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Abstract

There is a well-established relationship between cannabis use and psychosis, although the exact nature of this relationship is not fully under-
stood. Recent studies have observed significant genetic overlap between a diagnosis of schizophrenia and lifetime cannabis use. Expanding on
this work, the current study aimed to examine whether genetic overlap also occurs for subclinical psychosis (schizotypy) and cannabis use, as
well as examining the phenotypic association between the traits. Phenotypic correlations were calculated for a variety of schizotypy and can-
nabis phenotypes in the UK Biobank (UKB), and single nucleotide polymorphism (SNP)-based heritability estimates and genetic correlations
were calculated for these UKB phenotypes as well as for several other variables taken from recent genomewide association studies. Positive
phenotypic correlations were observed between 11 out of 12 pairs of the cannabis use and schizotypy phenotypes (correlation range .05–.18),
indicating a robust association between increased symptoms of schizotypy and cannabis use. SNP-based heritability estimates for two schiz-
otypy phenotypes remained significant after multiple testing correction: social anhedonia (h2SNP= .08, SE= .02, N= 4025) and ever seen an
unreal vision (h2SNP= .35, SE= .10, N= 150,717). Finally, one significant genetic correlation was observed between schizotypy and cannabis
use, a negative correlation between social anhedonia and number of times used cannabis (rg=−.30, p= .012). The current study suggests the
relationship between cannabis use and psychosis is also seen in subclinical symptoms of psychosis, but further research with larger samples is
needed to determine the biological mechanisms underlying this association.
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Psychosis is a term used to describe symptoms characterized by the
loss of contact with reality. Psychotic symptoms are a core feature
of several common psychiatric disorders, most notably schizophre-
nia and bipolar disorder (van Os et al., 2009). Psychosis most often
develops in late adolescence and has been considered to be typical
of the late stages of these disorders (Insel, 2010). Psychotic disor-
ders affect a significant number of individuals in the population
and are one of the costliest groups of disorders in terms of medical
expenditure (Fineberg et al., 2013; Wittchen & Jacobi, 2005).
Current evidence suggests that the risk of psychosis is influenced
by both genetic and environmental factors (Dean &Murray, 2005;
Ortega-Alonso et al., 2017; Tienari et al., 2004).

In the past, psychosis has often been described by clinicians in
dichotomous terms, where it is assumed to exist only at two levels:
present and absent (Verdoux & van Os, 2002). However, it is now

established that psychosis can be better explained on a continuum
scale of liability, with levels of the symptom ranging from relatively
mild up to clinical diagnostic levels (Eaton et al., 1991; Grant et al.,
2015; van Os et al., 1999, 2000, 2009; Verdoux & van Os, 2002). In
much of the current literature, the term schizotypy is used to
describe the subclinical levels of psychotic symptoms. Some of
the most common symptoms of schizotypy include physical and
social anhedonia, delusions, hallucinations and hypomanic per-
sonality (Chapman et al., 1976, 1978; Eckblad & Chapman,
1986). In an effort to maximize treatment outcomes, a significant
body of research has attempted to explain the etiology of schizo-
typic symptomology. Genetic studies have offered a promising
avenue for this, both in terms of twin and family studies as well
as studies of molecular genetics. A large number of family and twin
studies have suggested a substantial contribution of genetic factors
for schizotypic symptomology. One early twin study including 29
twin pairs classified symptoms of schizotypy into four factors: pos-
itive and negative symptom schizotypy, positive trait schizotypy
and trait anhedonia (Kendler et al., 1991). Moderate to high herit-
ability estimates were found for three of the four factors, although
findings should be interpreted cautiously due to sample size lim-
itations. A follow-up twin study by Kendler and Hewitt (1992)
involving more twin pairs (n= 409 pairs) showed that genetic
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factors played a strong role in all psychosis symptoms except body-
image perceptual aberration, with heritability estimates ranging
between 29% and 68%. A more recent study by Zavos et al.
(2014), including 5059 twin pairs yielded similar findings, report-
ing heritability estimates between 15% and 59% for all symptoms
except mild hallucinations, which was not significantly influenced
by genetic factors. These studies therefore suggest that genetic
influences play an important role for most schizotypy symptoms.

Several genomewide association studies (GWAS) have been per-
formed to investigate the molecular genetic underpinnings of schiz-
otypy (Legge et al., 2019; Ortega-Alonso et al., 2017; Tomppo et al.,
2012). A study of 4269 nonpsychotic participants assessed genetic
associations for four key symptoms of schizotypy: hypomanic per-
sonality, perceptual aberration, physical anhedonia and social anhe-
donia (Ortega-Alonso et al., 2017). One genomewide significant
locus that was associatedwith hypomanic personality was identified,
as well as 20 significant gene-based associations. Single nucleotide
polymorphism (SNP)-based heritability estimates (h2SNP) were all
significant and ranged between 16.6% and 27.4%, demonstrating
an influence of common SNPs on the measured symptoms of schiz-
otypy. A recent GWAS in up to 127,966 participants from the UK
Biobank (UKB) identified two genomewide significant genomic loci
for any psychotic experience (n cases= 6123) and two loci for
distressing psychotic experience (n cases= 2143; Legge et al.,
2019). Overall, based on molecular genetic and family studies, the
consensus held in the literature is that genetic differences exist
among individuals that interact with environmental factors to deter-
mine whether an individual crosses the threshold for a clinical diag-
nosis of a psychotic disorder (Ortega-Alonso et al., 2017; Tienari
et al., 2004). In the context of this, improved knowledge of the risk
factors (genetic or environmental) that may increase an individual’s
liability to experience psychosis is imperative.

A number of risk factors over and above the genetic factors pre-
viously discussed appear to increase an individual’s predisposition
for schizotypy (McDonald & Murray, 2000). One risk factor that
has received considerable attention is cannabis use, a trait that has
been established to have a partial genetic basis (Pasman et al., 2018;
Stringer et al., 2016; Verweij et al., 2010). Earlier studies established

an association between cannabis use and various levels of psycho-
sis, including schizophrenia and schizotypy. These studies
reported that patients with schizophrenia are more likely to use
cannabis than other psychiatric patients and controls, and that
using cannabis is associated with an increased likelihood of devel-
oping psychotic symptoms by a factor between 1.7 and 3.2 (Di Forti
et al., 2019; Hall et al., 2004). On top of this, the rate of cannabis use
disorder (CUD) is approximately 27% for patients with schizo-
phrenia (Koskinen et al., 2009). This is in contrast to the rates
in the general population, which is estimated to be around 1%
(Copeland & Swift 2009). Similarly, for schizotypy, positive corre-
lations have been found between various measures and cannabis
use, as well as for many of the aforementioned symptoms
(Bailey & Swallow 2004; Dumas et al., 2002; Mason et al., 2008;
Richardson & Garavan, 2011; Williams et al., 1996).

Molecular genetic studies have found evidence for a shared
genetic architecture between cannabis use and schizophrenia
(Pasman et al., 2018; Power et al., 2014; Verweij et al., 2017).
Using Mendelian randomization analysis, Pasman et al. (2018)
provided evidence for a causal influence of high genetic liability
for schizophrenia on cannabis use. No evidence was found for a
causal effect of cannabis use on schizophrenia, but this may be
due to a lack of power. Expanding on these studies, the current
study aims to further elucidate the relationship between psychosis
and cannabis use by exploring genetic overlap between different
aspects of schizotypy and cannabis use.

Materials and Methods

Phenotypes

In the current study, a total of 10 psychosis and four cannabis phe-
notypes were analyzed. Genomewide association analyses were
conducted on six psychosis and two cannabis phenotypes within
the UKB. The remaining phenotypes were operationalized using
GWAS summary statistics from Demontis et al. (2019), Ortega-
Alonso et al. (2017), and Pasman et al. (2018). An overview of
all phenotypes analyzed is provided in Table 1. For the UKB phe-
notypes, participants were included in the sample if they were of

Table 1. Overview of cannabis use and schizotypy phenotypes and SNP-based heritability estimates

Construct Phenotype Source N h2SNP (SE)

Psychosis/schizotypy Hypomanic personality Ortega-Alonso et al. (2017) 3967 .20 (.12)

Perceptual aberration Ortega-Alonso et al. (2017) 4057 .09 (.13)

Physical anhedonia Ortega-Alonso et al. (2017) 3988 .24 (.12)*

Social anhedonia Ortega-Alonso et al. (2017) 4025 .35 (.10)**

Distress caused by psychotic experiencea UKB 7290 .03 (.06)

Frequency of psychotic experience (last year)a UKB 7290 .05 (.06)

Ever believed in an unreal conspiracy UKB 151,979 .06 (.06)

Ever believed in unreal communication or signs UKB 151,909 .09 (.06)

Ever seen an unreal vision UKB 150,717 .08 (.02)**

Ever heard an unreal voice UKB 151,644 .05 (.03)
Cannabis use Lifetime cannabis use Pasman et al. (2018) 162,082 .11 (.01)**

Cannabis use disorder Demontis et al. (2019) 51,372 .13 (.05)*

Number of times used cannabisa UKB 152,145 .07 (.01)**

Maximum frequency of cannabis usea UKB 35,522 .05 (.02)**

Note: UKB, UK Biobank. * p< .05; ** p< 3.57 × 10–3 (Bonferroni corrected threshold).
aOrdinal-scale phenotypes.
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white British ancestry, identified through self-reported ethnicity
and ancestral principal components (for more detail see
MacGregor et al., 2018). Participants with a diagnosis of any psy-
chotic illness were excluded to minimize confounding bias, as the
current study was interested only in subclinical levels of psychosis.
See Supplementary Tables 1 and 2 for a detailed description of each
phenotype of interest and their respective response frequencies in
the UKB.

Schizotypy

Within the UKB, six schizotypy phenotypes were analyzed:
‘distress caused by psychotic experience’, ‘frequency of psychotic
experience’, ‘ever seen an unreal vision’, ‘ever believed in unreal
communication’, ‘ever heard an unreal voice’ and ‘ever believed
in an unreal conspiracy against self’. Each phenotype was mea-
sured using a single question administered to participants in the
UKB online mental health questionnaire (Davis et al., 2020).
Responses to each item were either binary, indicating the presence
or absence of the behavior/symptom in question, or ordinal, indi-
cating increasing levels of the symptom or behavior. The only
exception to this was the item ‘distress caused by psychotic-
experience’, for which responses fit a nominal scale. Initially, each
response was coded 0–4, with the 0 response representing not
distressing, positive experience and 1 representing the response
not distressing, neutral experience, while 2–4 represented increas-
ing degrees of distress. The responses were recoded such that not
distressing, positive experience and not distressing, neutral
experience were combined into a single response, so that the phe-
notype was on an ordinal scale.

For the remaining four schizotypy phenotypes, we used GWAS
summary statistics from Ortega-Alonso et al. (2017) of perceptual
aberration, hypomanic personality, physical anhedonia and social
anhedonia. Participants were Finnish citizens surveyed at 31 years
of age who were part of the National Finnish Birth Cohort 1966.
Participants were administered Chapman’s schizotypia scales:
the Revised Physical Anhedonia Scale, the Revised Social
Anhedonia Scale, the Perceptual Aberration Scale and the
Hypomanic Personality Scale (Chapman et al., 1976, 1978;
Eckblad & Chapman, 1986). Each of these scales utilizes a number
of true/false items to assess the symptom in question, producing a
cumulative score that measures the severity of that symptom. Both
the reliability and validity of all of these scales have been well estab-
lished in the literature (Bailey et al., 1993; Chan et al., 2015).

Cannabis Use

Two self-reported cannabis use phenotypes from the UKB were
analyzed: ‘number of times used cannabis’ and ‘maximum fre-
quency of cannabis use’, measured using a single question admin-
istered to participants in the UKB online mental health
questionnaire. Both phenotypes were measured on an ordinal
scale. Additionally, we used GWAS summary statistics of CUD
by Demontis et al. (2019) with a sample size of 51,372 (2387 cases,
48,985 controls). Participants were all part of the iPSYCH database
in Denmark, and cases were defined as having an International
Classification of Diseases, Tenth Revision diagnosis of a CUD as
confirmed by the Danish Psychiatric Central Research Register.
Finally, we used GWAS summary statistics of lifetime cannabis
use from Pasman et al. (2018), which included cohorts from the
international cannabis consortium and the UKB (excluding the
23andMe cohort). The phenotype was derived using a variety of
self-report items that assessed whether the participant had ever

used cannabis over the course of their lives. We note that this phe-
notype was derived using the same UKB item as ‘number of times
used cannabis’ and therefore are not independent indicators of
cannabis use.

Statistical Analyses

Phenotypic correlations. Polychoric correlations were calculated
for all pairwise combinations of the cannabis and psychosis vari-
ables within the UKB using the psych R package. To account for
multiple testing, a Bonferroni correction was applied (28 tests per-
formed and therefore p< 1.79 × 10–3).

Genomewide association analyses. GWA analyses for each of
the UKB phenotypes were conducted using a linear mixed model
approach implemented via the BOLT-LMM software (Loh et al.,
2015) to adequately account for population structure and cryptic
relatedness. While BOLT-LMM assumes that the trait of interest is
quantitative, for binary phenotypes we applied the mathematical
transformation outlined in Lloyd-Jones et al. (2018) to convert
the resultant SNP-association estimates into log (OR) estimates.
Analyses were limited to autosomal SNPs with high imputation
quality (INFO score ≥ 0.80) and a minor allele frequency of 1%
or higher. Sex, age at baseline, batch and 20 principal components
were included as covariates in the model.

SNP-based heritability. SNP-based heritability (h2SNP) was cal-
culated for all phenotypes using LD score regression (LDSC;
Bulik-Sullivan, Loh et al. 2015). Given that lifetime cannabis
use, CUD, ‘ever seen an unreal vision’, ‘ever heard an unreal voice’,
‘ever believed in an unreal conspiracy’ and ‘ever believed in unreal
communication’ were coded as binary phenotypes, and estimates
were estimated on the liability scale. The population prevalence of
the UKB phenotypes was estimated from the UKB sample (i.e. we
assume population prevalence = sample prevalence). While the
ordinal scale of some phenotypes complicates the direct interpre-
tation of h2SNP estimates, whether the estimate is significantly dif-
ferent from zero is not affected by the underlying scale.
A Bonferroni correction was applied to account for multiple
testing, and as 14 tests were completed, the corrected threshold
was p< 3.57 × 10–3.

Genetic correlations. Cross-trait LDSC (Bulik-Sullivan,
Finucane et al., 2015) was used to calculate genetic correlations
(rg) between all pair-wise combinations of cannabis and psychosis
phenotypes that were found to have strong evidence of being her-
itable, p(h2SNP)< .05. Multiple testing correction was similarly
applied by adjusting p values based on false discovery rate
(FDR) across all tests.

Results

Phenotypic Correlations

Polychoric correlations (ρ) were calculated between all UKB can-
nabis and schizotypy phenotypes. All except two correlations were
significant after correction formultiple testing (p< 1.79 × 10−3; see
Figure 1 and Supplementary Table 3). The majority of correlations
(11 out of 12) between schizotypy and cannabis use were positive
(ρ range =.05–.18), indicating that increased cannabis use is pre-
dominately associated with increased levels of schizotypy. The
largest correlation was between ‘ever believed in a conspiracy
against self’ and ‘number of times used cannabis’. There was a
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small, negative correlation between ‘frequency of psychotic expe-
rience’ and ‘number of times used cannabis’ (ρ=−.05).

SNP-Based Heritability

Using LDSC, individual SNP-based heritability estimates (h2SNP)
were calculated for all phenotypes (see Table 1). All four cannabis
phenotypes were found to have significant h2SNP estimates
(p< .05), ranging from .05 (maximum frequency of cannabis
use) to .13 (cannabis use disorder). Three of these estimates
(lifetime cannabis use, number of times used cannabis andmaximum
frequency of cannabis use) remained significant after correction for
multiple testing (p< 3.57× 10-3). Three psychosis phenotypes
(physical anhedonia, social anhedonia and ever seen anunreal vision)
had significant h2SNP estimates (p< .05), ranging from .08 to .35;
h2SNP estimates for ‘social anhedonia’ and ‘ever seen an unreal
vision’ remained significant after Bonferroni correction.

Genetic Correlations

Genetic correlations were calculated between all pairs of pheno-
types that showed evidence of being heritable, resulting in genetic
correlation analyses being performed between three psychosis phe-
notypes and four cannabis phenotypes (see Figure 2 and
Supplementary Table 4). Genetic correlations between the canna-
bis phenotypes were all positive and significant (p< .05), with rgs
ranging from .33 to .87. All but one of these correlations (cannabis
use disorder and maximum frequency of cannabis use) remained
significant after FDR correction. Within the psychosis phenotypes,

only physical and social anhedonia were significantly genetically
correlated (rg= .66, p= .003). Between the cannabis use and psy-
chosis phenotypes only one genetic correlation was significant: a
negative correlation between social anhedonia and number of times
used cannabis (rg=−.30, p= .012. All remaining genetic correla-
tions were not significant.

Discussion

The aim of the current study was to further unravel the relationship
between psychosis and cannabis use by examining the phenotypic
and genetic associations between subclinical levels of psychosis (i.e.
schizotypy) and cannabis use. First, for all individual phenotypes,
the amount of variance explained by common SNPs (SNP-based
heritability) was estimated. Second, phenotypic correlations
between various psychosis and cannabis phenotypes in the UKB
cohort were calculated. Lastly, the proportion of genetic overlap
between and within all cannabis and psychosis phenotypes was
observed through genetic correlations.

Significant positive phenotypic correlations were observed
between all cannabis use and schizotypy phenotypes. This demon-
strates that for several specific symptoms of psychosis as well as for
the distress caused by and the frequency of psychotic experience,
there is a positive association with cannabis use and frequency of
use. This finding is in line with the previous body of literature that
has shown a positive association between cannabis use and schiz-
otypy (Bailey & Swallow, 2004; Dumas et al., 2002; Williams et al.,
1996). Also of note is the finding that the cannabis use phenotypes

Fig. 1. Phenotypic correlations (ρ) between
cannabis use and schizotypy phenotypes.
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had the lowest correlations with frequency of psychotic experience,
suggesting that cannabis use has a stronger link with ever having
experienced psychosis than how often psychotic experiences occur.
This is a novel finding, as the frequency of psychotic experience has
not been measured against any dimension of cannabis use in the
previous literature.

Second, while significant heritability estimates were observed
for all cannabis phenotypes, the only psychosis phenotypes that
were significantly heritable were physical anhedonia, social anhe-
donia and ‘ever seen an unreal vision’. Finding significant heritabil-
ity estimates for all cannabis phenotypes is in line with the previous
literature (Pasman et al., 2018; Stringer et al., 2016; Verweij et al.,
2010). The current SNP-based heritability estimates for the major-
ity of the psychosis phenotypes were mixed in relation to the pre-
vious literature. Common SNPs did not appear to explain a
significant amount of the variance in two of the phenotypes assess-
ing hallucinations (‘ever heard an unreal voice’ or ‘believed in
unreal communication’) in line with Zavos et al. (2014); they
did, however, for ‘ever seen an unreal vision’. Variance in both
social and physical anhedonia also appeared to be significantly
explained by common SNPs, which is what was found previously
by Ortega-Alonso et al. (2017). In contrast to their findings, how-
ever, both hypomanic personality and perceptual aberration did not
return significant heritability estimates. This is likely due to the fact
that different methods were used to calculate SNP-h2; Ortega-
Alonso et al. (2017) used genomewide restricted maximum likeli-
hood, while the current study used LDSC due to only summary
statistics being available. Finally, the remaining schizotypy pheno-
types were not significantly influenced by common SNPs, in

contrast to the previous literature suggesting the impact of genetic
factors on psychotic symptoms. There are a number of possible
explanations for the lack of a significant contribution of common
SNPs. Common genetic factors may influence individual schizo-
typic symptoms to different degrees and thus those schizotypy
measures that returned nonsignificant estimates in the current
study are indeed not impacted to a large degree by common genetic
variants. Another explanation is that the genetic contributions
found in previous twin-based studies cannot be wholly explained
by additive genetic effects or are instead due to rare SNPs.
However, the most likely reason is that the current study was
underpowered due to the relatively small sample sizes for schizo-
typic symptoms.

Among the trait pairs tested in our genetic correlation analyses,
we only found evidence to support a common genetic basis
between social anhedonia and number of times cannabis used
(rg=−.30). This suggests that common genetic risk factors that
increase levels of social anhedonia are associated with lower levels
of cannabis use. A possible explanation for this finding could be
that within the current sample, smoking cannabis is mainly done
within social settings and hence people who do not take pleasure
from social settings do not engage in it as frequently. For the non-
significant genetic correlation results, it could be that the genetic
influences for the phenotypes assessed are genuinely separate,
and thus no overlap exists between the genetic factors underpin-
ning each phenotype. This would be in direct contrast to the find-
ings of Pasman et al. (2018), who found a significant genetic
correlation between a diagnosis of schizophrenia and lifetime can-
nabis use. A more plausible explanation is that again the current

Fig. 2. Genetic correlations (rg) between cannabis use
and schizotypy phenotypes.
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study was underpowered, as indicated by the fact that while many
of the nonsignificant genetic correlations had large rg values, they
also had relatively large standard errors. It should also be noted
that Pasman et al. (2018) assessed a schizophrenia diagnosis,
whereas the present study assessed individual symptoms. This dif-
ference in the level of analysis could be a reason for the contrasting
findings, as the genes underpinning individual symptoms are likely
not identical to the genes implicated in a broader diagnosis of an
overarching disorder.

Lastly, significant positive genetic correlations were observed
within all cannabis phenotypes and one pair of psychosis pheno-
types (physical and social anhedonia). It therefore appears that there
is a large overlap between the genetic factors that influence various
aspects of cannabis use. Of note are the genetic correlations with
CUD, while significant positive correlations were observed with
all other cannabis phenotypes, the strongest correlation was with
maximum frequency of use. This could have been observed for
the simple reason that those who use cannabis regularly are at higher
risk of developingCUD, as their increased usemay bemore prone to
become problematic. With regard to the weak correlations within
psychosis phenotypes, our findings reaffirm the notion that different
psychotic symptoms may have different biological underpinnings.
Physical and social anhedonia are likely to share the same biological
causes, as they represent variations of the same symptom, namely
reduced enjoyment in activities that previously brought pleasure
(Chapman et al., 1976). The third phenotype, ‘ever seen an unreal
vision’, represents an entirely different psychotic symptom, instead
assessing a specific subset of hallucinations. As these symptoms dif-
fer considerably in their presentation, it is possible that each has a
separate, distinct biological mechanism underlying it. Finally, it
could be that again power was insufficient to detect a significant
genetic correlation between these phenotypes.

Limitations

It is important to recognize the limitations of the current study. As
previously mentioned, the primary limitation was inadequate
power for some of the phenotypes. As multiple different samples
were used and sample sizes varied, it is possible that the sample
sizes for several phenotypes, such as those taken from Ortega-
Alonso et al. (2017), were too small (Hong & Park, 2012).
Second, while all participants with a clinical diagnosis of a psy-
chotic illness were excluded from the majority of samples, no other
exclusion criteria were implemented so as not to reduce power
further. Many of the symptoms assessed, such as anhedonia and
hallucinations, can also be caused by conditions unrelated to psy-
chosis (Ali et al., 2011; Anisman &Matheson, 2005). It is therefore
possible that the participants experiencing certain phenotypes in
each sample were doing so as a result of a secondary diagnosis,
and thus our GWA analyses might be tagging SNP associations
implicated in these disorders and not exclusively on subclinical
psychosis. Third, recruitment selection biases affecting the UKB
cohort may have influenced our results (Munafò et al., 2017)
and therefore replication in independent cohorts is necessary.
Fourth, the number of times used cannabis phenotype included
both users and nonusers, and thus we assume that the same genes
underlie cannabis initiation and increasing levels of use. Finally,
the measurements of the various aspects of schizotypy in the cur-
rent study were relatively limited and difficult to quantify. To fully
understand the relationship between psychosis and cannabis use,
all symptoms of psychosis should be considered, which remains
clinically challenging. For example, only one phenotype was

measured that assessed delusions, and this assessed only one type
of delusional belief. By not assessing all symptoms of schizotypy in
the current analyses, the generalisability of the findings to psycho-
sis is broadly limited.

Implications and Future Research

The variation in heritability estimates for psychosis phenotypes rein-
forces the notion that different aspects of schizotypy may have dif-
ferent biological mechanisms. It is important to examine schizotypy
at the symptom level, as assessing psychosis as a single phenotype or
trait may lead to inferences drawn that may not be generalizable
across all symptoms. This symptom-level variation may be linked
to clinical heterogeneity in psychosis, and individuals with differing
symptomatology may be expected to respond to treatments differ-
ently. Future research should seek to replicate the current findings
using larger studies with robust clinical endpoints. Additionally, any
further research on the genetic relationship between cannabis and
psychosis ought to include a wider range of psychotic symptoms
to recognise the broad heterogeneity within psychotic symptomol-
ogy and allow for more accurate inferences to be drawn.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/thg.2020.68.
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