ-
ation between cannabis use and PLEs, in the US National 
Comorbidity Survey—Replication, visual and auditory 
hallucinations were reported by 6.3% and 4.0% of the 
respondents, respectively,72 while corresponding figures 
were 1.4% and 0.8%, respectively, in the present study.

Strengths and Limitations

The major strength of this study is the use of structured 
diagnostic interviews in a large population-based sample 
of twins. Members of each twin pair were assessed by 
independent interviewers to reduce bias, and the use of 
IRT allowed for investigation of the construct validity 
of the latent CUD and PLE traits. However, the results 

must be interpreted with some potential limitations in 
mind. First, the validity of psychotic symptoms as rated 
by lay interviewers has been questioned in previous stud-
ies using the CIDI72 The IRT modeling results indicate 
that the psychosis items in M-CIDI are reliable and dem-
onstrate good construct validity in a non-clinical popu-
lation setting, but it is not clear if  the same pattern of 
results would be found in a clinical psychosis sample. 
Second, questions regarding use of cannabis and PLEs 
refer to lifetime occurrence without information about 
temporality. Third, there was not sufficient power to per-
form a co-twin control analysis within MZ and DZ twins 
separately. Fourth, only 43% of invited twins completed 
the diagnostic interview. Attrition was predicted by male 
sex, dizygosity, and lower level of education, and not by 
mental health indicators.44 Fifth, while the best fitting 
DOC model is consistent with a causal process whereby 
CUD increases the likelihood of PLEs, effects of other 
environmental factors such as stressful life events may 
still be of importance.

In conclusion, the present study demonstrates an 
association between symptoms of CUD and higher risk 
of PLEs in the general population. The twin modeling 
results indicate that the relationship may be explained by 
common genetic and environmental factors, but there is 
also support for a causal effect of symptoms of CUD on 
the risk of PLEs.
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