This is the first in a series of reports
that reviews the effects of cannabis

use on various aspects of human
functioning and development. This
report on the effects of regular
cannabis use on mental health provides
an upadate of a previous report with
new research findings that validate and
extend our current understanding of
this issue. Other reports in this series
address the link between regular
cannabis use and cognitive functioning,
the effects of maternal cannabis use
during pregnancy, cannabis use and
driving, the respiratory effects of
cannabis use and the medical use

of cannabis and cannabinoids. This
series is intended for a broad audience,
including health professionals, policy
makers and researchers.

(]
v Canadian Centre
0> <0 on Substance Use
A and Addiction

Evidence. Engagement. Impact.

Clearing the
Smoke on Cannabis

Regular Use and Mental Health

Sarah Konefal, Ph.D., Research and Policy Analyst, CCSA
Robert Gabrys, Ph.D., Research and Policy Analyst, CCSA
Amy Porath, Ph.D., Director, Research, CCSA

Key Points
e Regular cannabis use refers to weekly or more frequent cannabis use over a
period of months to years.

e Regular cannabis use is at least twice as common among individuals with
mental disorders, including schizophrenia, bipolar disorders, depressive and
anxiety disorders, and post-traumatic stress disorder (PTSD).

e There is strong evidence linking chronic cannabis use to increased risk of
developing psychosis and schizophrenia among individuals with a family
history of these conditions.

e Although smaller, there is still a risk of developing psychosis and
schizophrenia with regular cannabis use among individuals without a family
history of these disorders. Other factors contributing to increased risk of
developing psychosis and schizophrenia are early initiation of use, heavy or
daily use and the use of products high in THC content.

e The risk of developing a first depressive episode among individuals who use
cannabis regularly is small after accounting for the use of other substances
and common sociodemographic factors. However, cannabis use can
increase the risk of suicidality even in the absence of a pre-existing condition.

e The risk of developing an anxiety disorder following regular cannabis use
is also low. However, individuals with certain anxiety disorders (e.g., social
anxiety) tend to self-medicate using cannabis and are at an increased risk of
developing a cannabis use disorder.

e Cannabis use is associated with poorer mental health outcomes in PTSD
and individuals with PTSD often present with problematic cannabis use and
cannabis use disorders. However, there is a lack of studies controlling for
previous cannabis use and baseline symptom severity in individuals with
PTSD.

e To understand better the effects of regular cannabis use on mental health,
researchers need a standardized measurement of cannabis use, in addition to
larger, well-designed prospective studies. Research must also keep in mind
polysubstance use, genetic background, and sex and gender differences.
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Regular and Heavy Cannabis Use
Although there is no single definition in the
scientific literature as to what constitutes regular
cannabis use, the phrase generally refers to a
pattern that entails weekly or more frequent use
over periods of months or years and poses a
risk for adverse health effects. Terms that are
often used interchangeably with regular use
include frequent use, chronic use and long-term
use. Heavy use, by contrast, typically refers to
daily or more frequent use, and can be a sign of
dependence and cannabis use disorder.

Background

Cannabis is one of the most widely used psychoactive
substances in Canada. According to the 2017 Canadian
Tobacco, Alcohol and Drugs Survey (CTADS), 14.8%
of Canadians aged 15 years and older reported using
cannabis at least once in the past year (Health Canada,
2018). The use of cannabis is generally more prevalent
among young people, with 20.6% of youth aged 15 to
19 and 29.7% of young adults aged 20 to 24 reporting
past-year use. Approximately 72% of Canadians aged 15
and older who used cannabis in the past year reported
using it in the past three months, and 33% reported using
cannabis on a daily or almost daily basis.

The complex relationship between cannabis use and mental
disorders has garnered significant attention as a public
health issue. National survey data indicate that substance
use disorders (SUDs) have a high comorbidity with mental
illness (Khan, 2017) and that problematic cannabis use
is more prevalent among individuals with mental health
disorders (Hango & LaRochelle-Coté, 2018; Statistics
Canada, 2013). For many mental health disorders, there
is not enough evidence to determine the extent to which
regular cannabis use contributes directly to developing
the disorder. The link between regular cannabis use and
mental health disorders is complex, as associations can
be accounted for by overlapping environmental (e.g., low
socioeconomic status, adverse childhood experiences)
and genetic (e.g., family history of psychiatric disorders)
risk factors that underlie both problematic cannabis use
and mental illness. In addition, problematic cannabis use
and mental health disorders share similar neurobiological
features, including dysregulation of neurotransmitters
(e.g., dopamine) and alterations in brain structure and

Cannabis refers to products of the cannabis

plant Cannabis sativa. It is usually a greenish or
brownish material consisting of the dried flowering
fruiting tops and leaves of the cannabis plant.
Hashish or cannabis resin is the dried brown or
black resinous secretion of the flowering tops of
the cannabis plant. Shatter and wax are two types
of highly potent cannabis extracts, typically called
concentrates, that are made in labs using various
chemical solvents. Cannabis can be consumed
by smoking, vaporization, ingestion (edibles), oral
application of tinctures, and topical application of
creams, oils and lotions.

Cannabis consists of more than 100 cannabinoids,
with delta-9-tetrahydrocannabinol (THC) being

the main psychoactive ingredient responsible for
the “high” feeling. Cannabidiol (CBD) is another
important cannabinoid that indirectly modulates
the brain’s endocannabinoid system and might
have more beneficial effects. The acute effects of
cannabis include euphoria and relaxation, changes
in perception, time distortion, deficits in attention
span and memory, increased heart rate and

blood pressure, and impaired motor functioning.
Consuming a large dose of THC or a highly
concentrated cannabis product can induce acute
psychosis, which includes delusions, paranoia
and dissociation. This effect can occur even in
individuals with no history of mental illness.

Over the past few decades, there has been

an increase in the concentrations of THC (and
decrease in CBD levels) in illicit cannabis,
increasing from 4% in 1995 to 12% in 2014

(El Sohly et al., 2016). Canada legalized the use
of cannabis for non-medical purposes for adults
on October 17, 2018." A review of Canadian
online cannabis retail outlets (e.g., ocs.ca,
bccannabisstores.com, albertacannabis.org, etc.)
revealed that dried cannabis products have up to
30% THC and products in the 15% to 20% THC
range are common.

function. Problematic cannabis use and mental illnesses
could co-occur with no causal relationship because they
have overlapping neurobiological underpinnings, including
genetic predisposition. More research is needed in this area.

"Each province and territory is responsible for developing its own regulations for the sales and distribution of cannabis, and can add additional
restrictions to the federal legislation, such as increasing the age of access. Age of access is 19 in most provinces and territories, except for Alberta

and Quebec where the legal age of access is 18.
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While regular cannabis use can develop into a cannabis
use disorder (CUD), an individual can engage in regular
cannabis use without having a CUD. Likewise, an individual
who uses cannabis less frequently might present with
a severe CUD (see Diagnostic Criteria for Cannabis Use
Disorder textbox). From this perspective, it is currently
unclear how much of the relationship between CUD and
mental illness is accounted for by cannabis use (i.e., the
effects of cannabinoids on the brain) and how much is
attributable to other factors, including the presence of
health and social stressors that accompany a CUD.

This report — part of a series reviewing the effects of
cannabis use on various aspects of human health and
development (see Beirness & Porath-Waller, 2017; Gabrys
& Porath, 2019; Kalant & Porath-Waller, 2016; Konefal,
Kent & Porath, 2018; Mclnnis & Plecas, 2016) — provides
an update on impacts of regular cannabis use on various
aspects of mental health. This report also compliments and
extends the position statement of the Canadian Psychiatric
Association (CPA) around the effects of cannabis use on
mental health (Tibbo et al., 2018). Following a review of the
evidence, this report discusses implications for policy and
practice.

Schizophrenia and Psychosis

Schizophrenia is characterized by abnormalities in thinking,
perception, emotions, sense of self and behaviour. It is
hypothesised to be a neurodevelopmental disorder and
includes alterations in brain circuit structure and function,
with symptoms manifesting in early adulthood. A key
symptom of schizophrenia is psychosis, an acute event
characterized by cognitive disengagement from reality that
often involves delusions or hallucinations. A first episode of
psychosis can be the first sign of schizophrenia, especially
in subjects with a family history of mental disorders.
However, an individual can have psychosis without having
been diagnosed with schizophrenia and psychosis can be
a symptom of other psychiatric diagnoses such as bipolar
disorder. Studies evaluating the link between cannabis use
and psychotic disorders are not always diagnosis-specific.
In several studies, the diagnosis of schizophrenia or first
episode of psychosis is used. Using the first episode of
psychosis as a diagnostic outcome groups schizophrenia,
bipolar disorder and other psychotic disorders together.

The prevalence of cannabis use and CUD is significantly
higher among individuals with schizophrenia compared to
the general population (Hunt, Large, Cleary, Lai, & Saunders,
2018; McLoughlinetal., 2014). There is substantial evidence
to suggest that regular cannabis use leads to increased
occurrence of schizophrenia and psychosis (Gage et al.,
2017; Marconi, Di Forti, Lewis, Murray, & Vassos, 2016;
Moore et al., 2007; Myles, Newall, Nielssen, & Large, 2012;

National Academies of Sciences, Engineering, and
Medicine, 2017). This association is still present even
after adjusting for a variety of confounding factors such as
other substance use, sociodemographics, personality and
other mental health conditions. It has been estimated that
using cannabis at some point in life increases the risk for
developing psychosis by 40% (Henquet, Murray, Linszen, &
van Os, 2005) and that cannabis use accounts for 8-14%
of diagnoses of schizophrenia (Moore et al., 2007).

Among commonly used substances, cannabis may be one
of the more risky to use in terms of increasing an individual’s
risk for schizophrenia. A longitudinal study in Denmark
demonstrated that, after adjusting for other types of
SUDs, a diagnosis of CUD had the largest association with
schizophrenia diagnoses for up to 10-15 years, followed
by alcohol (Nielsen, Toftdahl, Nordentoft, & Hjorthgj, 2017).
Similarly, among patients accessing addiction services,
there was a significantly higher risk of schizophrenia among
individuals with CUD compared to those with cocaine use
disorder (Libuy, de Angel, Ibafiez, Murray, & Mundt, 2018).

The degree of risk contributed by chronic cannabis use is
influenced by family history of mental illness, how frequent
someone uses cannabis, age at which they began using
cannabis, the concentration of THC in the cannabis and
the ratio of THC to CBD in the cannabis. The relationship
between frequency of cannabis use and the first episode
of psychosis is dose-dependent in that more frequent
cannabis use is predictive of an increased risk for psychotic
outcomes (Andréasson, Engstrom, Allebeck, & Rydberg,
1987; Di Forti et al., 2015; Di Forti et al., 2009; Di Forti et
al., 2014; Karcher et al., 2019; Marconi et al., 2016; Moore
et al., 2007; Zammit, Allebeck, Andréasson, Lundberg, &
Lewis, 2002). Individuals who initiate cannabis use early,
particularly in adolescence, also increase their risk for
developing psychotic disorders (Arseneault et al., 2002;
Hanna, Perez, & Ghose, 2017; Hosseini & Oremus, 2018;
Levine, Clemenza, Rynn, & Lieberman, 2017). Initiating
cannabis use in adolescence is also associated with an
earlier age of schizophrenia (Casadio, Fernandes, Murray, &
Di Forti, 2011; Malone, Hill, & Rubino, 2010) and psychosis
(Kuepper, Van Os, Lieb, Wittchen, & Henquet, 2011;).
Using cannabis with higher THC content and lower CBD
content also adds to this risk (Di Forti et al., 2009; Di Forti
et al., 2014). As evidence for this increased risk, a recent
case-control study was able to assess for the first time
whether differences in regular cannabis use relate to the
incidence (frequency) of psychotic disorders (Di Forti et al.,
2019). The authors found that the incidence of psychotic
disorders was higher in geographic locations where
individuals used cannabis daily and used cannabis high in
THC, as compared with locations where individuals used
less potent cannabis and used it less frequently.
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Having an immediate family member with schizophrenia
is one of the strongest known risk factors for developing
schizophrenia and related psychotic disorders (Misiak et
al., 2018; Schizophrenia Working Group of the Psychiatric
Genomics et al., 2014; DeVylder & Lukens, 2013). However,
the majority of individuals who develop schizophrenia do
not have a family history of schizophrenia. Chronic cannabis
use is more likely to result in schizophrenia in individuals with
a family history of the illness compared to individuals with no
family history (Giordano, Ohlsson, Sundquist, Sundquist, &
Kendler, 2015; Henquet et al., 2005; Proal, Fleming, Galvez-
Buccollini, & DeLisi, 2014; van Os et al., 2002).

Genes regulating neurotransmission in the brain, particularly
in dopaminergic pathways, modulate the interaction
between cannabis use and psychotic disorders (Mané et al.,
2017; Morgan, Freeman, Powell, & Curran, 2016; Verweij
et al.,, 2017). Molecular genetic research demonstrates
that gene variants influence the likelihood of psychotic
disorders in individuals who have used cannabis, including
an earlier onset of psychotic symptoms (Caspi et al., 2005;
Colizzi et al., 2015; Estrada et al., 2011; Lodhi et al., 2017;
Pelayo-Teran et al., 2010). Although genetic risk factors
underlie both the likelihood of developing schizophrenia
and initiating cannabis use (Power et al., 2014; Verweij et
al., 2017), frequent and problematic cannabis use is still an
independent risk factor for developing psychotic disorders.
Among twin and non-twin sibling pairs, psychotic-like
experiences were more common in individuals who had
either frequently used cannabis or who had ever been
diagnosed with a CUD (Karcher et al., 2019). This study also
found that, to a lesser degree, psychotic-like experiences
were also associated with current cannabis use (Karcher
et al., 2019).

There has generally been less investigation into the
neurobiological effects of cannabis in individuals already
diagnosed with a psychotic disorder. Psychosis patients who
use cannabis can have distinct clinical and neurocognitive
features compared with patients who do not use cannabis.
These distinct features are particularly apparent among
individuals with a lifetime history of cannabis use or who
initiated cannabis use earlier (e.g., before age 17) (Myles
etal., 2012; Yucel et al., 2010). For example, early initiation
of cannabis use is associated with compromised structural
connectivity between brain regions and these abnormalities
parallel changes in connectivity associated with the onset
of schizophrenia (Cookey, Bernier, & Tibbo, 2014). Most
studies evaluating the effects of cannabis use among
patients with psychotic disorders have not appropriately
controlled for a range of confounding factors such as
previous cannabis use or severity of symptoms.

Of further interest for this review is that CBD administration
has been hypothesized to have antipsychotic properties,
properties that counteract the effects of THC and improve
symptoms of psychosis that might be associated with THC
(Englund, Freeman, Murray, & McGuire, 2017; Guimaraes,
Rodrigues, Silva, & Gomes, 2018; Iseger & Bossong,
2015). However, there have been no large-scale clinical
trials to examine whether CBD is an effective treatment
for symptoms of psychosis or schizophrenia. Two small
placebo-controlled trials of CBD conducted in patients with
schizophrenia reveal mixed results. One study reported
no significant effect of CBD treatment for six weeks on
cognitive or psychotic outcomes (Boggs et al., 2018),
while another reported that CBD treatment for six weeks
improved psychotic symptoms, cognitive performance and
overall wellbeing (McGuire et al., 2017).

Differences in sex and gender are relevant to the interaction
between regular cannabis use and the development or
symptomology of schizophrenia and psychosis. First,
cannabis use, especially frequent use, is more prevalent
among males across all ages (Health Canada, 2018).
Cannabis use is also more prevalent among males with first
episode psychosis or schizophrenia (Lange et al., 2014;
Ochoa, Usall, Cobo, Labad, & Kulkarni, 2012). Second,
sex differences play an important role in the presentation
of clinical symptomology of psychosis and schizophrenia
(Barajas, Ochoa, Obiols, & Lalucat-Jo, 2015; Filatova et
al., 2017). For example, it is well established that the age
of onset for psychosis or schizophrenia is earlier in males
compared to females (Dekker et al., 2012; ElTayebani,
ElGamal, Roshdy, & Al-Khadary, 2014; Ochoa et al., 2012).
Third, these sex and gender differences in symptoms
might be influenced by comorbid SUDs (Segarra et al.,
2012), and cannabis use specifically might differentially
affect males and females in in relation to psychosis and
schizophrenia (Crocker & Tibbo, 2018). There is emerging
research to suggest that the age difference for psychosis
onset observed in males and females could be explained
by higher rates of cannabis use among males (Allegri et al.,
2013; Crocker & Tibbo, 2018; Rabinowitz et al., 1998).

Collectively, the available evidence suggests a strong
relationship between cannabis use and increased risk of
psychosis and schizophrenia, especially among individuals
who initiated cannabis use early in life or have a family
history of psychotic disorders. It should be emphasized that
regular cannabis use also increases the risk of psychotic
symptoms among individuals without a family history of
psychotic disorders, especially among individuals who use
cannabis heavily and use cannabis products high in THC.
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Diagnostic Criteria for Cannabis Use Disorder

The Diagnostic and Statistical Manual of Mental Disorders, fifth edition (American Psychiatric Association, 2013, cited as
DSM-5) defines “cannabis use disorder” as “a problematic pattern of use leading to clinically significant impairment or
distress.” The DSM-5 diagnostic criteria for the disorder include:

° Using more cannabis than intended and trying unsuccessfully to control use;

e Spending a significant amount of time obtaining and using cannabis or recovering from its effects;

e Experiencing a strong desire or urge to use cannabis;

e failing to fulfill major obligations at work, home or school because of cannabis use;

e Giving up or reducing important social, occupational or recreational activities because of cannabis use;
e Continuing use despite recurring social, physical or psychological problems caused by cannabis;

e Using cannabis in physically hazardous situations;

® Increasing tolerance to cannabis’ effects; and

e Developing withdrawal symptoms characterized by irritability, sleep disorders, anxiety, aggression, decrease
appetite, weight loss and restlessness. Other symptoms include sweating, stomach pain, chill, shakiness and
depression (DSM-5). Withdrawal symptoms can appear one to two weeks after discontinuing cannabis use, as

THC has a long half-life (Huestis, 2005).

While regular cannabis use might be associated with a CUD or increase an individual’s risk of developing a CUD,
regular cannabis use and a CUD are not one in the same. The percentage of people who develop a CUD is not well
established. In a study of first-year college students in the United States, about 24% of people who had used cannabis
developed a CUD and another 33% met the criteria for a CUD but were undiagnosed (Caldeira, Arria, O'Grady, Vincent,
& Wish, 2008). That frequency of cannabis use can be independent of a CUD is important for interpreting the findings

presented in this report.

Depressive Disorders

Depression, part of a collection of depressive disorders,
is characterized by persistent depressed mood or
anhedonia (i.e., lack of interest or pleasure in all or most
activities). In addition to these symptoms, individuals with
a depressive disorder can have difficulties in concentration
and decisiveness, reduced energy, slowed thought and
physical movement, changes in weight and sleep, feelings
of worthlessness and guilt, and thoughts of death and
recurrent suicidal ideation (DSM-5). Depression is a complex
heterogeneous disorder, meaning that the combination,
severity and persistence of depressive symptoms can vary
among individuals, as can the factors that contribute to the
onset of a depressive episode.

There is strong evidence indicating that depression is
associated with CUD during early adolescence through to
late adulthood, with the strength of the relationship slightly
varying across an individual’s life (Leadbeater, Ames, &
Linden-Carmichael, 2019). The relationship is bidirectional,
meaning that individuals with a CUD are at an increased
risk of a depressive episode (Smolkina et al., 2017) and
individuals who initiate cannabis use while experiencing

depressive symptoms are more likely to develop a CUD
(Rhew et al., 2017). Although depression has been related
to more frequent cannabis use among males (Assari, Mistry,
Caldwell, & Zimmerman, 2018; Crane, Langenecker, &
Mermelstein, 2015), the relationship between CUD and
depression does not differ significantly between males and
females (Foster, Li, McClure, Sonne, & Gray, 2016).

Several meta-analyses have examined whether cannabis
use leads to developing depression, within several months
or many years following the initiation of cannabis use.
Results from these analyses indicate that cannabis use is
associated with increased risk of developing depression.
However, in the general population, the risk is relatively
low, especially after accounting for confounding variables,
including premorbid depression, alcohol and other
substance use, age, sex, ethnicity and education (Gobbi
et al.,, 2019; Lev-Ran et al., 2014; Mammen et al., 2018).
These findings suggest that cannabis use and depression
might be linked by common sociodemographic risk factors,
and that in the general population most individuals who
use cannabis regularly will not go on to develop a major
depressive episode.
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Although several studies controling for premorbid
depression do report an association between cannabis
consumption and risk of depression, there is also
substantial variability among studies (Gobbi et al., 2019).
Furthermore, while most studies control for factors related
to both regular cannabis use and depression, there has
been relatively limited research examining how cannabis
use might interact with known risk factors of depression,
including socioeconomic status, early life adversity and
genetic predisposition. Finally, it is still unknown whether
and the degree to which repeated brain exposure to
cannabinoids directly contributes to the emergence and
persistence of depressive pathology (Lucatch, Coles, Hill,
& George, 2018).

A number of studies have examined whether frequency
of cannabis use (as opposed to the presence of a CUD)
was associated with depression severity. Cannabis
is a commonly used substance among individuals
experiencing symptoms of depression (Leadbeater et al.,
2019) and especially those seeking treatment for major
depression (Bahorik et al., 2017). It is not well known how
cannabis use affects the prognosis of depressive illness,
but recent studies indicate that cannabis use worsened
depression and contributed to poorer overall mental
health among treatment seeking individuals (Bahorik et al.,
2017; Mammen et al., 2018). Moreover, while 28 days of
monitored abstinence from cannabis are associated with
reductions in symptom severity (Jacobus et al., 2017), it
is not clear whether discontinuing cannabis use alone is
sufficient to result in remission of depression.

Several studies reported that depression was related to
more frequent cannabis use among males (Assari et al.,
2018; Crane et al., 2015), although an earlier study reported
that frequent cannabis use among adolescent females
predicted higher rates of depression (Patton et al., 2002).
There is evidence that initiating cannabis before the age of
25 is associated with more severe symptoms of depression,
especially among those with a pre-existing vulnerability to it
(Hosseini & Oremus, 2018). Finally, treatment for CUD has
been associated with improvements in depression (Hser et
al., 2017), especially among individuals who present with
more severe depressive symptoms (Moitra, Anderson, &
Stein, 2016).

Although the link between cannabis use and the presence
of depressive symptoms has frequently been reported, it
has been more difficult to determine the extent to which
depression leads to regular cannabis use or the extent to
which regular cannabis use increases the risk of depressive

disorder. There is evidence suggesting that in some cases
depression can lead to regular cannabis use (Bahorik
et al.,, 2017; Wilkinson, Halpern, & Herring, 2016). The
association between depression and frequent cannabis
use might be partly related to the reasons why an individual
uses cannabis. For example, relative to using cannabis
recreationally or for social purposes, using cannabis to
cope with negative emotions was associated with CUD,
cannabis problem severity, depression and perceived
stress (Moitra et al., 2016). In this respect, the presence of
depression and frequent cannabis use (and a CUD) might
be symptoms of stress and maladaptive coping efforts
(e.g., Ketcherside & Filbey, 2015). More research is needed
to determine why some depressed individuals engage in
frequent cannabis use while others do not.

Individuals vary in the particular combination and severity
of depressive symptoms they experience, as well as
the factors that contribute to the onset of the illness. It
appears that regular cannabis use is associated with
certain depressive symptoms more than others, especially
anhedonia and sleep disturbances (Bersani et al., 2016;
Mammen et al., 2018). These findings are consistent with
the role of cannabinoids in these behaviours (Babson,
Sottile, & Morabito, 2017) and are in line with the
disturbances in motivation and reward processes that
have been observed among individuals who use cannabis
chronically (see Gabrys & Porath, 2019). The findings
suggest that regular cannabis use might be associated with
a specific depressive profile, characterized by anhedonia
and sleep disturbances. However, more studies are needed
to characterize the depressive symptoms associated with
cannabis use.

Taken together, the available evidence suggests that
cannabis use and depression are related in a reciprocal
fashion. However, from a population health perspective,
the risk of developing depression among individuals
who use cannabis is small, after accounting for common
sociodemographic factors.

More research is needed to determine how individual-level
risk factors, including genetic liability to depression and early
life experiences, interact with cannabis use in promoting
the evolution of depressive pathology. There is evidence
that cannabis use is not beneficial to those diagnosed
with depression. Given the strong link between depression
and CUD, interventions aimed at alleviating symptoms of
depression and education on adaptive strategies to cope
with stressful experiences might prove useful for reducing
cannabis use, as well as the harms associated with it.
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Bipolar Disorders

Bipolar disorders are characterized by periods of mania
and hypomania followed by episodes of depression. Manic
episodes include elevated, expansive and irritable mood in
addition to inflated self-esteem or grandiosity, decreased
need for sleep, pressured speech, racing thoughts and
flights of ideas, distractibility, and excessive pleasure
seeking or risky activity (DSM-5). The intensity and length
of manic and depressive episodes varies among individuals
and types of bipolar disorder. The etiology of bipolar
disorders is not well understood, although there appears
to be a genetic link between psychotic disorders, including
schizophrenia, and bipolar disorders (Craddock et al., 2005;
Lake & Hurwitz, 2007).

Compared to other mental health conditions, there has
been limited research examining the association between
cannabis use and bipolar disorders. Similar to the pattern for
other mental ilinesses, individuals with bipolar disorder are
more likely to use cannabis and develop CUD compared to
the general population (Lev-Ran, Le Foll, McKenzie, George,
& Rehm, 2013; Taub, Feingold, Rehm, & Lev-Ran, 2018).
As well, cannabis use typically worsens clinical outcomes
in those with bipolar disorder, including greater symptom
severity and duration of manic phases (van Rossum,
Boomsma, Tenback, Reed, & van Os, 2009; Strakowski,
DelBello, Fleck, & Arndt, 2000; Baethge et al., 2008). A
large longitudinal study in the United States indicated there
was no association between any past-year cannabis use
and the onset of bipolar disorder, after adjusting for use of
alcohol and other substances (Feingold, Weiser, Rehm, &
Lev-Ran, 2015). However, another study using data from
the same cohort indicated that more regular cannabis use
(e.g., weekly) was modestly associated with an increased
risk for past-year bipolar disorder diagnosis (Cougle, Hakes,
Macatee, Chavarria, & Zvolensky, 2015). A meta-analysis of
just two studies showed an association between cannabis
use and the onset of manic symptoms in individuals with
no history of bipolar disorder (Gibbs et al., 2015). Cannabis
use was also associated with an earlier age of onset of
bipolar disorder (Bally, Zullino, & Aubry, 2014), exacerbated
by childhood abuse (Aas et al., 2014).

Among individuals already diagnosed with bipolar disorder,
there is some evidence to suggest that cannabis use
worsens the course of the illness by increasing the time to
recovery, and relapse and recurrence of manic episodes
(Gibbs et al., 2015; Zorrilla et al., 2015). One longitudinal
study of 4,815 individuals indicated that cannabis use was
associated with greater expression of manic symptoms.
This relationship remained after controlling for numerous
variables, including age, sex, educational level, ethnicity,

single marital status, neuroticism, use of other drugs, use
of alcohol, depressive symptoms and manic symptoms at
baseline (Henquet, Krabbendam, de Graaf, ten Have, &
van Os, 2006).

The available evidence indicates that cannabis use has
a considerable negative impact on the course of bipolar
disorder, and heavy cannabis use might trigger the first
episode of bipolar disorder (Lagerberg et al., 2011). The
association between cannabis use and first episode onset of
bipolar disorder might be confounded by the resemblance
of mania and hypomania symptoms to psychotic symptoms
in younger individuals (Zorrilla et al., 2015).

Anxiety Disorders

Anxiety disorders can take many forms, including
generalized anxiety disorder, social anxiety and panic
disorder (DSM-5). While some of the psychological and
biological processes are common among anxiety disorders,
each type has its own neurobiology underpinnings and is
associated with specific risk factors. Generalized anxiety
disorder is characterized by excessive and uncontrollable
anxiety, as well as worry about a variety of topics, event
or activities, that persists for long periods (e.g., six month
or longer). This anxiety is often accompanied by cognitive
and physical symptoms, including restlessness and
irritability, impaired concentration, fatigue, muscle aches
and soreness, and difficulty sleeping (DSM-5). Because
most studies examining the relation between cannabis
use and anxiety disorders have focused on generalized
anxiety disorder — if specified at all — the term “anxiety”
in this section refers to generalized anxiety disorder, unless
otherwise specified.

Several studies have indicated an association between
cannabis use and anxiety (Brook, Lee, Brown, Finch, &
Brook, 2015; Degenheardt et al., 2013; Gage et al., 2015).
An earlier large longitudinal study indicated that individuals
who used cannabis were more likely to report symptoms of
anxiety, especially when they initiated use before the age of
15 and continued to use through the age of 21 (Hayatbakhsh
et al., 2007). A more recent study reported a similar link
between cannabis use and anxiety that was apparent
across most ages (i.e., 18 to 65 years of age) (Leadbeater
et al.,, 2019). However, when controlling for confounding
variables (e.g., other substance use, psychiatric illness,
demographics), the relationship between anxiety and either
cannabis use or a CUD is relatively small (Kedzior & Laeber,
2014; Twomey, 2017) or no longer present (Blanco et al.,
2016; Feingold et al., 2015; Gage et al., 2015; Gobbi et al.,
2019). These findings indicate that in the general population
cannabis use has a minimal impact on the development of
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anxiety disorder. Instead, it appears that similar risk factors
(e.g., alcohol and other drug use, lower education, family
tension, poor upbringing) link frequent cannabis use and
anxiety disorder (Danielsson, Lundin, Agardh, Allebeck, &
Forsell, 2016).

Although at a population level the impact of cannabis use
on developing anxiety is small, the strength of this effect
varies among individuals. For example, some individuals
might engage in heavy cannabis use without developing
an anxiety disorder. For other individuals, cannabis use can
result in persistent anxiety, which then leads to increased
use of cannabis as a self-medication strategy, and ultimately
the development of CUD (Temple, Driver, & Brown, 2014).
It is therefore important to identify which individuals are at
most risk of developing an anxiety disorder once they have
initiated cannabis use. There is some evidence indicating
that females who frequently use cannabis are more likely
to report anxiety than males (Patton et al., 2002), and an
earlier age of cannabis use onset has been prospectively
associated with developing anxiety (Duperrouzel et al.,
2018). Furthermore, cannabis use was associated with
an increase in symptoms of anxiety, but only in individuals
carrying a gene variant related to increased risk of
depression and anxiety (Otten, Huizink, Monshouwer,
Creemers, & Onrust, 2017).

Similar to chronic cannabis use as a risk factor for
developing anxiety, there is also a limited evidence base
implicating anxiety disorders in the initiation of cannabis
use (Kedzior & Laeber, 2014). The presence of an anxiety
disorder, especially social anxiety disorder, appears to
be an important risk factor for developing problematic
cannabis use (Buckner & Zvolensky, 2014; Buckner
et al.,, 2017). In fact, social anxiety disorder is related to
cannabis dependence at rates more than twice that of
other anxiety disorders, including generalized anxiety
disorder, agoraphobia and panic disorder (Agosti, Nunes,
& Levin, 2002). Some researchers have suggested that
individuals with social anxiety disorder might be more likely
to use cannabis to self-medicate their anxiety reactions
than individuals with other anxiety disorders (Buckner &
Zvolensky, 2014). Individuals with panic disorder, on the
other hand, might avoid cannabis out of concern that using
it will bring about a panic attack (Buckner et al., 2008).

There is little research to determine whether regular
cannabis use actually affects symptoms of anxiety. One
small prospective study among 18 to 21 year olds suggests
that cannabis could indirectly modulate anxiety symptoms
via association with temperament traits such as novelty
seeking and harm avoidance (Grunberg, Cordova, Bidwell
& lto, 2015).

Collectively, these findings indicate that the frequency
of cannabis use and motives for cannabis use (e.g.,
self-medication) vary across anxiety disorders. Further,
addressing underlying anxiety symptoms among individuals
who frequently use cannabis or present with a CUD
might be an effective strategy for limiting the frequency of
cannabis use (Buckner, Zvolensky, Ecker, & Jeffries, 2016).

The brain produces its own natural compounds,
called endocannabinoids, that act like THC.
Endocannabinoids, which include anandamide
(AEA) and 2-arachidonoylglycerol (2-AG), exert
their effects by binding to cannabinoid (CB1

and CB2) receptors. Cannabinoid receptors are
present throughout the brain and body, meaning
that cannabinoids can influence a broad range of
psychological and biological processes, such as
cognition, emotional processing and regulation,
stress response, appetite, immune functioning,
the endocrine (hormone) system, sleep and pain
signalling (Zou & Kumar, 2018). THC mimics the
activity of AEA and binds at the CB1 receptors.

It binds, however, at much higher levels than

AEA itself, flooding the endocannabinoid system
leading to altered functioning of each process.
This flooding means that chronic use of cannabis
(i.e., repeated brain exposure to THC) can alter the
functioning of the endocannabinoid system, which
can include changes in AEA and 2-AG activity,
and the distribution of cannabinoid receptors
(Jacobson, Watts, Boileau, Tong, & Mizrahi, 2019).

Post-Traumatic Stress Disorder

Post-traumatic stress disorder (PTSD) results from exposure
to a traumatic event or events and is characterized by
persistent re-experiencing of the event, either through
intrusive memories, flashbacks or nightmares, accompanied
by intense emotional distress and physiological reactivity
(e.g., elevated heart rate and blood pressure).

PTSD is highly comorbid with depressive and anxiety
disorders, and is a significant risk factor for the development
of SUDs, including CUD (Agosti et al., 2002; Bonn-Miller,
Harris, & Trafton, 2012; Gentes et al., 2016; Gorelick,
2019). The prevalence of PTSD is higher among individuals
with  CUD compared to individuals with other SUDs
(Bonn-Miller et al., 2012). Endocannabinoid signalling
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is important for modulating fear-related memories and
behaviours (Dincheva et al., 2015; Hariri et al., 2009;
LeDoux, 2000; Rabinak et al., 2013; Rodrigues, Schafe,
& LeDoux, 2004; Rogan, Staubli, & LeDoux, 1997), and
there is also a growing body of research demonstrating that
PTSD results in long-lasting alterations to the brain’s endo-
cannabinoid system (Michopoulos, Norrholm, & Jovanovic,
2015; Neumeister et al., 2013; Pietrzak et al., 2014).

Genetic factors, “trauma load” (cumulative exposure to
traumatic events) and co-morbidity of other psychiatric
conditions are all established risk factors for PTSD (Almli,
Fani, Smith, & Ressler, 2014; Pitman et al., 2012; Ross
et al.,, 2017; Shishko, Oliveira, Moore, & Almeida, 2018;
Yehuda et al., 2015). For example, having a CUD was
associated with a history of PTSD, as well as deviant
behaviour (as perceived by peers), male gender and being
an offspring of a father with an SUD (Cornelius et al.,
2010). There is currently little evidence available evaluating
whether cannabis use might predispose someone to
develop PTSD if they experience a traumatic event. A small
longitudinal study suggests that, among individuals who
had experienced a traumatic event, regular cannabis use
increased the likelihood of having PTSD symptoms later in
life (at age 36), compared to individuals who had not used
cannabis at all (Lee, Brook, Finch, & Brook, 2018).

A large body of research has examined the effects of
cannabis use on the alleviation or exacerbation of symptoms
of PTSD (see Haney & Evins, 2016). Research in animal
models suggests that cannabis and its constituents could
offer therapeutic benefits to patients with PTSD (Loflin,
Babson, & Bonn Miller, 2017; Bitencourt & Takahashi,
2018). Generalization of findings from animal studies
should be made with caution since the endocannabinoid
system is quite different in animals than in humans. Many
individuals with PTSD report using cannabis to cope with
their symptoms (Bonn Miller, Babson, & Vandrey, 2014;
Bonn Miller et al., 2012; Cougle, Bonn Miller, Vujanovic,
Zvolensky, & Hawkins, 2011). Evidence from observational
studies indicates that cannabis use among patients with
PTSD is actually associated with poorer mental health
outcomes, including increased symptom severity (Gentes
et al., 2016; Manhapra, Stefanovics, & Rosenheck,
2015; Wilkinson, Stefanovics, & Rosenheck, 2015) and
suicidal ideation (Johnson et al., 2016; Manhapra et al.,
2015; Wilkinson et al., 2015). However, there is a lack
of longitudinal studies controlling for previous cannabis
use and baseline symptom severity, as well as blinded,
randomized and placebo-controlled studies in patients with
PTSD, to assess the impact of cannabis use on the course

or symptoms of PTSD. There are two ongoing clinical trials
examining the effects of cannabis with varying THC and
CBD content on PTSD symptoms (Bonn Miller, 2019; Eades,
2019). In addition, a recent study conducted among male,
Canadian military personnel on the therapeutic potential of
the synthetic cannabinoid nabilone suggests that it could
be a clinically relevant treatment to improve trauma-related
nightmares (Jetly, Heber, Fraser, & Boisvert, 2015).

There is a lack of research examining the effect of sex and
gender differences on the association between cannabis
use and PTSD. Gender itself is an important risk factor
for developing PTSD, with females much more likely to
develop PTSD over their lifetime compared with males
(OIff, 2017; Van Ameringen, Mancini, Patterson, & Boyle,
2008). In addition, different forms of trauma contribute to
the development of PTSD among males and females (Van
Ameringen et al., 2008). Importantly, males and females
have differences in cannabinoid receptor levels and
pharmacology that might influence the effects of cannabis
on PTSD outcomes. Females have higher CB1 receptor
levels under basal, non-stress conditions and PTSD results
in significantly higher levels in females but not males (relative
to healthy, trauma-free controls) (Neumeister et al., 2013).
Given that there are important sex and gender differences
for both cannabis use and PTSD, future research on the
association of cannabis use and PTSD should consider
both sex and gender variables.

Suicidal Behaviours

Suicide is death caused by self-directed behaviour that
is intended to result in death. Suicidal behaviours include
suicide ideation and suicide attempts. A suicide attempt
is defined as a non-fatal but deliberate, self-destructive
behaviour with an intent to die because of the behaviour.
Suicidal ideation is defined as thinking about, considering
or planning suicide. Although suicide ideation is a risk factor
for suicide attempts, most individuals who have suicidal
thoughts will not necessarily make attempts at suicide
(Franklin et al., 2017; Freeman et al., 2017).

Several mental illnesses, including schizophrenia (Hor &
Taylor, 2010), depression (Hawton, Casafas i Comabella,
Haw, & Saunders, 2013) and PTSD (Krysinska & Lester,
2010), are associated with increased risk for suicidal
behaviours. Given that cannabis use and CUD link to
mental disorders, it is not surprising that cannabis use is
associated with suicidal behaviours. Additional genetic and
environmental risk factors underlie the association between
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cannabis use and suicidal behaviours, including family history
(Qin, Agerbo, & Mortensen, 2002), early childhood trauma
(Dube et al., 2001) and having an SUD (Schneider, 2009).
Evidence suggests that cannabis use, especially heavy and
frequent use, is also an important risk factor contributing to
the likelihood of suicidal behaviours (i.e., completed suicide,
suicide attempts and ideation) (Borges, Bagge, & Orozco,
2016; Delforterie et al., 2015; Lynskey et al., 2004; Shalit,
Shoval, Shlosberg, Feingold, & Lev-Ran, 2016).

A recent systematic review concluded that, even in the
absence of any premorbid suicidal behaviours, cannabis
use during adolescence was associated with increased
risk of suicide ideation and attempts (Gobbi et al., 2019).
This conclusion is consistent with other primary studies
(Delforterie et al., 2015; Kung, Pearson, & Liu, 2003;
Kung, Pearson, & Wei, 2005; Moore et al., 2007; Shalit
et al., 2016) and systematic reviews (Borges et al., 2016)
reporting an increased risk of suicidal behaviours among
both adolescents and young adults who have frequently
used cannabis. Of note, some studies might underestimate
the association of cannabis use with suicide because
these behaviours are embedded within the assessment of
depressive disorders (i.e., suicide ideation is a symptom of
depression) (Shalit et al., 2016).

As is the case for mental illness, suicide ideation and
attempts are dependent on sex and gender, and this
influences the relationship between cannabis use and
suicide behaviour. Females are generally at a higher risk
for suicidal ideation and attempts, while males have higher
rates of suicide completion (Nock et al.,, 2008; Turecki
& Brent, 2016). There is evidence that the association
between cannabis use and the incidence of suicide ideation
is significant only in males, while the initiation of cannabis
use at all is associated with increased suicide ideation in
females (Shalit et al., 2016). This evidence is consistent with
another report that there was a significantly increased risk
of suicide ideation in males who used cannabis, but not in
females (van Ours, Williams, Fergusson, & Horwood, 2013).

Conclusions and Implications

The evidence in this report clearly illustrates the high
prevalence of comorbidity between regular cannabis use
and mental iliness. This comorbidity does not mean that one
causes the other, and establishing causality or directionality
is difficult for many reasons. Three main scenarios contribute
to the comorbidity between cannabis use and mental illness
and the evidence for each scenario varies for different mental
disorders. One scenario is that cannabis use increases the
risk for mental illness. This scenario is especially true for
psychosis and schizophrenia, and to a lesser extent for

depression. Second, some mental disorders themselves
might increase the risk for regular cannabis use. For
instance, social anxiety disorder might increase the risk for
developing problematic cannabis use. The third scenario is
that cannabis use and mental iliness are both influenced by
overlapping genetic and environmental factors.

An important conclusion from this review is that regular
cannabis use, independent of other risk factors and
premorbid conditions, does increase the risk for developing
several mental conditions. However, an equal emphasis
should be placed on the fact that most individuals who
use cannabis do not go on to develop a mental illness and
that most individuals experiencing mental ilness do use
cannabis. From this perspective, a primary recommendation
of this review is for further research into the contribution of
individual differences into these complex relationships.

A substantial amount of research indicates that regular
cannabis use increases the risk for developing schizophrenia
in a dose-dependent manner. While this risk is pronounced
among individuals with genetic susceptibility to psychosis
and schizophrenia, the relative risk of psychosis remains
even among individuals without pre-existing vulnerability.
Public health messaging materials should more clearly
highlight this finding. The role that early initiation of cannabis
use — defined as before the age of 17— plays in increasing
risk for psychotic disorders is another key public health
message to highlight (Casadio et al., 2011; Malone et al.,
2010). Adolescents who use cannabis are at greatest risk
because the effects of regular cannabis use are more likely
to be long lasting and persistent in the developing brain,
which continues to develop until about the age of 25 (George
& Vaccarino, 2015; Lorenzetti, Solowij, & Yucel, 2016).
This finding also demonstrates that effective approaches
are needed to delay the initiation of use and reduce the
frequency of use among youth. Similarly, there is a need
to increase the capacity of those who work with youth by
providing them evidence-informed tools and resources
(Fleming & McKiernan, 2018).

In the general population, the risk of developing mood
and anxiety disorders appears not to increase as a result
of using cannabis, especially after the use of alcohol and
other substances are taken into account. From a public
health perspective, this means that most individuals who
use cannabis will not go on to develop clinically significant
symptoms of depression or anxiety. Instead, the occurrence
of depression or anxiety among individuals who use
cannabis, particularly those who use it often, might be
related to difficulties with other substances, the presence
of chronic and ongoing stressors, early life adversity, and
low socioeconomic status, among other factors. However,
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it is extremely important to distinguish between population-
level risk and risk at the level of the individual. While the
risk of developing mood and anxiety disorders among the
general population is relatively low, there is limited research
examining how individual differences, including genetic,
social and environmental differences, interact with cannabis
use in promoting or preventing the evolution of depressive
and anxiety disorders.

The impact of cannabis use on mental health outcomes
varies among individuals and across different disorders.
As an example, one individual’s cannabis use might be
associated with minimal risk for psychosis or schizophrenia,
but instead significantly increases their risk of developing
depression or an anxiety disorder. For another individual,
the combination of risk factors across mental disorders
might differ. Accordingly, it is important that individuals using
cannabis or considering initiating cannabis use consider
the overall risk as a whole of developing any mental illness
rather than the risk for a specific mental illness. Indeed, this
overall risk should be a central public education message.
Meanwhile, further research needs to focus on how individual
differences promote the emergence and persistence of
mental illnesses to inform individuals of their vulnerability
to developing various mental health outcomes, and to
promote approaches for reducing levels of risk, including
but not limited to abstinence. This research includes further
examining how sex and gender interact with cannabis use
in relation to mental ilinesses.

These are important conclusions given that a significant
proportion of Canadians aged 15 or older (almost 16% or
about 4.6 million individuals) report using cannabis at least
once in the past three months (Health Canada, 2018).
There are still many misconceptions about the effects
of cannabis on health, particularly among youth (Hall &
Morley, 2015; McKiernan & Fleming, 2017; Wadsworth
& Hammond, 2019). Cannabis is commonly used for the
symptom management of mental disorders, and healthcare
providers are authorizing cannabis use for mental disorders
(Smith et al., 2019; Turna, Simpson, Patterson, Lucas, &
Van Ameringen, 2019). These observations are concerning
because there is currently no strong evidence to support the
use of cannabis for most mental health conditions (National
Academies of Sciences, Engineering, and Medicine, 2017).
Rather, the evidence indicates that regular cannabis use
contributes to poorer mental health outcomes over time,

and significantly increases the risk of developing a CUD
among individuals with mental illness. It is, therefore,
important that individuals, including healthcare providers
and policy makers, are well informed of the mental health
risks associated with regular cannabis use, and of strategies
to reduce those risks (Fischer et al., 2017).

There has been a lot of interest among researchers, policy
makers and the general population in whether cannabis use
causes mental illness, but much less attention has been paid
to whether mental iliness leads to cannabis use. Although
cannabis use is more prevalent among individuals with
mental illness, the majority of individuals with depression,
anxiety and PTSD do not use cannabis. Nevertheless,
individuals with mental iliness are considerably more likely to
develop problematic cannabis use behaviours and a CUD.
These findings need to be more effectively disseminated to
individuals with a mental iliness or at risk of developing a
mental illness, as well as healthcare practitioners who are
considering authorizing cannabis use for mental health
issues. These findings are especially important for youth
given that mental illnesses typically emerge in adolescence
and early adulthood. Therefore, a key takeaway from
this review is the need to develop targeted educational
materials informing those with mental health concerns
about the increased risks associated with cannabis use and
mechanisms to reduce these risks, such as the lower-risk
cannabis use guidelines (Fischer et al., 2017), as well as
treatment services.

This report highlights the gaps in our understanding of the
cause and effect relationship between cannabis use and
mental health outcomes. Unlike alcohol where there are
public health and research standards for what constitutes
heavy or regular use, there is no single definition in the
scientific literature as to what constitutes regular cannabis
use. Differences among studies for how regular cannabis
use is assessed not only affect the mental health outcomes
measured, but also add to the variability of these measured
outcomes among studies. Differences in frequency, dose
and strains of cannabis among studies further add to the
complexity of cannabis effects on the development and
trajectory of mental illness. Consistency for how cannabis
use is measured and for what qualifies as heavy or regular
use will improve studies examining the link between
cannabis use and mental iliness.




Clearing the Smoke on Cannabis: Regular Use and Cognitive Functioning

References

Aas, M., Etain, B., Bellivier, F., Henry, C., Lagerberg, T.,
Ringen, A., . . . Leboyer, M. (2014). Additive effects
of childhood abuse and cannabis abuse on clinical
expressions of bipolar disorders. Psychological Medicine,
44(8), 1653—-1662.

Agosti, V., Nunes, E., & Levin, F. (2002). Rates of psychiatric
comorbidity among US residents with lifetime cannabis
dependence. The American Journal of Drug and Alcohol
Abuse, 28(4), 643-652.

Allegri, F., Murri, M.B., Paparelli, A., Marcacci, T., Braca, M.,
Menchetti, M., . . . Tarricone, . (2013). Current cannabis
use and age of psychosis onset: A gender-mediated
relationship? Results from an 8-year FEP incidence study
in Bologna. Psychiatry Research, 210(1), 368-370.

Almli, L.M., Fani, N., Smith, A.K., & Ressler, K.J. (2014).
Genetic approaches to understanding post-
traumatic stress disorder. International Journal of
Neuropsychopharmacology, 17(2), 355-370.

American Psychiatric Association. (2013). Diagnostic and
statistical manual of mental disorders (5" ed.). Arlington,
V.A.: Author.

Andréasson, S., Engstrom, A., Allebeck, P., & Rydberg, U.
(1987). Cannabis and schizophrenia. A longitudinal
study of Swedish conscripts. The Lancet, 330(8574),
1483-1486.

Arseneault, L., Cannon, M., Poulton, R., Murray, R.,
Caspi, A., & Moffitt, T.E. (2002). Cannabis use in
adolescence and risk for adult psychosis: longitudinal
prospective study. British Medical Journal, 325(7374),
1212-1213.

Assari, S., Mistry, R., Caldwell, C. H., & Zimmerman, M. A.
(2018). Marijuana use and depressive symptoms; gender
differences in African American adolescents. Frontiers in
Psychology, 9, 2135.

Babson, K. A., Sottile, J., & Morabito, D. (2017). Cannabis,
cannabinoids, and sleep: A review of the literature.
Current Psychiatry Reports, 19(4), 23.

Baethge, C., Hennen, J., Khalsa, H.M.K., Salvatore, P.,
Tohen, M., & Baldessarini, R.J. (2008). Sequencing
of substance use and affective morbidity in 166 first-
episode bipolar | disorder patients. Bipolar Disorders,
10(6), 738-741.

Bahorik, A. L., Leibowitz, A., Sterling, S. A., Travis, A.,
Weisner, C., & Satre, D. D. (2017). Patterns of marijuana
use among psychiatry patients with depression and its
impact on recovery. Journal of Affective Disorders, 213,
168-171.

Bally, N., Zullino, D., & Aubry, J.-M. (2014). Cannabis use
and first manic episode. Journal of Affective Disorders,
165, 103-108.

Barajas, A., Ochoa, S., Obiols, J.E., & Lalucat-Jo, L.
(2015). Gender differences in individuals at high-risk
of psychosis: A comprehensive literature review. The
Scientific World Journal, 2015, 430735.

Beirness, D.J., & Porath-Waller, A.J. (2017). Clearing the smoke
on cannabis: Cannabis use and driving — An update.
Ottawa, Ont.: Canadian Centre on Substance Use and
Addiction.

Bersani, G., Bersani, F.S., Caroti, E., Russo, P., Albano, G.,
Valeriani, G., . . . Corazza, O. (2016). Negative symptoms
as key features of depression among cannabis users:

A preliminary report. European Review for Medical and
Pharmacological Sciences, 20(3), 547-552.

Bitencourt, R.M., & Takahashi, R.N. (2018). Cannabidiol as a
therapeutic alternative for post-traumatic stress disorder:
From bench research to confirmation in human trials.
Frontiers in Neuroscience, 12, 502-502.

Blanco, C., Hasin, D.S., Wall, M.M., Flérez-Salamanca, L.,
Hoertel, N., Wang, S., . . . Olfson, M. (2016). Cannabis
use and risk of psychiatric disorders: Prospective evidence
from a US national longitudinal study. JAMA Psychiatry,
73(4), 388-395.

Boggs, D.L., Surti, T., Gupta, A., Gupta, S., Niciu, M.,
Pittman, B., . . . D’Souza, D.C. (2018). The effects
of cannabidiol (CBD) on cognition and symptoms in
outpatients with chronic schizophrenia a randomized
placebo controlled trial. Psychopharmacology, 235(7),
1923-1932.

Bonn-Miller, M. (2019). Study of four different potencies of
smoked marijuana in 76 veterans with PTSD. ClinicalTrials.
gov. Retrieved from clinicaltrials.gov/ct2/show/
NCT02759185

Bonn-Miller, M.O., Babson, K.A., & Vandrey, R. (2014). Using
cannabis to help you sleep: heightened frequency of
medical cannabis use among those with PTSD. Drug and
Alcohol Dependence, 136, 162-165.

Bonn-Miller, M.O., Harris, A.H., & Trafton, J.A. (2012).
Prevalence of cannabis use disorder diagnoses among
veterans in 2002, 2008, and 2009. Psychological Services,
9(4), 404.

Borges, G., Bagge, C.L., & Orozco, R. (2016). A literature
review and meta-analyses of cannabis use and suicidality.
Journal of Affective Disorders, 195, 63-74.

Buckner, J.D., Schmidt, N.B., Lang, A.R., Small, J.W.,
Schlauch, R.C., & Lewinsohn, P.M. (2008). Specificity
of social anxiety disorder as a risk factor for alcohol and
cannabis dependence. Journal of Psychiatric Research,
42(3), 230-239.

Buckner, J.D., & Zvolensky, M.J. (2014). Cannabis and related
impairment: The unique roles of cannabis use to cope with
social anxiety and social avoidance. American Journal on
Addictions, 23(6), 598-603.

Buckner, J.D., Zvolensky, M.J., Ecker, A.H., & Jeffries, E.R.
(2016). Cannabis craving in response to laboratory-
induced social stress among racially diverse cannabis
users: The impact of social anxiety disorder. Journal of
Psychopharmacology, 30(4), 363-369.

Buckner, J.D., Zvolensky, M.J., Ecker, A.H., Jeffries, E.R.,
Lemke, AW., Dean, K.E., . . . Gallagher, M.W. (2017).
Anxiety and cannabis-related problem severity among
dually diagnosed outpatients: The impact of false safety
behaviors. Addictive Behaviors, 70, 49-53.



https://clinicaltrials.gov/ct2/show/NCT02759185
https://clinicaltrials.gov/ct2/show/NCT02759185

Clearing the Smoke on Cannabis: Regular Use and Cognitive Functioning

Caldeira, K.M., Arria, AM., O’Grady, K.E., Vincent, K.B.,
& Wish, E.D. (2008). The occurrence of cannabis use
disorders and other cannabis-related problems among
first-year college students. Addictive Behaviors, 33(3),
397-411.

Casadio, P, Fernandes, C., Murray, R.M., & Di Forti, M.
(2011). Cannabis use in young people: The risk for
schizophrenia. Neuroscience & Biobehavioral Reviews,
35(8), 1779-1787.

Caspi, A., Moffitt, T.E., Cannon, M., McClay, J., Murray, R.,
Harrington, H., . . . Braithwaite, A. (2005). Moderation
of the effect of adolescent-onset cannabis use on adult
psychosis by a functional polymorphism in the catechol-
O-methyltransferase gene: Longitudinal evidence of a
gene X environment interaction. Biological Psychiatry,
57(10), 1117-1127.

Colizzi, M., lyegbe, C., Powell, J., Ursini, G., Porcelli, A.,
Bonvino, A., . .. Blasi, G. (2015). Interaction between
functional genetic variation of DRD2 and cannabis use
on risk of psychosis. Schizophrenia Bulletin, 41(5),
1171-1182.

Cookey, J., Bernier, D., & Tibbo, P.G. (2014). White matter
changes in early phase schizophrenia and cannabis use:
An update and systematic review of diffusion tensor
imaging studies. Schizophrenia Research, 156(2-3),
137-142.

Cornelius, J.R., Kirisci, L., Reynolds, M., Clark, D.B.,
Hayes, J., & Tarter, R. (2010). PTSD contributes to teen
and young adult cannabis use disorders. Addictive
Behaviors, 35(2), 91-94.

Cougle, J.R., Bonn-Miller, M.O., Vujanovic, A.A.,
Zvolensky, M.J., & Hawkins, K.A. (2011). Posttraumatic
stress disorder and cannabis use in a nationally
representative sample. Psychology of Addictive
Behaviors, 25(3), 554-558.

Cougle, J.R., Hakes, J.K., Macatee, R.J., Chavarria, J.,
& Zvolensky, M.J. (2015). Quality of life and risk of
psychiatric disorders among regular users of alcohol,
nicotine, and cannabis: An analysis of the National
Epidemiological Survey on Alcohol and Related
Conditions (NESARC). Journal of Psychiatric Research,
66, 135-141.

Crane, N. A, Langenecker, S. A., & Mermelstein, R. J. (2015).

Gender differences in the associations among marijuana
use, cigarette use, and symptoms of depression during
adolescence and young adulthood. Addictive Behaviors,
49, 33-39.

Crocker, C.E., & Tibbo, P.G. (2018). The interaction of gender
and cannabis in early phase psychosis. Schizophrenia
Research, 194, 18-25.

Danielsson, A.-K., Lundin, A., Agardh, E., Allebeck, P,,
& Forsell, Y. (2016). Cannabis use, depression and
anxiety: A 3-year prospective population-based study.
Journal of Affective Disorders, 193, 103-108.

Dekker, N., Meijer, J., Koeter, M., van den Brink, W.,
van Beveren, N., Kahn, R., . . . Bruggeman, R. (2012).
Age at onset of non-affective psychosis in relation to
cannabis use, other drug use and gender. Psychological
Medicine, 42(9), 1903-1911.

Delforterie, M.J., Lynskey, M.T., Huizink, A.C.,
Creemers, H.E., Grant, J.D., Few, L.R., . ..
Bucholz, K.K. (2015). The relationship between cannabis
involvement and suicidal thoughts and behaviors.
Drug and Alcohol Dependence, 150, 98-104.

DeVylder, J.E., & Lukens, E.P. (2013). Family history of
schizophrenia as a risk factor for axis | psychiatric
conditions. Journal of Psychiatric Research, 47(2),
181-187.

Di Forti, M., Marconi, A., Carra, E., Fraietta, S., Trotta, A.,
Bonomo, M., . . . Murray, R.M. (2015). Proportion of
patients in south London with first-episode psychosis
attributable to use of high potency cannabis: A case-
control study. The Lancet Psychiatry, 2(3), 233-238.

Di Forti, M., Morgan, C., Dazzan, P., Pariante, C.,
Mondelli, V., Marques, T.R., . . . Paparelli, A. (2009).
High-potency cannabis and the risk of psychosis.
British Journal of Psychiatry, 195(6), 488-491.

Di Forti, M., Sallis, H., Allegri, ., Trotta, A., Ferraro, L.,
Stilo, S.A., . . . Murray, R.M. (2014). Daily use, especially
of high-potency cannabis, drives the earlier onset of
psychosis in cannabis users. Schizophrenia Bulletin,
40(6), 1509-1517.

Dincheva, I., Drysdale, A.T., Hartley, C.A., Johnson, D.C.,
Jing, D., King, E.C., . .. Lee, ES. (2015). FAAH genetic
variation enhances fronto-amygdala function in mouse
and human. Nature Communications, 6, 6395.

Dube, S.R., Anda, R.F,, Felitti, V.J., Chapman, D.P,
Williamson, D.F,, & Giles, W.H. (2001). Childhood abuse,
household dysfunction, and the risk of attempted suicide
throughout the life span: Findings from the Adverse
Childhood Experiences Study. JAMA, 286(24),
3089-3096.

Duperrouzel, J., Hawes, S.W., Lopez-Quintero, C.,
Pacheco-Colén, I., Comer, J., & Gonzalez, R. (2018).
The association between adolescent cannabis use and
anxiety: A parallel process analysis. Addictive Behaviors,
78, 107-113.

Eades, J. (2019). Evaluating safety and efficacy of cannabis in
participants with chronic posttraumatic stress disorder.
ClinicalTrials.gov. Retrieved from clinicaltrials.gov/ct2/
show/NCT02517424

ElSohly, M.A., Mehmedic, Z., Foster, S., Gon, C.,
Chandra, S., & Church, J.C. (2016). Changes in
cannabis potency over the last 2 decades (1995-2014):
Analysis of current data in the United States. Biological
Psychiatry, 79(7), 613-619.

ElTayebani, M., ElGamal, M., Roshdy, R., & Al-Khadary, S.
(2014). Gender difference in affective and nonaffective
psychosis. Egyptian Journal of Psychiatry, 35(1), 45-55.

Englund, A., Freeman, T.P., Murray, R.M., & McGuire, P.
(2017). Can we make cannabis safer? The Lancet
Psychiatry, 4(8), 643-648.

Estrada, G., Fatjo-Vilas, M., Munoz, M., Pulido, G.,
Minano, M., Toledo, E., . . . Miret, S. (2011). Cannabis
use and age at onset of psychosis: Further evidence of
interaction with COMT Val158Met polymorphism. Acta
Psychiatrica Scandinavica, 123(6), 485-492.



https://clinicaltrials.gov/ct2/show/NCT02517424
https://clinicaltrials.gov/ct2/show/NCT02517424

Clearing the Smoke on Cannabis: Regular Use and Cognitive Functioning

Feingold, D., Weiser, M., Rehm, J., & Lev-Ran, S. (2015). The
association between cannabis use and mood disorders:
a longitudinal study. Journal of Affective Disorders, 172,
211-218.

Fleming, K., & McKiernan, A. (2018). Talking pot with youth:
Cannabis communication guide for youth allies. Ottawa,
Ont.: Canadian Centre on Substance Use and Addiction.

Filatova, S., Marttila, R., Koivumaa-Honkanen, H.,
Nordstrom, T., Veijola, J., Mé&ki, P., . . . Moilanen, K.
(2017). A comparison of the cumulative incidence and
early risk factors for psychotic disorder in young adults
in the Northern Finland birth cohorts 1966 and 1986.
Epidemiology and Psychiatric Sciences, 26(3), 314-324.

Fischer, B., Russell, C., Sabioni, P, van den Brink, W.,
Le Foll, B., Hall, W., . . . Room, R. (2017). Lower-risk
cannabis use guidelines (LRCUG): An evidence-based
update. American Journal of Public Health, 107(8).

Foster, K. T., Li, N., McClure, E. A, Sonne, S. C., &
Gray, K. M. (2016). Gender differences in internalizing
symptoms and suicide risk among men and women
seeking treatment for cannabis use disorder from late
adolescence to middle adulthood. Journal of Substance
Abuse Treatment, 66, 16-22.

Franklin, J.C., Ribeiro, J.D., Fox, K.R., Bentley, K.H.,
Kleiman, E.M., Huang, X., ... Nock, M.K. (2017).
Risk factors for suicidal thoughts and behaviors:
a meta-analysis of 50 years of research. Psychological
Bulletin, 143(2), 187-232.

Freeman, A., Merg|, R., Kohls, E., Székely, A., Gusmao, R.,
Arensman, E., . . . Rummel-Kluge, C. (2017). A cross-
national study on gender differences in suicide intent.
BMC Psychiatry, 17(1), 234-234.

Gabrys, R., and Porath, A. (2019). Clearing the smoke on
cannabis: Regular use and cognitive functioning. Ottawa,
Ont.: Canadian Centre on Substance Use and Addiction.

Gage, S.H., Hickman, M., Heron, J., Munafo, M.R.,
Lewis, G., Macleod, J., & Zammit, S. (2015).
Associations of cannabis and cigarette use with
depression and anxiety at age 18: findings from the avon
longitudinal study of parents and children. PLoS One,
10(4), e0122896.

Gage, S.H., Jones, H.J., Burgess, S., Bowden, J.,
Smith, G.D., Zammit, S., & Munafo, M.R. (2017).
Assessing causality in associations between cannabis
use and schizophrenia risk: a two-sample Mendelian
randomization study. Psychological Medicine, 47(5),
971-980.

Gentes, E.L., Schry, A.R., Hicks, T.A., Clancy, C.P,,
Collie, C.F, Kirby, A.C., . .. Calhoun, P.S. (2016).
Prevalence and correlates of cannabis use in an
outpatient VA posttraumatic stress disorder clinic.
Psychology of Addictive Behaviors, 30(3), 415-421.

George, T., & Vaccarino, F. (Eds.). (2015). Substance
abuse in Canada: The effects of cannabis use during
adolescence. Ottawa, Ont.: Canadian Centre on
Substance Abuse.

Gibbs, M., Winsper, C., Marwaha, S., Gilbert, E., Broome, M.,
& Singh, S.P. (2015). Cannabis use and mania
symptoms: A systematic review and meta-analysis.
Journal of Affective Disorders, 171, 39-47.

Giordano, G.N., Ohlsson, H., Sundquist, K., Sundquist, J.,
& Kendler, K. (2015). The association between
cannabis abuse and subsequent schizophrenia: a
Swedish national co-relative control study. Psychological
Medicine, 45(2), 407-414.

Gobbi, G., Atkin, T., Zytynski, T., Wang, S., Askari, S.,
Boruff, J., . . . Dendukuri, N. (2019). Association of
cannabis use in adolescence and risk of depression,
anxiety, and suicidality in young adulthood: A systematic
review and meta-analysis. JAMA Psychiatry, 76(4),
426-434.

Gorelick, D.A. (2019). Psychiatric comorbidity of cannabis use
disorder. In I. Montoya & S. Weiss (Eds.), Cannabis use
disorders (pp. 113-125). Heidelberg, Ger.: Springer.

Grunberg, V.A., Cordova, K.A., Bidwell, L., & Ito, TA. (2015).
Can marijuana make it better? Prospective effects of
marijuana and temperament on risk for anxiety and
depression. Psychology of Addictive Behaviors, 29(3),
590-602.

Guimaraes, F., Rodrigues, N., Silva, N., & Gomes, F. (2018).
Cannabidiol as an antipsychotic drug. Schizophrenia
Bulletin, 44(suppl1), S21-S22.

Hall, W., & Morley, K. (2015). Possible causes and
consequences of reduced perceptions of the risks of
using cannabis. Clinical Toxicology, 53(3), 141-142.

Haney, M., & Evins, A.E. (2016). Does cannabis
cause, exacerbate or ameliorate psychiatric
disorders? An oversimplified debate discussed.
Neuropsychopharmacology, 41(2), 393-401.

Hango, D., & LaRochelle-Cbété, S. (2018). Association
between the frequency of cannabis use and selected
social indicators. Ottawa, Ont.: Statistics Canada.

Hanna, R.C., Perez, J.M., & Ghosg, S. (2017). Cannabis
and development of dual diagnoses: A literature review.
American Journal of Drug and Alcohol Abuse, 43(4),
442-455.,

Hariri, A.R., Gorka, A., Hyde, L.W., Kimak, M., Halder, 1.,
Ducci, F., . . . Manuck, S.B. (2009). Divergent effects of
genetic variation in endocannabinoid signaling on human
threat-and reward-related brain function. Biological
Psychiatry, 66(1), 9-16.

Hawton, K., Casafias i Comabella, C., Haw, C., &
Saunders, K. (2013). Risk factors for suicide in
individuals with depression: a systematic review. Journal
of Affective Disorders, 147(1-3), 17-28.

Hayatbakhsh, M. R., Najman, J. M., Jamrozik, K.,
Mamun, A. A., Alati, R., & Bor, W. (2007). Cannabis
and anxiety and depression in young adults: A large
prospective study. Journal of the American Academy
of Child & Adolescent Psychiatry, 46(3), 408-417.




Clearing the Smoke on Cannabis: Regular Use and Cognitive Functioning

Health Canada. (2018). Canadian Tobacco, Alcohol and
Drugs (CTADS) Survey: 2017 detailed tables. Ottawa,
Ont.: Author. Retrieved from www.canada.ca/en/health-
canada/services/canadian-tobacco-alcohol-drugs-
survey/2017-summary/2017-detailed-tables.html

Henquet, C., Krabbendam, L., de Graaf, R., ten Have, M.,
& van Os, J. (2006). Cannabis use and expression of
mania in the general population. Journal of Affective
Disorders, 95(1-3), 103-110.

Henquet, C., Murray, R., Linszen, D., & van Os, J. (2005).
The environment and schizophrenia: The role of cannabis
use. Schizophrenia Bulletin, 31(3), 608-612.

Hor, K., & Taylor, M. (2010). Suicide and schizophrenia:
a systematic review of rates and risk factors. Journal
of Psychopharmacology, 24(4 Suppl), 81-90.

Hosseini, S., & Oremus, M. (2018). The effect of age of
initiation of cannabis use on psychosis, depression, and
anxiety among youth under 25 years. Canadian Journal
of Psychiatry. Advance online publication. Retrieved from
doi.org/10.1177/0706743718809339

Hser, Y. I., Mooney, L. J., Huang, D., Zhu, Y., Tomko, R. L.,
McClure, E., . .. & Gray, K. M. (2017). Reductions in
cannabis use are associated with improvements in
anxiety, depression, and sleep quality, but not quality of
life. Journal of Substance Abuse Treatment, 81, 53-58.

Huestis, M.A. (2005). Pharmacokinetics and metabolism
of the plant cannabinoids, A 9-tetrahydrocannibinol,
cannabidiol and cannabinol. In R.G. Pertwee (Ed.),
Cannabinoids (pp. 657-690). Heidelberg, Ger.: Springer.

Hunt, G.E., Large, M.M., Cleary, M., Lai, HM.X., &
Saunders, J.B. (2018). Prevalence of comorbid substance
use in schizophrenia spectrum disorders in community
and clinical settings, 1990-2017: Systematic review
and meta-analysis. Drug and Alcohol Dependence, 191,
234-258.

Iseger, T.A., & Bossong, M.G. (2015). A systematic review of
the antipsychotic properties of cannabidiol in humans.
Schizophrenia Research, 162(1-3), 153-161.

Jacobson, M.R., Watts, J.J., Boileau, I., Tong, J., &
Mizrahi, R. (2019). A systematic review of
phytocannabinoid exposure on the endocannabinoid
system: Implications for psychosis. European
Neuropsychopharmacology, 29(3), 330-348.

Jacobus, J., Squeglia, L.M., Escobar, S., McKenna, B.M.,
Hernandez, M.M., Bagot, K.S., . . . Huestis, M.A. (2017).
Changes in marijuana use symptoms and emotional
functioning over 28-days of monitored abstinence in
adolescent marijuana users. Psychopharmacology,
234(23-24), 3431-3442.

Jetly, R., Heber, A., Fraser, G., & Boisvert, D. (2015). The
efficacy of nabilone, a synthetic cannabinoid, in the
treatment of PTSD-associated nightmares: A preliminary
randomized, double-blind, placebo-controlled cross-over
design study. Psychoneuroendocrinology, 51, 585-588.

Johnson, M.J., Pierce, J.D., Mavandadi, S., Klaus, J.,
Defelice, D., Ingram, E., & Oslin, D.W. (2016). Mental
health symptom severity in cannabis using and non-
using veterans with probable PTSD. Journal of Affective
Disorders, 190, 439-442.

Kalant, H., and Porath-Waller, A. (2016). Clearing the smoke
on cannabis: Medical use of cannabis and cannabinoids
— An update. Ottawa, Ont.: Canadian Centre on
Substance Use and Addiction.

Karcher, N.R., Barch, D.M., Demers, C.H., Baranger, D.A.,
Heath, A.C., Lynskey, M.T., & Agrawal, A. (2019).
Genetic predisposition vs individual-specific processes in
the association between psychotic-like experiences and
cannabis use. JAMA Psychiatry, 76(1), 87-94.

Kedzior, K.K., & Laeber, L.T. (2014). A positive association
between anxiety disorders and cannabis use or cannabis
use disorders in the general population-a meta-analysis
of 31 studies. BMC Psychiatry, 14(1), 136.

Ketcherside, A., & Filbey, EM. (2015). Mediating processes
between stress and problematic marijuana use. Addictive
Behaviors, 45, 113-118.

Khan, S. (2017). Concurrent mental and substance use
disorders in Canada. Ottawa, Ont.: Statistics Canada.

Konefal, S., Kent., P.,, and Porath, A. (2018). Clearing the
smoke on cannabis: Maternal cannabis use during
pregnancy — An update. Ottawa, Ont.: Canadian Centre
on Substance Use and Addiction.

Krysinska, K., & Lester, D. (2010). Post-traumatic stress
disorder and suicide risk: a systematic review. Archives
of Suicide Research, 14(1), 1-23.

Kuepper, R., van Os, J., Lieb, R., Wittchen, H.-U., &
Henquet, C. (2011). Do cannabis and urbanicity
co-participate in causing psychosis? Evidence from a
10-year follow-up cohort study. Psychological Medicine,
41(10), 2121-2129.

Kung, H.-C., Pearson, J.L., & Liu, X. (2003). Risk factors
for male and female suicide decedents ages 15-64 in
the United States. Social Psychiatry and Psychiatric
Epidemiology, 38(8), 419-426.

Kung, H.-C., Pearson, J.L., & Wei, R. (2005). Substance
use, firearm availability, depressive symptoms, and
mental health service utilization among white and African
American suicide decedents aged 15 to 64 years. Annals
of Epidemiology, 15(8), 614-621.

Lagerberg, T.V., Sundet, K., Aminoff, S.R., Berg, A.O.,
Ringen, PA., Andreassen, O.A., & Melle, I. (2011).
Excessive cannabis use is associated with earlier age
at onset in bipolar disorder. European Archives of
Psychiatry and Clinical Neuroscience, 261(6), 397-405.

Lange, E.H., Nesvag, R., Ringen, PA., Hartberg, C.B.,
Haukvik, U.K., Andreassen, O.A., . . . Agartz, |. (2014).
One year follow-up of alcohol and illicit substance
use in first-episode psychosis: does gender matter?
Comprehensive Psychiatry, 55(2), 274-282.

Leadbeater, B. J., Ames, M. E., & Linden-Carmichael, A. N.
(2019). Age-varying effects of cannabis use frequency
and disorder on symptoms of psychosis, depression
and anxiety in adolescents and adults. Addiction, 114(2),
278-293.

LeDoux, J.E. (2000). Emotion circuits in the brain. Annual
Review of Neuroscience, 23(1), 155-184.



https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary/2017-detailed-tables.html
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary/2017-detailed-tables.html
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary/2017-detailed-tables.html
https://doi.org/10.1177/0706743718809339

Clearing the Smoke on Cannabis: Regular Use and Cognitive Functioning

Lee, J.Y., Brook, J.S., Finch, S.J., & Brook, D.W. (2018).
Trajectories of cannabis use beginning in adolescence
associated with symptoms of posttraumatic stress
disorder in the mid-thirties. Substance Abuse, 39(1),
39-45.

Levine, A., Clemenza, K., Rynn, M., & Lieberman, J. (2017).
Evidence for the risks and consequences of adolescent
cannabis exposure. Journal of the American Academy of
Child & Adolescent Psychiatry, 56(3), 214-225.

Lev-Ran, S., Le Foll, B., McKenzie, K., George, T.P,, &
Rehm, J. (2013). Bipolar disorder and co-occurring
cannabis use disorders: characteristics, co-morbidities
and clinical correlates. Psychiatry Research, 209(3),
459-465.

Lev-Ran, S., Roerecke, M., Le Foll, B., George, T.P,,
McKenzie, K., & Rehm, J. (2014). The association
between cannabis use and depression: a systematic
review and meta-analysis of longitudinal studies.
Psychological Medicine, 44(4), 797-810.

Libuy, N., de Angel, V., Ibafiez, C., Murray, R.M., &
Mundt, A.P. (2018). The relative prevalence of
schizophrenia among cannabis and cocaine users
attending addiction services. Schizophrenia Research,
194, 13-17.

Lodhi, R.J., Wang, VY., Rossolatos, D., Maclntyre, G.,
Bowker, A., Crocker, C., . . . Loverock, A. (2017).
Investigation of the COMT Val158Met variant association
with age of onset of psychosis, adjusting for cannabis
use. Brain and Behavior, 7(11), e00850.

Loflin, M.J., Babson, K.A., & Bonn-Miller, M.O. (2017).
Cannabinoids as therapeutic for PTSD. Current Opinion
in Psychology, 14, 78-83.

Lorenzetti, V., Solowij, N., & Ylcel, M. (2016). The role of
cannabinoids in neuroanatomic alterations in cannabis
users. Biological Psychiatry, 79(7), e17-e31.

Lucatch, A. M., Coles, A. S., Hill, K. P.,, & George, T. P.
(2018). Cannabis and mood disorders. Current
Addiction Reports, 5(3), 336-345.

Lynskey, M.T., Glowinski, A.L., Todorov, A.A., Bucholz, K.K,,
Madden, PA., Nelson, E.C., . . . Heath, A.C. (2004).
Major depressive disorder, suicidal ideation, and suicide
attempt in twins discordant for cannabis dependence
and early-onset cannabis use. Archives of General
Psychiatry, 61(10), 1026-1032.

Malone, D.T., Hill, M.N., & Rubino, T. (2010). Adolescent
cannabis use and psychosis: epidemiology and
neurodevelopmental models. British Journal of
Pharmacology, 160(3), 511-522.

Mammen, G., Rueda, S., Roerecke, M., Bonato, S.,
Lev-Ran, S., & Rehm, J. (2018). Association of cannabis
with long-term clinical symptoms in anxiety and mood
disorders: A systematic review of prospective studies.
Journal of Clinical Psychiatry, 79(4).

Mané, A., Bergé, D., Penzol, M.J., Parellada, M., Bioque, M.,
Lobo, A., . .. Sanchez-Torres, A.M. (2017). Cannabis
use, COMT, BDNF and age at first-episode psychosis.
Psychiatry Research, 250, 38-43.

Manhapra, A., Stefanovics, E., & Rosenheck, R. (2015).
Treatment outcomes for veterans with PTSD and
substance use: Impact of specific substances
and achievement of abstinence. Drug and Alcohol
Dependence, 156, 70-77.

Marconi, A., Di Forti, M., Lewis, C.M., Murray, R.M., &
Vassos, E. (2016). Meta-analysis of the association
between the level of cannabis use and risk of psychosis.
Schizophrenia Bulletin, 42(5), 1262—1269.

McGuire, P., Robson, P, Cubala, W.J., Vasile, D.,
Morrison, P.D., Barron, R., . . . Wright, S. (2017).
Cannabidiol (CBD) as an adjunctive therapy in
schizophrenia: A multicenter randomized controlled trial.
American Journal of Psychiatry, 175(3), 225-231.

Mclnnis, O., & Plecas, D. (2016). Clearing the smoke on
cannabis: Respiratory effects of cannabis smoking —
An update. Ottawa, Ont.: Canadian Centre on
Substance Use and Addiction.

McKiernan, A., & Fleming, K. (2017). Canadian youth
perceptions on cannabis, Ottawa, Ont.: Canadian
Centre on Substance Abuse.

McLoughlin, B.C., Pushpa-Rajah, J.A., Gillies, D., Rathbone,
J., Variend, H., Kalakouti, E., & Kyprianou, K. (2014).
Cannabis and schizophrenia. Cochrane Database of
Systematic Reviews, 10, CD004837.

Michopoulos, V., Norrholm, S.D., & Jovanovic, T. (2015).
Diagnostic biomarkers for posttraumatic stress disorder:
promising horizons from translational neuroscience
research. Biological Psychiatry, 78(5), 344-353.

Misiak, B., Stramecki, F., Gaweda, ., Prochwicz, K.,
Sasiadek, M.M., Moustafa, A.A., & Frydecka, D. (2018).
Interactions between variation in candidate genes and
environmental factors in the etiology of schizophrenia
and bipolar disorder: a systematic review. Molecular
Neurobiology, 55(6), 5075-5100.

Moitra, E., Anderson, B. J., & Stein, M. D. (2016). Reductions
in cannabis use are associated with mood improvement
in female emerging adults. Depression and Anxiety,
33(4), 332-338.

Moore, T.H., Zammit, S., Lingford-Hughes, A., Barnes, T.R.,
Jones, P.B., Burke, M., & Lewis, G. (2007). Cannabis
use and risk of psychotic or affective mental health
outcomes: A systematic review. The Lancet, 370(9584),
319-328.

Morgan, C., Freeman, T., Powell, J., & Curran, H. (2016).
AKT1 genotype moderates the acute psychotomimetic
effects of naturalistically smoked cannabis in young
cannabis smokers. Translational Psychiatry, 6(2), e738.

Myles, N., Newall, H., Nielssen, O., & Large, M. (2012).
The association between cannabis use and earlier
age at onset of schizophrenia and other psychoses:
meta-analysis of possible confounding factors. Current
pharmaceutical design, 18(32), 5055-5069.

National Academies of Sciences, Engineering, and Medicine.
(2017). The health effects of cannabis and cannabinoids:
The current state of evidence and recommendations for
research. Washington, D.C.: National Academies Press.




Clearing the Smoke on Cannabis: Regular Use and Cognitive Functioning

Neumeister, A., Normandin, M.D., Pietrzak, R.H.,
Piomelli, D., Zheng, M.-Q., Gujarro-Anton, A., . . .
Najafzadeh, S. (2013). Elevated brain cannabinoid CB1
receptor availability in post-traumatic stress disorder:
A positron emission tomography study. Molecular
Psychiatry, 18(9), 10834—-1040.

Nielsen, S., Toftdahl, N., Nordentoft, M., & Hjorthgj, C. (2017).

Association between alcohol, cannabis, and other illicit
substance abuse and risk of developing schizophrenia:
A nationwide population based register study.
Psychological Medicine, 47(9), 1668-1677.

Nock, M.K., Borges, G., Bromet, E.J., Cha, C.B.,
Kessler, R.C., & Lee, S. (2008). Suicide and suicidal
behavior. Epidemiologic Reviews, 30(1), 133-154.

Ochoa, S., Usall, J., Cobo, J., Labad, X., & Kulkarni, J.
(2012). Gender differences in schizophrenia and first-
episode psychosis: A comprehensive literature review.
Schizophrenia Research and Treatment, 2012.

OlIff, M. (2017). Sex and gender differences in post-traumatic
stress disorder: An update. European Journal of
Psychotraumatology, 8(sup4), 1351204,

Otten, R., Huizink, A.C., Monshouwer, K., Creemers, H.E.,
& Onrust, S. (2017). Cannabis use and symptoms of
anxiety in adolescence and the moderating effect of the
serotonin transporter gene. Addiction Biology, 22(4),
1081-1089.

Patton, G.C., Coffey, C., Carlin, J.B., Degenhardt, L.,
Lynskey, M., & Hall, W. (2002). Cannabis use and mental
health in young people: cohort study. British Medical
Journal, 325(7374), 1195-1198.

Pelayo-Teran, J.M., Pérez-Iglesias, R., Mata, |.,
Carrasco-Marin, E., Vazquez-Barquero, J.L.,
& Crespo-Facorro, B. (2010). Catechol-O-
Methyltransferase (COMT) Val158Met variations and
cannabis use in first-episode non-affective psychosis:
clinical-onset implications. Psychiatry Research, 179(3),
291-296.

Pietrzak, R.H., Huang, Y., Corsi-Travali, S., Zheng, M.-Q.,
Lin, S.-f., Henry, S., . . . Neumeister, A. (2014).
Cannabinoid type 1 receptor availability in the amygdala
mediates threat processing in trauma survivors.
Neuropsychopharmacology, 39(11), 2519-2528.

Pitman, R.K., Rasmusson, A.M., Koenen, K.C., Shin, L.M.,
Orr, S.P, Gilbertson, M.W., . . . Liberzon, I. (2012).
Biological studies of post-traumatic stress disorder.
Nature Reviews Neuroscience, 13(11), 769-87.

Power, R.A., Verweij, K.J., Zuhair, M., Montgomery, G.W.,
Henders, A.K., Heath, A.C., . . . Martin, N.G. (2014).
Genetic predisposition to schizophrenia associated with
increased use of cannabis. Molecular Psychiatry, 19(11),
1201-1204.

Proal, A.C., Fleming, J., Galvez-Buccollini, J.A., & Delisi, L.E.

(2014). A controlled family study of cannabis users with
and without psychosis. Schizophrenia Research, 152(1),
283-288.

Qin, P., Agerbo, E., & Mortensen, P.B. (2002). Suicide risk
in relation to family history of completed suicide and
psychiatric disorders: A nested case-control study
based on longitudinal registers. The Lancet, 360(9340),
1126-1130.

Rabinak, C.A., Angstadt, M., Sripada, C.S., Abelson,
J.L., Liberzon, I., Milad, M.R., & Phan, K.L. (2013).
Cannabinoid facilitation of fear extinction memory
recall in humans. Neuropharmacology, 64, 396-402.

Rabinowitz, J., Bromet, E., Lavelle, J., Carlson, G.,
Kovasznay, B., & Schwartz, J. (1998). Prevalence
and severity of substance use disorders and onset
of psychosis in first-admission psychotic patients.
Psychological Medicine, 28(6), 1411-1419.

Rhew, I.C., Fleming, C.B., Vander Stoep, A., Nicodimos,
S., Zheng, C., & McCauley, E. (2017). Examination of
cumulative effects of early adolescent depression on
cannabis and alcohol use disorder in late adolescence
in a community-based cohort. Addiction, 112(11),
1952-1960.

Rodrigues, S.M., Schafe, G.E., & LeDoux, J.E. (2004).
Molecular mechanisms underlying emotional learning
and memory in the lateral amygdala. Neuron, 44(1),
75-91.

Rogan, M.T., Staubli, U.V., & LeDoux, J.E. (1997). Fear
conditioning induces associative long-term potentiation
in the amygdala. Nature, 390(6660), 604—-607.

Ross, D.A., Arbuckle, M.R., Travis, M.J., Dwyer, J.B.,
van Schalkwyk, G.I., & Ressler, K.J. (2017). An
integrated neuroscience perspective on formulation and
treatment planning for posttraumatic stress disorder: an
educational review. JAMA Psychiatry, 74(4), 407-415.

Schizophrenia Working Group of the Psychiatric Genomics.
(2014). Biological insights from 108 schizophrenia-
associated genetic loci. Nature, 511, 421-427.

Schneider, B. (2009). Substance use disorders and risk for
completed suicide. Archives of Suicide Research,
13(4), 303-316.

Segarra, R., Ojeda, N., Zabala, A., Garcia, J., Catalan, A.,
Eguiluz, J.I., & Gutiérrez, M. (2012). Similarities in early
course among men and women with a first episode of
schizophrenia and schizophreniform disorder. European
Archives of Psychiatry and Clinical Neuroscience, 262(2),
95-105.

Shalit, N., Shoval, G., Shlosberg, D., Feingold, D., &
Lev-Ran, S. (2016). The association between cannabis
use and suicidality among men and women: A
population-based longitudinal study. Journal of Affective
Disorders, 205, 216-24.

Shishko, I., Oliveira, R., Moore, TA., & Almeida, K. (2018).
A review of medical marijuana for the treatment of
posttraumatic stress disorder: Real symptom re-leaf
or just high hopes? The Mental Health Clinician, 8(2),
86-94.




Clearing the Smoke on Cannabis: Regular Use and Cognitive Functioning

Smith, J.M., Mader, J., Szeto, A.C., Arria, AM.,
Winters, K.C., & Wilkes, T.C.R. (2019). Cannabis use
for medicinal purposes among Canadian university
students. Canadian Journal of Psychiatry.
doi.org/10.1177/0706743718818420

Smolkina, M., Morley, K.I., Rijsdijk, F., Agrawal, A.,
Bergin, J.E., Nelson, E.C., . . . Lynskey, M.T. (2017).
Cannabis and depression: A twin model approach to
co-morbidity. Behavior Genetics, 47(4), 394-404.

Statistics Canada. (2013). Canadian Community Health
Survey—Mental Health for 2012. Ottawa, Ont.: Author.

Strakowski, S.M., DelBello, M.P,, Fleck, D.E., & Arndt, S.
(2000). The impact of substance abuse on the course of
bipolar disorder. Biological Psychiatry, 48(6), 477-485.

Taub, S., Feingold, D., Rehm, J., & Lev-Ran, S. (2018).
Patterns of cannabis use and clinical correlates among
individuals with Major Depressive Disorder and Bipolar
Disorder. Comprehensive Psychiatry, 80, 89-96.

Temple, E.C., Driver, M., & Brown, R.F. (2014). Cannabis use
and anxiety: Is stress the missing piece of the puzzle?
Frontiers in Psychiatry, 5, 168.

Tibbo, P., Crocker, C.E., Lam, R.W., Meyer, J., Sareen,
J., & Aitchison, K.J. (2018). Implications of cannabis
legalization on youth and young adults. Canadian
Journal of Psychiatry, 63(1), 65-71.

Turecki, G., & Brent, D.A. (2016). Suicide and suicidal
behaviour. The Lancet, 387(10024), 1227-1239.

Turna, J., Simpson, W., Patterson, B., Lucas, P, &
Van Ameringen, M. (2019). Cannabis use behaviors and
prevalence of anxiety and depressive symptoms in a
cohort of Canadian medicinal cannabis users. Journal
of Psychiatric Research, 111, 134-139.

Twomey, C.D. (2017). Association of cannabis use with
the development of elevated anxiety symptoms in
the general population: a meta-analysis. Journal of
Epidemiology and Community Health. 71(8), 811-816.

Van Ameringen, M., Mancini, C., Patterson, B., & Boyle, M.H.

(2008). Post-traumatic stress disorder in Canada. CNS
Neuroscience & Therapeutics, 14(3), 171-181.

van Os, J., Bak, M., Hanssen, M., Bill, R., De Graaf, R., &
Verdoux, H. (2002). Cannabis use and psychosis: a
longitudinal population-based study. American journal of
epidemiology, 156(4), 319-327.

van Ours, J.C., Williams, J., Fergusson, D., & Horwood, L.J.
(2013). Cannabis use and suicidal ideation. Journal of
Health Economics, 32(3), 524-537.

van Rossum, I., Boomsma, M., Tenback, D., Reed, C., &
van Os, J. (2009). Does cannabis use affect treatment
outcome in bipolar disorder?: A longitudinal analysis. The
Journal of Nervous and Mental Disease, 197(1), 35-40.

Verweij, K.J., Abdellaoui, A., Nivard, M.G., Cort, A.S.,
Ligthart, L., Draisma, H.H., . . . Hottenga, J.-J. (2017).
Genetic association between schizophrenia and
cannabis use. Drug and Alcohol Dependence, 171,
117-121.

Wadsworth, E., & Hammond, D. (2019). International
differences in patterns of cannabis use among youth:
Prevalence, perceptions of harm, and driving under the
influence in Canada, England & United States. Addictive
Behaviors, 90, 171-175.

Wilkinson, A.L., Halpern, C.T., & Herring, A.H. (2016).
Directions of the relationship between substance use
and depressive symptoms from adolescence to young
adulthood. Addictive Behaviors, 60, 64-70.

Wilkinson, S.T., Stefanovics, E., & Rosenheck, R.A. (2015).
Marijuana use is associated with worse outcomes in
symptom severity and violent behavior in patients with
PTSD. The Journal of Clinical Psychiatry, 76(9),
1174-1180.

Yehuda, R., Hoge, C.W., McFarlane, A.C., Vermetten, E.,
Lanius, R.A., Nievergelt, C.M., . . . Hyman, S.E. (2015).
Post-traumatic stress disorder. Nature Reviews Disease
Primers, 1, 15057.

Ylcel, M., Bora, E., Lubman, D.I., Solowij, N., Brewer, W.J.,
Cotton, S.M., .. . Wood, S.J. (2010). The impact of
cannabis use on cognitive functioning in patients with
schizophrenia: a meta-analysis of existing findings
and new data in a first-episode sample. Schizophrenia
Bulletin, 38(2), 316-330.

Zammit, S., Allebeck, P., Andréasson, S., Lundberg, I.,
& Lewis, G. (2002). Self reported cannabis use as a
risk factor for schizophrenia in Swedish conscripts of
1969: Historical cohort study. British Medical Journal,
325(7374), 1199.

Zorrilla, 1., Aguado, J., Haro, J., Barbeito, S.,
Lopez Zurbano, S., Ortiz, A., . . . Gonzalez-Pinto, A.
(2015). Cannabis and bipolar disorder: does quitting
cannabis use during manic/mixed episode improve
clinical/functional outcomes? Acta Psychiatrica
Scandinavica, 131(2), 100-110.

Zou, S., & Kumar, U. (2018). Cannabinoid receptors and
the endocannabinoid system: Signaling and function
in the central nervous system. International Journal of
Molecular Sciences, 19(3), 833.

Acknowledgements

The author wishes to acknowledge the external reviewers for their comments on an earlier version of this report.
Production of this document has been made possible through a financial contribution from Health Canada.
The views expressed herein do not necessarily represent the views of Health Canada.

ISBN 978-1-77178-551-8

© Canadian Centre on Substance Use and Addiction, 2019



https://doi.org/10.1177%2F0706743718818420

