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ABSTRACT

Reduced cognitive functioning has been observed in individuals with early phase
psychosis (EPP) and is similar to reductions in cognitive functioning in non-
psychiatric populations who use cannabis. Less clear, however, is the combined
effect of EPP and cannabis use on cognition. Furthermore, it is believed that
reduced white matter integrity occurs in the brains of individuals with EPP and
cannabis users and may underlie the noted dysfunctions. To clarify the impact of
cannabis use and EPP individually, as well as the combined effect, two studies were
executed. Study 1 utilized a clinical database of EPP patients with low/no or
moderate/severe cannabis use and found those with moderate/severe use had better
psychomotor speed and working memory. Prospective data was collected for Study
2 which included a healthy control comparison group as well as structural white
matter neuroimaging techniques to investigate the individual and combined effects
of EPP and cannabis use on cognition and white matter integrity. Controls
outperformed EPP patients on tasks of working memory, executive functioning,
and psychomotor speed. Cannabis use negatively impacted working memory,
executive functioning, and verbal learning and memory. The integrity of white
matter in the left prefrontal region was reduced for those with EPP compared to
controls. Cannabis use did not affect white matter. High rates of cannabis use in
those with EPP warrant further investigation into the relationship between EPP and
cannabis use to assess the individual and combined impacts of each on cognitive

functioning and white matter.

Vii



ANOVA
CBD
CUD
CVLT-1I
DESPOTI

LIST OF ABBREVIATIONS USED

Analysis of Variance

Cannabidiol

Cannabis Use Disorder

California Verbal Learning Task (Version III)

Driven Equilibrium Single Pulse Observation of T1

DESPOTI-HIFI

DESPOT1-no

DSM-5
DTI

EPP

EPP-
EPP+
FLIRT

HC

HC-

HC-

ISL
MANOVA
MATRICS

MP3RAGE
MRI
NART
NSEPP
O-DSST
ONB

ROI

Driven Equilibrium Single Pulse Observation of T1 with Incorporation

of B1 Field Inhomogeneities

Driven Equilibrium Single Pulse Observation of T1 with no
Incorporation of B1 Field Inhomogeneities

Diagnostic and Statistical Manual of Mental Disorders (Version 5)

Diffusion Tensor Imaging

Early Phase Psychosis

Early Phase Psychosis, no CUD
Early Phase Psychosis, with CUD
Linear Image Registration Tool
Healthy Control

Healthy Control, no CUD
Healthy Control, with CUD
International Shopping List Task
Multivariate Analysis of Variance

Measurement and Treatment Research to Improve Cognition in
Schizophrenia

Magnetization-prepared Rapid Acquisition Gradient Echo
Magnetic Resonance Imaging

National Adult Reading Test

Nova Scotia Early Psychosis Program

Oral Digit Symbol Substitution Task

One Back Task

Region of Interest

viii



SCID Structured Clinical Interview for Substance Use Disorders for the DSM-5

T1 Longitudinal Relaxation Time
THC Delta-9-tetrahydrocannabinol
TMT-A Trail Marking Task Part A
TMT-B Trail Marking Task Part B
WHO-ASSIST

The World Health Organization Alcohol, Smoking, and Substance
Involvement Screening Test



ACKNOWLEDGEMENTS

I would like to express my deepest appreciation to my supervisor, Dr. Philip
Tibbo, for being an exemplar scientist and clinician. His investment in improving
the well-being of those with early phase psychosis has been incredibly inspiring.
His faculties as a researcher have served to improve my own, and it has been with

his ongoing teaching and guidance that this project was possible.

I also must thank my committee members, Dr. Candice Crocker, Dr. Kimberley
Good, and Dr. Alissa Pencer. The guidance I have been provided by the
committee has been invaluable. All members modelled an excitement in
discovery to me, and for that I am grateful. Their insights were indispensable and

encouraged my development as a researcher throughout the program.

This research would not have been feasible if not for the help of Amira Hmidan.
Whether recruiting, coordinating or conducting participant data collection, or
fulfilling other duties, her dedication to the project made it possible. I am further
indebted to the research team at the Nova Scotia Early Psychosis Program more

broadly. Their individual expertise and guidance has been integral.

Finally, I am incredibly grateful for my family and friends, who I cannot thank
enough for their ongoing support throughout this endeavor. They all had a part in
encouraging me throughout graduate studies, and have been a source of strength,
love, and determination. At times, it is possible they believed in me more than I
believed in myself and always made sure to express it. To Atlas, who was at my
side throughout every part of the program on all fours, thank you for being the

absolute best companion throughout this journey.



Chapter 1 Introduction

1.1  Psychosis

Primary psychotic disorders principally refer to psychotic
symptomatology that is not the result of substance use, an underlying medical
condition, or a primary mood disorder with psychotic symptoms (American
Psychiatric Association, 2013). Psychotic symptoms include positive symptoms
such as hallucinations, and delusions (e.g. paranoia), among others, and are
characterized as additions to ones’ feelings, thoughts, or broader experience that
are not present in the general population (Garety et al., 2001). Negative symptoms
differ in that they are a reduction in the usual experiences of an individual, such
as emotional withdrawal or difficulty with the demands of abstract thinking
(Correll & Schooler, 2020). Additionally, individuals experiencing psychosis can
have difficulties in cognitive domains, as well as general symptoms of being
psychologically unwell, such as experiencing tension (Reininghaus, Priebe, &
Bentall, 2013).

Schizophrenia spectrum disorders share psychotic symptoms as a defining
feature. Schizophrenia impacts approximately 1% of the population and accounts
for approximately 2% of healthcare expenditures in Canada (Goeree et al., 2005).
While schizophrenia is extremely heterogeneous, it involves a combination of
hallucinations, delusions, negative symptoms, disorganized thinking, and
abnormal motor behaviour. Furthermore, symptoms must be persistent over time
(i.e., at least six months), influence daily life significantly, and such symptoms

are used to determine the severity of the illness. Schizophreniform disorder is



diagnosed with similar criteria to schizophrenia, but involves a shorter duration of
illness (i.e., symptoms have persisted for less than six months, but for longer than
one month), and has a lifetime prevalence rate of 0.11% (Goldner et al., 2002).
Schizoaffective disorder also involves hallucinations, delusions, negative
symptoms, disorganized thinking, and abnormal motor behaviour, but individuals
with schizoaffective disorder also experience a concurrent mood episode (e.g., a
depressive episode) for the majority of illness duration (American Psychiatric
Association, 2013). Schizoaffective disorder is separate from a mood disorder
resulting in psychosis (e.g., bipolar 1), as individuals must experience at least two
weeks of the aforementioned symptoms in the absence of a major mood episode.
Affective psychoses are a separate phenomenon, where the psychotic symptoms
are secondary to a primary mood disorder such as a major depressive disorder or a
bipolar mood disorder. Furthermore, disorders that are generally considered
primary psychotic disorders, such as schizophrenia spectrum disorders (e.g.,
schizophrenia, schizophreniform, and schizoaffective disorders) are, in practice,
considered as separate from substance/medication-induced psychosis, though the

DSM-5 does not make this differentiation.

1.1.1 First-episode/Early Phase Psychosis

Early psychosis, or first-episode psychosis, describes the first time that an
individual experiences clinically significant psychotic symptoms. This first
episode generally occurs in late adolescence or young adulthood and can result in
a significant disruption in daily life (Jablensky, 1997). The first episode typically

occurs between the ages of 18 and 35 (Jones, 2003), with males generally



presenting with symptoms earlier than females (Benes et al., 2004; Eranti et al.,
2003). The onset of the illness, therefore, occurs within a critical period of
neurobiological and psychosocial development (Peters, 2002). Brain maturation
continues throughout late adolescence and early adulthood, as individuals are
often obtaining an education or entering the workforce (Bava et al., 2006; Gould
et al., 2005). As a result, the disruption that psychosis can present during this

period is robust.

Fortunately, the first episode, or earliest phase of psychosis has been
studied at length, and recovery is most likely when it is treated at this early stage
(McGorry, 2015). Early intervention services provide targeted treatment for
individuals with early phase psychosis (i.e., within the first five years of illness-
onset; Bertelsen et al., 2008; Nolin et al., 2014; Petersen et al., 2005). Successful
early intervention programs typically offer a wide variety of easily accessible
services (e.g., an individual biopsychosocial treatment approach, comorbid
substance use disorder treatment, individual and group-based psychosocial
treatments, ongoing evaluations of the program’s services, etc.). When early
intervention services are implemented, significant symptom reductions can be
observed in both the short- and long-term, as well as enhanced patient satisfaction
and social outcomes (Petersen et al., 2005). Furthermore, early intervention
services can reduce the socioeconomic burden of psychosis by a reduction in the

use of emergency room and inpatient services (Liffick et al., 2017).

1.1.2 Psychosis and Cognition



Cognitive deficits that are known to occur in early phase psychosis (EPP)
have been traditionally less studied than clinical symptoms of psychotic disorders
(Addington, Brooks, & Addington, 2003). Cognitive functioning, however, is an
important aspect of early psychosis, with some studies providing evidence that
cognition can predict long-term functional outcomes (Allott et al., 2011; Lystad et
al., 2016). Impaired cognitive functioning is relatively homogenous between
psychotic disorders, is pronounced even in EPP (Addington & Addington, 2002;
Addington et al., 2003; Bora & Murray 2014), and furthermore, these deficits are
not fully explained by premorbid intellectual functioning (Rossi et al., 2016).

Deficits in particular cognitive domains arise from the literature and most
frequently reported are difficulties with learning and memory, psychomotor
speed, processing speed, attention, and executive functioning overall (Green,
1998; McCleery et al., 2014; Rossi et al., 2016; Townsend, Malla, & Norman,
2001). Processing speed describes how quickly one can take in target information,
process that information, and adequately respond (e.g., recognizing and
responding to a visual pattern; Whitman, 2010). Executive functioning
encompasses a number of cognitive skills but broadly refers to an individual’s
capacity to manage their cognitive resources to complete a function (Whitman,
2010). For example, an individual must allocate their attention and planning
capacities, and access their memory to plan out a grocery list. Executive
functioning allows the monitoring and deployment of these individual capacities.
Within learning and memory deficits in psychosis, Zabala and colleagues (2010)

and Addington et al. (2003) have provided evidence that individuals with



psychosis overall perform worse than healthy controls with no psychiatric
diagnosis. Similarly, difficulties with attention, reduced executive functioning,
and difficulties with processing speed have been consistently observed relative to
healthy controls (Mathias et al., 2017; McCleery et al., 2014; Rossi et al., 2016;
Zabala et al., 2010).

In a meta-analysis by Fioravanti et al. (2012), 240 studies were identified
that discussed cognitive functioning and schizophrenia with the inclusion of a
healthy control group. Results showed that while there is heterogeneity in how
strong the effect of having schizophrenia is in each domain, all domains assessed
(i.e., attention, executive functioning, memory, and language) were significantly
impacted by the presence of schizophrenia. Moreover, the researchers used
transformed effect sizes which allowed for the calculation of the likelihood that
an individual with schizophrenia would perform worse than a control participant.
The domain of memory had the strongest effect of patient status, as participants
with schizophrenia had the greatest likelihood of showing reduced functioning in
the memory domain compared to controls. Participants with schizophrenia had an
81% probability of having reduced performance on measures of memory
compared to control participants (i.e., only 19% of patients performed similarly to
controls). However, the researchers noted that many studies failed to match
sample sizes of comparison groups, and the researchers found that large effect
sizes were overrepresented in small samples using correlations, which were
consistent with results from a previous meta-analysis (Fioravanti et al., 2005).

Furthermore, as outlined in the aforementioned meta-analysis, there were



incongruencies in how stringently matched the controls were to patients (e.g., in
age, intelligence, and sex), in conjunction with the variance within the patient
population (e.g., age of onset of illness and treatment exposure).

Furthermore, Fatouros-Bergman and colleagues (2014) also performed a
meta-analysis and found that verbal memory, working memory, and processing
speed were the most impacted domains. In their study, medication-naive patient
samples from the literature were compared to healthy controls to assess the
influence of psychosis in the absence of antipsychotics (i.e., a more pure effect).
While verbal memory, working memory, visual memory, attention, processing
speed, and executive functioning were all significantly worse in the patient
samples than in healthy controls, the largest standardized mean differences
between patients and healthy controls were in verbal memory, working memory,
and processing speed.

There is evidence of second generation antipsychotic medications
improving the reductions in cognitive functioning present in psychosis,
particularly for executive functioning (Hill et al., 2010; Meltzer & McGurk,
1999). However, Hill et al. (2010) caution that while evidence shows that
improvements in cognitive functioning are statistically significant for those using
second generation antipsychotics, these improvements are small. Furthermore, a
debate has occurred around practice effects, and whether the noted improvements
are genuine improvements and not improvements from performing the tasks on
multiple occasions (Cuesta et al., 2001; Goldberg et al., 2007). It can also be

postulated that reductions in cognitive deficits are the result of symptom



reduction (such as that in successful antipsychotic intervention), as illness
severity is associated with worse cognitive outcomes (Barder et al., 2013;

Fitzgerald et al., 2004).

1.1.3 Psychosis and Cannabis Use

The relationship between psychosis and cannabis is complex and well-
researched. Green, Young, and Kavanaugh (2005) estimate approximately 23% of
individuals who have a diagnosis of psychosis have lifetime misuse of cannabis.
While between 34% and 44% of first-episode patients have a substance
dependency, cannabis is consistently reported as one of the most used substances
(Abdel-Baki et al., 2017; Myles et al., 2016; Van Mastrigt et al., 2004). Lifetime
prevalence rates of cannabis use disorder (CUD) are markedly high in EPP, with
the rate of lifetime dependence nearing half of the population (Koskinen et al.,
2010). Past-year prevalence of a CUD in the EPP population is substantially
larger than in the general population, with 14% of patients meeting criteria for a
CUD, while past-year CUD rates in the general population in Canada are 1-2%
(Anthony, 2006; Hall & Pacula, 2003; Leos-Toro et al., 2017; Ouellet-Plamondon
et al., 2017; Van Mastrigt et al., 2004). Recently, D1 Forti and colleagues (2019)
found lifetime prevalence rates of cannabis use in individuals with a psychotic
disorder to be approximately 65%, while lifetime use was significantly less in
controls at 46%. Lifetime prevalence rates of up to 86% in those with psychosis
have been reported (Sembhi & Lee, 1999).

Cannabis use can contribute to developing psychosis (Di Forti et al., 2015;

Di Forti et al., 2019; Marconi et al., 2016; Tucker, 2009), and its use may also



succeed the onset of symptoms (Bizzarri et al., 2009). Cannabis use is also a
significant predictor of treatment outcomes within EPP, as the use of cannabis
typically exacerbates symptoms and results in a poorer prognosis (Foglia et al.,
2017; Setién-Suero et al., 2019). Concerning clinical symptoms of psychosis,
discontinued cannabis use in individuals who used the drug at the onset of
treatment results in outcomes similar to patients who did not use the substance
when treatment began, and symptoms for these two groups are reduced compared
to patients who continued to use (or began using) cannabis (Setién-Suero et al.,
2019). Additionally, the rates of relapse are significantly higher in individuals
who use cannabis (Schoeler et al., 2016; Zammit et al., 2008), resulting in more
disruption to individuals’ lives.

In the context of early psychosis, the age of onset of cannabis use has been
shown to be associated with the development of the first episode of psychosis,
where the initiation of regular use at a younger age results in a greater likelihood
of subsequently presenting with a psychotic disorder (Arseneault et al., 2002).
Similarly, the use of cannabis with high delta-9-tetrahydrocannabinol (THC)
potency has also been consistently shown to be linked with the eventual
development of a psychotic disorder, as well as the overall amount of cannabis an
individual uses (Di Forti et al., 2014). These factors result in an earlier onset of
symptoms compared to individuals who are not using and eventually develop
psychosis. A meta-analysis by Large et al. (2011) showed the age of onset of
psychosis to be approximately three years earlier in cannabis users. Di Forti et al.

(2014) tested the association between age of onset of psychosis and the age of



onset of cannabis use and found that the age participants first used cannabis did
not significantly affect the age of psychosis onset when factors such as how often
individuals used cannabis, the THC potency, and gender were controlled for.
Therefore, it is likely a combination of cannabis use parameters, as well as
individual differences that moderates the relationship between cannabis use and
an earlier onset of psychosis.

There have been theories proposed to help explain the increased use of
cannabis in this population, despite the problematic effects of the drug on clinical
outcomes. Degenhardt et al. (2003) tested these theories by using data from eight
birth cohorts. The first theory explored by the authors, that cannabis use causes
psychotic disorders to develop, was not supported fully by the data. While some
data did show cannabis use resulted in subsequent psychosis, the researchers
suggested that cannabis use had occurred in individuals who would eventually
develop psychosis regardless of cannabis exposure. The second theory, that
cannabis use causes psychosis to develop in individuals predisposed to psychotic
disorders, was supported with evidence of a reduction in the age of onset of a
psychotic disorder in cannabis-using individuals, as predicted by modelling of the
hypothesis. The third theory, that the prognosis and severity of psychosis are
worsened by cannabis use was supported in part, though the chronicity of
schizophrenia was not worse for cannabis users compared to non-users. Lastly,
the researchers tested the hypothesis that individuals who are diagnosed with
psychosis are more likely to become regular cannabis users. Evidence agreed with

the fourth hypothesis that individuals with psychosis are more likely to regularly



use cannabis. It must be noted that evidence for all four theories exists beyond the
modelling and the assessed fit of the model for each hypothesis using cohort data
and that all four hypotheses likely contribute in some way to increased rates of
cannabis use in this population. Recently, literature reviews by Hamilton and
Monaghan (2019) and Ksir and Hart (2016) have suggested that evidence points
to a shared vulnerability between the two (i.e., that there is a predisposition for
early and heavy cannabis use in those who will eventually develop a psychotic
disorder). However, Hamilton and Monaghan (2019) in particular note that
research is skewed toward finding biological explanations for the theories of
cannabis use in individuals with psychosis, and sociocultural factors should also

be looked to for consideration as well.

1.2 Cannabis Use and Cognition

As with psychosis and cognition, the use of cannabis has been studied in
relation to cognition in the general population. It has been postulated that the
deficits cannabis causes in cognition in healthy individuals mimic the reduced
cognitive abilities seen in individuals with a psychotic disorder (Solowij, &
Michie, 2007). In a brief overview of the literature, Curran and colleagues (2016)
described that overall, some evidence exists that describes a decrease in overall
intellectual functioning in individuals who developed a CUD, though studies with
less frequent use show no difference in overall functioning. More specifically,
long term use of cannabis influences executive functions such as decision making
and encoding novel memories. The authors also note that known acute effects of

the drug, such as decreased attention and deficits in working memory are reported

10



in chronic users in various studies, but there is no consensus that these occur
consistently in long term use.

In a systematic review, Broyd et al. (2016) sought to differentiate acute
and chronic effects of cannabis on cognition. Several consistencies appeared for
acute and chronic effects, including impaired attention, memory, and executive
functioning. Within the domain of memory, reduced verbal learning and memory
abilities are a feature of acute intoxication as well as chronic exposure. Working
memory is similarly impacted in both acute and chronic use, although the extent
seems to vary more than it does with verbal learning and memory. Attention is
widely accepted as being impacted by acute exposure but is less consistently
reported as reduced in regular users. However, in chronic users who are abstinent
for several weeks, reduced attention can still be observed compared to non-users.
Concerning executive functioning, acute intoxication mirrors chronic use in heavy
users, such that cannabis hinders performance.

Scott et al. (2018) performed a meta-analysis assessing various domains of
cognitive functioning in cannabis users and non-users from adolescence and early
adulthood. Learning, executive functioning, processing speed, and attention were
significantly impacted in the cannabis-using group, such that non-users had
significantly greater performances on tasks in the domains overall. Additional
explanatory variables were included in the model other than cannabis use alone,
including the age of onset of cannabis use and how long each study required
cannabis users to be abstinent prior to cognitive testing. While age at first use did

not predict cognitive outcomes in this sample, the mean duration of abstinence in
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users did significantly influence cognitive performance, with a three-day
abstinence period reducing the impact of cannabis to approximately zero.

In a sample of healthy individuals within their meta-analysis, Schoeler et
al. (2016) compared memory abilities of non-users (i.e., had never met criteria for
dependence and/or had no lifetime history of regular use and/or did not use at the
time of data collection) to cannabis users. Eighty-eight studies in total were
included. Global memory was found to be significantly impaired in healthy
individuals who were cannabis users compared to non-users. Particular domains
of memory were more affected by cannabis use, namely, prospective memory,
working memory, verbal immediate and delayed recall, verbal recognition, verbal
learning, and visual recognition. Of course, the grouping in the original studies
included in the meta-analysis varies, and as such there was likely significant

heterogeneity in cannabis use in the users and non-users.

1.3  Psychosis, Cannabis Use, and Cognition

With evidence accumulating that both cannabis and psychosis have
similar impacts on cognition and that cannabis use is heightened in the EPP
population compared to healthy individuals (Green, Young, & Kavanagh, 2005;
Van Mastrigt, Addington, & Addington, 2004), researchers have begun to explore
the impact of cannabis use on cognition within individuals with psychosis.
Research assessing the effect of cannabis on cognition, and the effect of psychosis
on cognition has been relatively homogenous (i.e., both cannabis and psychosis
independently are typically reported to negatively influence similar cognitive

domains), such is not the case when assessing the impact of cannabis on cognition

12



within psychosis populations. Some evidence indicates that when EPP patients
use cannabis, outcomes on cognitive tasks are worse than for EPP patients who
are non-users (Bogaty et al., 2018), while other studies cite no difference (Bogaty
etal., 2018; Yucel et al. 2012). Some research even suggests that patients using
cannabis actually have increased cognitive performance compared to those with
EPP who do not use (Bogaty et al., 2018; Potvin et al., 2008; Rabin et al., 2011;
Schoeler et al., 2016; Yucel et al., 2012). All effect sizes from the meta-analyses,
regardless of the direction of the effect and the specific domain, describe
differences of less than one standard deviation between users and non-users,
generally indicating that significant effects are modest when present.

A meta-analysis by Potvin et al. (2008) found that substance use as a
whole impacts the cognition of individuals with schizophrenia in different ways,
and differs based on which substance(s) an individual is using. The researchers
found that individuals with a substance use disorder performed significantly better
on tasks assessing psychomotor speed. Concerning cannabis specifically,
reasoning and visual memory were enhanced in the individuals with a cannabis
use disorder, an effect that did not occur for other substances in the various
domains assessed. The researchers also found age was a significant predictor of
the size of the effect that substance use had on overall cognitive functioning,
working memory, and speed of information processing, such that increased age
was associated with smaller effect sizes in the domains. This work highlighted the
importance of considering age when assessing the literature, as the effect of

substance use differs over time.
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Rabin et al. (2011) performed a meta-analysis of eight studies on
cognition in schizophrenia specifically for individuals with and without a CUD.
In all domains assessed, cognitive performance was increased in individuals with
a cannabis use disorder, including improved memory, visuospatial skills,
executive functioning, and language skills. Importantly, Rabin and colleagues
(2011) did not include any studies in the meta-analysis which did not exclude
participants based on comorbid substance use, in an attempt to specifically assess
the impact of cannabis on cognition in schizophrenia.

Yucel et al. (2012) first performed a systematic review and meta-analysis
to assess cognition in individuals with psychosis who were and were not using
cannabis, followed by a novel study within their report. Results from the meta-
analysis showed that those with psychosis who had lifetime cannabis use had
greater scores of global cognition, working memory, visual memory, executive
functioning, and processing speed, and that this effect was not found in studies
that only measured recent use. Next, the researchers collected cognitive data in
first-episode psychosis patients specifically as well as healthy controls. Users
were defined as having used more than two grams of cannabis per week for a
minimum of two years (i.e., regular use). Results demonstrated that as a whole,
first-episode participants performed worse than healthy controls on all tasks.
Better cognitive performance on tasks measuring executive functioning, verbal
and non-verbal memory, and working memory was observed in the first-episode

participants who were cannabis users relative to those who did not use.

14



Schoeler et al. (2016) similarly investigated psychosis patients with and
without cannabis use to compare memory functioning specifically between the
two as well as to healthy controls by way of a meta-analysis of 88 studies. The
researchers found that cannabis-using psychosis patients performed significantly
better than their non-using counterparts, particularly for visual recall and
recognition, and verbal recognition. Contrary to the results of Potvin et al. (2008),
the adverse effects of cannabis use on memory (observed in the healthy control
sample) increased with age, though Schoeler et al. (2016) focused on cannabis
specifically and not substance use broadly.

Bogaty and colleagues (2018) performed a meta-analysis on 14 existing
studies that reported cognitive measures in young psychosis patients who either
regularly used cannabis (at least once per week for the last six months) or did not
use cannabis. No significant differences between users and non-users were found
for processing speed and overall verbal memory. Verbal working memory,
however, was significantly reduced in the cannabis-using patients, with the largest
effect size of all cognitive measures (Hedge’s g = -.76). Worse performance on
measures of sustained attention was also observed for cannabis-using patients
compared to non-using patients. Better performance was observed for executive
functioning and verbal learning in patients that were cannabis users compared to
the patients that were not users. These results suggest that domain-specific
specific impairments/enhancements — and the absence of either — can occur as a

result of regular cannabis use in individuals under the age of 25.
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Overall, there is inconsistent evidence that cannabis impacts cognition in
psychosis patients. While there is evidence of a potential “protective” effect of
cannabis on cognition in this population, there are also indications that cannabis
does not have an impact. Furthermore, because there are relatively well-described
deficits associated with chronic and acute exposure to cannabis in healthy
populations, it raises the question of how cannabis could seem to enhance
performance on neuropsychological tasks in individuals with EPP. The present
state of the literature does not provide an obvious answer, which likely reflects
methodological differences between studies. Potential confounds, such as
accounting for premorbid functioning and polysubstance use are inconsistently
controlled for in the literature. Furthermore, measures of cannabis use are
extremely heterogeneous. Terms like “regular”, “chronic”, and “lifetime” use may
be well defined within studies, but are seldomly readily comparable between
studies. Whereas studies using CUD status have results that are easier to evaluate
in the context of one another, the stringency means these studies encompass only
a portion of the cannabis-using EPP patients. The metrics for evaluating cognitive
functioning are similarly unstandardized within the literature. While reliable
neuropsychological tools with good construct validity should reproduce similar
results within cognitive domains (even if the exact task differs), the inconsistency
in measures of cannabis use combined with the heterogeneity of the tasks between
studies may further obscure the impacts of cannabis on cognition. Some research
has looked at biological variables, such as brain structure and function, to help

elucidate how cannabis and EPP influence cognition.
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1.4 White Matter Imaging

White matter describes brain tissue comprised of axons which typically
have a fatty coating (i.e., myelin). Axons carry neural signals throughout the
brain, and the myelin coating serves to facilitate the transmission of electrical
signals. The myelin layer, which is crucial to effective signal transmission, is
created by oligodendrocytes, a type of neuroglia in the central nervous system
(Baumann & Pham-Dinh, 2001; Fields, 2010). The maturation of white matter
involves the brain’s endogenous cannabinoid system, and this process coincides
with the crucial developmental period that is adolescence and early adulthood,
with the myelination process dropping off significantly in young adults (Bava et
al., 2006). The brain’s endocannabinoid system is intractably involved in this
period, with a significantly higher density of cannabinoid receptors found on the
neuroglia responsible for white matter development in the adolescent brain

(Chadwick et al., 2013).

1.4.1 Psychosis and White Matter Imaging

Brain white matter is implicated in both EPP as well as in chronic
psychotic disorders, with structural abnormalities in white matter evident even
prior to the onset of an individual’s first episode of psychosis (Carletti et al.,
2012; Roalf et al., 2019). One theory that has been postulated regarding the white
matter differences seen between psychosis patients and controls is the
dysconnectivity hypothesis (Friston & Frith, 1995). This hypothesis posits that the
presentation of psychotic disorders arises from aberrant neurophysiology. In

particular, the difficulties incurred are the result of atypical interaction between

17



regions in the brain, and the atypical interaction is the result of widespread
anatomical dysconnectivity due to compromised white matter tracts. As a result,
researchers have made substantial efforts to describe white matter abnormalities
in individuals with psychosis. In vivo neuroimaging techniques have been used
since the dysconnectivity hypothesis first was described more than two decades
ago to test the hypothesis.

Magnetic resonance imaging (MRI) offers a number of techniques that
inform researchers on macro and microstructural white matter differences, such as
volumetric differences, and differences in the organization and integrity of white
matter. Structural MR techniques, such as T1 and T2 maps, can yield measures of
the relaxation time of tissues and can be used to look at white matter differences
regionally. Structural methods such as driven equilibrium single pulse observation
of T1 with the incorporation of B; field inhomogeneities (DESPOT1-HIFI) can
provide longitudinal relaxation times (i.e., the time it takes the net magnetization
vector to achieve full recovery after a radiofrequency pulse is applied) in white
matter which are indicative of myelin quantity in far less time than traditionally
required (Deoni, 2007). Other methods, such as diffusion tensor imaging (DTI)
are employed to assess microstructural differences in white matter in particular in
vivo with a level of precision once only possible posthumously. DTI measures the
movement of water molecules within the brain, which is a strong indicator of the
integrity of white matter. Because axons are not water-soluble, the diffusion of

water within and around an axon can describe the quality of the axonal bundles.
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Pérez-Iglesias et al. (2010) assessed individuals with EPP as well as
controls to examine what abnormalities are present specifically within the early
phase of psychosis. The researchers used DTI to measure white matter integrity in
age, sex, education, and handedness-matched EPP patients and healthy controls.
In particular, fractional anisotropy values were used to estimate areas with the
greatest abnormalities (i.e., the lowest values of anisotropy). Several main areas
with the greatest abnormalities between the EPP patients and healthy controls
were found, including the corpus callosum and internal capsule broadly, the
longitudinal fasciculi (superior and inferior), forceps major, and the thalamic
radiation (superior and anterior). Again, this dysconnectivity of major neural
pathways is believed to underlie — at least in part — symptom expression. More
recently, Rae et al. (2017) performed DTI between healthy controls and EPP
patients to assess neurite density. Participants with EPP were shown to have
decreased neurite density in areas that had also shown reduced fractional
anisotropy relative to controls. Abnormalities in neurite density in EPP patients
are likely reflective of reduced myelination, density, and axonal count in

interhemispheric, corticospinal, and association tracts.

1.4.2 Cannabis Use and White Matter Imaging

Utilizing data from healthy individuals enrolled in the Human
Connectome Project Consortium, Orr et al. (2016) compared the structural
integrity of white matter in cannabis users and non-users. First, the team assessed
whether recreational cannabis use has an impact on white matter. The researchers

found that fractional anisotropy values were reduced in individuals with an earlier
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age of onset of cannabis use particularly in the longitudinal fasciculi (inferior and
superior), forceps major and minor, similar to the results from Zorlu et al. (2016)
when synthetic cannabinoids were used regularly. These areas also had increased
radial diffusivity, a second indicator of reduced structural integrity of white
matter. Increased radial diffusivity and decreased fractional anisotropy were more
pronounced in the right hemisphere of the brain. Conversely, a meta-analysis of
17 studies by Lorenzetti et al. (2019) did not find differences in global white
matter between healthy controls who did use cannabis and those who did not.
Three studies were identified which focused on cannabis use and white matter by
Crocker et al. (2017) which excluded any studies with polysubstance use (Gruber
et al., 2014; Epstein et al., 2014; Zalesky et al., 2012). DTI results from the three
studies indicated that decreases in fractional anisotropy were not regionally
specific, indicating white matter networks are affected globally. Furthermore, the
results from Clark et al. (2012) did show that in individuals with a CUD,

fractional anisotropy was significantly reduced in prefrontal and parietal regions.

1.4.3 Psychosis, Cannabis Use, and White Matter Imaging

The combined effects of cannabis and EPP on the structural integrity of
white matter have also been studied. Three comparison groups of recent-onset
schizophrenia patients were studied by Dekker et al. (2010). Cannabis-naive
patients, early-onset cannabis users (less than 15 years old at the onset of regular
use), and late-onset cannabis users were compared. No differences were found
between early- and late-onset cannabis users. Fractional anisotropy was found to

be reduced in the cannabis-naive patients compared to individuals with early-
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onset use, particularly in the posterior corpus callosum. The density of white
matter in the left temporal lobe and right occipital lobe was also found to be
reduced in cannabis-naive patients compared to early-onset users. In other words,
it appears white matter was affected in the corpus callosum, temporal lobe, and
occipital lobe in individuals in the early stages of psychosis who do not use
cannabis compared to cannabis users.

Tract-based-spatial-statistics were used by Haller et al. (2014) to analyze
the combined effect of cannabis use and first-episode psychosis on white matter
tracts, with analyses within the cannabis-using group to compare heavy users with
more light users, as well as having a non-user group as a control. Fractional
anisotropy values revealed no difference between users and non-users in white
matter tracts. Furthermore, when split by heavy versus light use, no differences
were found based on tract-based-spatial-statistics using fractional anisotropy
values. Axial, radial, and mean diffusion parameters of white matter which
measure water diffusion parallel to a tract, perpendicular to a tract, and overall
diffusivity, respectively, also did not differ between any of the three groups.

A systematic review of in vivo structural imaging and post mortem studies
in individuals with psychosis (with and without cannabis use) was conducted by
Rapp et al. (2012). In-vivo results for patients with established schizophrenia
showed a significant difference in white matter abnormalities between cannabis
users versus non-users, but only in frontal regions. Cookey, Bernier, and Tibbo
(2014) similarly reviewed the imaging literature to compare how cannabis

influences white matter integrity within individuals with EPP, as well as in
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healthy controls. One study, James et al. (2011), was identified which compared
white matter using DTI between EPP patients who used cannabis versus those
who did not. Results showed that projection tracts, association tracts, and callosal
tracts all had significantly reduced fractional anisotropy values in the cannabis-
using EPP sample compared to non-using EPP patients.

It has been well described, therefore, that both cannabis use and EPP can
impact white matter integrity (as well as evidence of the effects of the two
combined). Furthermore, the dysconnectivity hypothesis theorizes that the
symptoms of psychotic disorders are the result of compromised white matter
tracts (Friston & Frith, 1995). White matter integrity may therefore provide some
explanation for the differences in cognitive functioning noted in EPP and
cannabis use individually, and for the discrepant findings in individuals with EPP

who use cannabis compared to those who abstain.

1.4.4 White Matter Imaging and Cognition

In a recent literature review, Lazar (2017) describes the role of white
matter in working memory from the existing evidence. It has been well
documented that the various cortices are involved in working memory
(particularly the frontal, parietal, and temporal cortices), and white matter is
integral to the communication between the cortices. In particular, in healthy
individuals, the integrity of the superior and inferior longitudinal fasciculi, the
cingulum bundle, the corpus callosum, the uncinate fasciculus, and the fronto-
occipital fasciculi were correlated with working memory performance.

Corresponding findings exist from a longitudinal study by Krogsrud et al. (2018),
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which provide evidence of an association between decreased microstructural
integrity (measured with mean, radial, and axial diffusion, as well as fractional
anisotropy) and worse working memory performance in the tracts highlighted by
Lazar (2017).

Executive functioning has been associated with the degree of white matter
hyperintensities (i.e., white matter lesions), which disrupt the signal pathways
between the cortices, as indicated by a meta-analysis by Kloppenborg and
colleagues (2014) as well as Debette and Markus (2010). However, executive
functioning has been more widely researched in relation to gray matter, and much
less work has assessed the role of white matter in executive functioning in healthy
young adults. Concerning healthy aging, however, it has been demonstrated that
the integrity of white matter fiber tracts is related to executive functioning (Ystad
et al., 2011). Fractional anisotropy in particular fiber bundles connecting the
inferior putamen to the anterior default mode network, the thalamus to the
anterior default mode network, and the inferior putamen to the sensory cortices
were correlated significantly with executive functioning. Furthermore, the white
matter maturation in the adolescent brain has been associated with executive
functioning (Asato et al., 2010). Projection and association tracts, in particular,
were implicated. Additionally, as the quality of interhemispheric connections
increased through adolescence, executive functioning capacity increased.

Prefrontal regions of the brain have been well documented for their role in
“higher-order” cognitive faculties, denoted broadly as executive functions, which

include capacities such as attention, inhibition, and working memory among
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others (Alvarez & Emory, 2006; Aron, 2007). Prefrontal activation has been
associated with tasks measuring executive functioning (Shibuya-Tayoshi et al.,
2007; Stuss et al., 2001). Furthermore, individuals with reduced activation in
prefrontal regions show worse performance on these tasks (Fujiki et al., 2013).
Executive functioning performance is at its peak in early adulthood, following the
critical neurodevelopmental period involving white matter maturation that is
adolescence (Anderson et al., 2010; Bava et al., 2006). Prefrontal regions are
closely associated with more specific functions such as working memory and
verbal learning abilities (Cohen et al., 1994; Savage et al., 2001) Therefore,
prefrontal white matter is integral to tasks requiring higher-order cognitive
functions.

White matter has also been associated with verbal learning and memory
scores (Takeuchi et al., 2011). The researchers found similarities in regions
associated with working memory and verbal learning and memory. The volume of
prefrontal and temporal white matter was significantly correlated with verbal
learning and memory scores. Fractional anisotropy values in the superior parietal
region were positively correlated with performance. In Krogsrud et al.’s (2018)
longitudinal study, however, no evidence of an association between mean, radial,
and axial diffusion, as well as fractional anisotropy and verbal memory ability
was found. Lesions in the cingulum bundle, the fronto-occipital fasciculus, and in
the left temporal and thalamic regions have been correlated with reduced verbal
learning and memory abilities in individuals with neurodegenerative disease

(Sepulcre et al., 2008). Furthermore, Savage et al. (2001) showed evidence of
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prefrontal activation during a verbal encoding paradigm. Activation in the left
inferior prefrontal region predicted which individuals utilized effective verbal
learning strategies, indicating that activation is enhanced in individuals with
better strategies, and therefore better verbal learning and memory.

The pars triangularis is a triangular-shaped portion of the inferior frontal
gyrus known to be involved in semantic processing and cognitive control of
memory (Demb et al., 1995; Gabrieli et al., 1998). That is, this region is activated
during tasks that require semantic encoding and retrieval. For instance, if
presented with 10 words from two categories, the encoding process automatically
recognizes meaning and will categorize the words even if the categories are not
explicit in the presentation of the words (Petrides & Pandya, 2012; Small et al.,
1995). This encoding has been associated with activation of the pars triangularis
(Demb et al., 1995; Dolan, & Fletcher, 1997). Semantic working memory has also
been associated with activations of this area (Gabrieli et al., 1998). Therefore, this
region is integral to cognitive tests involving both verbal learning and memory as
well as working memory due to its activation during tasks that involve encoding

and retrieval.

1.5 Goals and Hypotheses

While inconsistencies arise in both the cognitive and neuroimaging
domains around what exactly is affected by cannabis use, psychosis, and the two
combined, little research has distinctly focused on this issue. Structural
abnormalities in white matter underlie the cognitive domains most influenced by

cannabis use in healthy individuals (i.e., verbal learning and memory, working
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memory, executive functioning, and attention; Epstein et al., 2014; Kloppenborg
et al., 2014; Petker 2019). Similar domains of cognition are implicated in
psychosis overall including verbal learning and memory, working memory,
psychomotor speed, and executive functions, with psychosis reducing
performance (Green, 1998; McCleery et al., 2014; Rossi et al., 2016; Townsend,
Malla, & Norman, 2001). Indeed, it is known that the white matter integrity of
areas responsible for these functions is implicated in individuals with psychosis
(Pérez-Iglesias et al., 2010). More inconsistent is the impact of cannabis on
cognition in individuals with EPP. However, no known studies to date assess
cannabis use in an EPP and healthy sample concerning cognitive functioning and
white matter imaging specifically, nor do any attempt to tie together white matter
abnormalities and differences (or lack thereof) in cognitive performance.

To resolve discrepancies in the existing literature, as well as to provide
novel evidence, two studies were conducted. These studies specifically sampled
EPP patients within the first six months after the onset of clinically significant
symptoms of primary psychotic disorders. Much of the existing research samples
more broadly in both duration of illness and diagnoses, which may occlude
certain effects specific to early stages versus more chronic illness as well as
primary versus secondary psychoses. Any resulting findings of the two present
studies would be descriptive of a subset of EPP patients with relatively short
duration of a primary psychotic illness. The samples offered a unique view of the
individual and combined effects of EPP and cannabis use on cognition and white

matter.
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The first study had a retrospective approach, using pre-existing data on
cognitive tests as well as substance use data from a clinic specialized in early
intervention services for EPP. This retrospective approach allowed for a
preliminary probe into the effects of cannabis on verbal learning and memory,
working memory, psychomotor speed, and executive functioning. The second
study employed four experimental groups: healthy controls with no CUD (HC-),
healthy controls with a CUD (HC+), EPP participants with no CUD (EPP-), and
EPP participants with a CUD (EPP+) and aimed to provide clarity and additional
evidence for the results of Study 1 with the use of neuroimaging techniques as
well as a measure of premorbid cognitive functioning. Four cognitive domains
consistently impacted by cannabis, psychosis, and (in some but not all studies) the
combination of the two were assessed, and include verbal learning and memory,
working memory, executive functioning, and psychomotor speed. In addition to a
more controlled approach, the second study allowed for the intentional selection
of cognitive tasks. Additional data were garnered for Study 2, and in particular,
white matter imaging was conducted to compare the four groups on the
longitudinal relaxation time of white matter tissue in areas found to be common
amongst the groups as well as being implicated in cognition (i.e., the pars
triangularis and prefrontal white matter).

Previous research lends itself to several directional hypotheses to be

resolved by the aforementioned studies, including:

1. HC overall (i.e., regardless of CUD status) will outperform EPP

patients overall on cognitive tasks.
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2. Individuals with no CUD overall (i.e., regardless of HC or EPP
status) will outperform individuals with a CUD overall on cognitive
tasks.

3. Within the HC sample, HC- will outperform HC+ on cognitive
tasks.

4. HC overall will have reduced longitudinal relaxation times in the
pars triangularis and prefrontal white matter than EPP patients
overall (i.e., greater white matter integrity).

5. Within the HC sample, HC- will have reduced longitudinal
relaxation times (i.e., greater white matter integrity) in the pars

triangularis and prefrontal white matter compared to HC+.

Two non-directional research questions arise from the state of the
literature, (i.e., that there exists evidence indicating no difference, while most
indicate cannabis acts as a protective factor within EPP samples on cognition, and
others still indicating worse cognitive outcomes and white matter integrity):

1.  Will EPP- and EPP+ differ in cognitive performance?

2. Will longitudinal relaxation times (i.e., white matter integrity)
differ in the pars triangularis and prefrontal region between EPP-
and EPP+?

Finally, one overall research question exists:

3. Will a significant difference in both cognitive performance and

longitudinal relaxation times (i.e., white matter integrity) occur

between the four groups? If so, will differences in white matter
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integrity help explain the presence or lack of differences found in

cognition?
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Chapter 2 Study 1:
The Impact of Cannabis Use on Cognition in Early Phase Psychosis

2.1 Introduction

As previously noted, the combined impact of cannabis use and EPP is
unclear, with some studies indicating worse cognitive outcomes (Bogaty et al.,
2018), some indicating enhanced cognitive outcomes (Potvin et al., 2008; Rabin,
Zakzanis, & George, 2011; Schoeler et al., 2016; Yucel et al., 2012), and others
citing no difference (Bogaty et al., 2018; Yucel et al. 2012). The most
consistently cited cognitive domains are executive functioning, working memory,
and verbal learning and memory. The mixed state of the literature on how
cannabis influences cognition in individuals with EPP lent itself to one specific
research question: will individuals with EPP differ in cognitive performance (on
tasks of executive functioning, working memory, and verbal learning and
memory) based on cannabis use? Study 1 approached this research question using
a retrospective database analysis from the Nova Scotia Early Psychosis Program
(NSEPP) with the goal of disentangling whether cannabis use influences
cognition in EPP patients, and if so, whether this influence was positive or

negative.

2.2 Method

2.2.1 Participants

Data available for research purposes was obtained from the NSEPP
outcomes database in Halifax, Nova Scotia. The retrospective analysis included

patients admitted to the NSEPP from 2009 to 2017. All patients had a DSM-
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4/DSM-5 diagnosis of a primary psychotic disorder made by an attending
psychiatrist within the clinic (American Psychiatric Association, 2000; American
Psychiatric Association, 2013). Patients with all relevant cognitive tests (i.e., the
One Back Task, Trail Making Tasks, and International Shopping List Task) and
substance use information at clinic entry were included (i.e., all data were
collected within the first three months of entry to the program). Individuals with
problematic substance use (i.¢., a suspected substance use disorder) for substances
other than cannabis, alcohol, and tobacco (e.g., stimulants) were excluded. In
total, 121 individuals in the database met inclusion criteria with no comorbid
substance use disorder (excluding cannabis, alcohol, and/or tobacco). Of those
121 patients, 77.70% were male (n = 94), and 22.30% were female (n = 27). The

mean patient age was 23.60 (SD = 3.83).

2.2.2 Materials

To measure substance use, the World Health Organization’s Alcohol,
Smoking, and Substance Involvement Screening Test (WHO-ASSIST) was used
(World Health Organization, 2002). The WHO-ASSIST is a clinical tool to assess
the use of psychoactive substances to better inform care. It includes eight
questions, of which six are assigned a score. First, patients are asked about what
substances they have used, and then various questions about the parameters of use
(e.g., frequency of use in the last three months, attempts to control/cease use,
high-risk behaviours pertaining to use, problems associated with use, etc.) are
scored. The lowest an individual can score on a question is zero, with four

questions having a maximum score of six, one of seven, and one of eight. The
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questions are repeated for all substances a patient has used, and a sum of scores
for each substance is obtained. This measure allowed participants to be binned
into either the low/no cannabis use category or moderate/severe cannabis use. The
WHO-ASSIST has been demonstrated to be a valid tool for measuring substance
use in the general population with good discriminative properties (Humeniuk et
al., 2008). Furthermore, the tool has been validated for substance use in the EPP
population (Hides et al, 2009). Evidence shows that cut-off scores used to
successfully identify substance use disorders in EPP populations are more
conservative (Cookey et al., 2020; Hides et al, 2009), and therefore lower cut-off
scores were used for these analyses. This approach was successfully employed for
a recent publication derived out of this same NSEPP database that examined
cannabis and alcohol use and symptoms, but not cognitive indices (Cookey et al.,
2020). These cut-off scores were four or less for all drugs of abuse, excluding
cannabis, where a cut-off score of two was used.

Several cognitive measures were available to compare working memory,
executive functioning, and verbal learning and memory between groups. A
measure of psychomotor speed was also included. Results from the International
Shopping List Task (ISL) were used as a measure of verbal learning and memory.
The One Back Task (ONB) was used to measure working memory. Lastly, the
Trail Making Task parts A and B (TMT-A/B) were used to assess psychomotor
speed and executive functioning, respectively. The ONB and ISL tasks were
administered through the CogState computerized cognitive battery for

schizophrenia (Westerman et al., 2001). The CogState battery for schizophrenia
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includes up to eight neuropsychological tasks in the domains associated with
compromised cognitive performance in individuals with schizophrenia. The
battery has been validated against other established cognitive batteries designed
for schizophrenia such as the Measurement and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS) battery, as well having good validity
when compared to non-specific batteries testing the same functions (Pietrzak et
al., 2009; Yoshida et al., 2011).

The ONB task is a constrained n-back task where the participants are
required to selectively respond to stimuli on the current trial based on whether the
stimuli are the same as the stimuli of the previous trial. The participant must,
therefore, hold the knowledge of what stimuli occurred on the previous trial while
making a decision on the current trial, and update this information in order to be
successful on the subsequent trial. Performance on the ONB, therefore, measures
working memory, as the information is held long enough to perform an operation,
and must be then immediately updated following an action based on new
information (Jaeggi et al., 2010; Meule 2017). Scores on the ONB task in
Cogstate are the mean of transformed response times on trials where a participant
had correct responses using a log 10 (milliseconds; ms) transformation. The ISL
measures verbal learning and memory by requiring the free recall of 12 words
presented verbally on three trials in the form of a culturally-sensitive shopping list
(Lim et al., 2009). The ISL is a reliable memory task with good sensitivity and
validity (Pietrzak et al., 2009; Thompson et al., 2011). This task measures

immediate verbal learning and memory, as the participants recall words
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immediately after each trial, and correct responses for each trial are summed to
create a total number of correctly recalled words.

The TMT-A and TMT-B were administered using paper and pencil as a
measure of psychomotor speed as well as executive functioning, respectively. Part
A instructs participants to connect numbers, in chronological order (i.e., 1 —2 —
3), that are randomly organized on a page as quickly as possible and without
removing the pencil from the paper. Part A was included as reduced psychomotor
speed is a potential extrapyramidal symptom of antipsychotic treatment, as well
as a deficit in the disorder itself — though it is less cited in the literature of
combined effects of EPP and cannabis. Part A, therefore, was included to check
for between-group differences which would more likely be a consequence of
extrapyramidal symptoms such as slowed motor response. Part B has a similar
format to part A and includes randomly organized letters in addition to randomly
organized numbers. Participants are required to connect numbers and letters in
both chronological and alphabetical order. For example, starting at one, the task
would require a participant to do the following: 1 — A -2 — B — 3 — C. Both the
TMT-A and TMT-B are timed, and the time a participant takes to complete each
part in seconds is the participant’s score for that portion. The TMT-A and TMT-B
have been used widely for their reliability (Fals-Stewart, 1992) and validity

(Sanchez-Cubillo et al., 2009).

2.2.3 Procedure

Cognitive data were first harvested from the CogState online repository

for the NSEPP clinic using anonymized participant codes. All participants who
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had completed the CogState battery at the clinic had given consent to have their
data accessed for research purposes. Date of birth and sex were also collected for
sample demographics. ONB and ISL scores were individually harvested for
participants who had completed both tasks at clinic entry. Anonymized
participant codes from the CogState repository for participants with both ONB
and ISL scores were matched with the corresponding secondary anonymous
clinical identification code for the individual. Using the clinical identifier, a
clinical research database was accessed in which patient records are available for
individuals who have consented to their clinical data being used for research
purposes. From the clinical research database, TMT-A and TMT-B scores, as well
as substance use data, were obtained for individuals who had data available at
clinic entry and had no additional drug use (excluding alcohol and tobacco) above
cannabis use.

WHO-ASSIST substance use scores led to the exclusion of 65 participants
with cognitive data due to probable substance use disorders with drugs other than
cannabis, leaving 121 participants with relevant data. Individuals with cannabis
use scores who also had comorbid alcohol or tobacco use were retained for
statistical power, as the prevalence of the use of both substances in the EPP
population is extremely high (Tsuang et al., 1998). To be binned in the low/no use
category, individuals had cannabis scores below two, and all other substance use
scores below four, including alcohol, to have a homogenous low/no use
comparison group. The moderate/severe group encompassed any individual with

a cannabis use score of two or more, with all other substance use scores below
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four, with the exclusion of alcohol and tobacco, again to retain statistical power.
Therefore, the moderate/severe group included both patients with only cannabis
use disorders, as well as patients meeting criteria for both alcohol and cannabis
use disorders.

With respect to statistical analyses, sample demographics were first
calculated. Cognitive scores for the two groups (i.e., low/no cannabis use and
moderate/severe cannabis use) were submitted to a multivariate analysis of
variance (MANOVA), with the independent variable of group and four dependent
variables (i.e., ONB, TMT-A, TMT-B, and ISL scores). Tests of between-subjects
effects were used to determine between-group differences on each of the four
cognitive tasks to assess whether the domain tested was affected by group.
Estimated marginal means for the four tasks were consulted for tasks with

between-group differences to determine the directionality of the effect.

2.3 Results

2.3.1 Statistical Assumptions

To assess whether cannabis use influenced scores on the ONB, TMT-A,
TMT-B, and ISL, data were submitted to a one-way MANOVA. To ensure this
test was appropriate for the data, a variety of assumptions about the data were
checked. The study design ensured several assumptions were met, including the
use of at least one categorical independent variable with two or more groups and
two or more dependent variables measured on a continuous scale. Second,

independence of observations could be assumed based on the nature of the study.
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A MANOVA also requires multivariate normality, so standardized
residuals were submitted to a histogram and P—P plot for visual assessment. The
P—P plot and histogram indicated this assumption was met. Next, a check for
univariate outliers was conducted using boxplots. Two outliers (i.e., a value
greater than three standard deviations from the mean) were observed, one for the
TMT-A and one for the TMT-B. These values were both winsorized to retain the
extremity of the scores while ensuring the outliers did not affect the analyses.
Mahalanobis distance was then used to check for multivariate outliers.
Mahalanobis distance was calculated for each participant's scores. A critical value
of 18.47 was determined based on the number of dependent variables (i.c., 4).
Three values exceeded this threshold by five or less. The multivariate outliers
were retained to again include the extremity of the scores, rather than omit the
participants.

Next, the data were checked to ensure there was no multicollinearity of
dependent variables. Pearson’s correlation coefficients were calculated for the
four dependent variables. The four dependent variables had significant small to
moderate bivariate correlations. Since all correlations were significant and no
correlations exceeded .90, no multicollinearity of dependent variables was
assumed. The linearity of dependent variables in each usage group was then
checked using two scatterplot matrices. All four tasks had linear relationships in
both usage groups.

Finally, homogeneity of variance was tested for using Levene’s test of

equality of variances. Levene’s test was non-significant for all four dependent
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variables, therefore homogeneity of variance was assumed. Box’s M was then

used to test for homogeneity of variance-covariance matrices. Box’s M was non-

significant (F(10, 8636.62) = 1.93, p =.036).
2.3.2 Cognitive Results

The average WHO-ASSIST cannabis score was zero (SD = 0) for the
low/no group (n = 25), and 13.75 (SD = 9.90) for the moderate/severe group (n =
96). The mean age for the low/no use group was 23.36 (SD = 3.03). The sex
distribution of the low/no use group was 60% males and 40% females. The
moderate/severe use group had a mean age of 23.68 (SD = 3.99), with 83% of this

group being male and 17% female.

The omnibus MANOVA revealed a significant effect of usage group on
cognitive performance (Pillai’s Trace = .10, F(4, 116) = 3.38, p = .012, partial n?
=.10). To determine if this effect held for each dependent variable, tests of
between-subjects effects were consulted. Results from the tests of between-
subjects effects can be found in Table 1. The effect of usage on cognitive
performance was significant for only the ONB task and the TMT-A. Estimated
marginal means were used to determine the directionality of the difference
between groups. In both tasks, the moderate/severe usage group performed
significantly better than the low/no usage group. This effect suffered from
extremely small effect sizes for both the ONB task and the TMT-A (partial n> =
.08 and .05, respectively). Figure 1 shows mean scores on the four tasks between
the two groups with error bars showing the 95% confidence interval around the

mean.
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Table 1

ANOVA Table for Tests of Between-Subjects Effects for each Dependent Across

Usage Group in Study 1.

Variable Group n df dferror F p  partial n?

ONB 1 119 10.11 .002™ .08
Low/no 25
Moderate/severe 96

TMT-A 1 119  6.05 .015 .05
Low/no 25
Moderate/severe 96

TMT-B 1 119 3.11 .080 .03
Low/no 25
Moderate/severe 96

ISL 1 119 46 492 .00
Low/no 25
Moderate/severe 96

Note. Sample size and tests of between-subjects effects for the One Back Task
(ONB), Trail Making Task part A (TMT-A), Trail Making Task part B (TMT-B),
and International Shopping List Task (ISL) across the two usage groups.

p<.05"p<.01"p<.001
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Figure 1.

Mean scores on the One Back Task (ONB), International Shopping List Task (ISL),
Trail Making Task part A (TMT-A), and Trail Making Task part B (TMT-B) in EPP
patients with low/no cannabis use or moderate/severe cannabis use. Error bars
represent a 95% confidence interval around the mean.
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2.4 Preliminary Discussion

Study 1 was employed to answer research question one (i.e., whether
cognition in EPP groups would differ based on cannabis use). The results suggest
that cannabis use does impact cognition in individuals with EPP, but only for the
ONB and TMT-A tasks. Small effect sizes between groups indicated that less
than 10% of the variance in performances was accounted for by cannabis use. The
direction of this effect was that the EPP group with moderate/severe cannabis use
performed better on these tasks than those with low/no cannabis use. For the
remainder of the tasks (i.e., the TMT-B and ISL), no effect of cannabis use was
observed. Therefore, Study 1 suggests that working memory and psychomotor

speed are less intact in individuals with EPP who have low/no use of cannabis
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compared to those with moderate/severe cannabis use, while executive
functioning and verbal learning and memory are similar regardless of use. To
contextualize these findings within the literature, the results of Study 1 are in part
in accordance with those of Rabin et al. (2011), and Yucel et al. (2012). Rabin et
al. (2011) found memory and executive functioning were influenced by cannabis
use in individuals with schizophrenia, though Study 1 did not find executive
functioning to be impacted by use. Yucel and colleagues (2012) similarly found
working memory scores were greater in individuals with psychosis who were
regular cannabis users, but again, other effects observed such as improved verbal
learning and memory and executive functioning were not observed in Study 1.

The significant differences in psychomotor speed (i.e., TMT-A
performance) between groups may be some indication of extrapyramidal
symptoms in the low/no use group, rather than an effect of cannabis as inferential
statistics suggested. Since the moderate/severe group had significantly better
psychomotor speed, this may mean they had less extrapyramidal symptoms such
as slowed motor speed compared to the low/no use group. Furthermore, in the
evaluation of these results, it must be noted that while univariate outliers were
winsorized, three multivariate outliers were included in the analysis, and therefore
results should be assessed with regard to this violation.

One additional and concerning limitation to Study 1 was the inability to
assess whether the two groups (i.e., low/no and moderate/severe cannabis use)
differed in premorbid functioning. When comparing the cognitive functioning

between groups, it is important to consider whether the groups had any additional
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variables which may have confounded results. Indeed, one important factor to
consider is whether the enhanced cognitive functioning was the result of a better
general intellectual functioning in one group compared to the other. The results of
Study 1 cannot confidently determine that the effects on performance were due to
cannabis without knowing whether these groups were inherently different in
cognitive functioning overall. Furthermore, while Study 1 provided some
evidence of the effect of cannabis on cognition in EPP, it did not provide the
ability to assess the overall impact of cannabis and EPP individually, and
therefore only provided information pertaining to one of the research questions
which arose from the literature. Study 2 sought to answer the remainder of the
hypotheses and research questions born out of the literature, as well as
incorporating a measure of premorbid intelligence to ensure that the comparison

of cognition across groups was reasonable.
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Chapter 3 Study 2:
The Individual and Combined Impact of Cannabis Use and Early Phase Psychosis
on Cognition and White Matter

3.1 Introduction

Results from Study 1 indicated that for those with EPP, cannabis use did
significantly impact cognitive performance. Particularly, those with EPP with
moderate/severe cannabis use had significantly better scores for tasks of working
memory and psychomotor speed than those with EPP with low/no cannabis use,
albeit with extremely small effect sizes. Study 1 found no significant differences
in executive functioning or verbal learning and memory between the
moderate/severe and low/no cannabis use groups. Study 2 aimed to further
disentangle the effects of both EPP and cannabis use on cognition using a
prospective design. The prospective design allowed for the inclusion of healthy
controls in addition to EPP participants in order to assess more pure effects (or
lack thereof) of EPP and cannabis on the cognitive domains assessed in Study 1
(i.e., individual effects as outlined in hypotheses one, two, and three).
Furthermore, the combined effect of cannabis use and EPP could be further
probed with tools that were not pre-selected, which was the scope of research
questions one and three. Finally, additional information could be obtained about
the effects of EPP and cannabis use on white matter integrity, and importantly,
the combined effect, as outlined in research questions two and three. A
neuroimaging measure was employed to see whether white matter integrity could
help in explaining the individual and combined effects of EPP and cannabis use

on cognition.
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3.2 Method

3.2.1 Participants

To further explore the research questions and test the hypotheses, 21
participants with EPP were recruited through the NSEPP program of the Nova
Scotia Health Authority. Clinicians were informed of the research project and
were asked to discuss involvement in research with their patients. If a patient
indicated interest and consented to being contacted for research, the patient was
approached for participation. Ten additional participants were recruited through
the Prevention and Early Intervention Program for Psychosis in London, Ontario.
Demographic data for participants can be found in Table 2. Participants had a
DSM-5 diagnosis of a primary psychotic disorder by an attending psychiatrist
within the clinics (American Psychiatric Association, 2013). In particular, 48% of
the sample had a diagnosis of an unspecified schizophrenia spectrum and other
psychotic disorder, 38% had a diagnosis of schizophrenia, 10% had a
schizoaffective disorder diagnosis, and 5% had a diagnosis of substance-induced
psychosis. These disorders have been shown to have similar profiles of cognitive
deficits (Bora et al., 2009) though some evidence suggests smaller deficits in
those with schizoaffective disorder (Goldstein et al., 2005; Torniainen et al.,
2012). Testing occurred within the first six months of entry to the clinics. Of the
31 total EPP participants, 22 were male and 9 were female. The average age for
the EPP group was 24.65 (SD = 4.82). All prescribed antipsychotic medications
were second generation antipsychotics, with 29.03% of patients receiving long-

acting injectable antipsychotic treatment.
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Forty-six healthy controls were recruited at the Halifax site from local
universities and community colleges, from online advertising, and word of mouth.
One additional healthy control was tested at the Early Intervention Program for
Psychosis in London, Ontario. Healthy controls were defined as having no active
psychiatric diagnosis, no use of psychopharmaceuticals, and no first-degree
relatives with known schizophrenia or bipolar disorder. A 1:1 ratio of males to
females was obtained. The average age of healthy controls was 23.96 (SD = 3.98).
Sociodemographic data that were collected for all participants included: age, sex,

and diagnosis (if in the EPP group). This information can be found in Table 2.
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Table 2

Demographics of the Sample of Study 2.

Group
HC- HC+ EPP- EPP+
n 25 18 5 18
Sex (%)
Male 40% 67% 40% 72%
Female 60% 33% 60% 28%
Age

M(SD) 24.19(3.95) 23.63(4.10) 24.60(5.36) 24.67(4.68)
Diagnosis (%)
Schizophrenia N/A N/A 0% 50%
Schizoaffective N/A N/A 0% 12.50%
Disorder
Substance-
Induced Psychosis N/A N/A 0% 12.50%
Unspecified
Schizophrenia Spectrum
and Other Psychotic
Disorder N/A N/A 100% 25%

Note. Sample demographics for Study 2, including sample size (N), sex
(percentage; %), mean age (M) and standard deviation (SD) for healthy controls
with no cannabis use disorder (HC-), healthy controls with a cannabis use
disorder (HC+), early phase psychosis participants with no cannabis use disorder
(EPP-), and early phase psychosis participants with a cannabis use disorder
(EPP+). Clinical diagnosis is described in percentages for the EPP groups.

To participate, all participants were required to speak and read English at
a grade eight level at least, be between 18 and 35 years of age, and were required
to meet MRI safety criteria (see Appendix). Participants with a previous traumatic
brain injury, active or past history of seizures, or known progressive brain disease
(e.g., multiple sclerosis, Parkinson’s disease, Alzheimer’s disease) were excluded.
A structured clinical interview for substance use disorders was used to screen if

participants had any additional substance use outside of the use of cannabis and/or

alcohol (American Psychiatric Association, 2013). Participants were excluded if
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they met criteria for a substance use disorder for any substance except alcohol and
cannabis. Alcohol use disorders were not an exclusion criterion, as comorbid
alcohol use is highly prevalent in the EPP population and would have
dramatically reduced sample size (Van Mastrigt et al., 2004). Additionally,
participants were excluded if there was ongoing or historical (past-year) regular

stimulant use (e.g., regular cocaine use, use of prescription amphetamines).

3.2.2 Materials

To group participants by cannabis use as well as to screen for additional
substance use, the Structured Clinical Interview for Substance Use Disorders
(SCID) for the Diagnostic Manual of Mental Disorders (DSM-5; American
Psychiatric Association, 2013) was used. The SCID module for substance use
disorders was selected due to its nearly universal use in the field; allowing results
to be easily understood in the context of the current literature. The wide use of the
SCID to diagnose substance use disorders is likely a result of the tool’s well-
established reliability and validity (Kranzler, Kadden, Babor, Tennen, &
Rounsaville, 1996). The measure contains 13 alcohol-specific questions and 22
questions that can serve for any additional substances a participant reports using
in the past 12 months, eight of which list classes of drugs and require participants
to discuss the use of all drugs they have taken in the past year. The SCID also
provides leading questions for each item, and pathways for inquiry based on
participants’ answers to optimize data collection. Pertaining to alcohol use
disorders, a threshold of two to three positive items indicates a mild alcohol use

disorder, four to five positive items indicate a moderate alcohol use disorder, and
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more than five positive items indicate severe alcoholism. To meet the criteria for
a CUD, the thresholds are equivalent to those from alcohol use disorders (i.e.,
mild, two to three items; moderate, four to five items; severe, six or more items).
In the current study, participants meeting criteria for a CUD were binned into one
group (i.e., CUD positive), regardless of the level of CUD, for the sake of
statistical power. Four groups were identified for the purpose of this research (i.e.,
HC-, HC+, EPP-, and EPP+).

The National Adult Reading Test (NART; Nelson & Willison 1991) was
used to obtain an estimate of premorbid IQ for both EPP participants as well as
healthy controls. NART scores were used to determine whether the experimental
groups differed in IQ to be sure the groups could be reasonably comparable in
cognitive functioning. This task requires participants to read a list of words,
pronouncing each to the best of their ability. Correct/incorrect pronunciations are
recorded on a scoring sheet and are used to calculate premorbid 1Q. The NART
was selected due to its validity and reliability at estimating premorbid functioning
(Crawford et al., 2001). The NART has also been successfully used in individuals
with schizophrenia (Crawford et al., 1992). Furthermore, the tool can be
administered in considerably less time than other measures of premorbid
intelligence (e.g., the Weschler Abbreviated Intelligence Scale; Weschler, 1999).

The oral and written Digit Symbol Substitution Tasks (O-DSST, W-
DSST; Wechsler, 2008) were used to measure participants’ working memory. The
O-DSST provides participants with a legend containing nine symbols with

corresponding single-digit numbers for each symbol. Participants must orally
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recite the number corresponding to each randomly ordered symbol listed, in
consecutive order. The W-DSST requires participants to fill in blank spaces
below randomly ordered symbols with the corresponding number in consecutive
order. Both portions of the DSST allow participants 90 seconds to match the
symbols to their corresponding numbers with the goal of correctly completing as
many matches as possible. The DSST is a widely used neuropsychological tool
for screening for cognitive impairment/dysfunction in healthy individuals as it has
robust reliability and validity (Gonzalez-Blanch et al., 2011). Additionally, the
DSST has been regularly used in schizophrenia populations as it reliably
measures a central deficit in the disorder (Dickinson et al., 2007) and it has been
shown to validly measure working memory dysfunction in EPP patients
specifically (Leeson et al., 2010). Furthermore, the DSST was part of a broader
research project that participants were enrolled in at the respective clinics.

To assess psychomotor speed and executive functioning, the Trail Making
Task parts A and B (TMT-A; TMT-B; Reitan, 1958) were used (see Study 1).
Time-to-complete (in seconds) was used for each portion of the task. The tests
were selected due to their validity in individuals with schizophrenia (Cuesta et al.,
2007), as well as in EPP patients (Galderisi et al., 2009). Furthermore, these tasks
have been used to assess the impact of cannabis on psychomotor speed and
executive functioning (Preedy, 2016; Thames et al., 2014), and are completed in
less than five minutes.

Verbal learning and memory were measured using the California Verbal

Learning Task version 3 (CVLT-III; Delis et al., 2017) alternate form. The
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CVLT-III has been widely adopted to measure verbal learning and memory due to
its precision, reliability, and validity (Woods et al., 2006). The CVLT-III was
collected as part of a broader research project and was selected as it is used on a
large scale in neurocognitive research in schizophrenia (Rannikko et al., 2012;
Rannikko et al., 2015) as well as being validated for use in EPP (Friis et al.,
2002). Furthermore, this task was selected due to its use in healthy controls who
use cannabis (Hirst et al., 2017; Schuster et al., 2016; Solowij, & Battisti, 2008).
Trials one through five of the task consist of reading 16 nouns aloud from four
distinct categories and having participants recall as many words as they can, in
any order, each time the list is read. Next, a new list of 16 words (i.e., list B) is
introduced and read aloud a single time. Participants must recall only words from
list B for this trial. Following list B, the next trial is a free recall trial of all words
from the first list (i.e., short delay free recall). Participants are then asked to recall
all words from the first list from each category with a category cue (i.e., short
delay cued recall). Following a 20-minute delay, participants are required again to
freely recall all words from the first list (i.e., long delay free recall), and are once
again prompted to recall all words from each category with a cue (i.e., long delay
cued recall). A particular strength of the CVLT is its scaled scoring. Raw recall
scores are converted to age-adjusted scaled scores (M = 10, SD = 3) based on a
participant’s age, which is an important factor to consider when assessing
cognitive abilities (Husa et al., 2014; Paolo et al., 1997). To assess verbal learning
and memory as a whole, rather than components (e.g., short term verbal memory),

core scaled recall scores from trials 1-5, list B free recall, short delay free recall,
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short delay cued recall, long delay free recall, and long delay cued recall were
summed to provide a global verbal learning and memory score for each
participant (Delis et al., 2017). Global verbal learning encompasses various
components of verbal learning and memory (e.g., encoding, short and longer-term
retrieval, cued retrieval, etc.) and therefore provides a comprehensive indication
of learning and memory functioning on the whole.

At both study sites, an MR750 three-Tesla scanner with 32-channel
phased-arrayed head coil (GE Medical Systems, Waukesha, Wisconsin) was used
to obtain T1 relaxation times of brain white matter. T1 maps were obtained to
measure the rate of longitudinal relaxation after a full inversion pulse was applied
(i.e., the rate at which the net magnetization vector of tissues returns to alignment
with By following a radiofrequency pulse in the transverse plane, B1). Similar to
the prevalent T1 maps in the literature, white matter integrity was assumed based
on longitudinal relaxation times. Three total T1 relaxation times were obtained for
two regions (bilaterally): MP3RAGE (magnetization-prepared rapid acquisition
gradient echo), DESPOT1-no (driven equilibrium single pulse observation of T1
with no correction for B, field inhomogeneities), and DESPOT1-HIFI (driven
equilibrium single pulse observation of T1 with correction for B, field
inhomogeneities). The use of these methods to measure white matter is preferable
to standard T1 maps because DESPOT1-HIFI and MP3RAGE are robust to
radiofrequency field inhomogeneities and are not dependent on proton densities,
and therefore provide a clearer contrast between grey and white matter, allowing

for a robust analysis of white matter (Deoni, 2007; Lutti et al., 2014). Neither the
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DESPOT1-HIFI and MP3RAGE techniques have been used in the context of
cannabis use and/or EPP, therefore the current study was a preliminary probe into
their use in the field. Furthermore, the MP3RAGE technique is not yet validated
as an approach. The current study included the DESPOT1-HIFI and MP3RAGE

techniques to get an initial trial of the methods in the population.

3.2.3 Procedure

All participants were first screened via the telephone for the following
criteria: MRI safety criteria, no ongoing or historical regular stimulant use, no
history of seizures or previous traumatic brain injury, no known progressive brain
disease, and were between the ages of 18-35. Furthermore, the healthy controls
were also screened for active psychiatric diagnoses, use of
psychopharmaceuticals, and were asked if they had first degree relatives with
known schizophrenia or bipolar disorder. Once participants were confirmed
eligible, they were asked for an in-person meeting at the NSEPP Clinic in
Halifax, Nova Scotia, or the Early Intervention Program for Psychosis in London,
Ontario for collection of demographic data and study measures. At the start of the
in-person visit, the study was reviewed in detail and informed consent was
obtained. The sociodemographic data was first collected and then prior to
beginning the cognitive tasks, the SCID substance use module was administered
to later assign participants to group (i.e., CUD positive/+ or CUD negative/-). The
CVLT-III trials 1-5, list B free recall, short delay free recall, and short delay cued
recall were then administered which allowed a 20-minute delay before the long

delay recall trials. During the delay, participants completed the O-DSST, W-
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DSST, TMT-A, TMT-B, and NART. Upon completion of the cognitive tasks,
participants were compensated for their time and scheduled for an MRI within
two weeks of the initial visit. All participants were compensated $10 an hour for
every hour they participated in study-related activities.

On the date of the MRI, participants entered the neuroimaging suite for
each respective clinic. Participants were required to fill out another
comprehensive MRI screening form, remove any metal from their body (e.g.,
piercings), and change into a hospital gown if their clothes did not meet safety
criteria. Once in the scanner, the imaging sequence began, and whole-brain voxel-
wise T1 images were obtained in the sagittal plane using a 22 cm? frame of view.
A time-to-echo of 1.7 ms and a repetition time of 6.8 ms were used with a 13.9
kHz bandwidth. Multi-flip angle spoiled gradient echo images were obtained; a
spoiled gradient echo scan was obtained at both four and 18 degrees. An inversion
recovery spoiled gradient echo scan at five degrees was obtained using an
inversion time of 450 ms. Once the scans were completed, participants were
provided their belongings as well as compensation.

A transformation matrix was created for the T1-weighted image and map
by registering individual T1 maps to T1 images using automated linear
registration (FLIRT). This matrix was then applied to a gray matter mask which
was produced in the processing of the T1-weighed anatomical image using
FLIRT, resulting in a mask that lined up with the T1 map. Gray matter masking
was used because it provided optimal differentiation of brain regions despite the

white matter focus of the study. The mask was subsequently applied to the T1
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map using FSL Maths. Registration using FLIRT was performed with the
individual T1 map to the MNI152 standard brain (Fonov et al., 2009; Fonov et al.,
2011), resulting in a transformation matrix, which was then applied to the T1
map. The pars triangularis and prefrontal white matter were selected as regions of
interest (ROI) bilaterally. Next, the transformation matrix from the T1 maps and
MNI152 standard brain were applied to the ROIs using FLIRT. A threshold of .05
was used to mask the transformed ROIs, which was applied to the gray matter
masked T1 map. Mean relaxation times were then calculated for each ROI for the
MP3RAGE, DESPOT1-HIFI, and DESPOT1-no measures respectively. The
inclusion of all three T1-weighted relaxation times was because while all three
methods are optimal for white matter imaging (Deoni, 2007; Hung et al., 2013), it
was unclear which would be most sensitive to between-group differences if such
differences existed. Furthermore, prefrontal white matter refers approximately to
the frontal pole (see Figure 2), but will be discussed conservatively as the

prefrontal white matter.
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Figure 2.

The left and right frontal pole from the MNI152 standard brain using
MNI152 T1 2mm.nii.gz. The frontal pole (bilaterally) was determined using the
standard brain, but results were described as prefrontal white matter. Copyright
(C) 1993-2009 Louis Collins, McConnell Brain Imaging Centre, Montreal
Neurological Institute, McGill University.

Demographic information was calculated, followed by descriptive
statistics for the groups. Results from the NART were analyzed using a two-way
ANOVA to assess whether the participants differed in IQ based on group (i.e.,
EPP versus HC) or CUD status (i.e., + or -). Scores for each neuropsychological
task were submitted to a two-way multivariate analysis of variance (MANOVA),
with the independent variables of group (i.e., HC and EPP) and CUD (i.e., + and -
) and five dependent variables: O-DSST scores, W-DSST scores, TMT-A scores,
TMT-B scores, and CVLT-III scores. Tests of between-subjects effects were
consulted to assess which cognitive scores differed, and estimated marginal
means indicated the direction of that difference.

Longitudinal relaxation times (T1) from the MP3RAGE and DESPOT1-
no and DESPOT1-HIFI measures were submitted to three separate two-way

MANOVA procedures, with the independent variables of group and use, and
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dependent variables of T1 in the regions of interest (i.e., the pars triangularis and

prefrontal region, bilaterally).

3.3 Results

3.3.1 Statistical Assumptions

A variety of assumptions must be met to compare the effect of group (i.e.,
HC versus EPP) and CUD status (i.e., + or -) using a two-way MANOVA. The
study design ensured that there were two or more continuous dependent variables
and two categorical independent variables (with independence of observations
within the independent variables). Histograms and P—P plots indicated that the
assumption of multivariate normality was met.

To determine whether any univariate outliers existed in the data, boxplots
were created for the five dependent variables (i.e., the O-DSST, W-DSST, TMT-
A, TMT-B, and CVLT scores) for each combination of group and CUD status.
One outlier was detected in the data for the TMT-A. The score was winsorized to
retain the extremity of the participant’s performance while ensuring the outlier
did not affect the analyses. To determine whether multivariate outliers occurred, a
threshold for the critical Mahalanobis distance was found to be 20.52. No values
equalled or exceeded this threshold.

Bivariate Pearson correlation coefficients were calculated between the five
dependent variables for each combination of group and CUD status to ensure no
multicollinearity of dependent variables. All variables had small to moderate
correlations, with the exception of the W-DSST and TMT-A in the HC- group (»

=.07, p=.758), for the W-DSST and TMT-A and for the CVLT-III and the
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TMT-B in the HC+ group (r =-.07, p =.775, and r = .02, p = .954, respectively).
Of the significant correlations, no multicollinearity occurred. Next, the
assumption of linearity was checked using a scatterplot matrix for each
combination of group and CUD status and each of the five tasks. Linear
relationships existed for all five cognitive tasks amongst the levels of group and
CUD status.

Box’s M was non-significant (#(30, 8997.22) = 1.38, p = .080), indicating
that there was homogeneity of variance-covariance matrices. Finally, Levene’s
test of equality of variances was non-significant for all tasks excluding the TMT-
A (p =.030) and the O-DSST (p = .031). Therefore, equality of variances was
assumed for three of the five tasks, with analyses proceeding with recognition of

this violation.
3.3.2 Cognitive Results

NART scores were submitted to a two-way analysis of variance
(ANOVA) to test whether premorbid intelligence differed between groups (i.e., a
main effect of HC versus EPP) or based on CUD status (i.e., a main effect of + or
- status). The mean NART scores for HC- and HC+ were 117.38 (SD =5.41) and
115.42 (SD = 7.06), respectively. The EPP- group had a mean NART score of
111.51 (SD =4.42), and EPP+ had a mean NART score of 111.46 (SD =4.51).
The omnibus ANOVA revealed no significant interaction between group and
CUD status (F(1, 69) = 0.46, p = .501, partial > = .01). No main effect was found
for CUD status (F(1, 69) = 0.41, p = .522, partial n?> = .01). A main effect of

group (i.e., HC versus EPP) was found (F(1, 69) = 11.04, p = .001, partial n*> =
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.14). Estimated marginal means were consulted to determine the direction of the
difference between EPP and HC, and HC was found to have a higher average
NART score with a mean difference of 4.91 (95% CI [1.96, 7.86]). It should be
noted that while a statistically significant difference existed between NART
scores, overlap in the confidence intervals around the means for all combinations
of group and CUD status was found. Therefore, analyses proceeded.

In total, 11 participants had missing data for one or more dependent
variables. Pillai’s Trace was used to examine the inferential statistics as it is
robust to unequal sample size in groups. The two-way MANOVA revealed no
significant interaction between group and CUD status (Pillai’s Trace = .04, F(5,
58) = .43, p = .824, partial n* = .04). A significant main effect of group (i.e., HC
versus EPP) was found (Pillai’s Trace = .25, F(5, 58) = 3.80, p = .005, partial n> =
.25). Tests of between-subjects effects (Table 3) revealed the main effect of group
held for each dependent variable except the CVLT-III. Estimated marginal means
indicated reduced performance in the EPP group relative to the HC group. A
significant main effect of CUD status (i.e., + or -) was also found (Pillai’s Trace =
23, F(5, 58) =3.55, p = .007, partial n? = .23). Tests of between-subjects effects
revealed the main effect of CUD held for each dependent variable except the W-
DSST and TMT-A. Estimated marginal means indicated reduced performance in

individuals with a CUD.
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Table 3

Means, Standard Deviations, and ANOVA Table for Tests of Between-Subjects
Effects for Each Dependent Variable in Study 2.

Variable  Predictor n M SD df df F P partial

error "

W-DSST Group 1 62 12.08 .001" .30
HC 43 6298 11.87
EPP 23 48.83 11.39
CUD status 1 62 332 .073 .05
- 30 62.60 7.80
+ 36 58.11 11.82
O-DSST Group 1 62 1294 0017 .17
HC 43 60.72 9.82
EPP 23 4852 8.34
CUD status 1 62 494 .030° .07
- 30 6123 8.70
+ 36 5250 11.17
TMT-A  Group 1 62 808 .006" .12
HC 43 2149 6.70
EPP 23 27.57 9.09
CUD status 1 62 019 668 .00
- 30 2290 8.84
+ 36 2419 7.49
TMT-B  Group 1 62 531 .025° .08
HC 43 4884 20.59
EPP 23  72.65 31.15
CUD status 1 62 506 .028° .08
- 30 46.67 17.73
+ 36 65.86 30.48
CVLT-III Group 1 62 349 067 .05
HC 43 103.19 23.28
EPP 23 80.04 28.84
CUD status 1 62 13.93 .000"" .18
- 30 110.40 24.30
+ 36 8239 2337

Note. Means, standard deviations, and between-subjects effects for the Oral Digit
Symbol Substitution Task (O-DSST), Written Digit Symbol Substitution Task (W-
DSST), Trail Making Task part A (TMT-A), Trail Making Task part B (TMT-B),
and California Verbal Learning Test version three (CVLT-III). Means are split by
group and CUD status (i.e., healthy (HC), early phase psychosis participants
(EPP), and no CUD (-), or having a CUD (+).

p<.05"p<.01""p<.001
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3.3.3 Neuroimaging Results

Statistical assumptions were checked for each two-way MANOVA carried
out (i.e., for each measure). The study design ensured that two or more
continuous dependent variables were used, with two categorical independent
variables (in which independence of observations is met for each). Multivariate
normality was assumed from histograms and P—P plots of standardized residuals
for each measure.

From the MP3RAGE values, two outliers were found for the HC- group.
One participant had scores greater than three standard deviations from the mean
for all four ROIs (i.e., left and right prefrontal region and left and right pars
triangularis), the second for only the left prefrontal region. One outlier was found
from the HC+ group. No outliers were found for EPP- or EPP+. From DESPOT1-
no values, one outlier was identified for the HC- group in the right pars
triangularis. No outliers were found for HC+. Two outliers were found for EPP-
(both in the left frontal region). One outlier occurred in EPP+ for the right pars
triangularis. From DESPOT1-HIFI values, no outliers were found for HC- or
EPP-. The HC+ group had one outlier in the left prefrontal region. One outlier
occurred in the EPP+ ground for the left pars triangularis. While in the
conventional sense values which fall outside of three standard deviations of the
mean are deemed outliers, these imaging techniques have not been used within
the context of cannabis use and EPP, and therefore, no range of normal is known.
This, and the necessity to retain extremities, was the rationale to not exclude nor

winsorize the values. From the MP3RAGE and DESPOT1-no values, no
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participants were found to equal or exceed the critical Mahalanobis distance
value, indicating no multivariate outliers for these techniques. From the
DESPOTI1-HIFI values, one participant exceeded the threshold. Again, this
participant was deemed acceptable to keep, so as to retain their extremity.

The relaxation time for all four ROIs was significantly correlated for the
MP3RAGE, DESPOT1-no, and DESPOT1-HIFI values. Evidence of
multicollinearity (i.e., » > .90) was detected for every region but the left and right
pars triangularis for MP3RAGE values for HC-, for all regions for HC+, for the
left and right prefrontal white matter for EPP-, and for no regions for EPP+. No
evidence of multicollinearity was found between ROIs from the DESPOT1-no
values. Lastly, no multicollinearity was detected for DESPOT1-HIFI values.

Linearity of dependent variables for each combination of group and CUD
status was assessed using scatterplots for the ROIs for the individual sets of
imaging values (i.e., for each two-way MANOVA to be used). Linearity was
observed for all matrices for the three imaging methods.

Box’s M was non-significant for the MP3RAGE, DESPOT1-no, and
DESPOT1-HIFI values, therefore equality of covariance matrices was assumed.
Levene’s test was not significant for any region for MP3RAGE values or either of
the DESPOT]1 techniques, therefore error variance was assumed to be equal
across all groups in each of the three measures.

Pillai’s Trace was used to analyze the results of the two-way MANOVAs
due to unequal group size for all three imaging measures. The MP3RAGE values

revealed there was no interaction between group and CUD (Pillai’s Trace = .03,
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F(4,51)=0.44, p = .782, partial n? = .03). There was no significant main effect of
group (Pillai’s Trace = .03, F(4, 51) = 0.41, p = .801, partial n>=.03) and no
significant main effect of CUD status (Pillai’s Trace = .05, F(4, 51)=0.67, p =
.620, partial n*>=.05).

The DESPOT1-no values revealed no evidence of an interaction between
group and CUD status (Pillai’s Trace = .05, F(4, 45) = 0.62, p = .652, partial n?>=
.05). A main effect of group was observed (Pillai’s Trace = .24, F(4,45)=3.53,p
=014, partial n?> = .24). Tests of between-subjects effects revealed the main effect
of group occurred only for the left prefrontal region F(1, 48) =7.44, p = .009,
partial n?=.13). Estimated marginal means were consulted, and EPP had
significantly longer relaxation times in the region compared to HC with a mean
difference of 118.67 (95% CI [31.16, 206.17]). No main effect of CUD status was
observed (Pillai’s Trace = .09, F(4, 45) = 1.15, p = .344, partial n>=.09).

The DESPOT1-HIFI values revealed no evidence of an interaction
between group and CUD status (Pillai’s Trace = .04, F(4, 44) =0.47, p = .760,
partial 0> = .04). There was no main effect of group (Pillai’s Trace = .12, F(4, 44)
=1.56, p = .203, partial n°>= .12). No main effect occurred for CUD status

(Pillai’s Trace = .06, F(4, 44) = 0.66, p = .624, partial n> = .06).
3.4 Preliminary Discussion

Study 2 was tasked with providing additional evidence for if/how cannabis
use influences cognitive performance in individuals with EPP (i.e., research
question one) as a follow-up to the results of Study 1. Furthermore, Study 2 was

designed to examine the overall effect of cannabis and EPP on cognition
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individually (i.e., hypotheses one and three). Study 2 also allowed for a
neuroimaging component to compare the effects of EPP and cannabis on white
matter (i.e., hypotheses four and five, and research question two), with the ability
to answer the final research question — whether white matter differences could
help explain any differences found in the cognitive domains.

Hypothesis one, that HC would outperform EPP, was supported by a main
effect of group. Tests of between-subjects effects found this effect was significant
for all tasks but the CVLT-III. Therefore, the effect of group was significant for
executive functioning, psychomotor speed, and working memory. The direction
of the effect confirmed that for the tasks which reached significance, the HC
group performed better than the EPP group. The results suggest that individuals
with EPP have less intact working memory, executive functioning, and
psychomotor speed, but do not differ from HC participants in verbal learning and
memory. The impact of EPP on cognition observed in Study 2 fits with findings
by Addington et al. (2003) and Fatouros-Bergman et al. (2014) in which working
memory, executive functioning, and psychomotor speed were negatively
impacted in individuals presenting with schizophrenia spectrum disorders.
However, both studies found an effect on verbal learning and memory that the
current study did not. Fioravanti et al. (2012) highlighted that memory was the
most probable domain to observe a deficit in individuals with schizophrenia, and
while Study 2 did not find evidence of an effect of EPP on verbal learning and

memory, working memory was found to be reduced compared to controls.
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Hypothesis two predicted that CUD status (i.e., + or -) would influence
cognition, such that individuals without a CUD, regardless of EPP or HC status,
would outperform individuals with a CUD. A main effect of CUD status
supported hypothesis two. Tests of between-subjects effects indicated that the
impact of CUD status was significant for executive functioning, working memory
(in part, due to the non-significant finding for the W-DSST), and verbal learning
and memory. Participants’ CUD status did not impact psychomotor speed
significantly. The direction of this effect demonstrated that having a CUD
resulted in reduced cognitive functioning in the domains of executive functioning,
working memory, and verbal learning and memory. This finding is consistent
with findings by Broyd et al. (2016), Schoeler et al. (2016), and Scott et al.
(2018), which all found executive functioning, working memory, and verbal
learning and memory to be negatively impacted by cannabis use, though it is
important to note the aforementioned studies did not collapse across healthy
controls and EPP patients.

The non-significant interaction between group and CUD status suggests
that the effect that CUD status has on cognition is consistent whether an
individual has EPP or not. Concerning research question one, this translates to
EPP+ and EPP- varying in the same respect that HC+ and HC- would vary. That
is, having a CUD is detrimental to cognitive performance on tasks of working
memory, executive functioning, and verbal learning and memory (though, recall
the main effect of group which provided evidence for similar verbal learning and

memory scores between the HC and EPP groups overall, while the remainder of
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domains were already negatively impacted in the EPP group). In other words, the
reduced performance observed in the EPP group was further influenced by CUD
status. Hypothesis three (i.e., that HC- would have better cognitive performance
than HC+) therefore, is supported, owing to the main effect of CUD status and its
consistent influence regardless of group status. With respect to research question
three, which pertained to how the four groups would vary, the insignificance of
the interaction term and the significant main effects suggest that individuals vary
similarly between groups (i.e., HC versus EPP) based on CUD status (which
impacted all domains excluding psychomotor speed). The lack of interaction is
contradicted by studies such as Rabin et al. (2011) and Yucel et al. (2012) which
found that for individuals with schizophrenia, having a CUD positively affected
performance on memory and executive functioning tasks. Verbal learning and
working memory is the one domain that similar results have been described in,
though the study included young adults and focused on regular use, not
specifically having a CUD (Bogaty et al., 2018).

Hypothesis four predicted that EPP overall would have longer relaxation
times in the left and right pars triangularis and the left and right prefrontal white
matter compared to healthy controls. Results supported this prediction for only
the DESPOT1-no values, as no significant main effect of group was found for
DESPOT1-HIFI or MP3RAGE values. Inspection of the main effect from the
DESPOT1-no values, however, indicated that the effect of group was only
significant for the left prefrontal region, in which EPP had significantly longer

relaxation times which would indicate less intact white matter in the region.
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Reduced integrity of left prefrontal white matter was also found by Hao et al.
(2009), though Study 2 showed this effect in only one method used (i.e.,
DESPOT-no).

The lack of a main effect of CUD status for any of the imaging methods
shows that hypothesis five (i.e., that HC- would have reduced relaxation times
compared to HC+) was not supported. In other words, having a CUD did not
impact white matter integrity based on the MP3RAGE, DESPOT1-no, and
DESPOTI1-HIFI relaxation times. No differences in white matter based on
cannabis use were found in a meta-analysis by Lorenzetti et al. (2019), however,
most research shows that cannabis negatively impacts white matter integrity
(Gruber et al., 2014; Epstein et al., 2014; Zalesky et al., 2012), and in prefrontal
white matter in particular (Clark et al., 2012). Furthermore, based on the lack of a
main effect of CUD status, EPP- and EPP+ did not differ significantly in
longitudinal relaxation times (i.e., research question two, which sought to identify
if CUD status had an impact on white matter in individuals with EPP). Evidence
of abnormalities in prefrontal white matter in patients who use cannabis have
been noted in individuals with schizophrenia (Rapp et al., 2012), though some
evidence suggests that cannabis use does not affect white matter integrity in first-
episode patients (Haller et al., 2014).

Finally, research question three probed how the four groups would vary in
white matter integrity, and whether any differences in longitudinal relaxation
times could provide an explanation for any differences found in the cognitive

domains. Only one factor was found to impact white matter (i.e., the main effect
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of group) in one single imaging procedure (i.e., DESPOT1-no), and this was for
only one region — the left prefrontal region. A main effect of group was found for
all cognitive domains excluding verbal learning and memory. This may suggest
that the influence of EPP on working memory, executive functioning, and
psychomotor speed is associated with reduced white matter in the left prefrontal
region, however, if this were the case, a main effect of group would be anticipated
in this region for the MP3RAGE and DESPOT 1-HIFI relaxation times as well.
However, neither the MP3RAGE nor DESPOT1-HIFI techniques have been used
in individuals with EPP. The results of the imaging analyses as a whole reveal
that white matter did not differ between the four groups for the four ROIs (i.e., the
left and right prefrontal region and the left and right pars triangularis; with the
exception of the left prefrontal region from the DESPOT1-no protocol).
Therefore, the integrity of the white matter in the left and right pars triangularis
and the left and right prefrontal region do not provide an explanation for
differences in cognition based on group or CUD status, nor the effect of both.
One particular limitation of Study 2 is that the measure of cannabis use
was a research diagnosis of a CUD. While binning participants based on a CUD
versus no CUD provides certain strengths (e.g., less vague cut-offs defining
cannabis use), it lends itself to limits in contextualizing the findings of the current
study within the broader scope of the field. Another drawback particular to the
use of simply differentiating based on CUD versus no CUD is that the absence or
presence of a CUD is not entirely dichotomous. First, a participant can be a daily

user of cannabis and not meet criteria for a CUD, while another participant may
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use once weekly and meet CUD criteria. Furthermore, all participants who met
the criteria for a CUD were binned together for the sake of statistical power. It
may be the case that having a mild CUD could affect cognitive functioning and
white matter integrity in different ways than having a moderate or severe CUD,
however, the sample sizes in the present study were not conducive to testing for
these effects.

Sample size is also a concern with respect to the findings in Study 2. In
particular, there was a very small number of EPP participants who did not have a
CUD (i.e., EPP-; n =5). The minimum sample size requirement per group to
properly carry out a two-way MANOVA is equal to the number of dependent
variables in this analysis. This minimum was met for the MANOV As used, but
increased sample size (for the smaller EPP groups in particular) would have
resulted in more statistical power, and therefore an increased ability to find
between-group differences if and when such differences occurred. Uneven sample
sizes between the groups were accounted for using Pillai’s Trace which is robust
to deviations from statistical assumptions, however, the uneven and small (though
acceptable) sample sizes for the EPP groups are a limit of the current study.

Pillai’s Trace is robust to other violations of the assumptions for two-way
MANOVAs. For the cognitive tasks, there was a violation of the equality of
variances for the TMT-A and the O-DSST. There were also several correlations
between dependent variables which were non-significant (i.e., the W-DSST and
TMT-A in the HC- group, and the W-DSST and TMT-A as well as the CVLT-III

and the TMT-B in the HC+ group), though there was no multicollinearity found.
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Ideally, all correlations would be significant and in the small to moderate range.
For the neuroimaging data, nine total univariate outliers were identified as well as
one multivariate outlier. These values were included in analyses because the
present techniques have not been used within the context of cannabis use and
EPP, and therefore the values cannot be discounted as abnormal. One final
violation for the neuroimaging data was observed. Multicollinearity was observed
for the MP3RAGE relaxation times in all combinations of group and CUD status

excluding EPP-. These violations require that results be examined cautiously.
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Chapter 4 General Discussion

4.1 Summarized Findings

4.1.1 Study 1

Results for Study 1 showed that for individuals with EPP, working
memory and psychomotor speed were significantly better in the moderate/severe
cannabis use group than the low/no use group, though effect sizes were very small
(i.e., less than .1; see Table 1). Executive functioning and verbal learning and
memory, however, did not significantly differ between the two groups, indicating
that the effect of cannabis was not observed in the results of the ISL or TMT-B

tasks.

4.1.2 Study 2

Study 2 demonstrated that overall, healthy controls differed significantly
from EPP patients in cognitive functioning on working memory, executive
functioning, and psychomotor speed, but not verbal learning and memory.
Healthy controls performed significantly better on four of the five tasks (i.e., the
O-DSST, W-DSST, TMT-A, and the TMT-B) with mostly small effect sizes (see
Table 3).

Results also demonstrated that having a CUD significantly influenced
cognitive functioning. Individuals with CUDs (overall) performed worse on all
tasks excluding the W-DSST and TMT-A. These results indicate that having a

CUD influences verbal learning and memory, working memory (on the O-DSST
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only), and executive functioning, but not psychomotor speed. Small effect sizes
were observed for these domains (see Table 3).

Study 2 was employed to further examine the influence of cannabis within
the EPP and HC participants. A lack of significant interaction between CUD
status and group indicated that the main effect of CUD did not depend on the
level of group (i.e., EPP versus HC). In other words, the negative impact that
having a CUD had on cognitive performance was not different between EPP
patients and the control group. This means that reduced performance in HC+
would be seen relative to HC-, and in EPP+ relative to EPP-.

Findings from two of the three imaging measures for white matter
indicated that the longitudinal relaxation time was not influenced by either CUD
status or group, nor was there a differential influence of CUD status between
groups. None of the four ROIs (i.e., left and right prefrontal region and left and
right pars triangularis) were significantly different between the four groups for the
MP3RAGE or DESPOT1-HIFI measures. However, DESPOT1-no values
indicated a main effect of group for the left prefrontal white matter between the
HC and EPP. The EPP group had significantly longer relaxation times in this
region than the HC group with a small effect size.

Finally, two imaging methods did not provide any complementary
evidence to the cognitive results of HC compared to EPP overall. Cognitive
measures showed that overall, the HC group performed significantly better in all
domains except for verbal learning and memory. Imaging measures showed no

differences in white matter between the two groups, except for the left prefrontal
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white matter for DESPOT1-no values, in which reduced white matter integrity
was shown for the EPP compared to HC. However, this finding was not observed
with MP3RAGE or DESPOT1-HIFI longitudinal relaxation times. Therefore, it is
difficult to assert that complementary findings occurred between the imaging and
cognitive parameters, as there was no consistent effect found between methods

for the one ROI which reached significance for HC and EPP overall.

4.2 Evidence for Hypotheses and Research Questions

Hypothesis one predicted that overall, HC participants would outperform
individuals with EPP (regardless of CUD status). Results from Study 2 partially
supported this hypothesis, with HC participants outperforming EPP participants
on tasks of working memory, executive functioning, and psychomotor speed —
similar to Addington et al. (2003) — but not verbal learning and memory. The
effects observed, however, were small. As highlighted in the preliminary
discussion for Study 2, Fioravanti et al. (2012) and Fatouros-Bergman et al.
(2014) noted that the most susceptible domain to deficits in individuals with
schizophrenia in particular is memory. Almost half of the EPP participants in
Study 2 had a diagnosis of schizophrenia and show significant reductions in
working memory compared to controls, though this effect was not found for
verbal learning and memory.

Hypothesis two predicted that individuals with no CUD would outperform
individuals with a CUD. This hypothesis was supported by a main effect of CUD
status in Study 2, followed up by significant between-subjects effects for each

neuropsychological task except the TMT-A and W-DSST. The lack of a
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significant difference in performance on the TMT-A and the significant difference
on the TMT-B demonstrated that the two groups did differ in executive
functioning, and not in psychomotor speed. Furthermore, the results indicated
worse working memory and verbal learning and memory in individuals with a
CUD compared to those without, though the effect on working memory was
detected only on the O-DSST. The relative consistency of the effect of cannabis
in the general population may account for the main effect of CUD status on
executive functioning, working memory, and verbal learning and memory (Broyd
et al., 2016; Curran et al., 2016; Scott et al., 2018), though no known study has
assessed CUD status overall (i.e., collapsing healthy controls with EPP patients).

Relative to hypothesis three, that HC- would outperform HC+ on
cognitive tasks, a main effect of CUD status was found for all domains excluding
psychomotor speed with small effect sizes. Consultation of the estimated
marginal means showed a significant reduction in scores for individuals with a
CUD, and a lack of interaction indicated that this effect did not differ based on
group (i.e., HC versus EPP). Therefore, HC- did have increased working memory,
executive functioning, and verbal learning and memory abilities relative to HC+.
These results were similar to results such as those by Broyd et al. (2016), Curran
and colleagues (2016), and Scott et al. (2018) where working memory, executive
functioning, and verbal learning and memory were reduced in individuals using
cannabis.

Hypothesis four, that HC overall would have reduced relaxation times

compared to EPP patients overall (i.e., regardless of CUD status) in the left and
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right prefrontal region and left and right pars triangularis, was not supported for
two of the three neuroimaging methods (i.e., the MP3RAGE and DESPOT 1-HIFI
methodologies). The DESPOT1-no measure did provide evidence of between-
group differences for HC and EPP overall. This was significant for one region
(i.e., the left prefrontal white matter), in which an increased relaxation time was
observed for the EPP group, indicating reduced white matter integrity. Hao et al.,
(2009) did find reduced white matter integrity in left prefrontal white matter in
individuals with schizophrenia as well as individuals with a genetic risk for the
disorder. However, the MP3RAGE and DESPOT1-HIFI relaxation times did not
reveal such a difference, as would be expected if this were a consistent effect
between healthy individuals and individuals with psychosis. Hypothesis five
predicted a significant difference would be found between HC- and HC+ in
relaxation times in the left and right prefrontal region and left and right pars
triangularis. This hypothesis was not supported by any evidence from the
MP3RAGE, DESPOT1-no, or DESPOT1-HIFI measures of longitudinal
relaxation time.

Research question one pertained to whether a CUD would impact
cognitive performance within the EPP participants. Study 1 found that individuals
with EPP who had moderate/severe cannabis use performed significantly better
than those with low/no use on tasks of working memory task and psychomotor
speed, while no significant difference occurred on the measures of verbal learning
and memory and executive functioning. However, in Study 2, a main effect of

CUD status was observed in the absence of an interaction between group and
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CUD status. This finding indicated that for individuals with EPP (who had
already reduced scores of working memory, executive functioning, and
psychomotor speed overall), those in the EPP+ group would have even further
reduced scores of working memory, and executive functioning, as well as verbal
learning and memory compared to EPP-, owing to the main effect of CUD status.
The results of Study 1 in relation to the wider literature are similar to those found
by Rabin and colleagues (2011), where improved memory was found in
individuals with schizophrenia who also had a CUD. Regular use in the EPP
population in particular was shown by Yucel et al. (2012) to result in improved
cognition on tasks of working memory, while the effect observed in Yucel et al.
(2012) on verbal learning and memory and executive functioning was not found
in Study 1. In Study 2, however, the opposite occurred — a finding which could be
the result of having a small sample size in the EPP groups, with a particularly
small sample size in the EPP- group. Furthermore, by collapsing across the HC
and EPP groups, the specific effect in those with EPP with a CUD may have been
lost.

Research question two also pertained to whether a difference would be
found in longitudinal relaxation times for EPP- and EPP+, and if so, in what
direction that difference would occur. No interaction effect and no main effect of
CUD status were found in Study 2 with MP3RAGE, DESPOT1-no, and
DESPOT1-HIFI relaxation times for any of the four ROIs (i.e., the left and right
prefrontal region and left and right pars triangularis). This indicated no detectable

difference in frontal white matter between EPP- and EPP+. A lack of evidence of

75



an effect of cannabis use on white matter integrity in EPP patients in particular
was also noted by Haller et al. (2014).

Finally, the third research question aimed to probe the relationship
between the four groups (i.e., HC-, HC+, EPP-, and EPP+) on cognitive tasks, as
well as on MP3RAGE, DESPOT1-no and DESPOT1-HIFI measures in the four
ROIs (i.e., the left and right prefrontal region and left and right pars triangularis).
A lack of main effects and interaction indicated that the groups did not differ in
white matter integrity, barring the one main effect of group observed for the left
prefrontal region. Research question three also probed how all four groups would
perform on the cognitive tasks in relation to one another. Study 2 revealed that the
groups had similar differences depending on CUD status and that having a CUD
or EPP resulted in reduced performance on the tasks described for the individual
main effects. Studies such as Schoeler et al. (2016) and Yucel et al. (2012) also
looked at four experimental groups but did not compare the four individually to
compare differences/similarities in functioning, therefore these results are
difficult to contextualize. As noted in the preliminary discussion for Study 2,
MP3RAGE and DESPOT1-HIFI relaxation times provided no complementary
evidence to the cognitive results. A main effect of group status from the
DESPOT1-no values for the left prefrontal white matter may help explain the
reduced executive functioning and working memory in the EPP group relative to
controls, however, this finding was not replicated by the other measures of white

matter integrity.

4.3 Implications
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It has been posited that cognitive deficits that arise in EPP patients
compared to healthy controls are actually overstated in the literature, as healthy
control participants are typically recruited within the institutions conducting the
research and therefore have potentially greater cognitive functioning than the
general population (Wechsler, 1958). However, Study 2 ensured that the
comparison groups had reasonably comparable premorbid functioning as
estimated by the NART. Whether or not a participant had EPP explained 25% of
the variance in cognitive functioning in Study 2. Those with EPP particularly
struggled with executive functioning, working memory, and psychomotor speed.
This could result in functional implications (e.g., an inability to effectively plan
one’s day). The deficits in cognitive functioning observed in EPP are important to
note, as they predict general functioning, though it is through an additional
variable — functional skills (Bowie & Harvey, 2006). Therefore, cognition is
important to assess in EPP patients in conjunction with functional skills in order
to have the best possible functional outcomes for patients.

While Studies 1 and 2 found different results in the cognitive functioning
of EPP patients based on cannabis use, both studies suffered from small effect
sizes in each domain. The enhanced working memory and psychomotor speed
observed in individuals with EPP and cannabis use in Study 1 did not exceed .1,
indicating that less than 10% of the variance in performance between the low/no
group and moderate/severe was due the cannabis use. Study 2 found that cannabis
use explained 23% of the variance in cognitive performance, though this was

across EPP and HC groups. Functional implications could arise from the results
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of Study 2 (e.g., increased difficulties with performing mental math for
individuals with EPP who use cannabis) which could negatively impact an
individual’s life. Furthermore, there are external variables that may have an
impact on cognitive functioning between users and non-users, such as lower
levels of education, social and occupational functioning, and different cultural
factors in continued users with psychosis (Rebgetz et al., 2014). However, Study
1 had antithetical results suggesting improvements with increased cannabis use.
Therefore, no consensus can be made from the present results regarding the
broader implications of cannabis use on cognition in individuals with EPP.
While it remains unclear whether EPP patients with cannabis use have
enhanced or reduced verbal learning and memory, working memory, and
executive functioning compared to their non-using counterparts, these results do
reinforce the problematic cannabis use in the population. Of 152 total EPP
participants (from both Study 1 and Study 2), only approximately 20% did not
have a research diagnosis of a CUD. Therefore, 80% of the total EPP population
in these two samples have problematic use of cannabis (i.e., probable CUDs).
While cognitive deficits occurred in the sample overall, there were only small to
moderate effect sizes. However, cannabis use in EPP is associated with increased
relapse and rehospitalization, increased positive symptoms, reduced medication
adherence, and general functioning (Flemenbaum & Zimmermann, 1973; Foglia
et al., 2017; Setién-Suero et al., 2019; Zammit et al., 2008). Therefore, the high

rate of cannabis dependence in these samples is cause for concern. Focused
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treatment for CUDs in the EPP population is extremely important for improved
outcomes for individuals in treatment for EPP.

No impact of cannabis on white matter integrity was found for any of the
neuroimaging measures used. These results suggest that having a CUD may not
influence the integrity of white matter in either EPP patients or healthy controls.
However, DESPOT-no results did suggest an effect of EPP in the left prefrontal
white matter. Differences in white matter integrity have been documented
between individuals with psychotic disorders and healthy controls, and have been
hypothesized to give rise to psychotic illnesses (Friston & Frith, 1995). Nearly
one-quarter of the variation in longitudinal relaxation times in the left prefrontal
white matter was explained by whether a participant had EPP or was a healthy
control. While the present work is unable to assert that broad dysconnectivity
occurred, it does lend evidence to aberrant white matter in EPP, which is has been
posited to explain the presentation of psychotic disorders.

Another consideration is illness versus substance effects in white matter.
Research by Bernier et al. (2016) indicated that duration of illness in an EPP
group explained 22% of the variance in a white matter marker (i.e., choline-
containing compounds, indicative of myelination/myelin integrity). In healthy
controls with cannabis and/or alcohol use, glutamate levels in prefrontal white
matter were reduced compared to healthy controls without substance use, with the
severity of use accounting for 17% of the variance. Furthermore, several markers
of white matter were implicated in the substance effects within EPP, and over

one-third of the variance in the EPP group was explained by the severity of
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substance use. While organic differences are noted in the EPP population (i.e.,
illness effects), a significant portion of variance is to be explained by substance
use. The current research found only illness effects, as CUD status did not
influence white matter integrity.

Regardless of the direction of the effect, cannabis use in the literature
broadly as well as in the current studies is much less detrimental to cognitive
functioning than it is to symptoms and outcomes in psychotic disorders. Small
effect sizes are frequently noted when statistically significant effects do occur in
cognitive domains between cannabis users and those who abstain (Bogaty et al.,
2018; Rabin et al., 2011; Schoeler et al., 2016; Yucel et al., 2012). Cannabis use
can significantly influence the course of a psychotic disorder, however, which can
have a profound impact on an individual’s life (Foglia et al., 2017; Setién-Suero
et al., 2019; Zammit et al., 2008). For example, while an inability to efficiently
plan a to-do list may not be benign, relapses, which have been associated with
continued cannabis use, might affect employment. While it is known that
cognitive abilities can predict functional outcomes, the effect of cannabis on

psychotic symptoms and outcomes is profound.

4.4 Limitations

The generalizability of the present work is limited by several factors. In
both Studies 1 and 2, there were uneven sample sizes between groups. While
Pillai’s Trace was used in statistical analyses to account for this, it is the case that
effects in Study 2 in the small EPP+ and even smaller EPP- group, in particular,

may not have been representative of cognition in these groups as a whole. This
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could perhaps explain differing results in how cannabis influences cognition in
EPP between Study 1 and Study 2. Although Study 1 had larger sample sizes,
there was still a large variation in group size between the low/no and
moderate/severe cannabis users.

Additionally, two different measures of cannabis use were used between
studies. Study 1 used the WHO-ASSIST, and binned participants into low/no
misuse and moderate/severe cannabis misuse, which reflect likely CUDs (Cookey
et al., 2020; Hides et al., 2009). Study 2 used the SCID for substance use, and
binned participants into CUD positive and CUD negative groups. WHO-ASSIST
scores are more reflective of an estimate of misuse and dependence, while the
SCID was selected for its more robust diagnostic abilities, though the CUD status
was based on a research diagnosis from the SCID and not a clinical diagnosis.
While both the WHO-ASSIST and SCID scores indicate problematic use, the
measures are not identical, with the SCID being a diagnostic tool and the WHO-
ASSIST designed to label substance misuse and dependence which may interfere
with primary care. This distinction may help explain the opposing effects of
cannabis use between Studies 1 and 2.

Different tasks were also used to estimate cognitive functioning in the two
studies. Of the two tasks in Study 1 where a significantly better performance was
observed in the moderate/severe group relative to the low/no use group, only one
was used in Study 2 (i.e., the TMT-A), and Study 2 found CUD status did not
impact psychomotor function. While the same executive functioning task was

used for Studies 1 and 2 (i.e., the TMT-B), Study 1 found no significant
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difference in executive functioning based on cannabis use in EPP, while Study 2
found CUD status reduced executive functioning. The working memory tasks and
verbal learning and memory tasks differed between the two studies, as
intentionally selected tasks that are validated in EPP and cannabis use were used
in Study 2. While the results on tasks that measure the same functions should be
similar, it must also be mentioned that two of the tasks (i.e., the ISL and ONB) in
Study 1 were administered using a computerized cognitive battery already
captured within a research database of EPP patients (i.e., a secondary analysis of
archived data). Though the validity of all tasks in each study is good, and one can
have confidence that the tasks are assessing the targeted function, it is possible
that the difference in the tasks used had an impact on the different results within
the EPP populations between Study 1 and Study 2.

Other factors known to influence cognitive functioning in EPP may have
led to the antithetical results between Study 1 and 2. For instance, while all
patients were within the first six months of illness onset (i.e., a similar duration of
illness), illness severity, a factor known to influence cognition (Barder et al.,
2013; Fitzgerald et al., 2004), between the EPP populations in Study 1 and 2 may
have differed. Furthermore, individuals in Study 2 had to be well enough to
undergo the MRI, a criterion not captured in Study 1. Continued use of cannabis
is also dependent on the perceived impact on mental health, financial resources,
and differences in social and cultural factors which likely differed between the
using and non-using patients (Childs et al., 2011). It is also possible that the small

improvements potentially afforded by second generation antipsychotic treatments
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that have been reported in the literature may have contributed to the small
improvements in the moderate/severe usage group in Study 1, though the scope of
the present study did not address antipsychotic effects (Hill et al., 2010; Meltzer
& McGurk, 1999). In contrast, there was no difference found for psychomotor
speed between EPP- and EPP+ in Study 2, which confirmed expectations that
there were not extrapyramidal symptoms from antipsychotic medications between
EPP groups. Antipsychotics — particularly neuroleptics — can impact motor speed,
a capacity which is already affected by EPP itself (Morrens et al., 2007; Walther,
& Strik, 2012; Wang et al., 2019). It is possible that the two groups in Study 1
had a different proportion of patients taking neuroleptics, resulting in worse
performance on the TMT-A for the low/no use group. Furthermore,
improvements in motor speed have been observed in patients treated with second
generation antipsychotics (Morrens et al., 2007), which may potentially explain
improved psychomotor speed in the moderate/severe cannabis users in Study 1, if
the two groups differed in antipsychotic treatments.

While moderate/severe cannabis use enhanced psychomotor speed and
working memory in EPP in Study 1, there is no way of asserting that this group of
participants did not have enhanced cognitive functioning to begin with due to the
lack of a measure of premorbid functioning in Study 1. In EPP patients, it has
been demonstrated that cannabis use is associated with higher premorbid
intelligence (Ferraro et al., 2013), despite continued use being associated with
lower levels of education, as well as social, occupational, and global functioning

(Rebgetz et al., 2014). Specifically, Ferraro et al. (2013) demonstrated that
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lifetime use of cannabis was associated with a premorbid IQ that was
approximately 12 points higher than that of patients with no lifetime use. No
significant difference occurred for lifetime use in the healthy control sample.
Therefore, the results of Study 1 may be due to inherent differences in premorbid
functioning in the two usage groups. In Study 2, where no such enhancement was
found based on cannabis use, the findings may be the result of similar premorbid
functioning in the patient sample, where the two patient groups (i.e., EPP- and
EPP+) differed by less than one point in NART scores.

The results of the present study must be understood in the context of a
unique subset of patients with psychosis. While some work has been done to look
cognition and white matter integrity individually in those within the first episode,
or early in the course of a psychotic disorder, little has looked at the combined
effects of cannabis and EPP specifically (Yucel et al., 2012). Furthermore, the use
of both cognitive and neuroimaging measures to investigate the individual and
combined effects of cannabis and EPP in those with primary psychotic disorders
and less than six months of clinically significant symptoms makes these results
relatively unique within the literature. The specificity of the samples is a strength
of Study 1 and 2 and may lend evidence to a timeline of illness and substance
effects on cognition and white matter in primary psychoses.

A great deal of literature in this field fails to account for the effects of
polysubstance use and age, which is one strength of the current studies. Age was
not included as a covariate, but it was determined to be similar between all groups

both within and between studies. While alcohol and tobacco use were not
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controlled for in order to retain sample size, various other substances that are
known to impact cognition (e.g., cocaine) were exclusion criteria for both studies.
This provides some clarity on cannabis use and its effect on cognition. The effect
of cannabis on cognition and white matter is extremely difficult to address, which
also limits the generalizability of these results to the parameters that were used.
There is extreme heterogeneity in cannabis use literature, with both acute and
chronic effects, effects of a substance use disorder, effects of regular use, and
effects of the age of onset of cannabis use being studied. Since the literature
measures cannabis use variably, it can be expected that some discrepancies in
findings would occur.

Regarding alcohol in particular, previous literature has indicated that
alcohol use does have an impact on white matter as well as cognition. In a meta-
analysis, Stavro and colleagues (2013) found that working memory, verbal
learning and memory, and executive functioning were all reduced in individuals
with alcohol dependency, even following periods of both short- and long-term
abstinence. Furthermore, in individuals with schizophrenia with or without a
comorbid alcohol use disorder, those with an alcohol use disorder had
increasingly impaired working memory (Potvin et al., 2008). Ritter et al. (2004),
however, did not find a difference in executive functioning in schizophrenia
patients who had problematic alcohol use in the past versus those with no history
of problematic use. The antithetical results therefore between Study 1 and Study 2
may be the effect of comorbid alcohol use, which the current studies did not use

as exclusion criteria to retain statistical power. Furthermore, evidence from
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Cookey et al. (2018) found that regular alcohol use was associated with decreased
fractional anisotropy in an EPP population in individuals with earlier onset
alcohol use, indicating that myelin integrity was reduced at the whole-brain level.
The study failed to find a cannabis and alcohol interaction but did find that earlier
onset of regular alcohol use explained more variance in white matter integrity
than lifetime cannabis exposure. Indeed, future research should covary or exclude
participants based on alcohol use for a clearer picture of how cannabis influences
cognition, though for the purposes of this study the two were inextricably linked
to retain sample size. Additionally, studies similar to the current one are
warranted for alcohol use alone.

It has also been noted that there is an abstinence effect with cannabis use
such that cognition improves after a period of abstinence in regular users (Broyd
et al., 2016). The SCID used in Study 2 detects symptoms in the past 12 months
to determine whether an individual has a CUD, but it is possible that a participant
meeting the criteria for a CUD is not using at present. Similarly, the cannabis
scores from the WHO-ASSIST in Study 1 were harvested as totals, with no ability
to assess if patients had been abstinent at the time of testing. The tools used in the
current studies capture substance use disorders, but the time of the last use was
not taken into account, which may have impacted cognitive results.

Additionally, the potency of the cannabis that participants were using was
not captured by the tools in Study 1 or 2, which has been alluded to in order to
explain the effect of publication year in meta-analyses on cannabis’ effect on

cognitive abilities (Schoeler et al., 2016). One recent meta-analysis by Colizzi,
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and Bhattacharyya (2017) found that in the common domains affected by
cannabis use, strains of cannabis with high potency THC, and low potency
cannabidiol (CBD) negatively impact cognition when administered acutely, or are
used more chronically. While CBD does not particularly improve these cognitive
domains, more even ratios of THC to CBD tend to result in a lower impact on
cognition. Furthermore, it is predicted that the reduced effect seen with more even
ratios occurs because of CBD acting as an antagonist at cannabinoid receptors
(particularly CB1 receptors) working against THC’s agonist effects. There are
tools that can estimate these parameters, such as the Timeline Followback for
cannabis use (Robinson et al., 2014), but the focus of the present studies was not
aimed at addressing potency effects of cannabis on cognition and white matter,
but to look at problematic use broadly.

Results for the imaging data in particular are a limitation of Study 2 and
must be assessed cautiously, as several assumptions of the two-way MANOVA
used in each measure were violated. In particular, several univariate outliers were
identified in the data as well as one multivariate outlier. Multicollinearity was
also detected for most regions in the MP3RAGE measure. While these
assumptions were violated, continuing with the analyses was reasonable. It is
possible that these violations could have impacted the results found. Furthermore,
the sample size could simply be too small, particularly for the EPP- group, to
detect any differences in white matter in these regions if they do in fact exist.
Both the MP3RAGE and DESPOT1-HIFI techniques are new, and the

MP3RAGE technique, in particular, has not yet been validated against other
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measures of white matter integrity. The present study was unable to provide an
indication of the validity of the method beyond the discrepant findings between it
and the DESPOT1-no results. Additionally, the inconsistency between
DESPOTI1-HIFI and DESPOT 1-no results suggest that the correction used for the
B field inhomogeneities in longitudinal relaxation time did not function properly.
Finally, neither MP3RAGE nor DESPOT1-HIFI techniques have been used to
assess white matter integrity in EPP or in cannabis users, while driven
equilibrium single-pulse observations of relaxation times (though often for both
T1 and T2) like DESPOT1-no have (Vanes et al., 2018; Vanes et al., 2019).
While there remains no consensus on the effect of cannabis use on
cognitive functioning within the EPP population based on the results of the two
current studies, as well as the prior literature, future research may be able to
further disentangle the relationship with consistent methodology and increased
sample sizes. Considerations such as the age of onset of cannabis use, the
duration of regular use, as well as the relative potency of the cannabis individuals
are using should be examined to see clearer effects of the substance. Furthermore,
studies should continue to exclude individuals using other substances in addition
to cannabis to assess the pure effect of cannabis. While sample size did not allow
this for Study 1 and Study 2, alcohol use disorders should be treated as an
exclusion criterion, again to parse out the effect of cannabis alone. Furthermore,
future research should aim for no less than 50 participants per group, as is the
recommendation for detecting differences in performance on neuropsychological

tasks (Bridges, & Holler, 2007), a sample size which was unfortunately not
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attainable for either Study 1 or 2 of the current work. Future research could also
aim to correlate differences in neuropsychological functioning to structural and
functional differences. Finally, white matter integrity may be used in larger
studies in the future with the four groups to predict cognition, whereas the current

study could only postulate differences between these groups.
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Appendix MRI Safety Criteria

Demographic Information

Research code: Exam number:

Name: Scan date:

(yyyy/mm/dd)

DOB: Weight: (pounds)
Sex: M/ F Hand: R /L Height: (feet / in)
Email address: Phone: (cell or home?)

MR Safety Checklist: Please circle Yes or No

Hearing aid

Pacemaker/biostimulator Yes / No Removable dentures Yes / No
Cerebral aneurysmclip  Yes / No Dental apparatus™ Yes / No
Joint replacement Yes / No Tattoos Yes / No
Fracture treated with metal Yes / No Jewelry Yes / No
Metal worker Yes / No Body piercings Yes / No
History of ocular foreign Yes / No Watches Yes / No
body Yes / No Eye/Makeup Yes / No
Shrapnel wound Yes / No Wig Yes / No
Chance of pregnancy Yes / No Artificial limb Yes / No
Inner ear implant Yes / No Implants Yes / No
Pymp for medication Yes / No Checked for loose metal Yes / No
/

Valuables stored Yes

*retainer, crowns, implants etc
Consent form to be explained and signed.

Washroom is strongly recommended - changing clothes if need be and check pockets for
metal.

Safety check done by:

Scanning by:
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