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Abstract

Background: Cannabis use is associated with the risk of developing psychosis. There is substantial
research on the association between cannabis use and non-affective psychotic disorders, but few
studies have examined the relationship between cannabis and affective disorder with psychotic
features (ADPF). Objectives: To investigate the association between ADPF and cannabis use 30 days
prior to admission to inpatient psychiatry and to explore the role of age and gender as effect
modifiers. Methods: Data from the Ontario Mental Health Reporting System collected between 2016-
2019 were used to conduct multivariable regression analyses. Binary logistic regression analyses were
performed to investigate whether the odds of having used cannabis were greater among those with
ADPF compared to those without ADPF and whether the association was moderated by age or
gender. Results: Among those with affective disorders, those with psychotic features were at no
greater odds of having used cannabis 30 days prior to inpatient psychiatric admission compared to
those without psychotic features. Gender was found to modify the association between ADPF and
cannabis exposure. Being female with ADPF was associated with lower odds of using cannabis prior
to inpatient psychiatric admission than females without ADPF. Compared to males without ADPF,
males with ADPF were at no greater odds of having used cannabis within 30 days prior to admission.
Overall, a larger proportion of males used cannabis prior to admission, compared to females. Age was
not found to modify the association between ADPF and cannabis exposure. Conclusion: In
addressing gaps in the literature regarding cannabis use and affective psychotic disorders, the results
of the study demonstrated a nuanced gender-based relationship between ADPF and cannabis use.
Based on these findings, the study has implications for informing early intervention initiatives for

harm reduction and clinical practice among persons with severe mental health concerns.
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1. Background

Cannabis is one of the most commonly-used drug in the world, with 192 million users reporting
past-year use (1). Cannabis use in North America, Africa and Asia has increased since 2009. The highest
prevalence of use is reported in North America at 14.6%, compared to 10.6% in Australia and New Zealand
and 9.3% in West and Central Africa (1). Adolescents and young adults, in particular, are at the highest risk
of cannabis use around the world (1). With this widespread use, it is important to monitor the impact of
cannabis use on public health to reduce harm to populations that are vulnerable to experiencing adverse

effects.

1.1 What is cannabis?

Cannabinoids are found in plants, called phytocannabinoids, in synthetic cannabinoids and in the
human body (i.e. endocannabinoids). Cannabis originates from Central and Northeast Asia, where it has
been used for over 5000 years for therapeutic, spiritual and recreational uses(1,2). Cannabis sativa, or
cannabis, is a phytocannabinoid-containing plant from which 483 known compounds have been identified,
70 of which are cannabinoids. A9-tetrahydrocannabinol (THC) is the main psychoactive cannabinoid that
is found at the highest proportions out of all other cannabinoids contained in cannabis.(2) Cannabidiol

(CBD) is another main cannabinoid known for its anxiolytic effects.(3)

1.2 Forms and Potency:

In North America, cannabis is available in forms, such as dried herb, concentrates, topical
ointments, oils, tinctures and beverages.(4) The most commonly used cannabis products in Canada are dried
herb/flower, edibles, vape pens or cartridges, hashish or kief, orally-administered cannabis oil, and
concentrates or extracts.(5) With the increasing availability and legalization of cannabis products, the
potency of THC in cannabis has been increasing over time worldwide.(6) According to EISohly et al.(7),
the content of THC in cannabis products in the US has increased from 14 to 80 times greater than CBD
content between 1995 to 2014. The concentration of THC has increased from approximately 4% in 1995 to
approximately 12% in 2014, while the concentration of CBD has decreased, on average, from
approximately 0.28% to <0.15% between 2001 to 2014.(7) Similar trends have been reported in European
countries where herbal and resin-type cannabis have increased in THC content between 2006 to 2016.(8)
Hash oil tends to have more than 50% THC, hashish contains 20% THC, and herbal cannabis (resin) has
5% potency of THC.(6) The ratio of THC:CBD has increased in The Netherlands, United Kingdom, France,
and Italy from 2008 to 2017 where THC content is greater by 23 to 104 times than CBD.(9) In Canada, the
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concentration of THC is found to be 20.5% and 16.1% for illegal and legal cannabis, respectively. Whereas
the levels of CBD are found to be 2.4% and 1.7% for illegal and legal cannabis, respectively.(10) High-
potency cannabis is a concern as it puts the public at a greater risk of experiencing various adverse effects
associated with frequent use.

1.3 Effects and Uses:

Cannabis use is associated with various short- and long-term adverse effects. Short-term adverse
effects include impairments in memory, motor coordination, altered judgement, paranoia and psychosis.
These adverse experiences are associated with the use of high-potency cannabis, in particular. Long-term
regular use (e.g. daily use) is associated with cannabis dependence, chronic bronchitis symptoms linked to
smoking herb type cannabis, and an increased risk of the onset of psychotic disorders. Initiation of heavy
and long-term cannabis use during adolescence affects brain development and is linked to cognitive

impairment and feelings of lower life satisfaction and achievement.(11)

Despite the potential risks of cannabis use, individuals report using cannabis for a variety of
recreational and therapeutic reasons. It is commonly used to relieve pain, anxiety and sleep
disturbances.(12) Young adults report using it to conform with their peer group, socialize, self-medicate,
engage in experimentation, relax, and alleviate feelings of boredom.(13,14) Amongst persons with severe
mental illness, Gill et al.(15) found that individuals with psychosis report using cannabis as a means of self-
medication for alleviating psychotic symptoms or anxiety. Interestingly, among individuals with
schizophrenia, cannabis is used as a means of socialization and to elevate mood as a means to alleviate

symptoms of anhedonia.(15,16)

Some of the effects of cannabis have biological origins in the human body, particularly in relation
to the implications of psychosis. Research on the effects of THC on human biology has focused on three
components: endocannabinoids (ECB), cannabinoid receptors, and enzymes.(17) This endocannabinoid
system (ECS) is involved in modulating pain perception, cognition and memory.(18) There are two ECB
receptors of importance, cannabinoid receptor type-1 (CBR1) and cannabinoid receptor type-2
(CBR2).(18,19) They act as mediators of the effect of cannabis on the central nervous system.(19) CB1
receptors, along with the ECS, are implicated in the development of schizophrenia and addiction, in addition
to other mental health conditions such as anxiety and depression.(19) Essentially, chronic exposure to
cannabinoids introduced from the consumption of cannabis can disrupt the body’s normal functioning of

CBR1 and CBR2 (e.g., retrograde signaling (20)) that maintain homeostasis in the body(20), affecting
2



emotions, cognition, memory, and reward systems.(21) Interestingly, CB1R availability may be reversible
over the course of a few weeks after cannabis cessation.(22,23) The role of phytocannabinoids in relation
to the development of psychosis through the ECS is an ongoing area of research.

1.4 Cannabis Use and Mental Health in the Canadian Context:

There has been an increasing trend in cannabis use in Canada across age groups and sexes. Between
2004-2017, cannabis use in the past year in Canadian households increased from 9% to 14%. Interestingly,
rates of use have increased among 24-64-year-olds, decreased among 15-17-year-olds and have remained
stable among 18-24-year-olds.(15) After legalization in 2018, the prevalence of cannabis use increased
from 14% to 18%, with 5.3 million Canadians reporting using cannabis in the three months post-
legalization. Use increased significantly among males, from 16% in 2018 to 22% during the first quarter of
2019.(15)

In Canada, the overall rate of hospitalizations related to mental health conditions among cannabis
users nearly doubled from 525 to 1430 between 2006 and 2015 (2.11 to 5.18 per 100 000).(16) The majority
of those who were hospitalized were male (70%), and 49-58% of hospitalizations were attributed to youth
aged 15-24 compared to all other age groups. Alarmingly, youth hospitalization rates have increased by 19
times since 2006. Rising trends in cannabis-related hospitalizations associated with psychotic disorders are
of major concern, as well. It was the most common clinical condition out of all mental health conditions
for which patients were hospitalized between 2006-2015. Hospitalizations for cannabis-related psychotic
disorders have tripled from 0.80 to 2.49 per 100 000.(16) Use of cannabis prior to inpatient psychiatry
admissions has also increased substantially between 2007 and 2017, with almost 50% of patients reporting
cannabis use prior to the first admission in 2017, representing a 10% increase over 10 years.(24) There are
a number of possible explanations suggested by Canadian researchers for the increase in hospitalizations,
including increasing availability of high-potency cannabis containing high levels of THC, a changing public
sentiment related to the benefits of cannabis, and changes to how clinical settings collect information about
cannabis.(16,24)

1.5 What is psychosis and what are psychotic disorders?

Psychosis is characterized by positive, negative, affective, and cognitive symptoms. Positive
symptoms include delusions, hallucinations, and difficulties in thinking, speech, or behaviour, while

negative symptoms include anhedonia, loss of motivation, withdrawal, and disruptions in speech and verbal



fluency.(25) Psychosis is commonly known as a symptom of schizophrenia in addition to other psychotic
disorders such as, schizophreniform disorder, schizoaffective disorder, major depression with psychotic
features, drug-induced psychosis, organic psychosis, brief psychotic disorder, delusional disorder and
bipolar disorder with psychotic features.(25)

1.6 Risk Factors of Psychosis, Schizophrenia and Psychotic Disorders:

Neurobiological and other risk factors affect the onset and severity of psychotic symptoms
including, altered synaptogenesis, altered synaptic pruning, disrupted excitatory/inhibitory balance, loss of
gray matter, and dopamine dysfunction.(26) Other risk factors include genetic factors, prenatal
complications, childhood trauma, urbanicity, ethnicity, stress, patterns of substance use (especially cannabis
use), and treatment adherence.(26) Genetics risk factors contribute strongly to the risk of developing
schizophrenia-spectrum disorders. Family history is strongly associated with a greater risk of onset of
schizophrenia. Heritability estimates for schizophrenia range from approximately between 64-81% (27—

29), where variations in the risk of developing schizophrenia can be explained largely due to genetics.(30)

There are various socioenvironmental factors associated with an increased risk of experiencing
psychosis. Prenatal and perinatal risk factors include famine or nutritional deprivation and obstetric
complications.(31,32) In 2017, Fusar-Poli et al.(13) conducted a meta-analysis and systematic review of 44
studies with 54 risk factors for being “ultra high-risk” for developing psychosis. Ultra high-risk groups
consist of those who are genetically vulnerable to developing psychosis, or have a history of experiencing
positive psychotic symptoms within the past year (i.e. history of Attenuated Psychotic Symptoms), or have
a history of exhibiting early signs of psychotic symptoms lasting for a duration of less than one week (i.e.
history of Brief Limited Intermittent Psychotic Symptoms.(13,33) The study found that risk factors for
those at ultra-high risk of psychosis include, physical inactivity, use of tobacco, male gender, single status,
high perceived stress, affective comorbidities and unemployment/low education attainment.(13) Aside from
obstetric complications, other childhood risk factors include childhood trauma/emotional abuse/physical
neglect, high perceived stress, and low functioning during childhood/adolescence. Interestingly, cannabis
exposure was not associated with being high risk due to potential confounding with alcohol use, according
to Fusar-Poli et al.(13) However, findings from another meta-analysis show that cannabis use is prevalent

and is associated with greater severity of psychotic symptoms among those at ultra high-risk.(34)



1.7 Cannabis Use, Psychosis, Schizophrenia and Other Psychotic Disorders

There is substantial research examining the risk factors and onset of psychosis. Evidence suggests
that cannabis use may exacerbate psychotic and other symptoms of schizophrenia and is linked to earlier
onset of psychosis.(35) D’Souza et al.(36) suggest that cannabis use is likely a component cause for the
onset of psychosis among vulnerable individuals. A meta-analysis on the association between cannabis use
and the risk of developing psychosis demonstrated that the odds of schizophrenia and other psychosis-
related outcomes were 3.90 higher among heavy cannabis users than non-users.(37) Another notable case-
control study among individuals using high potency cannabis showed that the odds of developing psychotic
disorder was approximately 3 times higher among cannabis users vs non-users. Furthermore, the odds of
psychotic disorder were 5.4 times higher among daily users compared to never users.(38) Di Forti et al.(39)
found that high potency users experienced an earlier age of onset of psychosis by approximately 3-4 years
(mean age=26.7 years vs 30.1 years for high and low-potency users, respectively) compared to low-potency
users. Other studies have reported similar findings on early onset of psychosis and psychotic disorders,
especially among men.(40-42). Di Forti et al.’s(43) multi-centre case-control study in Europe, for example,
demonstrated that the odds of psychotic disorder was highest among those who used cannabis on a daily
basis compared to those who never used cannabis (adjusted OR: 3.2, 95% CI 2.2-4.1). Daily users of
cannabis products with the highest potency had an adjusted 4.8 greater odds of psychotic disorder onset
than never-users. In other words, the odds of psychotic disorder onset were almost five times greater among
high potency daily cannabis users and approximately 3 times greater among daily users compared to never
users. These findings not only suggest that potency and frequency of use account for some of the variation
observed in the incidence of psychotic disorders, but they also indicate that there is evidence for the
presence of a dose-response effect. These findings not only suggest the presence of a potential dose-
response where frequent use of high-potency cannabis products is associated with higher odds of onset of
psychotic disorder, but they also indicate that frequent use at a younger age is associated with increased

risk of psychotic disorder.

Understanding how cannabis directly relates to the risk of psychosis is complex. For instance,
adverse childhood events have been found to be associated with the development of schizophrenia and
future substance use disorders.(44-46) Similarly, cigarette smoking is correlated with later cannabis use
and schizophrenia.(46). Genetic studies have attempted to examine the causality between cannabis use and
psychotic disorders. For example, Karcher et al.(47) conducted a cross-sectional twin study and found that
concurrent cannabis use, cannabis use disorder (CUD) and frequent cannabis use was associated with an
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increased risk of psychotic-like experiences.(47) Cannabis users were at least 1.21-1.26 times at greater
risk of experiencing at least 1 psychotic-like experience compared to those who used cannabis infrequently
or never at all. Furthermore, genetic polymorphisms in relation to cannabis use such as, BDNF Val66Met
and COMT Val66Met, are an ongoing area of study with regard to the genetic links to psychosis. Evidence
is conflicting. Some report that genetic polymorphisms such as BDNF Val66Met are associated with earlier
onset of psychosis, although the associations are weak, and no correlation was found for COMT
Val66Met.(42,48) Mané et al.(48) found that early initiation of cannabis use was significantly associated
with earlier onset of psychosis among cannabis users with BDNF Val66Met polymorphism and among
males. Differences in age at psychosis onset were observed among female met-allele carriers; however,

further research is needed to gain an understanding of the biological mechanisms at play.

There is an ongoing debate about the causal association between cannabis and psychosis within the
field of genetics. Vaucher et al.(49) used Mendelian randomization and meta-analytical methodologies
examining genetic and socio-environmental factors in teasing out the association between cannabis and
psychosis, finding a strong association between cannabis and psychosis. They suggested that a causal
relationship is a “strong possibility”” given that the markers of cannabis use were strongly associated with
psychosis holding all other genetic and socioenvironmental factors constant. Gage et al.’s(50) Mendelian
randomization study also found greater odds of developing schizophrenia among cannabis users. However,
the study found a stronger association between initiation of use among those predisposed to schizophrenia,
suggesting that there are both social and genetic mechanisms at play. Results from Pasman et al.(51) had
similar findings to Gage et al.’s(50), where the gene, CADM2, was found to have a stronger association
with lifetime cannabis use among individuals with schizophrenia and a weaker association in the opposite

direction.
1.8 Affective Disorders:

1.8.1 Major Depressive Disorder and Cannabis Use:

Major depressive disorder (MDD) is a mental disorder characterized by low mood lasting two or
more weeks. Specific characteristics of MDD include a mixture of physical and psychological effects such
as changes in sleeping patterns, loss of appetite, anhedonia, suicidal thoughts, crying, constipation, and
decreased sexual desire.(52) The lifetime prevalence of MDD is approximately 10% in the United States
and 11% in Canada.(53,54) The mean age of onset averages around 29 years of age.(54) MDD is more

prevalent in women compared to men.(54,55)



The rates of cannabis use have increased among those with MDD over time. Between 2005-2016
in the United States, the odds of past-month cannabis use were 1.90 times greater for those with MDD
compared to those without MDD. Similarly, the odds of near-daily use were 2.29 times greater among those
with MDD compared to those without depression.(56) Findings from a cross-sectional survey among
Canadian adults demonstrated a stronger association between past-month cannabis use and depression in
2012 compared to 2002. The increase in the strength of the association suggests that there has been a change

in risk perception and potency of cannabis over time.(57)

Although cannabis use is common among those with MDD, the directionality of association is
unclear, and the underlying biological mechanisms for establishing causality require further research.
Lev-Ran et al.” s(58) review of 14 longitudinal studies found that the likelihood of developing depression

was 1.62 times greater among heavy cannabis users, compared to non-users and light users.

On the other hand, findings from other literature have reported that the onset of MDD in
adulthood was associated with a decreasing level of cannabis use over time.(59,60) Some literature has
also suggested(61-63) that there is a lack of association between cannabis use and the onset of MDD.
(61-63) While Feigngold et al.(63) found that cannabis use was not associated with later onset of MDD at
3 year follow up, having MDD was associated with cannabis use. The association between cannabis use
and subsequent onset of severe MDD is confounded by sociodemographic and clinical factors.(63)
Further prospective longitudinal studies are required to parse whether the association is bidirectional and

whether a dose-response relationship is present.

The variations in associations between cannabis use and MDD suggest the potential presence of a
more nuanced link. Scholeler et al.’s(59) study found that initiation of use during adolescence (for males
less than 18 years old) compared to initiation during adulthood was associated with MDD later in mid-
life. However, initiation during adulthood was not associated with the onset of MDD in mid-life, and
others have found similar results.(64,65) This suggests that vulnerability to adverse effects can vary by
age, especially in adolescence, a developmental period with high vulnerability to the adverse effects of
cannabis use.(66) In relation to gender-based differences, males with depression have been reported as 2.2
times more likely than females with depression to have a comorbid CUD.(67) Further research is required
to understand reasons for cannabis use at a younger age, as many report use to cope with anxiety and
depression.(12,68)



Research on the potential underlying mechanisms at play is unclear. Emerging evidence suggests
that continued cannabis use is associated with poorer mental health outcomes. Bahorik et al.’s(69) study
found that outpatients using cannabis within a month prior to assessment at baseline exhibited more
severe symptoms of depression and anxiety and overall poorer mental health and functioning over the
course of 3-6 months. In a longitudinal study, reductions in cannabis use have been shown to reduce
anxiety and depressive symptoms and improve quality of sleep.(70,71) These findings suggest that
cannabis use is an important consideration in treatment planning among individuals reporting depressive

symptoms and those with a diagnosis of MDD.

1.8.2 Bipolar Disorder and Cannabis Use:

Bipolar disorder (BD) is a mental illness that consists of drastic mood swings shifting between
depressive and manic episodes. It can be a debilitating condition if left untreated. The lifetime prevalence
of BD worldwide is found to be approximately 2%.(72) In the DSM-5, the subtypes of bipolar disorder
include bipolar I, bipolar 1l and cyclothymic disorder. Bipolar-like symptoms similar that do not meet the
criteria for the diagnosis of bipolar I, II or cyclothymic disorder can be classified into the “other specified
bipolar and related disorders” category.(73) In Canada, the estimated prevalence is approximately 0.87%
for BD I and 0.57% for BD I, in the general population.(74) In inpatient populations, the rates of comorbid
CUD have been estimated to be much greater compared to the general population, with 39% of people with
BD being having CUD compared to approximately 16% in community-based samples.(75) In terms of
variations by sex and age, the distribution of BD is reported to be roughly equal between males and females.
Individuals may experience the onset of BD at various life stages, with a majority occurring during early
life (ages 14-21 years). The age of onset of BD is found to be 17.5 years on average, with 45% of cases
occurring in early life between 14 to 21 years. The rest occur largely during mid-life between 20s and 30s

and late-life onset among those over 45 years old.(76)

Cannabis use is common among people with BD and can differ by demographic characteristics
such as age and gender. One meta-analysis(77) found that every 1 in 4 individuals with BD was found to
be cannabis users, and it is more prevalent among individuals with BD compared to those with MDD.(78)
BD has also been associated with several clinical and demographic characteristics. Males with BD are more
likely than females to use cannabis, most commonly used among younger age groups and people with fewer
years of education.(77) Findings from Kozak et al.’s(67) systematic review and meta-analysis demonstrated

that males with BD were 1.7 times more likely to have a comorbid CUD compared to females with BD.
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In terms of clinical outcomes, cannabis use is associated with a worse course of illness among those
with BD. It is linked with a greater risk of suicide attempts, other substance use (e.g. tobacco, alcohol and
other substances), and earlier age of onset of affective and psychotic symptoms compared to non-users.(77)
Comorbid CUD among those with BD | has similarly been found to be associated with being younger,
experiencing manic/mixed episodes, psychotic features, other substance use and substance use
disorders.(79) In a meta-analysis of 11 studies, predominantly consisting of cross-sectional studies, found
that suicide attempts were associated with comorbid CUD among those with BD.(80) Additionally,
cannabis use is a potential risk factor for the first onset of manic symptoms and can impact the course of
illness of those who continue to use it with a diagnosis of BD, as continued cannabis use can worsen
symptoms of mania.(81) Continued cannabis use lowers the likelihood of improving clinical (e.g. manic
and depressive symptoms remission) and functional health outcomes compared to individuals with BD who
do not use cannabis.(82,83) Another study among tobacco consumers found that having CUD increased the

likelihood of experiencing the earlier onset of BD, manic episodes, and being hospitalized.(84)

Jefsen et al.’s(85) Mendelian randomization study found evidence of a potential causal effect on
the risk of using cannabis among those with BD. However, there was no evidence to suggest a causal effect
of developing BD from cannabis use. Further research is required to investigate the underlying mechanisms
at play in the relationship between cannabis use and bipolar disorders to delineate evidence for causality

further.

1.8.3 Cannabis Use and Affective Psychotic Disorders:

Affective psychotic disorders include major depressive disorder (MDD) with psychotic features or
psychotic depression and bipolar disorder (BD) with psychotic features or psychotic bipolar disorder. The
prevalence estimates are generally found to be low. Studies have examined the lifetime prevalence of
affective psychotic disorders among sampled populations based on population-based surveys using DSM
Il and DSM 1V criteria. One study (86) estimated the lifetime prevalence of MDD with psychotic features
to be 0.35% among those with affective psychotic disorders, which included BD with/without psychotic
features. In a population-based study of 5 European countries, the point prevalence of DSM IV MDD with
psychotic features was 0.4% out of the general population.(87) Findings from Jaaskeléinen et al.’s(88)
systematic review of 43 studies demonstrated that the median proportion of psychotic depression was 28%
among samples with depression. The proportions of psychotic depression were found to be greater among

inpatient psychiatric patients. In terms of gender, a greater proportion of females (65%) than males were
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found to have psychotic depression. The age of onset of psychotic depression did not significantly differ
from those with non-psychotic depression.

Among those with BD, it is common to have experienced psychotic symptoms. Van Bergen et
al.’s(89) cross-sectional study among 1342 participants found that 73.8% of those with bipolar disorder |
had a lifetime history of psychotic symptoms, and those with psychotic symptoms experienced an earlier
onset of bipolar disorder. Another reported similar findings where individuals with BD with psychotic
symptoms experienced earlier onset of BD compared to those with BD without psychotic symptoms, and
over half (57%) of the sample had a lifetime history of psychotic symptoms. Individuals with psychotic
symptoms were also found to have higher rates of comorbid alcohol or substance use disorder and overall

worse clinical outcomes.(90)

Research on the impact of cannabis use on affective psychotic disorders is sparse but emerging.
The majority of studies examining the association between cannabis and AD focus on BD, but few examine
specific associations with psychotic features. Several studies have found that the use of cannabis is
associated with an exacerbation of manic and psychotic symptoms among those with bipolar
disorders.(81,91) Among individuals with bipolar disorder, persons with a co-occurring CUD or reported
use of cannabis were more likely to present with lifetime psychotic symptoms and earlier onset of psychotic
episodes.(77,92) One study reported a greater likelihood of delusional beliefs among persons diagnosed
with cannabis misuse among individuals with bipolar disorder 1.(93) Another study consisting of Swedish
military men did not find a statistically significant association between cannabis use and the diagnosis of
affective psychosis and BD diagnoses combined as one indicator.(94) The impact of cannabis on MDD,
especially among those presenting with psychotic features, remains inconclusive.(91) Mustonen et al.’s(94)
study conducted among adolescents found a statistically significant association between lifetime cannabis
use and psychotic depression. However, limitations of studies so far must be kept in mind, such as
heterogeneity of samples, varied measures of cannabis use (often lifetime or ever use) and lack of
prospective study designs. Ultimately, little evidence is available on the association between cannabis use
and the experience of psychotic symptoms of affective disorders (AD), which calls for a need for future

research on the topic.
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2. Study Objectives:

The study will examine the association between affective disorder with psychotic features and the
use of cannabis within 30 days of admission to inpatient psychiatry between 2016 and 2019 in Ontario,
Canada, compared to those without a diagnosis of affective disorder with psychotic features. This objective

will be explored through the following research questions:

Research question 1: Among adults with affective disorders admitted to inpatient psychiatry in Ontario

between 2016 and 2019, are those with affective disorder with psychotic features at greater odds of having
used cannabis 30 days prior to admission compared to patients with affective disorder without psychotic

features?
Furthermore, age and gender will be considered as effect modifiers as follows:

Research guestion 1a: Does age modify the odds of having used cannabis 30 days prior to admission among

patients with affective disorder with psychotic features compared to patients with affective disorder without

psychotic features?

Research guestion 1b: Does gender modify the odds of having used cannabis 30 days prior to admission

among patients with affective disorder with psychotic features compared to patients with affective disorder

without psychotic features?
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3. Study Rationale:

The existing literature on cannabis use and psychosis has predominantly focused on non-affective
psychotic disorders, especially schizophrenia. Research on the relationship between cannabis use and
affective psychotic disorders is generally lacking. While evidence suggests that cannabis use is associated
with non-affective psychotic disorders, it is unclear whether cannabis use is associated with affective
psychotic diseases such as, MDD with psychotic features and BD with psychotic features. Additionally,
while cannabis use has been shown to be associated with MDD and BD in adverse ways (e.g. greater risk
of manic symptoms and depressive symptoms among those with MDD and BD, respectively), further
research is required to investigate whether there is an association present among individuals with psychotic
features among those with AD Examining the relationship between cannabis use and ADPF, if existent, is
can inform future studies to investigate whether there is a shared underlying mechanism through which
cannabis impacts individuals’ likelihood of experiencing psychosis regardless of having an affective or
non-affective mental disorder diagnosis. Otherwise, this could bring to question why cannabis use is not
associated with the psychotic features present among those with a diagnosis of MDD or BD. Studying
differences by age and gender are also under-researched.

To address the gaps in prior research, the study aimed to explore whether affective psychotic
disorders are associated with cannabis use in an inpatient psychiatric population compared to individuals
without ADPF. Population-level studies are lacking; including all acute inpatient psychiatric admission in
Ontario will provide a population-level perspective of persons in psychiatric beds with ADPF compared to
those without ADPF. As well, there are few studies on ADPF, with existing studies limited by varied
measures of cannabis use (e.g. ever-use or lifetime use).(62,94) Measures based on lifetime or ever-use
may be prone to recall bias and are unlikely to differentiate those who are frequent users. This limits the
strength of associations and conclusions drawn from the studies. A past 30-day cannabis use indicator could
mitigate these challenges. Finally, prior research on non-affective psychotic disorders has identified
variations in the impact of other risk factors, such as age and gender, on the onset of psychosis.(39-42) It
is unclear whether cannabis use and affective psychotic disorders vary based on such risk factors, as well.
To study these nuances, it is important to explore whether age and/or gender are potential moderators in the
association between cannabis use 30 days prior to admission. Addressing these knowledge gaps will inform
future research on substance use and other risk factors related to cannabis use, policy directions and clinical

practice among individuals with AD experiencing psychosis.
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4. Methods:

4.1 Study Design and Data Source:

Data from the Ontario Mental Health Reporting System (OMHRS) were used to conduct a cross-
sectional analysis of index admissions to inpatient psychiatry in Ontario between 2016 and 2019. The
OMHRS is a database maintained by the Canadian Institute for Health Information (CIHI) and is based on
RAI-Mental Health (RAI-MH) assessments completed on every person admitted to designated inpatient
psychiatry beds in Ontario, Canada. During the first several days of a patient’s stay, the clinicians
overseeing the care of the patient collect information on their mental health condition through observation,
by conducting interviews and by consulting key informants. Key informants include, family members,
friends or others providing formal care to the patient in the process of administering the RAI-MH
assessment.(95) Mental health professionals are trained and supported on an ongoing basis by clinical

educators and CIHI to ensure reliable administration of the assessment tool.

4.1.1 Instrument:

The RAI-MH includes 396 items assessing patient demographics, mental and physical health status,
functioning, patterns of substance use, and service utilization.(96) It has been mandated for use since 2005
among all persons admitted to inpatient psychiatry in Ontario. The assessment is completed at admission
and discharge, as well as every 90-days for longer stay patients, by mental healthcare professionals
overseeing the care of the person. The RAI-MH’s validity and reliability have been studied extensively.
Studies have demonstrated adequate inter-rater reliability across various care settings, in addition to the
evaluation of face, content, convergent, criterion and predictive validity throughout the process of
development and implementation of the assessment tool.(95-101) Hospitals submit the RAI-MH data to
CIHI on a quarterly basis. To ensure data quality, CIHI conducts validity and data quality checks upon
receipt of data submitted by facilities. For example, records with data quality issues are rejected and are
expected to be resubmitted by facilities after implementing corrections.(102) Annually, through a data-

sharing agreement, CIHI shares all OMHRS data with interRAI Canada at the University of Waterloo.

4.2 Study Sample:

The study included all admissions to acute inpatient psychiatry beds in Ontario between 2016 to
2019 with a DSM-5 BD or MDD diagnosis. The diagnoses were based on the discharge assessment, as

coded by the diagnosis provided by the psychiatrist overseeing the care of the person (see Table 1 for
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specific diagnoses included in this study). The data were restricted to include the most recent admission
and discharge assessment for each person. The sample was restricted to include individuals admitted
between 2016 and 2019 to control for changes between diagnostic criteria of BD and MDD between the
DSM 1V and DSM-5.

The study excluded individuals who were not considered to be acute patients (including patients in
forensic beds or patients designated as forensic in the clinical record), patients under the age of 18, and
patients with stays of less than 72 hours (“short stays”). Acute patients were included in the study sample
as the majority of psychiatric admissions in Ontario are acute and to focus on admissions that are unplanned,
at a vulnerable time in the person’s care, particularly for those who have been admitted to inpatient
psychiatry for the first time. Those in forensic psychiatry are admitted to inpatient psychiatry under court
mandate, which influences their exposure to past 30-day cannabis use. The RAI-MH is mandated for use
in adult psychiatric beds. Therefore, patients in these beds that are under the age of 18 are not representative
of the target population of this service setting or assessment. Those admitted for less than 2 days were
excluded as full RAI-MH assessments are not administered to short-stay patients, and a reliable diagnosis

may not be available.

The total sample included 20,270 individuals with DSM-5 diagnoses of affective disorders admitted
between Jan 1st, 2016, and Dec 31st, 2019. Ethics clearance for the thesis was provided by the University
of Waterloo’s Office of Research Ethics on May 28th, 2021, with the ORE file number 43280.
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Table 1: DSM-5 List of Affective disorders including specifier for psychotic features (Bipolar and
Related Disorder & Major Depressive Disorders)

DSM-5 DSM-5 Description

CODE

F06.33  Bipolar and Related Disorder Due to Another with manic features with manic or
hypomanic-like episode

F06.34  Medical condition (manic or mixed)

F31.0 Bipolar I disorder, Current or most recent episode hypomanic

F31.11  Bipolar I disorder, Current or most recent episode manic, Mild

F31.12  Bipolar I disorder, Current or most recent episode manic, Moderate

F31.13  Bipolar I disorder, Current or most recent episode manic, Severe

F31.31  Bipolar I disorder, Current or most recent episode depressed, Mild

F31.32  Bipolar I disorder, Current or most recent episode depressed, Moderate

F31.4 Bipolar I disorder, Current or most recent episode depressed, Severe

F31.71  Bipolar I disorder, Current or most recent episode hypomanic, In partial remission

F31.72  Bipolar I disorder, Current or most recent episode hypomanic, In full remission

F31.73  Bipolar I disorder, Current or most recent episode manic, In partial remission

F31.74  Bipolar I disorder, Current or most recent episode manic, In full remission

F31.75 Bipolar I disorder, Current or most recent episode depressed, In partial remission

F31.76  Bipolar I disorder, Current or most recent episode depressed, In full remission

F31.2 Bipolar I disorder, Current or most recent episode manic, With psychotic features +
Severe specifier

F31.5 Bipolar I disorder, Current or most recent episode depressed, With psychotic features +
Severe specifier

F31.81  Bipolar Il disorder

F31.89  Other specified bipolar and related disorder

F31.89  Other specified bipolar and related disorder + With mixed features specifier

F31.9 Unspecified bipolar and related disorder

F34.0 Cyclothymic disorder

F19.94  Substance/Medication-Induced Bipolar and Related Disorder

F32.0 Major depressive disorder, Single episode, Mild

F32.1 Major depressive disorder, Single episode, Moderate

15



F32.2 Major depressive disorder, Single episode, Severe

F32.4 Major depressive disorder, Single episode, In partial remission

F32.5 Major depressive disorder, Single episode, In full remission

F32.8 Other specified depressive disorder

F32.9 Unspecified depressive disorder

F33.0 Major depressive disorder, Recurrent episode, Mild

F33.1 Major depressive disorder, Recurrent episode, Moderate

F33.2 Major depressive disorder, Recurrent episode, Severe

F32.3 Major depressive disorder, Single episode, With psychotic features + Severe specifier

F33.3 Major depressive disorder, Recurrent Episode, With psychotic features + Severe
specifier

F33.41  Major depressive disorder, Recurrent episode, In partial remission

F33.42  Major depressive disorder, Recurrent episode, In full remission

F33.9 Major depressive disorder, Recurrent episode, Unspecified

F34.1 Persistent depressive disorder (dysthymia)

F34.8 Disruptive Mood Dysregulation Disorder

F06.31  Depressive Disorder Due to another Medical Condition, With depressive features

F06.32  Depressive Disorder Due to another Medical Condition, With depressive-like episode

F06.34  Depressive Disorder Due to another Medical Condition, With mixed features

N94.3 Premenstrual Dysphoric Disorder
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4.3 Variables:

The RAI-MH includes a range of variables based on individual items as well as embedded scales
that combine items. Definitions of all variables are described below. In brief, the primary dependent
variable was use of cannabis within 30-days of admission to inpatient psychiatry, including use within the
3 days and 7 days prior to admission. The primary independent variable of interest was affective disorder
with psychotic features.

a) Affective disorder with psychotic features—Includes primary DSM-5 diagnoses of bipolar and
related disorders and major depressive disorders (Table 1). To differentiate between affective
disorder diagnoses with and without psychotic features, this variable was operationalized into a
binary variable as “Yes” and “No”. The “Yes” category was comprised of individuals with a
diagnosis of affective disorder with psychotic features (bipolar disorder with psychotic features
and major depressive disorder with psychotic features). All other bipolar and related disorders
and major depressive disorders without psychotic features were included in the “No” group.

b) Past 30-day cannabis use—The substance use categories in the RAI-MH are scored based on the
most recent use of the substance using the following categories: “never or more than 1 year ago”,
“within the last year”, “within the last 3 months”, “within the last month”, “within the last 7
days”, and “within the last 3 days”. Substances include, inhalants, hallucinogens, cocaine and
crack, stimulants, opiates, and cannabis. Cannabis was isolated to indicate whether a patient has
used cannabis within the past month before admission to inpatient psychiatry. This variable was
operationalized as a binary indicator as “Recent user” if the time of last substance use was
reported as equal to or within the last month and as “No past month use” if the substance was
never used or used within/more than a year ago. Information on substance use, including
cannabis, was collected based on self-report, reports from others familiar with the person, and
consultation with clinical record. In literature, cannabis use has been reported as use in the past
30-days as a cut off.(5,24) The RAI-MH does not capture the frequency of substance use. Past
30-day cannabis use can, however, be used as an indicator to indirectly measure the frequency of
cannabis use, as individuals reporting past-month use are likely also to be frequent cannabis

users.(5)

The following variables have been found to be correlated with cannabis use and were adjusted for
as covariates: age group, gender, smoking status, alcohol use, misuse of over the counter or prescription

medication in the prior 14 days, other substance use in the 30 days prior to assessment, other secondary and
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tertiary DSM V diagnoses, cognitive performance, education level, marital status, year of admission to

inpatient psychiatry and presence of mania or depressive symptoms.(5,58,60,81). To control for any

intervention received in the community or during past hospitalizations among patients with AD, prior

contact with community mental health services and prior psychiatric hospitalizations were included as

covariates, as well. Additionally, bivariable analyses were conducted to identify differences between

affective disorder with and without psychotic features. In addition to the list of covariates, variables related

to demographic and clinical characteristics that were found to be significant were adjusted for, as well.

Definitions for age, gender and other sample characteristics are outlined as follows:

c)

d)

9)

Gender—The gender reported by the individual. A categorical variable including, “Male”,
“Female”, and “Other”. Dichotomized into a binary variable as “Male” and ‘“Female”. Those
identifying as “other” were removed as the cell counts were too low to report.

Age Group—The OMHRS data contained the year of birth. The person’s age was calculated by
subtracting the year of birth from the year of assessment. Categorized into a variable with 7
categories including, “18-247, “25-34”, “35-44”, “45-54”, “55-64”, “65 and older”. Both bipolar
and related disorders and major depressive disorders can be chronic in nature and may reoccur
after the first episode, including those with psychotic features.(77-80) Therefore, the age variable
was grouped into categories to assess how it interacts with the affective disorder groups at various
age ranges.

Education Level—Indicates the highest level of educational attainment of an individual. A
categorical variable including, “No schooling”, “8 grades or less”, “9-11 grades”, “High school”,
“Technical or trade school”, “Some college/university”, “Diploma/bachelor’s degree”, “Graduate
degree”, “Unknown”. Categorized into a variable with 3 categories including, “less than high
school”, “completed high school” and “greater than high school”.

Marital Status—Describes whether an individual is married, never married, has a partner or
significant other, is widowed, separated, or divorced. Categorized into a variable with 3
categories, including, “never married”, “married/partner/significant other”” and
“widowed/separated/divorced”.

Employment status—A categorical variable indicating a patient’s employment status. This
includes the following 5 categories: “Employed”, “Unemployed”, “Seeking employment”,
“Unemployed, NOT seeking employment”, “Other”, and “Unknown”. Operationalized into a
binary variable as “Employed” if a patient was employed and “Not Employed” if the patient
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h)

)

K)

indicated that they were “Unemployed”, “Seeking Employment”, “Unemployed, NOT seeking
employment”, “Other” or “Unknown”.

Residential stability—A binary variable (“Yes” or “No”) indicating whether the most recent
residence was temporary in nature.

Homelessness—A binary variable indicating a patient’s living arrangement at admission or post-
discharge. If a patient was identified as homeless at admission or at discharge or homeless with or
without living arrangements at a shelter post-discharge, they were categorized into the “Yes”
category and “No” otherwise.

Past 30-day use of other substance(s)—Substances include, inhalants, hallucinogens, cocaine and
crack, stimulants, and opiates; cannabis use was separated from this category. The substance use
categories included: never or more than 1 year ago, within the last year, within the last 3 months,
within the last month, within the last 7 days, and within the last 3 days. Dichotomized into a
binary variable as “Recently used” for those who used any substances within the last month and
“Did not use recently” otherwise.

Smoking—An ordinal variable indicating whether a person smokes or chews tobacco daily. It
includes 3 categories including, “No”, “Yes”, and “Not in the last 3 days but is a daily smoker”. It
was operationalized into a binary variable as, “Not a daily smoker” and “Daily Smoker/Did not
smoke in past 3 days”.

Alcohol Use—An ordinal variable indicating the number of drinks an individual has consumed in
any single sitting in the past 14 days prior to hospitalization. It includes 4 categories ranging
from, none, 1, 2 to 4, and 5 or more. It was operationalized into a binary variable as “5 or more
drinks” and “Less than 5 drinks”.

Misuse of Medication—A binary variable (“Yes” or “No”) whether a patient has misused
prescription or over-the-counter medication in the 3 months prior to admission to inpatient
psychiatry.

Cognitive performance—Based on the Cognitive Performance Scale (CPS), which assesses one’s
cognitive status. An ordinal variable indicating the performance of one’s ability to make daily
decisions, short-term memory, and ability to express oneself. Scores on the CPS range from 0 to
6, where higher scores indicate greater severity of cognitive impairment. This variable was
dichotomized into a binary variable where scores >2 were considered to indicate the presence of

cognitive impairment and scores <2 indicated absence of cognitive impairment.(71)
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0)

p)

s))

B

Past year community mental health service use—Indicates when a patient last had contact with a
community mental health agency or mental health professional within the past year. It includes 3
categories: “No contact in the last year”, “31 days or more”, and “30 days or less”. This variable
was operationalized into a binary variable indicating “Contact with mental health services” for
those who had community mental health contact in the last 31 days or more or in the past 30 days
or less or “No contact” for those who did not have contact in the last year”.

Number of lifetime admissions—Indicates the number of prior psychiatric admissions excluding
current admission. It includes 3 categories: “None”, “1 to 37, “4 to 57, and “6 or more”. This
variable was operationalized into a binary variable as “Yes” if a patient reports a history of
psychiatric hospitalizations and “No” if none.

Year—A categorical variable which ranges from 2016 to 2019. This variable remained
categorical.

Inpatient status—Indicates status at the time of admission. Includes 5 categories: “Application for
psychiatric assessment (Exclude forensics)”, “Voluntary”, “Involuntary”, “Informal”, and
“Forensic”. This variable was operationalized into 3 separate binary variables for “Involuntary”,
“Voluntary” and “Informal” status’. “Application for psychiatric assessment (Exclude
forensics)”, and “Involuntary” were combined into “Involuntary” status, and patients with
forensic status were excluded from the sample.

Other Secondary or Tertiary Diagnoses—Indicates secondary or tertiary diagnoses of DSM-5
psychiatric disorders. Operationalized as a binary variable as “Yes” if a patient had a diagnosis of
at least one secondary or tertiary diagnosis and “No” otherwise.

Symptoms of mania—Based on the Mania Scale assessing one’s experience of inflated self-
worth, hyperarousal, increased ability to socialize/hypersexuality, pressured speech patterns,
labile affect and presence of sleep problems related to hypomania. Scores range from 0 to 20,
where higher scores indicated greater severity of manic symptoms. This variable remained
continuous.

Symptoms of depression—Based on the Depression Severity Index (DSI), which assesses an
individual’s expression of depression, including the following: facial expression of sadness or
pain, expression of negative feelings, self-deprecating statements, statements of guilt/shame, and

feelings of hopelessness. Scores on the DSI range from 0 to 3 based on the frequency of
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exhibiting depressive expressions in the last 3 days. The higher categories indicate greater
severity of depressive symptoms. The variable remained continuous.

V) Positive Symptoms—Based on the Positive Symptom Scale (PSS) indicating presence of positive
symptoms of psychosis. Scores range from 0-12, where higher scores indicate greater severity of

symptoms. This variable remained continuous.

4.4 Statistical Analyses:

Statistical Analysis Software (SAS) version 9.3 was used to perform all analyses. PROC FREQ
and PROC MEANS procedures were used to assess sample characteristics of patients included in the study
sample using means, standard deviations and 95% Cls for continuous variables, and frequencies for
categorical variables. Bivariable analyses were conducted between sample characteristics and affective
disorders with/without psychotic features using Chi-square tests for categorical variables, and mean, 95%
confidence intervals, and standard deviations for continuous variables of interest.

Covariates included, age, gender, education level, marital status, employment status, other
substance use, medication misuse, smoking status, problematic alcohol use, prior contact with community
mental health services, prior hospitalizations, homelessness, temporary residence, cognitive performance,
year, other diagnoses, depressive symptoms, manic symptoms, voluntary admission status, and involuntary
admission status.

Logistic regression analyses were performed to assess whether affective disorder with psychotic
features were associated with cannabis use 30 days prior to admission to inpatient psychiatry. Regression
coefficients, odds ratios (OR), and 95% confidence intervals (CI) of cannabis use prior to admission while
controlling for all covariates were calculated for each model using the PROC LOGISTIC procedure. The

concordance statistic (C-statistic) was be used to evaluate the overall fit of each model.

Research Question 1:

Firstly, Model 1, or the base model, was developed to calculate the unadjusted odds of having used
cannabis prior to admission. The variable for affective disorder was included in the regression model and
no covariates were included. The unadjusted odds of having used cannabis 30 days prior to hospitalization
among those with ADPF were calculated using the PROC LOGISTIC procedure compared to those without
ADPF. Model 2, or the main effects model, was then developed to calculate the regression coefficients, p-
values, OR estimates, and 95% Cls. Covariates were all included in the model in one block, including age

and gender.
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Research Question la:

For research question 1a, the interaction term between age and affective disorder was added to the
main effects model (Model 2) to assess whether age moderated the association between ADPF and past 30-
day cannabis use to develop Model 3. All covariates from Model 2, including age, remained in this model.
If the regression coefficients and p-values (<0.05) for the interaction term were found to be significant, age
would be reported as a moderator between affective disorder and cannabis use 30 days prior to admission
while controlling for covariates. The main effects model (Model 2) would not be interpreted due to the

presence of the interaction.

Research Question 1b:

For research question 1b, the interaction term between gender and affective disorder was included
in the main effects model (Model 2) to assess whether gender moderated the association between cannabis
use 30 days prior to admission and ADPF compared to those without ADPF. If the correlation coefficient
and p-value (<0.05) of the interaction term was found to be significant, gender would be reported as a
moderator between ADPF and cannabis use 30 days prior to admission while controlling for covariates.

The main effects model (Model 2) would not be interpreted due to the presence of the interaction.
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5. Results

5.1 Sample Characteristics:

Sample characteristics are listed in Table 2. Between January 1, 2016, to December 31, 2019, there
were 20,270 individuals admitted to inpatient psychiatry in Ontario with a diagnosis of an AD, out of which
2,876 individuals had an ADPF and 17,394 individuals were diagnosed without ADPF. 1,485 individuals
had a DSM-5 diagnosis of BD with psychotic features and 5,906 had a diagnosis of BD without psychotic
features. 1,391 individuals had a DSM-5 diagnosis of MDD with psychotic features and 11,488 individuals
had a diagnosis of MDD without psychotic features. The approximate mean age of the sample was 45 years
(SD=17.5) and 42.9% were male. The sample size of those identifying as non-binary was too low to report
(<5) and was therefore excluded from the sample. Just over half (59.2%) had an education level higher than
the high school level, and 45.0% were never married, while 19.1% were either widowed, separated or
divorced. Among those with AD, 21.8% of individuals’ most recent residence was reported as temporary,
and 4.0% out of the whole sample experienced homelessness at the time of admission. 31.4% of individuals
were employed, while 68.6% reported being unemployed and seeking employment, unemployed and not

seeking employment, other or their employment status was unknown.

Cannabis was the most frequently reported substance used within 30 days of admission at 23.0%,
followed by 4.5% of individuals who reported cocaine and crack use, 2.8% reported opiate use, 2.4%
reported stimulant use, 0.7% reported hallucinogen use, and 0.4% reported inhalant use. Additionally,
30.3% were daily smokers, 10.4% reported consumption of >5 alcoholic drinks in a single sitting within 14
days prior to admission, and 12.8% reported medication misuse in the 3 months prior to admission to

inpatient psychiatry.

The sample experienced moderate to severe depression, with a mean DSI scale of 4.72 (SD=4.0).
The average mania scale score of 2.80 (SD=4.1) indicated moderate symptoms, while the mean PSS Short
score of 1.60 indicated that 1 to 2 positive symptoms had been experienced in the 3 days prior to assessment
(SD=2.5). Regarding patients’ lifetime history of psychiatric hospitalizations, 59.9% had at least one prior
admission to inpatient psychiatry, out of which 40.7% had 1-3 admissions, 10.6% had 4-5, and 8.6% had
had 6 or more. Moreover, about half of patients had no contact with community mental health services in
the past year (49.8%), while 17.3% had made contact within the last 30 days and 32.8% had contact >31
days ago. At admission, 68.5% of patients were involuntarily admitted, while 31.1% were voluntarily

admitted to inpatient psychiatry.
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Table 2: Sample Characteristics (n = 20,270)

Variable Response N or Mean % Or SD
Affective Disorder | Yes 2876 14.2
with Psychotic
Features

No 17394 85.8
Major Depressive MDD with 1391 6.86
Disorder/Bipolar Psychotic Features
Disorder Diagnosis
MDD without 11488 56.67
Psychotic Features
BD with Psychotic 1485 7.33
Features
BD without 5906 29.14
Psychotic Features
Gender Male 8693 42.9
Female 11577 57.1
Age 18-24 3089 15.2
25-34 3440 17.0
35-44 3177 15.7
45-54 3790 18.7
55-64 3770 18.6
65+ 3004 14.8
Education Level Less than high 2633 13.0
school or Unknown
Married or partner/ 5638 27.8
significant other
Widowed, separated 11999 59.2
or divorced
Marital Status Never Married 9129 45.0
Married or partner 7276 35.9
or
significant other
Widowed, separated, 3865 19.1
divorced
Employment Status | Not Employed 13897 68.6
Employed 6373 31.4
Residential Most recent was not 15847 78.2
Stability temporary
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Homelessness

Past Year

Community Mental

Health Service Use

Prior Admissions

Number of
Lifetime
Admissions

Year

Cognitive
Performance

Symptoms of
Mania

Symptoms of
Depression

Positive Psychotic
Symptoms

Other Secondary
or Tertiary
Diagnosis

Most recent was
temporary

Yes
No

No Contact (past
year)

Contact 31+ days
Contact less than
30 days

Yes
No

None

1to3
4105
6 or more

2016
2017
2018
2019

No presence of
cognitive
Impairment
Presence of
cognitive
impairment

Yes

4422

808

19462

10099

3515
6656

12138
17679
8132
8255
2138
1745
4261
4781
5221
6007

19518

752

Mean=2.81
(95% CI=2.75-2.86)

Mean=4.73
(95% CIl=4.67-4.78)

Mean=1.60
(95% CIl=4.67-4.78)

5964

25

21.8
4.0
96.0
49.8

17.3
32.8

59.9
40.12
40.1
40.7
10.6
8.6
21.1
23.6
25.8
29.6

96.3

3.7

SD=4.2
SD=4.0
SD=2.5

29.4



No

Past 30-Day Substance Use

Cannabis

Inhalant

Hallucinogens

Cocaine Crack

Stimulants

Opiates

Medication Misuse

Smoking

Problematic
Alcohol Use

Inpatient Status at T
Involuntary

Voluntary

Informal

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No
ime of Admission
Yes
No

Yes
No

Yes
No
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14306

4652

15618

85
20185

146
20124

906
19364

495
19775

566
19704

2591
17679

6134
14136

2115

18155

13890

6380

6302
13968

78
20192

70.6
22.9
77.1

0.4
99.6

0.7
99k

4.5
95.5

2.4
97.6

2.8
97.2

12.8
87.2

30.3
69.7

10.4
89.6
68.52
31.5

31.1
68.9

0.4
99.6



5.2 Descriptive Statistics of Individuals with Affective Disorders with and without Psychotic

Features:

Bivariable analyses describing the sample characteristics between affective disorders with and
without psychotic features up are listed in Table 3. There was no statistically significant difference in
cannabis use 30 days prior to admission to inpatient psychiatry between the affective disorder groups (Chi-
square=0.0000, p-value=0.9982). 23.0% without and 23.0% with psychotic features reported cannabis use
30 days prior to admission among individuals with affective disorder. The mean age of those with ADPF
was 46 years (SD=17.25, 95% CIl=45.78-47.04). Among those without ADPF, 42.7% of individuals
admitted to inpatient psychiatry were male, and 57.3% were female. Similarly, among those with ADPF,
43.9% were male and 56.1% were female (Chi-Square=1.35, p-value=0.2448).

Several factors were significantly associated with affective disorders with and without psychotic
features, indicating that the two groups differed in a number of characteristics. These included: age, marital
status, employment, status, recent cocaine and crack use, recent opiate use, problematic alcohol use,
smoking, medication misuse, history of lifetime admissions to inpatient psychiatry, tertiary and secondary
psychiatric DSM-5 diagnoses, year, contact with community mental health services, homelessness,
residential stability, cognitive decline, involuntary admission status, voluntary admission status, symptoms

of mania, symptoms of depression and positive psychotic symptoms.

The association between the affective disorder groups and the following variables were not
statistically significant: education level, informal admission status, recent inhalant use, recent hallucinogen

use, and recent stimulant use.
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Table 3: Bivariable Analyses of Sample Characteristics between those with or without Affective
Disorder with Psychotic Features

Prevalence of Prevalence of Chi-
Variable Response ADPF ADPF Square  P-Value
(No) (Yes) or SD
N (%) N (%)

Gender Male 7431 (42.7) 1262 (43.9) 1.35 0.2448
Female 9963 (57.3) 1614 (56.1)

Age 18-24 2757 (15.9) 322 (11.5) 48.71  <.0001
25-34 2888 (16.6) 552 (19.2)
35-44 2707 (15.6) 470(16.3)
45-54 3252 (18.7) 538 (18.7)
55-64 3261 (18.8) 509 (17.7)
65+ 2529 (14.5) 475 (16.5)

Education Less than high

Level school or 2233 (12.8) 400 (13.9) 3.59 0.1665
Unknown
o sl g 4869 (28.0) 769 (26.7)
school
Greater than
high school 10292 (59.2) 1707 (59.4)

Marital Status | Never Married 7888 (45.4) 1241 (43.2) 17.01 0.0002
Married or
partner or 6147 (35.3) 1129 (39.3)
significant other
Widowed,
separated, 3359 (19.3) 506 (17.6)
divorced

E{;‘fdgymem Not Employed 11783 (67.7) 2114 (73.5) 38.03  <.0001
Employed 5611 (32.3) 762 (26.5)

Residential Most recent was

Stability not temporary 13525 (77.8) 2322 (80.7) 12.85 0.0003
Most recent was 3869 (22.2) 554 (19.3)
temporary

Homelessness Yes 719 (4.1) 89 (3.1) 6.96 0.0083
No 16675 (95.9) 2787 (96.9)
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Past Year
Community
Mental Health
Service Use

Prior
Admissions

Number Of
Lifetime
Admissions

Year

Cognitive
Performance

Other
Secondary or
Tertiary
Diagnosis

No Contact (past

year)

Contact 31+
days

Contact less
than 30 days

Yes
No

None

1to3
4105
6 or more

2016
2017
2018
2019

No presence of
cognitive
Impairment
Presence of
cognitive
impairment

Yes

No

Past 30-Day Substance Use

Cannabis

Inhalant

Hallucinogens

Yes
No

Yes
No

Yes

8583 (49.3)

3021 (17.4)

5790 (33.3)

10274 (59.1)
7120 (40.9)

7120 (40.9)
6967 (40.1)
1803 (10.4)
1504 (8.7)
3646 (21.0)
4156 (23.9)

4486 (25.8)
5106 (29.4)

16927 (97.3)

467 (2.7)

5293 (30.4)

12101 (69.6)

3992 (23.0)
13402 (77.0)

71 (0.4)
17323 (99.6)

124 (0.7)
29

1516 (52.7)

494 (17.1)

866 (30.1)

1864 (64.8)
1012 (35.2)

1012 (35.2)
1288 (44.8)
335 (11.7)
241 (8.4)
615 (21.4)
625 (21.7)

735 (25.6)
901 (31.3)

2591 (90.1)

285 (9.9)

671 (23.3)

2205 (76.7)

660 (23.0)
2216 (77.0)

14 (0.5)
2862 (99.5)

22 (0.8)

13.25

33.92

37.92

8.39

360.61

59.89

0.00

0.37

0.09

0.0013

<.0001

<.0001

0.0385

<.0001

<.0001

0.9982

0.5457

0.7597



Cocaine Crack

Stimulants

Opiates

Medication
Misuse

Smoking

Alcohol Use —
5 Or More
Drinks

Inpatient Status at Time of Admission

Involuntary

Voluntary

Informal

Symptoms of
Mania

Symptoms of
Depression

No

Yes
No

Yes
No

Yes
No

Yes

No

Yes
No

Yes

No

Yes
No

Yes
No

Yes
No

Mean (SD)
2.57 (3.9)

4.87 (4.1)

17270 (99.3)

830 (4.8)
16564 (95.2)

424 (2.4)
16970 (97.6)

521 (3.0)
16873 (97.00)

2396 (13.8)
14998 (86.2)
5380 (30.9)
12014 (69.1)
1937 (11.1)

15457 (88.9)

11580 (66.6)
5814 (33.4)

5744 (33.0)
11650 (67.0)

70 (0.4)
17324 (99.6)

Prevalence of ADPF

95% CI
2.51-2.63

4.81-4.93

30

2854 (99.2)
76 (2.6) 26.2 <.0001
2800 (97.4)
71 (2.5) 0.01 0.9203
2805 (97.5)
45 (1.6) 18.61 <.0001
2831 (98.44)
195 (6.8) 108.30 <.0001
2681 (93.2)
754 (26.2) 25.98 <.0001
2122 (73.8)
178 (6.2) 64.62 <.0001
2698 (93.8)
2310 (80.3) 216.18 <.0001
566 (19.7)
558 (19.4) 213.72 <.0001
2318 (80.6)
8 (0.3) 0.99 0.3187
2868 (99.7)
Prevalence of ADPF
(Yes)
Mean (SD) 95% ClI
4.23 (4.9) 4.05-4.41
3.84 (3.8) 3.70-3.98



Positive
Psychotic 1.25 (2.2) 1.22-1.29 3.69 (3.1) 3.58-3.80
Symptoms
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5.3 Binary Logistic Regression Analyses Results

5.3.1 Research Question 1:

Among adults with affective disorders admitted to inpatient psychiatry in Ontario between 2016 and
2019, are those with affective disorder with psychotic features at greater odds of having used cannabis 30
days prior to admission compared to patients with affective disorder without psychotic features?

Table 4 presents the ORs, 95% Cls and C-statistics of two logistic regression models examining
the association between ADPF and cannabis use in the 30 days prior to admission. In the bivariable model
(Model 1) the OR was 1 (95% Wald CI=0.910-1.098), the base model containing only the AD diagnosis
variable in relation to cannabis use. The regression coefficient for AD diagnosis was 0 (SE=0.0479, p-
value=1.000). At bivariable level, AD diagnosis was not associated with cannabis use 30 days prior to

admission.

Next, the main effects model, Model 2, included all covariates to the base model (Model 1 +
covariates). The regression coefficient for the AD diagnostic group was -0.0191 (SE=0.0577, p-
value=0.7411). Holding all covariates constant, having ADPF was not associated with greater odds of
cannabis use 30-days prior to admission (OR=0.981, 95% Wald C1=0.877-1.099) compared to those
without ADPF. The C-statistic for Model 2 was found to be 81.3.

5.3.2 Research Question 1a:

Does age modify the odds of having used cannabis 30 days prior to admission among patients with
affective disorder with psychotic features compared to patients with affective disorders without psychotic

features?

Model 3 tested the interaction between age and AD diagnosis while controlling for covariates. The
regression coefficients of the interaction between affective disorder and age (vs 18-24-year-olds) were -
0.2137 (SE=0.1665, p-value=0.1994) for 25-34-year-olds, -0.0242 (SE=0.1775, p-value=0.8917) for 35-
44-year-olds, -0.2063 (SE=0.1886, p-value=0.2740) for 45-54-year-olds, 0.0729 (SE=0.1990, p-
value=0.7143) for 55-64-year-olds and -0.8798 (SE=0.3632, p-value=0.0154) for those over 65 years old.
The C-statistic for Model 3 was found to be 81.3.

Therefore, age did not modify the odds of having used cannabis 30 days prior to admission among

those with ADPF compared to those without ADPF while controlling for covariates. Figure 1 displays a
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positively skewed distribution of cannabis use rates by age groups. The proportions of those with AD who
used cannabis 30 days prior to admission were greatest among 18-24-year-olds. However, for all other age
groups, of the proportion who used cannabis 30 days prior to admission was similar between those with
AD with and without psychotic features.

Figure 1: Percentage of patients who reported cannabis use 30 days prior to admission to inpatient
psychiatry among those with and without affective disorder with psychotic features by age group
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5.3.3 Research Question 1b:

Does gender modify the odds of having used cannabis 30 days prior to admission among patients with
affective disorder with psychotic features compared to patients with affective disorder without psychotic

features?

Model 4 tested the interaction between gender and AD while controlling for covariates. The
regression coefficient for the interaction term was -0.3409 (SE=0.1125, p-value=0.0025). The C-statistic
for Model 4 was found to be 81.3.

Gender was found to modify the odds of having used cannabis 30 days prior to admission among
those with ADPF compared to those without ADPF while controlling for covariates. In other words, the
odds of having used cannabis prior to admission among those with ADPF did differ between males and
females compared to those without ADPF. The odds of having used cannabis were higher among males
with ADPF compared to females with ADPF.

Table 5 presents the ORs for the interaction between gender and AD diagnosis. The odds of
cannabis use 30 days prior to admission were lower among females with AD without (OR=0.693) and with
psychotic features (OR=0.579) compared to males without ADPF who were not cannabis users 30 days
prior to admission. Males with ADPF were at higher odds (OR=1.155) of having used cannabis prior to

admission compared to males without ADPF.
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Table 4: Binary Logistic Regression Analyses for the association between cannabis use 30 days

prior to admission and affective disorder diagnosis and interactions Models 1 and 2

Model 1: Model 2:
OR (95% CI) OR (95% CI)
C-Statistic - 81.3
Affective Disorder with 1.000 0.981

Psychotic Features
(Yes vs No)

Age
(vs 18-24)
25-34

35-44
45-54
55-64

65+

Gender
(Female vs Male)

Education Level
(vs High school or
Unknown)

Highschool

More than Highschool

Marital Status
(vs Never married)
Married or partner/significant
other
Widowed, separated,
divorced

Employment Status
(Employed vs Not
employed)

Involuntary

(0.910-1.098)

35

(0.876-1.099)

0.712
(0.636-0.798)
0.424
(0.373-0.482)
0.253
(0.221-0.290)
0.183
(0.158-0.212)
0.072
(0.058-0.090)

0.670
(0.621-0.724)

0.824
(0.728-0.934)
0.819
(0.729-0.920)

0.882
(0.799-0.974)
0.948
(0.838-1.073)

0.956
(0.880-1.038)

1.468



(Involuntary vs Not
involuntary)

Voluntary
(Voluntary vs Not
voluntary)

Residential Stability
(Most recent residence
temporary vs Not
temporary)

Homelessness

Additional Past 30-Day
Substance Use
(Any vs No additional past
30-day substance use)

Medication Misuse
(Misuse in the last 3 months
vs No-misuse in the last 3
months)

Smoking Status
(Daily smoker or daily
smoker but not in the past 3
days vs Not a daily smoker)

Problematic Alcohol Use
(5+ drinks vs Less than 5+
drinks in one sitting in past

14 days)

Past Year Community
Mental Health Service Use
(vs No past year contact)

Contact 31+ days

Contact less than 30 days

Prior Admissions
(Prior admissions vs No
prior admissions)

36

(0.785-2.745)

1.417
(0.755-2.659)

0.993
(0.905-1.089)

1.051
(0.879-1.256)

2.919
(2.587-3.295)

1.025
(0.916-1.148)

3.196
(2.950-3.463)

1.404
(1.255-1.570)

0.932
(0.837-1.038)
0.866
(0.791-0.948)

0.929
(0.855-1.010)



Cognitive Performance 0.895
(Presence vs Absence of (0.709-1.129)
cognitive impairment)

Year (vs 2016)
AUy (1.1%%2-1?437)
2018 (1.2;i3i??534)
AU (1.3%51?(.5716)
Other Secondary or 1.378
Tertiary Diagnosis (1.271-1.493)

(Diagnosis vs No secondary
or tertiary diagnosis)

Symptoms of Depression ek
(0.982-1.001)

1.089
(1.080-1.099)
Covariates for Model 2: age, gender, education level, marital status, employment status, other substance
use, medication misuse, smoking status, problematic alcohol use, prior contact with community mental
health services, prior hospitalizations, homelessness, temporary residence, cognitive performance, year,
other diagnoses, depressive symptoms, manic symptoms, voluntary admission status, and involuntary
admission status.

Symptoms of Mania
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Table 5: Odds Ratios for each level of interaction between gender and affective disorder with
psychotic features

Affective Disorder with Psychotic Features

No (OR) Yes (OR)
Gender Male 1.00 1.155
Female 0.693 0.579

Figure 2: Odds ratios for the interaction between affective disorder with psychotic features and
gender at each level of interaction
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5.3.4 Gender-Stratified Models:

To further interpret the effect modification of gender in the association between ADPF and
cannabis use, stratified adjusted models were developed for each gender. Table 6 presents the ORs, 95%
Cls and C-statistics of the gender-stratified logistic regression models. Model 5 was the main effects model
for males, and Model 6 was the main effects model for females (Table 6). For Model 5, the regression
coefficient for the AD diagnostic group was 0.1406 (SE=0.0788, p-value=0.0743). Holding all covariates
constant, being male with a diagnosis of an ADPF was not associated with the odds of cannabis use 30 days
prior to admission (OR=1.151, 95% Wald C1=0.986-1.343). The C-statistic for Model 5 was found to be
79.7.

Lastly, the regression coefficient for the AD diagnostic group was -0.1851 (SE=0.0863, p-
value=0.0320) for Model 6. Holding all covariates constant, being female with a diagnosis of an ADPF was
associated with a decrease in the odds of having used cannabis 30 days prior to admission compared to
females without ADPF (OR=0.831, 95% Wald C1=0.702-0.984). The C-statistic for Model 6 was found to
be 81.8.

Therefore, females with an AD diagnosis with psychotic features were at 0.831 times lower odds
or 16.9% less likely to have used cannabis 30 days prior to admission compared to females without ADPF
while controlling for covariates.

Table 6: Gender-stratified binary logistic regression analysis of the association between ADPF and
cannabis uses 30 days prior to admission to inpatient psychiatry

Model OR 95% ClI C-Statistic
Model 5: Affective Disorder with Psychotic Features - 1.151  0.986-1.343 79.7

Males

Model 6: Affective Disorder with Psychotic Features - 0.831  0.702-0.984 81.8

Females

*Covariates: age, education level, marital status, employment status, other substance use, medication
misuse, smoking status, problematic alcohol use, prior contact with community mental health services,
prior hospitalizations, homelessness, temporary residence, cognitive performance, year, other diagnoses,
depressive symptoms, manic symptoms, voluntary admission status, and involuntary admission status.
Figure 3 shows the proportions of those with AD who used cannabis within 30 days of admission,
by gender. There was a greater proportion of patients who reported cannabis use 30 days prior to admission

among males with ADPF (31.9%) compared to males without ADPF (27.8%). The opposite trend was

39



observed for females, where a lower proportion of female patients with ADPF reported cannabis use 30
days prior to admission (16.0%) compared to females without ADPF (19.4%).

Figure 3: Percentage of patients who reported cannabis use 30 days prior to admission to inpatient
psychiatry among those with affective disorder with and without psychotic features by gender
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5.3.5 Sensitivity Analysis:

A sensitivity analysis was performed by analyzing the models using a narrower definition of
cannabis use. Instead of using a past 30-day cannabis use indicator, the variable was modified to a past 7-
day use indicator for cannabis, considering that a past 30-day use indicator includes those who may have
sparsely used cannabis a month prior to hospitalization. Overall, 3672 (18.1%) individuals reported
cannabis use within 7 days prior to admission to inpatient psychiatry. At a bivariable level, there was no
difference in rates of cannabis use between the affective disorder with and without psychotic feature groups.
Among those with ADPF, 18.5% reported cannabis use within 7 days prior to admission. Similarly, 18.1%
of those without ADPF reported cannabis use within 7 days prior to admission. Upon re-running the same
regression models with the past 7-day use variable, the results remained unchanged compared to the original
analyses conducted with the past 30-day cannabis use indicator. The ORs of the gender-stratified models
were not statistically significant and significant for Models 5 and 6, respectively (see Table 7).
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Table 7: Sensitivity analysis of gender-stratified binary logistic regression analysis of the
association between cannabis uses 30 days prior to admission to inpatient psychiatry and affective
disorder diagnosis

Model OR 95% CI C-statistic

Model 5: Affective Disorder with Psychotic Features - 1.159  0.986-1.362 79.8
Males

Model 6: Affective Disorder with Psychotic Features - 0.833  0.695-0.999 80.8

Females

*Covariates: age, education level, marital status, employment status, other substance use, medication
misuse, smoking status, problematic alcohol use, prior contact with community mental health services,
prior hospitalizations, homelessness, temporary residence, cognitive performance, year, other diagnoses,
depressive symptoms, manic symptoms, voluntary admission status, and involuntary admission status.
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6. Discussion

This research examined whether persons diagnosed with ADPF were more likely to have used
cannabis prior to admission to inpatient psychiatry compared to persons without ADPF. Unlike literature
on the impact of cannabis use on non-affective psychotic disorders, research on BD and MDD with
psychotic features is sparse. In addressing this gap, this study identified a nuanced association between
ADPF and cannabis use. Overall, individuals diagnosed with ADPF were at no greater odds of having used
cannabis 30 days prior to admission to inpatient psychiatry compared to those without ADPF. However,
gender significantly moderated the association between ADPF and cannabis. On the other hand, age was

not found to moderate the association between cannabis use and AD diagnosis.

The finding that, as a main effect, there was no statistically significant association between ADPF,
and cannabis use in the 30 days prior to admission was consistent with several studies on affective psychotic
disorders while conflicting with others. For instance, Manrique-Garcia et al.’s(62) study among Swedish
military servicemen assessed lifetime cannabis use among young adults aged 18 to 20 years using an ever-
use use indicator. The indicator was coupled with follow-up questions regarding frequency among those
with bipolar disorder or affective psychosis as a combined outcome. The study did not find a statistically
significant association between cannabis use and bipolar disorder/affective psychosis diagnosis at follow-
up. On the other hand, Mustonen et al.(94)found a statistically significant association between psychotic
depression and using cannabis within their lifetime among adolescents. Cannabis use was measured as an
ever-use indicator similar to Manrique-Garcia et al.’s study.(62) Other studies have also found an
association between psychotic symptoms and experiences of psychotic episodes over a lifetime among
individuals with bipolar disorders who reported cannabis use.(77,92,93) Although results and
methodologies across prior literature vary, further research distinctly focusing on BD with psychotic
features and MDD with psychotic features is needed. Variations in measuring cannabis use and aggregating

psychotic BD or MDD with non-psychotic MDD and BD can limit comparability across studies.

There are a number of possible explanations for finding a lack of association for the main effects
model (Model 2). Primarily, the presence of a gender-based interaction is a reason why there was no
association between ADPF as a main effect and cannabis use. Another factor to consider is the presence of
recall bias which may have led to the under or overestimation of the length of time prior to admission a
patient consumed cannabis (e.g., they state they used cannabis 40 days prior to rather than 25 days prior to
admission). This may indicate that the estimated consumption rates are conservative and do not capture all
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individuals who used cannabis prior to admission. The stigma around disclosure of cannabis use or a
reluctance to disclose cannabis use due to mental health symptoms (e.g., paranoia) could have restricted
reporting of cannabis, particularly among persons diagnosed with psychotic features. However, the
sensitivity analysis of more recent use produced consistent results, indicating that response bias may not
have been related to a lack of variation in the proportion of patients with AD who reported use of cannabis
prior to admission. The past 30-day cannabis use variable may be capturing most, if not all, of those who
were frequent cannabis users. This may explain why the study results remained the same after re-running

the regression models with a more stringent definition of cannabis exposure.

While the association between ADPF and cannabis use prior to admission was not significant, the
association may be moderated by other factors. Indeed, this study found that gender modified the
association between ADPF and the use of cannabis prior to admission. Males used cannabis more often
than females, particularly males with ADPF. Interestingly, being female with ADPF was protective
against cannabis use within 30 days prior to hospitalization compared to females without ADPF. The
sample consisted of more females (57.1%) than males (42.9%), while more males than females reported
cannabis use, which is consistent with literature.(5,16) These findings align with prior research on
cannabis use among males and females admitted to inpatient psychiatry. For instance, McGuckin et
al.(24) found a statistically significant interaction between schizophrenia and other psychotic disorders,
and gender. A greater proportion of males with psychotic disorder reported cannabis use 30 days prior to
hospitalization compared to males without a psychotic disorder, and a lower proportion of females with
psychotic disorder reported cannabis use than females without a psychotic disorder. Together, the study’s
findings combined with those of McGuckin et al.(24) reflect differences in the patterns of cannabis use

between genders and the potential impact of cannabis on those experiencing psychosis.

Differences in the patterns of cannabis use between males and females may explain why being a
female with ADPF was protective of having used cannabis prior to hospitalization compared while the
association was not significant among males. The direction of the association suggests that there is a
possibility of there being a positive association between cannabis use and ADPF among males. However,
findings must be interpreted while keeping in mind that the 95% confidence interval of the OR for the main
effects model for males (Model 5) overlapped with the null value. The direction of the associations observed
between the genders aligns with prior literature on patterns of substance use between males and females.
Males have been found to be more likely to engage in frequent use and at an earlier age of initiation

compared to females.(5,16) Many report cannabis use for recreational and medical reasons.(12,68,103—
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105) Although the reasons for use among those who reported cannabis use prior to admission in this study
are unknown, findings may be explained by gender-based differences in motives for cannabis use. While
there is some evidence noting the differences in cannabis use between men and women involving gender
roles that influence the initiation of use, gender-based research on motives for cannabis use needs further
study beyond prevalence and trends in usage.(106,107) Rates of CUD have also been found to be more
likely to occur among males with serious mental illnesses (e.g. schizophrenia, psychotic disorders, mood
and substance use disorders) compared to females with serious mental illness.(67) Compared to females
without serious mental illnesses, the likelihood of having CUD was greater among females with all
comorbid serious mental illnesses except for schizophrenia, other psychotic disorders and depression. These
patterns in rates of cannabis consumption and the associations found in Kozak et al.’s(67) study reiterate
the ways in which cannabis use varies between males and females. As discussed in Kozak et al.’s(67) study,
biological differences linked with the development of the endocannabinoid system and genetic factors (e.g.
genetic polymorphisms that are associated with both psychotic disorders and cannabis use)(42,48) in

addition to behavioural differences could be playing a role in shaping mental health outcomes by gender.

Genetic differences related to the ways in which cannabinoids are metabolized among males vs
females may have accounted for gender-based moderation between cannabis exposure and ADPF. Studies
among those with non-affective psychotic disorders suggest that the association between cannabis exposure
and age of onset of psychosis are influenced by underlying genetic factors (e.g. genetic polymorphisms that
are associated with psychotic disorders and cannabis use).(42,48) In Decoster et al.’s(42) study, cannabis
use was associated with earlier age of onset regardless of genetic factors among males, whereas age of onset
of psychosis was found to occur earlier among females due to the interaction effect between certain genetic
polymorphisms (i.e. BDNF Val66Met) and cannabis use. While these studies focused on non-affective
psychotic disorders, it is possible that the same genetic factors that apply to non-affective psychosis may

be at play for affective psychotic disorders, given the moderating effects observed by gender.

Lastly, although findings among males were not statistically significant, the difference in cannabis
use rates observed among males with ADPF may be clinically relevant. This finding may inform clinical
practice and be important to keep in mind for care planning for treating individuals with AD with psychotic
symptoms and reporting cannabis use prior to admission. If continued, cannabis use predicts poorer mental
health outcomes, such as greater chances of relapsing in psychotic episodes, a longer length of stay and

experiencing greater severity of psychotic symptoms.(108) One recommendation for future research would
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be to longitudinally study the impact on mental health and hospital outcomes (e.g. readmission) among
those who continue to use cannabis throughout the course of their mental illness.

In this study, females with affective psychotic disorders may be at a lower risk of engaging in
frequent cannabis use compared to males, and therefore, a protective effect was observed against using
cannabis prior to hospitalization. The RAI-MH however currently does not capture data distinguishing
between sex assigned at birth and gender identity separately. Thus, the study was unable to differentiate
between patients who identified with the gender assigned at birth or otherwise. The lack of data on gender
and sex is an important limitation to consider, and conclusions regarding the underlying biological
mechanisms between the sexes cannot be drawn with certainty. Overall, due to this study's exploratory and

observational design, findings must be interpreted with caution.

Further investigation is required, including qualitative study designs, to understand why men and
women with MDD and BD use cannabis and whether other factors at play (e.g. social determinants of
health) influence people’s motives for substance use. Research focusing on gender and sex is needed to
understand better the motivations for use, and biological mechanisms between males and females in relation
to cannabis exposure and the risk of experiencing affective psychotic disorders. For instance, it is possible
that patients with ADPF could either be using cannabis to self-medicate for affective or psychotic
symptoms, or whether other reasons for cannabis use are promoting first onset or the exacerbation of mental
health symptoms leading to hospitalization. It is recommended that prospective studies be conducted to

parse apart the direction of the association, as well.

Age did not modify the association between ADPF and cannabis use. Cannabis is a commonly-
used substance in the general population, especially among young adults.(15) Among inpatient psychiatric
populations, cannabis is even more commonly-used than in the general population across all age
groups.(15,24) Differences between ADPF may have been difficult to discern because our sample was
comprised of a clinical population. Using OMHRS data, McGuckin et al.’s(24) study found that 26% of
inpatient psychiatric patients reported cannabis use 30 days prior to first admission in 2017 in Ontario, with
about 40% of patients under the age of 34 reporting cannabis use within 30 days of admission. In contrast,
the overall prevalence of past-year cannabis use in the general population of Ontario was found to be 14%
in 2017.(15) Due to high prevalence rates in inpatient psychiatry, differences in cannabis use prior to
admission between the psychotic and non-psychotic AD groups may not have been discernable as cannabis

use is especially common among younger age groups regardless of diagnosis.(16,24)
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Furthermore, cannabis use was found to be particularly common among younger age groups in our
sample as 18-24-year-olds reported the highest rates of past 30-day use. Interestingly, the 18-24-year-old
and 35-44-year-old age groups demonstrated the greatest differences in rates of cannabis exposure
compared to all other ages between AD with and without psychotic features. The incidence of first-onset
psychosis typically occurs in younger age groups, including those with affective psychotic
disorders,(109,110) and heavy use is associated with earlier onset of non-affective psychotic
disorder.(35,39) It is possible that the trends in higher rates of cannabis use among 18-24 and 35-44 year-
olds is capturing some of those who are experiencing first onset of affective psychotic disorder in addition
to the influence of frequent cannabis use prior to admission. While the RAI-MH does not include follow-
up questions regarding frequency and dosage of substance use, such information could provide further
insight into the effects of age on cannabis consumption and affective psychotic disorders. For example,
would the risk of affective psychosis be the same among young adults who are frequent users of high-
potency cannabis compared to older demographics with the same frequency and dosages of use? Research
conducted among clinical and general populations is needed to discern the differences between cannabis

use and ADPF by age groups to identify whether the same trends exist for affective psychotic disorders.

6.1 Strengths and Limitations

The study has some strengths. In examining associations between AD and cannabis exposure, the
analysis adjusted for a range of covariates beyond demographics and diagnostics. For instance, the inclusion
of a range of other substances used 30 days prior to admission was used to account for the potential impact
of other substance use on the association between ADPF and cannabis, rather than substance use diagnosis.
Adjustment for diagnosis alone may have resulted in under adjustment because not everyone using
substances would have had a substance use diagnosis but may have an elevated likelihood of having used
cannabis.(24) Secondly, a strength of the data source used is that it captures all patients admitted to inpatient
psychiatry in Ontario. Complete capture of the data enables the findings of this study to be generalizable to

inpatient psychiatric contexts in the province at a population level.

Finally, the comprehensive data used for this study can also be useful for future studies in
examining how various clinical symptoms may be related to the use of cannabis prior to admission. The
dichotomous approach of using diagnostic categories may have been limiting by excluding individuals who
did not meet certain criteria to receive a formal AD diagnosis with psychotic features even though they may

be experiencing psychotic symptoms. Alternatively, future research can undertake a combined approach,
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where both diagnostic and symptom-based indicators of psychosis can be used to explore the association
between cannabis use and psychosis among those with affective psychotic disorders. A combined approach
may capture a more comprehensive sample of individuals impacted by cannabis use, rather than solely
investigating psychotic symptoms or solely looking at a diagnosis of psychotic features among those with
AD. The PSS embedded within OMHRS measures the frequency of hallucinations, delusions, and
abnormal thoughts.(96) In this study, the proportion of those with a PSS score (32.5%) above 1 among
those without ADPF indicates that psychotic symptoms were present. regardless of diagnosis. For example,
one study on childhood trauma, cannabis use and psychosis among those with BD used a combined
approach and found support for looking at dimensional and dichotomous approaches for exploring the
etiology of psychosis among those with BD. Research on combined approaches is ongoing. More recently,
studies have found support for using combined approaches in studying the etiology of psychotic disorders

and informing effective care planning.(111,112)

There are several limitations to the study. Cannabis use is likely to be predominantly self-
reported, which introduces the possibility of patients underreporting cannabis use behaviour due to social
desirability and recall bias. The time period of the study overlaps with the legalization of recreational
cannabis use in Canada. Recreational cannabis use in Canada was legalized on October 17", 2018.(113)
Individuals may have previously hesitated to report substance use behaviour due to their illicit status pre-
legalization and a fear of facing repercussions. Post-legalization, patients may have been less hesitant to
report cannabis use, and therefore, this policy change could have contributed to the increase in reports
observed in the study sample. The binary logistic regression models (Models 2-6) included year as a
covariate to account for differences in cannabis use and reporting overtime to control for the potential
impact of legalization on self-reported cannabis use. Furthermore, the presence of telescoping bias is
important to consider. Telescoping bias refers to respondents reporting an event occurring earlier or later
than the time the event occurred.(114) Individuals may falsely recall the number of days prior to
hospitalization when they consumed cannabis leading to the underreporting or overestimating past-month
use. Patients may incorrectly recall and report cannabis use within 30 days of admission even though the
true time of use may have been over 30 days prior to admission. This may have led to the overestimation
of the proportion of cannabis users vs non-users in the sample. Conversely, individuals may falsely recall
that they used cannabis over 30 days of admission when they truly used cannabis within 30 days prior to
hospitalization, which may have led to the underestimation of the time of cannabis use. In addition to

observing and talking with patients, clinicians also consult with other informants, such as family
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members, friends or others providing formal care to the patient in the process of administering the RAI-
MH assessment. It is not possible to determine if cannabis use was self-reported or reported by another
informant. However, using multiple sources of informants may have mitigated the effects of self-report
bias on the study.(2) Another limitation of the study to consider was the lack of information on reasons
for cannabis use, such as whether a patient is using cannabis recreationally or medically. Currently, the
RAI-MH does not include an indicator regarding reasons for cannabis use. Some use medical cannabis to
relieve chronic pain associated with various health conditions (e.g. cancer, musculoskeletal conditions,
and neuropathic pain) or as a sleep aid in addition to mental health conditions such as, anxiety and
depression.(12,68,103-105) The groups for AD with and without features can be comprised of a
proportion of individuals cannabis therapeutically, and this study was unable to differentiate between
individuals who used cannabis for recreational or medical reasons and assess whether the association
varied by reasons for use or control for it. Information on reasons for use could have added further

context to the association observed between cannabis use and affective disorders by gender.

Secondly, there are limitations to the way in which data on cannabis use are captured. The substance
use indicator, which includes cannabis use, only captures when an individual used cannabis prior to
admission. It does not capture frequency, type (CBD vs THC vs hybrid) or potency of cannabis product
used. The cannabis use indicator may have been limited in its ability to identify frequent users without the
availability of other indicators based on frequency, dosage, and type of product (THC/CBD-based).
However, past-month cannabis use is correlated with frequent use among the general Canadian population,

thus, the item is a proxy method of capturing frequent users.(4)

Next, the data were not representative of the general population, or the entire population of persons
with AD, as the data were only collected from individuals admitted to an acute care setting. Patients
exhibiting psychotic symptoms and with substance use may have more likely than those without psychosis
or substance use to be admitted to an inpatient psychiatric bed. Psychiatric patients presenting with lower
severity of psychiatric symptoms may have been assigned to medical beds due to the limited availability of
psychiatric beds. OMHRS does not capture data from medical beds, and therefore, not all cases of
psychiatric admissions were captured. The data captured the most severe cases of individuals with the
greatest need for intervention. The conclusions of this study can be generalizable to other acute inpatient
psychiatric populations. Future research may further explore the impact of cannabis use among those

receiving care through community mental health services.
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Finally, the aggregation of mood disorders, MDD and BD with psychotic features, into one
diagnostic group may have decreased the sensitivity in detecting specific relationships between psychotic
features and cannabis use. Although, other studies have undertaken a similar methodology of grouping
together the AD groups.(62,94,115) It is still possible that the grouping of the two mood disorders may
have nullified findings if either were inversely associated with cannabis use 30 days prior to admission to
inpatient psychiatry.

6.2 Implications for Future Research, Policy, and Practice:

This research has added new insights into the relationship between affective psychotic disorders
and cannabis that are important for promoting future research. As previously discussed, there is a need for
more research on specific diagnoses or dimensions of affective psychotic disorders with prospective study
designs and the use of cannabis use indicators measuring frequency and dosages of product types. To
elaborate, a causal link cannot be established between cannabis use and affective psychotic disorders as the
study is cross-sectional in design. Studies with longitudinal designs which preserve temporality between
exposure and outcome are needed. Furthermore, another area of future research would be to investigate
biological mechanisms that could potentially identify and explain the underlying reasons for the association
between cannabis and psychotic symptoms, with particular attention to gender and sex-based differences.
Research is also needed around BD and MDD with psychotic features due to the limited literature on
affective psychotic disorders. This would aid in establishing underlying mechanisms that are common
among psychotic disorders in relation to the dose-response effects of cannabis use. In assessing gender
differences, studies also need to consider and distinguish between gender and sex. The RAI-MH captures
only the gender identities of individuals admitted to inpatient psychiatry. Individuals of non-binary
identities may choose not to disclose their assigned sex at birth at the time of psychiatric assessment. It is
important to recognize differences in gender beyond binary experiences. Those identifying as transgender
and non-binary have been shown to have significantly different, often poorer mental health symptoms and
are more likely to be denied health care services than cisgender men, which indicates a greater and more
specialized need for health services in this population.(116) Lastly, further investigation is needed on the
impact of various potencies, strains, and frequencies of cannabis use on individuals with affective psychotic
disorders. In the Canadian context, cannabis regulations vary from province to province, which could

provide an opportunity to identify the public health impacts of regulatory changes on the general population.
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There are important public health policy implications of this research for harm reduction initiatives.
There is an ongoing need for education about cannabis use targeted towards youth and persons at risk of
experiencing mental health issues. While the specific role of cannabis on AD among the study sample is
unknown, the proportion reporting use of cannabis was high, particularly among younger patients. While
Canada already uses plain packaging of cannabis products that include warnings regarding the increased
risk of experiencing psychosis associated with frequent use(117), further evaluation of warning labels
specific to mental health may be warranted. Ongoing educational efforts for youth and the public are
important to consider given the common use of cannabis, including for medical use. In recent studies,
Canadian youth and young adults who have reported cannabis use for medical purposes also reported using
it to address mental health concerns.(118,119) This highlights potential unmet mental health needs among
these populations and calls for a greater need to understand why people engage in substance use.
Furthermore, among participants in surveys on cannabis consumption, the majority of those who reported
past-year use of cannabis for medical purposes did not do so by attaining medical documentation through
a healthcare provider.(5,118) Persons who use cannabis may hesitate to approach health care providers out
of concerns for facing judgement and lacking support from clinicians.(120) There is a need for encouraging
discussions between healthcare providers and patients to understand patients’ motivations for cannabis use,
discuss potential care plans for mental health concerns, and reduce harm among heavy users who are
predisposed to serious mental illness in particular. Lastly, identifying gender-based patterns can inform
clinical practice where healthcare providers may use this information to identify groups that are at greatest
risk of using cannabis in addition to other risk factors and can facilitate discussion among males surrounding
frequent use of high-potency cannabis use. Beyond individual-level factors, it is important to gain an
understanding of systemic or social factors that contribute to substance use to produce effective harm

reduction interventions and cannabis policies.(121)
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7. Conclusion:

In addressing gaps in the literature regarding cannabis use and affective psychotic disorders, study
results demonstrated a nuanced relationship between affective psychotic disorders and cannabis use. Gender
was found to moderate the likelihood of having used cannabis 30 days prior to admission to inpatient
psychiatry among those with ADPF compared to individuals without ADPF. Females with ADPF were
found to be at lower odds of using cannabis before hospitalization compared to females without ADPF. The
association was neither significant among males nor was age a moderator in the odds of using cannabis and
ADPF. Based on these findings, the study has implications for informing early intervention initiatives for
harm reduction and facilitating discussions regarding cannabis use among persons with severe mental health
concerns. Future research with longitudinal study designs should continue investigating the relationship
between cannabis product types, potencies, and frequencies of use among those with ADPF by gender and

age groups.
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