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EPISODIC FORESIGHT AND DRUG USE

'I'm sure mine only works one way," Alice remarked.

"I can't remember things before they happen.’

'It's a poor sort of memory that only works backwards," the Queen remarked.

- Lewis Caroll
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Abstract

The overall objective of this research project was to investigate the cognitive ability
of episodic foresight in various drug-using populations. Episodic foresight refers to
the uniquely human ability to mentally project the self into the future and pre-
experience an event. The first study (in press) was designed to address an identified
gap in our understanding of episodic foresight in long-term opiate users. A group of
long term opiate users (n = 48) and a group of matched controls (n = 48) were
compared on episodic foresight, and the contribution of memory and executive
function to this ability were investigated. The results of the first study identified
specific episodic foresight impairment in the context of chronic opiate use which was
not secondary to memory or executive control processing. Given these findings and
recent literature that has begun to explore the cognitive and neural underpinnings of
episodic foresight, the primary objective of the second study was to explore whether
the deficit in episodic foresight among long-term opiate users identified in Study 1
may be attributable to compromised scene construction and/or self-projection
abilities, both of which have been implicated in similar deficits observed in other
clinical samples. This study assessed a group of long-term opiate users (n = 35) and
demographically matched controls (n = 35). The results confirmed the episodic
foresight deficit, and identified a specific impairment in self-projection. The third
study aimed to assess whether an episodic foresight deficit would be observed in
substance users at the less severe end of the spectrum of substance use. The third
study assessed recreational cannabis users (n = 25) and demographically matched
controls (n = 45). The results indicated no episodic foresight impairment in this
group. Overall, the results of this research project suggest that compromised episodic

foresight is apparent in the context of chronic but not recreational substance use. A
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breakdown in episodic foresight may therefore represent an important potential
mechanism that may contribute to the poor functional, social, and treatment outcomes

often associated with chronic substance use.
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CHAPTER 1: Introduction and Thesis Outline
1.1 Introduction

Substance abuse can severely impact the life of the using individual, and can also
place significant socioeconomic strain on wider society. The most recent data on the cost of
substance abuse (both licit and illicit) to Australian society estimated it to be $55.5 billion in
the 2004/05 financial year (Collins & Lapsley, 2008). Illicit substances alone accounted for
$8.2 billion of this estimate, which incorporate costs related to crime, healthcare, labour
productivity (at home and in the workplace), fire, and road accidents. This estimate not only
highlights the detrimental outcomes associated with substance abuse, but also reinforces the
importance of prioritising this issue in various areas of research and policy development in
order to prevent or reduce such devastating outcomes for individual users and society as a

whole.

Obtaining epidemiological data regarding substance use is a difficult task because in
many countries the use of psychoactive substances is illegal and not all nations conduct
regular national investigations into drug use trends. However the most recent prevalence
estimates of global illicit drug use suggest approximately 5.2 per cent (243 million) of the
population aged between 15 — 64 years are using illicit drugs (United Nations Office of Drugs
and Crime, 2014). Overall, global illicit substance use increased between 2009 and 2012 with
this being attributed to not only the increase in the worldwide population but also to an
increase in substance use behaviour. Cannabis continues to be the most commonly abused
substance worldwide (3.8%), with prevalence estimates showing a steady increase between
2009 and 2012 (United Nations Office of Drugs and Crime, 2014). This is followed by the
use of opioids (0.7%), amphetamine-type stimulants (0.7%), opiates (0.4%), cocaine (0.4%),

and ecstasy (0.4%) (United Nations Office of Drugs and Crime, 2014). In Australia alone, the
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results of the most recent National Drug Strategy reported that 14.7% of the adult population
(individuals aged 14 — 64 years old) had used some type of illicit substance in the twelve
months prior to the survey (Australian Institute of Health and Welfare, 2011). This was a
1.3% increase from the previous report in 2007. Similar to worldwide trends, cannabis is the
most widely used illicit substance among Australians (10.3%), but this is followed by ecstasy
(3%), amphetamine-like stimulants (2.1%), and then cocaine (2.1%) (Australian Institute of
Health and Welfare, 2011). Opiates such as heroin are relatively low in national prevalence
(0.2%) (Australian Institute of Health and Welfare, 2011) but more deleterious outcomes are
associated with opiates than more commonly used substances such as cannabis (United

Nations Office of Drugs and Crime, 2014).

Irrespective of legality and variations of use, substances of abuse alter mood,
cognition and behaviour by disrupting neurological functioning within the central nervous
system. This can occur via two methods. The first is by the imitation of endogenous
neurotransmitter systems, and the second is by overstimulation of the neurological circuits
related to reward. Psychoactive substances are classified based on the nature of their
neurological influence. Drugs such as alcohol, cannabis, opioids, and opiates exert their
influence by depressing central nervous system functioning and are therefore classified as
‘depressants’. Amphetamine-type stimulants such as amphetamines (ecstasy, speed),
methamphetamines (ice, crack, crank) and 3,4-methylenedioxymethamphetamine (MDMA; a
derivative of ecstasy), and cocaine accelerate central nervous system functioning and thus are
classified as ‘stimulants’. Many drugs of different classifications target similar neural regions
but different neurocognitive outcomes can present given the variations in psychoactive
properties between substances. Regardless of the nature of the substances, the associated
neurological disruption is reflected in behavioural and cognitive changes, repeated relapses,

as well as intense cravings when the individual is presented with substance related stimuli.
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However, not all use of psychoactive substances would be classified as problematic.
Rather, substance use varies along a spectrum of severity depending upon frequency, duration
and impact of use. General diagnosis of substance use disorders is related to the pathological
behaviours surrounding the use of any particular substance (American Psychiatric
Association, 2013). There are four groupings of pathological behaviours used in this
diagnosis. The first criteria is related to impairments in control over the substance of choice;
the second relates to social impairments as a result of substance use; the third concerns
engagement in risky behaviours in the attainment and use of the substance; and lastly
pharmacological effects of withdrawal and tolerance. Research has demonstrated that these
presentations are reflections of underlying neurocognitive dysfunction (Baler & Volkow,

2006; Goldstein & Volkow, 2002; Volkow & Fowler, 2000).
1.2 Introduction to cognitive functioning in substance use

Despite the heterogeneous nature of substance-using populations, many cognitive
neuroscience oriented studies have highlighted the deleterious effects of illicit drug use on
cognitive processing abilities (De Sola Llopis et al., 2008; Elmer et al., 2006; Fernandez-
Serrano, Pérez-Garcia, & Verdejo-Garcia, 2011; Fernandez-Serrano, Pérez-Garcia, Rio-
Valle, & Verdejo-Garcia, 2010; Grant, Contoreggi, & London, 2000; Henry, Mazur, &
Rendell, 2009; Henry, Phillips, et al., 2009; Leitz, Morgan, Bisby, Rendell, & Curran, 2009;
Rendell, Mazur, & Henry, 2009; Terrett et al., 2014). For example, in studies by de Sola
Llopis et al. (2008) and Fernandez-Serrano et al. (2010), individuals who used illicit
substances performed significantly poorer across all tasks measuring executive functioning
when compared to healthy, non-drug using individuals. In addition, drug users have been
shown to exhibit significantly poorer decision making skills, verbal fluency and compromised
inhibitory control (De Sola Llopis et al., 2008; Fernandez-Serrano, Lozano, Pérez-Garcia, &

Verdejo-Garcia, 2010; Fernandez-Serrano et al., 2011; Ferndndez-Serrano, Pérez-Garcia, et
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al., 2010) than non-drug users; with more severe, chronic users showing more pronounced
deficits in the above mentioned processes as well as in processing speed and memory
functions (De Sola Llopis et al., 2008). Furthermore, evidence for the neurotoxic effects of
illicit substances has emerged from studies identifying compromised neurocognitive
processes in substance users even after the achievement of abstinence (Cheng et al., 2013;
Henry, Mazur, et al., 2009; Rendell et al., 2009). Such deficits in higher-order cognitions
have been used to explain impairments in social, financial, adaptive functioning (Goldstein,
1991; Goldstein & Volkow, 2002; Henry, Mazur, et al., 2009; Volkow, Fowler, Wang, &
Goldstein, 2002) which are characteristic of individuals who engage in chronic substance use
(American Psychiatric Association, 2013). However a noticeable exclusion from the

substance use literature is the assessment of the cognitive ability of episodic foresight.

1.3 Introduction to episodic foresight

The concept of mental time travel was proposed by Tulving who originally
differentiated memories relating to general information from memories of personally relevant
information; semantic and episodic memories respectively (Tulving, 2002). Tulving went on
to suggest that it is the episodic memory system that allows humans to re-experience events
of the past. Subsequently, memory research extended this idea by investigating the memory
for future intentions; that is, remembering to perform a task at a later date. This ability was
termed prospective memory. Episodic and prospective memory have been shown to have
some overlap as remembering to complete a task at a later date not only requires the recall
that a task requires completion, but also recall of the exact task (Rendell, Gray, Henry, &
Tolan, 2007). Both prospective and episodic memory have gained a large amount of research
attention, interest however within the last decade research interest has increased regarding the

ability to pre-experience events intended for the future (Atance & O'Neill, 2005; Schacter &
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Addis, 2007). This process has many labels, but for the purpose of this research, it is referred

to as episodic foresight.

In 2007 the topic of episodic foresight was named one of the top 10 trending areas in
cognitive neuroscience (Science, 2007). Episodic foresight refers to the ability to mentally
time travel into the future and pre-experience an event (Addis, Wong, & Schacter, 2007). Not
to be confused with the ability to acknowledge the existence of a future time period, the
defining element of episodic foresight is the ability to imagine what the experience would be
like for the individual in that future time period (Addis et al., 2007; Schacter, Addis, &
Buckner, 2007). It has been described as one of the fundamental human characteristics that
separate our species from others (Suddendorf & Corballis, 2007). The adaptive value of
episodic foresight has been highlighted throughout the literature and arguments against its
importance are scarce (Suddendorf & Corballis, 2007). The current literature has not only
identified the importance of this ability in day to day functioning (D'Argembeau, Renaud, &
Van der Linden, 2011), but has also highlighted how impairments can significantly influence
the adaptive functioning of vulnerable clinical groups (Brown et al., 2014; D'Argembeau,
Raffard, & van der Linden, 2008; de Vito et al., 2012; Lind & Bowler, 2010; MacLeod, 2010;
Raffard, D'Argembeau, Bayyard, Boulenger, & van der Linden, 2010; Sarkohi, Bjarehed, &
Andersson, 2011; Terrett et al., 2013). With greater knowledge of this ability, including a
better understanding of the cognitive processes that underpin it, a more holistic understanding
of clinical presentations and their treatment responses can be developed; and if needed can

inform alternative methods of therapeutic intervention.
1.4 Summary of the studies in the current research project

The overall objective of this research project was to investigate the cognitive ability
of episodic foresight in users of illicit substances. This research project consists of three

separate studies, reported in three individual journal articles, which address specific
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objectives. The first of the three articles has been accepted for publication, and the two

articles that follow have been submitted for review.

The first study was designed to address an identified gap in the understanding of
episodic foresight ability among substance users. More specifically, given the well-
documented neurological and functional consequences of chronic drug use, the first study
assessed a sample of dependent drug users engaging in opiate substitution treatment. A
number of impairments in future-oriented cognitions such as prospective memory (Terrett et
al., 2014) and decision making (Brand, Roth-Bauer, Driessen, & Markowitsch, 2008; Piratsu
et al., 2005; Rogers et al., 1999), have been identified in the context of chronic opiate use
raising the possibility that impairment in the capacity for episodic foresight might also be
apparent in this group. Furthermore, memory and executive control processes, which have
been implicated in episodic foresight, are also compromised in long-term drug users.
Therefore using a quasi-experimental design, the specific objectives of the first study of this

project were:
1. To investigate episodic foresight ability in a group of long term opiate users

2. To determine whether memory and executive functions contribute to episodic

foresight ability in the context of chronic, illicit substance use

The results of the first study identified specific episodic foresight impairment in the
sample of long-term substance users. This deficit was not secondary to memory or executive
control processing which raised questions surrounding what other abilities may be
contributing to this identified impairment in episodic foresight. Recent literature has begun to
explore the involvement of other cognitive abilities, such as scene construction and self-

projection, in episodic foresight. As a result, the primary objective of the second study was:
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3. To explore whether the identified episodic foresight deficit found in Study 1 may be

attributable to compromised scene construction and/or self-projection

The findings of Study 2 identified a specific difficulty for opiate users in the capacity
for self-projection into the future. The compromised episodic foresight as a result of impaired
self-projection was discussed as a possible mechanism underpinning poor adaptive

functioning and treatment success which are characteristic of this group.

However, considering that opiate use is relatively low in prevalence, the third study
aimed to assess whether a similar deficit in episodic foresight would be observed in substance
users of more commonly used substances, particularly cannabis. The third study employed
the same methodology as Study 1 and assessed a group of recreational cannabis users on their
episodic foresight ability. Thus the objectives of the third, and final, study of this project

were:
4. To assess how episodic foresight is affected in the context of regular cannabis use

5. To examine the degree to which performance on measures of episodic foresight is
correlated with performance on measures of episodic memory and executive

control.

The results indicated an absence of episodic foresight, episodic memory, or executive
function impairment in the context of regular cannabis use. These findings highlight that the
capacity for episodic foresight is impacted differently within the context of different
pharmacological substances. The results obtained from the three separate studies provide
greater insight into the episodic foresight ability of different substance-using groups, which

can have implications within therapeutic environments.
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1.5 Outline of the thesis

This thesis begins with an introductory chapter followed by two separate literature
review chapters providing research findings relevant to each of the three studies. The first
review chapter presents the current literature regarding cognitive processing in the context of
illicit substance use. The purpose of this review is to support the rationale for investigating
the specific capacity of episodic foresight, which has been a notable exclusion from the

current literature on substance use.

The second review chapter presents a review of episodic foresight literature. This
chapter provides a definition and discussion of neurological underpinnings, contributing
processes, functional importance, and evidence of episodic foresight deficits in other clinical
populations. This chapter review sets the scene for all three empirical studies presented in this

research project.

Each of the three journal articles, which are then presented, is preceded by a brief
introduction chapter that reminds the reader of the relevant research literature used to develop
each study’s rationale. These chapters also outline the key findings and conclusions

associated with each study.

This thesis concludes with an overall review and discussion chapter. This final
chapter reviews the findings, limitations and conclusions of each study and discusses the
functional implications and future research directions. The ethics approval letter from the
Australian Catholic University Ethics Board that covers all three studies is included in

Appendix A.
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CHAPTER 2: Review of neurocognitive functioning within the context of substance
use

Psychoactive substances exert their influence via altering neurocognitive processing
(Goldstein, 1991; Koob & Volkow, 2010) either by mimicking naturally occurring
neurotransmitters or by manipulating the release or recycling of these chemicals. Both lead to
abnormal communication between neurons responsible for many aspects of emotional,
cognitive, and behavioural functioning. This research project focuses on opiates and
cannabis. Opiates (e.g. morphine, heroin) and cannabis represent substances commonly
considered to lie at opposite poles of the drug-using spectrum. The former is considered a
substance of choice for seasoned drug users, whereas the latter is generally associated with
early experimentation. Each will now be considered in detail in terms of their respective

neurological influence and associated cognitive dysfunction.
2.1 Opiates defined

Globally, opiate use accounts for the most drug-related diseases and deaths (United
Nations Office of Drugs and Crime, 2014). Opiates have the capacity to cross the blood-brain
barrier making them very potent substances (Denier, Schmidt, et al., 2013; Fu et al., 2008;
Pau, Lee, & Chan, 2002). Route of administration is generally determined by the purity of the
substance, but common methods include inhalation through nasal cavities (snorted), smoking,
or intravenous injection; all of which lead to rapid delivery into the central nervous system
(CNS). Opiates exert their influence by selectively binding to and activating opioid receptors
found within various areas of the CNS including the amygdala, hypothalamus, cerebellum,
brain stem, and spinal cord (Leri, Bruneau, & Stewart, 2003; Younger et al., 2011). Delta (A),
kappa (k), and mu (p) receptors are the three different classes of opioid receptors that can be
activated by both endogenous neuropeptides (e.g. endorphins) as well as exogenous

compounds (e.g. morphine and heroin) (Leri et al., 2003; Waldhoer, Barlett, & Whistler,
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2004). Opioid drugs are therefore categorized based on the type of receptor they bind to,
with commonly abused drugs such as morphine and heroin primarily agonizing with p -
opioid receptors (Leri et al., 2003) which are particularly abundant in the amygdala and
hypothalamus (key regions of the limbic system associated with reward, emotional
regulation, and cognition). Given that opiates target key structures within the CNS, it might

therefore be anticipated that neurocognitive impairment would be apparent.
2.2 Brain abnormalities associated with chronic opiate use
2.2.1 Structural changes

A number of different structural abnormalities have been reported within the context
of chronic opiate use, including reduced ventricle/brain ratio (Wolf & Mikhael, 1979),
volume loss in frontal regions (Pezawas et al., 1998), white matter abnormalities (Lyoo et al.,
2004), reduced cerebral blood flow (Denier, Gerber, et al., 2013; Denier, Schmidt, et al.,
2013), and decreased cortical thickness (Li et al., 2014). Although there is some variability in
these findings likely reflecting differences in methodology and the heterogeneous substances
use history common among life-long users of opiates, one structural change that has been
repeatedly observed in the context of chronic opiate use is abnormal grey matter densities
within key CNS regions (Denier, Schmidt, et al., 2013; Liu, Hao, et al., 2009; Lyoo et al.,

2006; Qiu et al., 2013; Yuan et al., 2010; Yuan et al., 2009).

Grey matter refers to the neural tissue made up of cell bodies and glial cells. Given its
composition, grey matter plays a fundamental role in receiving and transporting sensory
information throughout the CNS and the body. The brain is predominately made up of grey
matter and areas of high density tend to be associated with high levels of functioning related
to the specific brain region. Therefore reductions in grey matter would be expected to be

reflected in impaired cognitive ability.
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In one study addressing this question in the context of substance use, Lyoo et al.
(2006) compared the grey matter density of a large group of opiate-dependent individuals
(n = 63) with a matched group healthy controls. The authors were the first to use VVoxel-based
morphometry (VBM) to assess grey matter concentrations within the brains of opiate-
dependent individuals (see Ashburner & Friston, 2000 for detailed description of VBM). The
images identified that relative to the healthy comparison group, opiate-dependent participants
had reduced grey matter concentrations within prefrontal and temporal cortices. Similarly,
Yuan et al. (2009) observed reduced concentrations of grey matter within the prefrontal,
temporal, as well as the anterior cingulate, and insular cortices. Both studies suggested that
these findings might provide some explanation for compromised processing in executive,
sensory, memory, and emotional domains that are governed by these regions. Interestingly,
Yuan et al. (2009) also observed a correlation between duration of opiate use and grey matter
density (longer opiate use was associated with lower the grey matter concentrations).
Interestingly, unlike most studies of opiate dependence, the sample recruited by Yuan et al.
(2009) could be considered a novice group of opiate users (mean age = 23.97 years, mean
duration of use = 4.93 year) therefore the relationship found in that study between duration of
use and grey matter concentrations highlights a detrimental effect of opiate use on
neurocognitive functioning, even within the early years of use. Thus, although structural
imagining studies relating to chronic opiate use are limited, those that have been conducted
have consistently demonstrated that relative to healthy individuals, long term opiate users
have significant reductions in grey matter density within prefrontal and temporal brain
regions, which are areas responsible for a number of important processes such as executive

and memory functions, respectively.
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2.2.2 Functional resting-state abnormalities

There has however been some criticism of previous structural imaging studies with
Yuan et al. (2010) arguing that they have limited clinical significance given that structural
and functional abnormalities within the context of opiate use tend to be examined in isolation.
As a result, they conducted a study of grey matter deficits associated with opiate use that
focused on an association between structural irregularities and functional connectivity during
resting-state. Resting-state functional connectivity refers to the activity of neural circuits of
the resting-brain and is assessed using functional magnetic resonance imaging (fMRI) which
allows for the examination of unaltered inter-region connectivity. Observation of
abnormalities in connectivity during resting-state can predict alterations of neurocognitive
activation of the same brain areas during performance of domain specific tasks (Sutherland,
McHugh, Pariyadath, & Stein, 2012). Abnormal resting-state functional connectivity between
key CNS brain regions in long-term opiate users has been observed in a number of studies

(Cheng et al., 2013; Liu, Liang, et al., 2009; Ma et al., 2010; Yuan et al., 2010).

The initial findings of Yuan et al. (2010) were consistent with the literature as they
found reduced grey matter concentrations in frontal, (right dorsolateral pre-frontal cortex
(DLPFC)) and temporal regions (right fusiform gyrus and left middle cingulate cortex), as
well as in the left parietal lobe. However as noted, the novel element of this study was the
examination of the relationship between these anatomical deficits and resting-state functional
connectivity, and also whether the connectivity between brain regions during resting-state
was associated with duration of opiate use. The authors did indeed observe reduced
connectivity between the right DLPFC and the inferior parietal lobe in the opiate group
highlighting an association between structural changes and functional connectivity in these
areas. These findings suggest that processes governed by the DLPFC and the inferior parietal

lobe, such as decision-making and working memory respectively, may be particularly
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vulnerable to impairment within the context of opiate use. In addition, the authors also
observed a negative relationship between the duration of opiate use and the functional
connectivity between these two areas, highlighting that the cumulative negative effect of
opiates not only applies to neurological structures (as discussed earlier), but also extends to

functional connectivity.

Others investigations that identified dysfunctional resting-state connectivity between
key CNS brain regions in opiate users include a study by Liu, Liang, et al. (2009) which
identified abnormalities in the pre-frontal cortex (PFC), anterior cingulate cortex (ACC),
supramarginal motor area, ventral stratium, hippocampus, amygdala, and insula. In addition,
Ma et al. (2010) observed increased connectivity between the nucleus accumbens and ACC,
and orbito frontal cortex (OFC), and between the amygdala and OFC; but reductions in
connectivity were observed between the pre-frontal cortex (PFC) and the anterior cingulate
cortex (ACC) in long term opiate users. Cheng et al. (2013) also reported irregular
connectivity between the right DLPFC and each of the following brain regions: the OFC,
right entrohinal cortex (EC; part of the medial temporal lobe [MTL]), occipitoparietal cortex

(OC) and ACC.

Despite the methodological variations between the studies, the findings all highlight
significant abnormalities within key CNS regions both in terms of decreased grey matter
concentrations as well as dysfunctional connectivity at resting-state. The cognitive domains
underpinned by these regions include inhibitory control (PFC, ACC), conflict monitoring
(ACC), reward processing (nucleus accumbens), motivation (OFC), learning (amygdala), and
memory (hippocampus) (Baler & Volkow, 2006). Therefore disruption to circuitry between

these regions is likely to lead to a breakdown in these cognitive faculties.
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2.2.3 Effects of opiates on immunology

Cheng et al. (2013) also examined the relationship between structural and functional
processing associated with opiate use. However, rather than focusing on grey matter
concentrations the authors were the first to investigate cell immunology in the context of
long-term opiate use by examining telomerase. Telomerase refers to an enzyme that prevents
the shortening of chromatin structures known as telomeres which are found at the end of
chromosomes. In essence, telomerase prevents cellular aging (Campisi & d'Adda di Fagagna,
2007) therefore declines in telomerase activity indicate acceleration of aging. Research has
indeed identified age-related declines in telomerase activity (Blasco, 2005). Cheng et al.
(2013) observed reduced telomerase activity within the right DLPFC of opiate users, relative
to a healthy control group. Given that the prefrontal structures are particularly vulnerable to
the aging process (Burke & Barnes, 2006; Reuter-Lorenz & Lustig, 2005) this observation
prompted Cheng et al. (2013) to conclude that chronic opiate use accelerates the aging
process (at least on a cellular level). Also, because both healthy aging and opiate using
groups have demonstrated similar atrophy in the DLPFC, it has been postulated that similar
age-related cognitive declines would be expected within the context of chronic opiate use,
which may assist in explaining deficits in cognitive functioning commonly associated with

this group.

Overall, the cumulative neuroimaging evidence relating to chronic opiate use suggests
that a number of cognitive domains are vulnerable to impairments. In particular, given that
prefrontal regions govern higher-order cognitions known as executive functions and the
temporal areas of the brain are implicated in memory-related processes, it might be

anticipated that these processes would be vulnerable.
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2.2.4 Opiate-related declines in executive functions

Executive functions refer to complex goal directed cognitive faculties including
inhibitory control, attention, decision-making, memory, and planning. Given the prominence
of these abilities in everyday life, dysfunction within any of these domains can create
significant difficulty in the fulfilment of even basic responsibilities, let alone more
demanding obligations. Executive dysfunction has been linked to atrophy within frontal brain
regions, and groups with established frontal lobe damage (e.g. Parkinson ’s disease,
Alzheimer’s disease) have been shown to display deficits in higher-order cognitions (de Vito
et al., 2012; Irish & Piguet, 2013). Given that opiates have the capacity to impact structural
features and functional processing in frontal brain regions it might therefore be expected that

these higher-order cognitions would also be substantially impaired.

A number of studies have identified significant impairments in executive processes
within the context of chronic opiate use in comparison to healthy control groups. For
example, Pau et al. (2002) examined the impact of opiate use on performance across a
number of neuropsychological measures. The authors compared a group of opiate addicted
individuals with a healthy comparison group. The findings indicated that chronic opiate use
was associated with compromised impulse control; a result that was also found in subsequent
studies (Brand et al., 2008; Posser et al., 2006). Other compromised executive processes that
have been reported include attention (Brand et al., 2008; Darke, Sims, McDonald, & Wickes,
2000) cognitive flexibility (Brand et al., 2008), cognitive initiation/verbal fluency (Davis,
Liddiard, & McMiillan, 2002), and decision making (Brand et al., 2008; Ersche, Clark,
London, Robbins, & Sahakian, 2006; Fishbein et al., 2007), all of which are imperative for
successful day-to-day living. However, while these studies suggest that executive control
impairment is associated with chronic opiate use, the picture is not clear-cut. In fact, some

studies of this group have reported minimal (Pau et al., 2002) or no impairment (Terrett et al.,
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2014) in higher-order cognitions. These inconsistences may reflect methodological
differences (e.g. in terms of choices of measurement) and also the heterogeneous nature of

this population.
2.2.5 Opiate-related memory declines

There are a number of different types of memory processes, including episodic
memory, working memory, and prospective memory. Episodic memory refers to the capacity
to retrieve and mentally reconstruct personally experienced events whereas working memory
refers to the memory store which allows for the temporary storage and subsequent
manipulation of newly learnt information (Tulving, 1985). Prospective memory on the other
hand refers to the ability to remember to complete future intentions (Einstein et al., 2005).
The different forms of memory are associated with different temporal regions (e.g.
hippocampus, basal ganglia) but the execution of these memory functions is complex and can

incorporate different neural networks (Moscovitch, 1992).

These memory processes play an important role in every day functioning. For
instance, when making choices for future actions we usually draw upon our experiences from
the past (i.e. episodic memory) to inform those decisions. Those actions that resulted in
unrewarding outcomes in the past would therefore be altered in order to increase the
likelihood of improved results and future goal attainment. Impairments in prospective
memory also have the potential to significantly affect the execution of everyday tasks and the
maintenance of social engagement, and threaten treatment compliance as this cognitive
faculty supports the ability to not only remember that a future task needs executing, but also
what that task is. As previously mentioned, given the identified atrophy within temporal
regions associated with chronic opiate use, impairment in these memory processes would
therefore be expected. This has been shown in empirical studies which have identified opiate-

specific deficits in various memory functions including episodic memory, working memory,
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and prospective memory (Curran, Kleckham, Bearn, Strang, & Wanigaratne, 2001; Darke et
al., 2000; Ornstein et al., 2000; Terrett et al., 2014). However similar to the literature
surrounding opiate use and executive functioning, the findings for opiate-related memory
impairments are not consistent (e.g. Fernandez-Serrano, Pérez-Garcia, et al., 2010; Fishbein
et al., 2007). Reasons for this include methodological differences relating to
neuropsychological battery chosen, the heterogeneous nature of substance use histories
reported by chronic opiate users, onset and duration of opiate use, and rates of concurrent
poly-substance use tend to be high in this drug using group, making it extremely difficult to

recruit pure opiate users and delineate the effects of other substances.
2.3 Cannabis

Another psychoactive substance that has been the subject of increasing research
interest within the cognitive neurosciences is cannabis. Although it is generally considered a
benign substance, cannabis continues to be the world’s most used illicit drug with at least 180
million users globally, and cannabis dependence is the most common type of substance
addiction (after alcohol and tobacco) in a number of developed countries including the United
States, Canada and Australia (United Nations Office of Drugs and Crime, 2014).
Furthermore, there has been a recent increase in cannabis related treatment enrolment with a
59% rise in cannabis-related emergency visits between 2006 and 2010 in the United States
alone (United Nations Office of Drugs and Crime, 2014) challenging the notion that it is a
substance devoid of negative outcomes. Initial use tends to occur during late adolescence and
this early introduction to the drug can significantly alter neuronal development (Parker,
Williams, & Aldridge, 2002) and increases the likelihood of developing future addiction by

six fold (Wagner & Anthony, 2002).
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2.4 Cannabis defined

Cannabis is derived from the Cannabis sativa plant which contains over 70 unique
chemical compounds known as cannabinoids (Pertwee, 2008). The highest concentrations of
cannabinoids are found in the flowering tops of the plant whereas very small densities are
found in the stem and roots (Ameri, 1999). The primary cannabinoid responsible for the
desired psychoactive effects of cannabis is A® — tetrahydrocannabinol (THC) which binds to
the CB1 — cannabinoid receptors found within the endocannabinoid neural network (Batalla
et al., 2013). Like most psychoactive substances, THC exerts its influence by activating the
release of dopamine, a neurotransmitter largely implicated in the pleasure and reward
systems. Brain regions with high densities of cannabinoid receptors include the prefrontal
cortex, cerebellum, stratium, amygdala, and hippocampus (Ameri, 1999; Glass, Dragunow, &
Faull, 1997; Mechoulam & Parker, 2013; Quickfall & Crockford, 2006) therefore any
negative impact of cannabis use might be anticipated to be particularly apparent in these

regions.
2.5 Brain abnormalities associated with cannabis use
2.5.1 Structural atrophy

According to Yicel et al. (2008) animal studies provide the strongest argument for the
notion that cannabis is neurotoxic for the brain. For instance, an early rodent study by
Landfield, Cadwallader, and Vinsant (1988) identified hippocampal changes in response to
long-term THC exposure. The investigators observed decreased neuronal densities within this
region and concluded that their observations provided evidence that chronic exposure can
lead to structural changes in the brain. Chan, Hinds, Impey, and Storm (1998) observed THC-
related neuronal death within hippocampal slices of rodent brains and Lawson, Borella,

Robinson, and Whitaker-Azmitia (2000) identified morphological changes in the
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hippocampus of male rodents which were reminiscent of alterations seen as a result of
ischemic or traumatic brain injury. The authors of these studies postulated that the THC-
related structural changes observed in rodent brains might be paralleled in the brains of
cannabis users and in turn may help explain, at least to some extent, the cognitive difficulties
often reported and observed in users of the drug. However, similar to the opiate-related
literature, investigations of cannabis use in humans have produced a heterogeneous literature

regarding cannabis-related structural and functional brain changes.

For example, Matochik, Elderth, Cadet, and Bolla (2005) observed differences in both
grey and white matter densities between heavy cannabis users and non-using individuals.
More specifically, the investigators identified reductions in grey matter concentrations within
hippocampal regions but increased white matter densities within temporal lobe areas
(fusiform gyrus and parahippocampal gyrus), the lentiform nucelus and in the pons of the
brainstem. Furthermore, a study by Ytcel et al. (2008) reported that chronic and heavy
cannabis use was associated with volumetric reductions of the hippocampus and amygdala.
They went on to further conclude that the decrease in hippocampal volume was a function of
cumulative cannabis exposure, and although they did not anticipate the reduction in size of
the amygdala it is not a surprising outcome given that this area is also richly dense in

cannabinoid receptors (Ameri, 1999; Quickfall & Crockford, 2006).

A similar reduction in hippocampal volume has also been observed in adolescents
with a history of heavy cannabis use (Ashtari et al., 2011). The cannabis-using group reported
at least one year of heavy cannabis consumption (average daily use reported as 5.8 joints),
but were currently abstinent (average length 6.7 months) and seeking treatment. In the
cannabis group both the left and right hippocampi were significantly lower in volume (14.2%
and 12.6% reductions respectively) than the healthy, non-using control group. This reduction

in structural volume was also negatively correlated with amount of cannabis use. That is, the
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higher the cannabis consumption, the smaller the hippocampal volume observed. This study
not only identified cannabis-related structural changes, but also indicated that early and heavy

cannabis use can result in persistent neurological impairment.

Zalesky et al. (2012) used axonal connectivity as a means to assess whether long-term
cannabis use was associated with microstructural white matter alterations. The investigators
observed impaired axonal connectivity within the hippocampus of their cannabis-using
sample, relative to a healthy comparison group. The investigators also identified that the age
of onset of cannabis use was positively related to the severity of the white matter alterations,
leading to the conclusion that the early introduction to cannabis use can increase the level of
neurological impairment. This finding is consistent with that of Churchwell, Lopez-Larson,
and Yurgelun-Todd (2010) who reported that reductions in neuronal tissue volumes within
the medial prefrontal cortex were associated with age of first use, therefore suggesting that

early initiation into cannabis use may lead to greater structural atrophy.

In a very recent investigation, Battistella et al. (2014) observed reduced grey matter
volume in a number of brain areas of cannabis users including hippocampal regions.
Reductions were observed in the medial temporal cortex, temporal pole, parrahippocampal
gyrus, insula, and orbitofrontal cortex (OFC). These reductions were strongly associated with
frequency of use indicating that increased use may intensify the severity of cannabis-related
neurological atrophy. Similar to previous studies (Churchwell et al., 2010; Zalesky et al.,
2012), age of onset was suggested to be a factor contributing to grey matter reductions, with
younger (during adolescence) initiation to recreational cannabis use potentially playing a
crucial role in the reduced grey matter concentrations. However, it was also proposed that
heavy use of cannabis irrespective of age of onset contributed to the neuronal tissue decrease.
It should be noted however that not all studies of cannabis users have reported structural

brain abnormalities. For example, Block, O'Leary, Ehrhardt, et al. (2000) did not observe any
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cannabis-related changes in global or tissue volume when they assessed a group of frequent
cannabis users and compared them to non-using controls. Similarly, Tzilos et al. (2005) failed
to identify abnormalities in neuronal tissue or hippocampal volume in long-term cannabis
users. Explanations for these inconsistent findings have focused on variations in aspects of
methodology (e.g. sample size, brain scanning method) and participant characteristics, such

as differences in substance-using histories.
2.5.2 Functional resting-state abnormalities

Over and above structural abnormalities, global and regional resting-state brain
abnormalities have also been observed in frequent cannabis users. For example, Block,
O'Leary, Hichwa, et al. (2000) compared the regional brain blood flow of frequent cannabis
users to a group of non-using controls. The cannabis group recruited for this study were
regular users of the drug with the average frequency of use reported as at least seven times
per week. The group did not have any past or current substance dependence, and were
assessed after at least 26 hours of hospital monitored abstinence to control for potential
effects of short-term withdrawal. Results of positron emission tomography (PET) imagining
data revealed region specific functional abnormalities within the posterior cerebellum of the
cannabis group. Given that the cerebellum is implicated in the internal timing system, it was
concluded that the hypoactivity observed in this region during resting-state may contribute to

the altered time perception commonly experienced during cannabis intoxication.

In addition, Lundgvist, Jonsson, and Warkentin (2001) assessed the cerebral blood
flow of a group of cannabis dependent users (n = 12) and an aged matched group of healthy
control participants. The cannabis group were assessed within five days of voluntary
cessation from their regular use. The findings highlighted decreased hemispheric blood flow
for both cerebral hemispheres within the cannabis group, as well as regional reductions

within prefrontal, superiorfrontal, and central areas. Reductions in cerebral blood flow to
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frontal regions could pose a significant threat to cognitions governed by these areas. For
instance, it is well documented that executive functions (e.g. decision making, planning, and
cognitive flexibility) are particularly sensitive to prefrontal dysfunction (Dubois, Slachevsky,
Litvan, & Pillon, 2000). Therefore significant cannabis-related reductions in cerebral blood
flow could lead to tissue death which can potentially give rise to a break down in cognitive

processing.

Sevy et al. (2008) used PET to measure dopamine receptor availability and cerebral
glucose metabolism in a small group (n = 6) of young adults (18 — 21 years old) diagnosed
with cannabis dependence in full remission. Although the investigators did not find any
difference in the dopamine receptor density, they did observe reduced glucose metabolism in
the right OFC, putamen bilaterally, and precuneus. This finding provides more support for the
notion of cannabis-related neurological harm. The metabolism of glucose is imperative for
brain functioning (Mergenthaler, Lindauer, Dienel, & Meisel, 2013). Neurons are one of the
cell types that particularly rely on glucose for energy therefore disruptions to the metabolic
breakdown of glucose can pose significant threat to cell functioning in areas responsible for

cognitive processing (Mergenthaler et al., 2013).

Orr and colleagues (2013) also assessed neurological functioning in the context of
chronic cannabis use, but in a sample of cannabis-dependent adolescents (n = 17). Their
findings further highlighted cannabis-related changes in neurological functioning. Relative to
healthy control participants, the cannabis-using adolescents displayed significant neurological
abnormalities which may have the potential to alter the execution of cognitive tasks. The
primary findings illustrated that the functional connectivity between the fronto-parietal and
cerebellar regions was greater for the cannabis-dependent group particularly in the right
hemisphere. The authors suggested that the increase in functional connectivity may be

indicative of compensatory mechanisms. That is, in the context of chronic cannabis use, more
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effort is required in order to execute cognitive tasks. Orr et al. (2014) also identified a
reduction in homotopic connectivity (inter-hemispheric communication) of cerebellar and
fronto-parietal regions, possibly reflecting the negative impact of chronic cannabis use on the
integrity of the corpus callosum. This outcome is particularly important because inter-
hemispheric communication is necessary for coherent cognition and behavioural
performance. Disruptions in functional connectivity between hemispheres have been
identified in psychiatric disorders that are characterised by significant cognitive and
behavioural difficulties (e.g. schizophrenia, autism, attention deficit hyperactivity disorder)
(Clarke et al., 2008; Pettigrew & Miller, 1998; Spencer et al., 2003). Therefore the reduction
in inter-hemispheric communication may potentially play a significant role in the level of

functioning displayed by chronic cannabis users.

More recently, Fibely et al. (2014) identified significant changes in the OFC in a
sample of long-term adult cannabis users (n = 48). This sample included a subset (n = 25) of
cannabis-dependent individuals. In comparison to a group of non-using control participants,
the chronic users had lower grey matter volumes within the OFC, and this finding remained
in the smaller sample of dependent users. The authors described this finding as unsurprising
given that the OFC is highly dense in CB1 receptors, and is a significant region with the
reward network; an area implicated in the development and maintenance of addiction. A
secondary finding from this study was the increased functional connectivity between the OFC
and other brain regions. Similar to Orr et al. (2013) the authors suggested that the contrast
between these two main findings may indicate neurological compensation. The down-
regulation within the OFC supports claims about the neurotoxicity of cannabis, but the
increased connectivity within the OFC network may be indicative of the need for greater

processing in order to execute various cognitive tasks.
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Pujol et al. (2014) explored functional resting-state connectivity in a group of
cannabis-dependent adult male (n = 28). The authors focused on the Default and Insula
networks, areas associated with self-awareness. It is widely accepted that these two networks
make different contributions to the capacity for self-awareness. The primary elements of the
Default network are the posterior cingulate cortex (PCC) and adjacent precuneus, angular
gyri and medial frontal cortex. Functions include supporting the ability to recognise the body
and its interaction with the external environment, solving moral dilemmas, assisting in the
comprehension of another individual’s perspective, retrieving autobiographical memories,
and prospective thinking. The Insula network however contributes to the capacity for
introspective awareness, including conscious awareness of physiological conditions and
emotional experiences. These two networks do not function in isolation but share relevant
overlap. In the context of chronic cannabis use, Pujol and colleagues identified various
alterations in functional connectivity within these two brain networks. In relation to the
Default network, increases and decreases in functional connectivity were identified in the
PCC and these alterations in connectivity were linked to reduced memory abilities. Increased
functional connectivity was found in the Insula network and it was suggested by the authors
that the activation of this network may play a role in the modification of an individual’s
subjective affective state. The intricacies of the neurological alterations identified in the
aforementioned studies are beyond the scope of this research project. However, these studies
highlight that cannabis-use has the potential to significantly alter resting-state functioning and

therefore suggests that alterations may also be found in cognitive functioning.

2.5.3 Cannabis-related cognitive impairments

Although there is continued debate over the impact of cannabis consumption on
cognitive functioning, a number of studies have highlighted the potential for compromised

abilities in this domain. For example, Bolla, Elderth, Matochik, and Cadet (2005) assessed a
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group of abstinent cannabis users (at least 25 days of abstinence following an average of 5
years heavy use) on their decisional making capacity using the lowa Gambling Task. Relative
to a matched control group, the cannabis group demonstrated poorer performance on the task,
indicating hypersensitivity to immediate rewards but not to potential losses or negative
outcomes. In another study Abdullaev, Posner, Nunnally, and Dishion (2010) reported that
chronic cannabis use during adolescence contributed to a compromised attention network,
particularly related to conflict resolution. The cannabis group took more time to resolve
presenting conflicts and were more erroneous in their choices, relative to the control group.
Previous studies also observed compromised response monitoring ability within samples of
cannabis users reflected in their reduced capacity to recognise errors in performance (Gruber
& Yurgelun-Todd, 2005; Hester, Nestor, & Garavan, 2009). However the studies conducted
by Gruber and Yurgelun-Todd (2005) and Hester et al. (2009) did not identify overarching
deficits in cognitive domains. For example, the cannabis group in these studies performed
comparably to the controls on measures of inhibitory control (the Stroop and Go/No-go

response tasks, respectively).

Given the high cannabinoid concentrations within the hippocampus and surrounding
regions, the literature tends to focus on investigating possible cannabis related impairments in
functions associated with these areas. One of the most frequently investigated domains is
memory. A number of recent reviews on the neuropsychological impact of cannabis use have
repeatedly highlighted consistent findings within the literature associating cannabis use with
compromised memory abilities (Gonzalez, 2007; Hall, 2014; Solowij & Battisti, 2008). For
example, in a study involving a particularly large sample size than is usual in studies of
cannabis users (n = 51) Solowij and Battisti (2008) compared the performance of long-term,
heavy cannabis users to a sample of shorter-term users (n = 51) and a control group. The

heavy users were significantly poorer in the execution of memory and attention based tasks
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compared to the shorter-term using group and the control participants, and no differences
were found between the latter two groups. Of all the measures administered, the greatest
difference in performance was observed in the memory assessment (RAVLT), indicating a
global impairment in learning, retention and retrieval of information. The authors concluded
that heavy cannabis use is associated with impairments that persist beyond intoxication and

furthermore that cannabis-related declines were a function of the duration of use.

The literature tends to conclude that the level of decline in cognitive processing as a
result of cannabis use is influenced by a number of factors including dose, type of cannabis,
frequency, duration of use, and age of initial onset (Bolla et al., 2005; Curran, Brignell,
Fletcher, Middleton, & Henry, 2002; Gonzalez, 2007; Hall, 2014; Morgan, Schafer, Freeman,
& Curran, 2010; Solowij & Battisti, 2008). For instance, in a study of recreational cannabis
users Curran et al. (2002) identified greater impairments in cognitive functioning in response
to higher doses of orally administered THC, with impairments more evident two hours after
consumption. Furthermore, Bolla et al. (2005) reported that cannabis-related impairments in
decision-making were also related to frequency of use with greater deficits observed in more
frequent users. Also, Morgan, Schafer, et al. (2010) observed no memory deficits in users
who smoked cannabis with higher levels of cannabidiol (CBD; another primary component of
cannabis) leading to the suggestion that high CBD strains could offset memory impairment
associated with THC. Interestingly, a number of studies have reported an absence of
cannabis-related cognitive impairment, despite the observation of altered neurological
functioning (Chang, Yakupov, Cloak, & Ernst, 2006; Elderth, Matochik, Cadet, & Bolla,
2004; Filbely et al., 2014; Nestor, Hester, & Garavan, 2010; Schweinsburg, Schweinsburg,
Nagel, Eyler, & Tapert, 2010). Absences of cognitive impairments have been attributed to
participant (e.g. substance use history) and methodological factors such as the choice of

imaging methods (computed tomography, PET, fMRI) and use of a wide variety of different
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neuropsychological tools. However some studies have proposed that the lack of differences in
cognitive abilities in the presence of abnormal neural functioning may be the result of
compensatory mechanisms whereby other brain regions are recruited to assist in the
execution of cognitive processes (Chang et al., 2006; Elderth et al., 2004; Fibely et al., 2014;
Nestor et al., 2010; Schweinsburg et al., 2010). Whatever the reason, it is nevertheless
apparent that the literature relating to cannabis-specific cognitive declines is characterised by

mixed findings across a range of cognitive processes.
2.6 The importance of investigating cognitive processing within substance-using samples

Given the heavy reliance we place on cognitive processes in order to function
effectively in our daily lives and the fact that compromised cognitive functioning perpetuates
compulsive drug using behaviour increasing the likelihood of addiction (Goldstein &
Volkow, 2002; Koob & Volkow, 2010; Volkow & Fowler, 2000), it is clearly important to
continue to investigate the cognitive profiles associated with substance use. Furthermore, the
identification of drug specific declines across various stages of consumption could assist in
the development of more tailored support strategies that take into account reduced cognitive
abilities. By doing so, improvements in basic day-to-day functioning, as well as increases in

treatment compliance and prognosis could be achieved.
2.7 Gaps in the literature regarding cognitive functioning in substance users

Although a number of cognitive processes have been investigated within the context
of both opiate and cannabis use, there is one striking omission, namely the capacity to
mentally time travel into one’s personal future. This process has been referred to by a number
of labels including future thinking, episodic future thinking, prospection, and episodic
foresight (Addis et al., 2007; Atance & O'Neill, 2001; Buckner & Carroll, 2006; Schacter et

al., 2007; Suddendorf & Corballis, 2007). For the purpose of this research project, it will be
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referred to as episodic foresight. This particular capacity is considered by some to be a
defining ability separating humans from less evolved species (Suddendorf & Corballis, 2007)
and it has recently been the subject of increasing research interest. It shares neurological and
cognitive overlap with memory and other higher-order processes (Addis, Musicaro, Pan, &
Schacter, 2010; Addis & Schacter, 2008; D'Argembeau, Ortoleva, Jumentier, & Van der
Linden, 2010; D'Argembeau, Xue, Lu, van der Linden, & Bechara, 2008; Schacter & Addis,
2007; Schacter et al., 2007) and therefore conditions which bring about impairments in these
associated domains would likely also be associated with impaired episodic foresight. This
research project, to our knowledge, is the first investigation of episodic foresight within the

context of psychoactive substance use.
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CHAPTER 3: Review of episodic foresight literature

3.1 Definition of mental time travel

The faculty of mental time travel (MTT) allows humans to reminisce about past
experiences and entertain possibilities in their personal future (Suddendorf & Corballis, 2007;
Tulving, 1985, 2002). This process requires disengagement from current experiences in order
to re-live or pre-live events in the present moment. MTT is phenomenological in nature and
has immense survival value as present behaviours are informed by the recollection of past
experiences as well as anticipation of future outcomes. There is now recognition that MTT
into both the past and future are complementary processes with converging lines of evidence
consistently highlighting an association between the ability to recall the past (episodic

memory) and pre-experience the future (episodic foresight).
3.2 Episodic memory and episodic foresight defined

Although the human memory system encompasses a catalogue of memory functions,
it is the episodic memory system which is most implicated in MTT into the past and future
(Busby & Suddendorf, 2005; Tulving, 1972, 1985, 2002). One part of this system is episodic
memory which is distinguished from other types of memory by its temporal orientation and
first-person perspective (Tulving, 2002). Unlike semantic memory, which refers to the factual
knowledge related to the world and not personal experiences, episodic memories refer to
autobiographically-referenced experiences which are specifically oriented to past (Tulving,
2002). Referring to the capacity to mentally project the self into the future and pre-experience
an event, episodic foresight is a uniquely human ability (Addis, Wong, & Schacter, 2008;
Atance & O'Neill, 2001; Schacter et al., 2007). Different from the acknowledgement of a
future time period, episodic foresight involves pre-living the future through mental

simulation. Given that future survival is a function of behaviours executed in the present,
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episodic foresight has immense survival value as it allows for the construction, mental
enactment, and evaluation of behavioural contingencies before committing to any course of
action (Suddendorf & Corballis, 2007). This capacity to generate and work through multiple
future scenarios allows for the expansion of viable possibilities as well as elimination of less
appropriate alternatives. The mental simulation of these hypothetical outcomes provides a
safe environment to test the practicality of options without the risk of harm or unnecessary
use of physical resources. The autobiographical nature of this memory system is attributed to
autonoetic consciousness, which is the subjective sense of the self as it extends across time
(Suddendorf & Corballis, 2007; Tulving, 1985, 2002). Without autonoetic consciousness,

humans are devoid of MTT ability into either the past or indeed the future (Tulving, 2002).
3.3 Importance of episodic foresight

The potential functional implications of impaired episodic foresight ability cannot be
understated given its prominent role in basic day-to-day existence. D'Argembeau et al. (2011)
highlighted the important role thinking about the future plays in the everyday lives of healthy
adults, reporting that the frequency of future-oriented thoughts outweighs those about the
past, with a future thought occurring every 16 minutes. In fact, individuals tend to simulate
hypothetical future outcomes when engaging in processes central to basic daily functioning
such as planning, decision making, and problem solving (D'Argembeau et al., 2011).
However despite the many discussions proposing links between episodic foresight and mental
processes implicated in functional outcomes (Atance & O'Neill, 2001; Buckner & Carroll,
2006; Busby & Suddendorf, 2005; D'Argembeau et al., 2010; Schacter et al., 2007;
Suddendorf & Corballis, 2007), this area is lacking in direct empirical evidence. Of the
studies that have been conducted linking functional capacities and episodic foresight
specifically most tend to focus on how the mental simulation of future events can lead to

successful goal attainment by increasing the likelihood of performing intended actions. For
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example, in a study by Taylor, Pham, Rivkin, and Armor (1998), university students studying
for an impending mid-term examination were trained to either mentally simulate scenarios of
themselves studying in a way that could lead them to obtaining an A grade (process-
simulation) or to imagine themselves receiving the A grade (outcome-simulation). Both
groups were told to engage in these simulations each day in the week leading to the exam.
The students who executed the process simulations reported more time studying for the exam
and achieved higher grades on the actual mid-term, in comparison to a matched control
group; whereas the outcome-simulation group did not benefit from their mental simulations.
It was proposed that the benefits gained by using process-simulations were in part due to the
mental simulations facilitating the students to plan for the exam. The rationale behind this is
that mental simulations of scenarios that involve the execution of future intentions can assist
in the translation of the intention into an actual behaviour (Gollwitzer, 1993; Gollwitzer &
Sheeran, 2006; Neroni, Gamboz, & Brandimonte, 2013). Difficulties in the capacity for
episodic foresight could potentially limit the frequency of behavioural contingencies

constructed, restricting choice of actions that would potentially achieve desired goals.

3.4 The role of episodic memory in episodic foresight: the constructive episodic

simulation hypothesis

Recalling the past and imagining the future are both constructive processes requiring
the assembly of mental scenes. According to the constructive episodic simulation hypothesis
episodic foresight involves two main processes, the first of which is a construction phase
(Addis et al., 2007). In this phase, the simulation of personally relevant future events relies
heavily on the retrieval of autobiographical memories from the past in order to provide the
basic building blocks for the construction of novel future scenarios (Schacter et al., 2007).
The second phase involves inhibiting the tendency to simply recast actual memories and

requires that the retrieved information be held in mind and flexibly manipulated so that past
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details are recombined into novel future scenarios (Schacter & Addis, 2007). Referred to as
the elaboration phase (Addis et al., 2007), this secondary process of recombining past
information into a novel future experience is critical as it allows for the simulation of
alternative scenarios without the need for behavioural engagement (Schacter & Addis, 2009).
The constructive episodic simulation hypothesis was further extended to offer an explanation
for why the reconstructive nature of episodic memory allows for future event simulation
(Schacter & Addis, 2007). Specifically, because the recall of past memories is a
reconstructive process, experiences of past events are not retrieved from memory stores as a
whole, but rather as pieces of information. When cued, both internally or externally, these
pieces of information are searched for within memory traces and the whole experience is
reconstructed from these parts. Therefore, episodic memory assists in episodic foresight by
making these pieces of information available for assimilation into a novel future scenario.
There is a considerable body of research confirming the overlap between past and future

MTT.

3.5 Assessment of episodic foresight

Research studies often employ the use of interview tasks to assess episodic foresight
ability. These commonly involve word-cue techniques in which participants are instructed to
mentally simulate and describe events personally experienced in the past and imagine
plausible future events that could occur in their personal future (Atance & O'Neill, 2005;
Busby & Suddendorf, 2005; Hassabis, Kumaran, Vaan, & Maguire, 2007). A widely used
example of this approach to episodic foresight assessment is the adaptation by Addis et al.
(2008) of Levine, Svoboda, Hay, Wincour, and Moscovitch’s (2002) Autobiographical
Interview (Al). The adapted Al is a semi-structured interview used to assess episodic and
non-episodic content in two temporal phase conditions (past and future) and therefore

provides an index of both episodic memory and episodic foresight. Participants are instructed



EPISODIC FORESIGHT AND DRUG USE 48

to describe a previously-experienced past event or a novel future event in response to a cue
word. The events have to refer to a specific time and place, and be described from the
participant’s subjective perspective, rather than that of an observer. In the Addis et al. (2008)
version of the measure, 32 cue words are provided across four temporal conditions (past few
weeks, past few years, next few weeks, and next few years) and participants are given a limit
of three minutes to describe each event. Performance on this task is assessed by segmenting
and categorizing the details generated from the interview as either internal (episodic details
specific to the central event) or external (non-episodic details including: repetitions, semantic
information, and information not specific to the central event). The number of internal details
generated for future events is the primary measure of episodic future thinking and the number

of internal details for past events indexes episodic memory.

3.6 Evidence for episodic memory and episodic foresight overlap

3.6.1 Developmental evidence

If there is an overlap between episodic memory and episodic foresight, both abilities
should begin to emerge and decline in tandem across the life span. In relation to episodic
memory there is a large body of literature that consistently demonstrates that it is not fully
developed until a child reaches the age of four (see Atance & Metcalf, 2013 for review). This
is not to suggest however, that children younger than four years of age have no memory of
the past. Instead it is suggested that younger aged children have script-like or semantic based
knowledge of past experiences rather than memories that are truly self-relevant, reflecting a
lack of autonoetic consciousness.

The developmental trajectory of episodic foresight has been shown to parallel the
emergence and decline of episodic memory. For example, Busby and Suddendorf (2005)
observed similar difficulty in future-oriented thinking when asking three -, four -, and five-

year old children about events they experienced “yesterday”, as well as experiences they
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might have “tomorrow”. Only a small minority of three year-old children were able to
successfully provide accurate reports of events they experienced the day prior to testing, or
would experience the following day. The four and five year-old children performed better
than the three year-olds on both tasks but there were no differences observed between the
four year old and five-year olds. Although tentatively proposed, these findings could suggest
that the capacity for MTT into the past and the future is not yet fully developed in three-year
children (Busby & Suddendorf, 2005).

At the other end of the life span, research has identified comparable age-related
declines in episodic memory and episodic foresight. For example, in a study by Addis et al.
(2008) using the adapted Al, the authors compared younger and older adults on their ability
to reconstruct personally experienced events from the past, and simulate novel future events
that they may experience in their personal future. The temporal distances of the cues were
constrained so that participants generated descriptions of events within the “past/next few
weeks/years”. Relative to the younger adult group, the older adults produced fewer internal
details when remembering the past or imagining the future. This age-related decline in
episodic foresight was also reported in subsequent studies by Addis et al. (2010) and Rendell
et al. (2012). Interestingly, these two investigations explained this impairment differently.
First, Addis et al. (2010) attributed the compromised ability to project into the future to a
breakdown in the recombination of past information into a novel future scenario. However
using a different paradigm, Rendell et al. (2012)’s results suggested that a specific
impairment in the capacity for self-projection, which is the capacity to shift one’s current
perspective of the immediate environment to a different spatial, mental, temporal alternative
was the underlying contributor. However despite differences in interpretation, the literature

has consistently highlighted that both episodic memory and episodic foresight are similarly
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impacted across stages of development, therefore suggesting neurocognitive overlap between

these two abilities
3.6.2 Neurological evidence

Apart from the findings from developmental studies, a second source of evidence for
a relationship between episodic memory and episodic foresight comes from neurological
studies. For example, early evidence for this link between past and future MTT is provided
by Patient K.C who was the victim of a motorcycle accident at the age of 30 which caused
extensive brain damage to a number of cortical and subcortical regions resulting in severe
amnesia (Tulving, 2002). Despite being able to provide many facts about the world and his
life, Patient K.C was unable to remember subjective experiences of his life, or imagine
himself in the future. It was concluded that his inability to place himself within either
temporal context demonstrated insufficient autonoetic consciousness, the defining element of
episodic memory and episodic foresight. This parallel deficit therefore indicated possible
neurological overlap between past and future MTT. However, the most explicit evidence of
the overlap between past and future MTT has resulted from the advancement of
neuroimaging technology. Investigations exploring possible parallels in brain activity during
simulation of past and future events were initiated by Okuda et al. (2003) and since then
numerous imaging studies have followed suit. The following section will discuss evidence
from three pivotal investigations supporting the neurological overlap between episodic

memory and episodic foresight.

In the first, Okuda et al. (2003) used PET and observed activation within the
prefrontal cortex and two MTL structures (hippocampus and parahippocampal gyrus) when
healthy adults freely recalled and imagined events in the near or far past or future. The MTL
is a region that is widely known to be involved in learning and memory processes (Squire,

Stark, & Clark, 2007). The hippocampus is one of the key structures of the MTL and is
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thought to be responsible for combining disparate elements for the construction of mental
scenarios (Hassabis & Maguire, 2009). Studies that have assessed episodic foresight ability in
amnesic patients with known MTL or hippocampal specific atrophy have demonstrated
comparable impairments in episodic memory and episodic foresight ability. This not only
reinforces the overlap between the two capacities, but also strengthens the argument for the

importance of this area and embedded structures for MTT.

Similar to Okuda et al. (2003), subsequent investigations by Szpunar, Watson, and
McDermott (2007) and Addis et al. (2007) also observed overlapping activity within the
prefrontal cortex and hippocampal regions during both past and future even simulation.
While Okuda et al. (2003) required patients to freely recall/imagine past/future events,
Szpunar et al. (2007) and Addis et al. (2007) administered event cues to prompt participant
recall and future simulation. In the Szpunar et al. (2007) study healthy adult participants were
instructed to recall a past event, imagine a future event, and also imagine an event involving
well-known past American president Bill Clinton (which was devoid of any MTT demand).
fMRI data identified overlapping neurological activity within prefrontal and hippocampal
regions, as well as activation within the posterior midline region around the precuneus when
recalling the past and imagining the future event. However, this activation was not present
when participants imagined the event relating to Bill Clinton. This finding suggests a

neurological profile specific to MTT into one’s personal past and future.

Addis et al. (2007) also used fMRI to investigate the neural substrates of episodic
foresight but extended this exploration to differentiate the neurological activity between the
construction and elaboration phases proposed in the constructive episodic simulation
hypothesis. While lying in a scanner, participants were visually presented with a cue word
and instructed to silently generate a past or future event to describe (construction). Following

this, participants were instructed to silently recall or imagine the personal event in as much
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detail as possible (elaboration). Addis et al. (2007) identified neurological overlap between
past and future event descriptions during both the construction and elaboration phases. In
relation to the construction phase, activation in visuospatial and left hippocampal regions was
observed during the construction of both past and future event simulation. It was posited that
the activation of the left hippocampus in the early stages of event construction was due to the
interaction between the visually presented event cues and memory retrieval processes
involved in searching for and recovering autobiographical memories needed to construct the

past and future mental scenarios.

The magnitude of neurological overlap however was far greater during the elaboration
phase. More specifically, during the elaboration phase, extensive overlap between past and
future event simulation was identified in the left medial PFC which was expected given that
this region is known for self-referential information and that participants were explicitly
instructed to simulate personally relevant past and future events. Widespread activation in the
bilateral parahippocampal and retrosplenial cortices, posterior cingulate and precuneus was
also observed when elaborating event details during past and future conditions. These regions
are also known to support contextual processing, self-reflection, integration of emotions and
memory, and episodic imagery; all of which can support the elaboration of details related to a
personal event. Particularly interesting however was the finding that right hippocampal
activation was additionally observed during future event construction but not past event
reconstruction. This differential activation of the right hippocampus was attributed to the
integration of disparate details into a future event, which is an additional demand not required

for memory recall.

Overall, despite slight variations in assessment across these investigations, it appears
that activation within the prefrontal cortex and MTL structures have been consistently

observed during memory recall and future event simulation, reinforcing the idea of a specific
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core network that is involved in mental time travel into the past and future (Addis et al.,

2007; Okuda et al., 2003; Szpunar et al., 2007).
3.7 Other processes involved in episodic foresight

Although there is strong support for the role of episodic memory in episodic foresight,
episodic foresight involves more than recalling the past and thus requires more cognitive
effort (Arnold, McDermott, & Szpunar, 2011). Evidence for the additional processing
requirements of episodic foresight is provided by studies of clinical populations that have
demonstrated asymmetric performance on episodic memory and foresight tasks, with
episodic foresight impairments not shown to be secondary to episodic memory impairment
(de Vito et al., 2012; Irish, Addis, Hodges, & Piguet, 2012). Other abilities that have been
proposed to contribute to episodic foresight include executive functioning (D'Argembeau et
al., 2010; Suddendorf & Corballis, 2007). This is because episodic foresight requires the
flexible manipulation of past information into a new time period and it also involves the
capacity to inhibit the simple recasting of retrieved memories (Schacter & Addis, 2007). In
addition, processes such as scene construction, self-projection, and narrative ability have also
been implicated in episodic foresight ability (Buckner & Carroll, 2006; Gaesser, Sacchetti,
Addis, & Schacter, 2011; Hassabis, Kumaran, Vaan, et al., 2007). Each of these will now be

considered in detail in terms of their respective contribution to episodic foresight.
3.7.1 The role of executive functions in episodic foresight

Executive functions refer to higher-order cognitions that involve multiple processes
and complex brain networks (Carpenter, Just, & Reichle, 2000). These higher-order
cognitions are goal directed and allow for adaptive planning and successful problem solving
(Carpenter et al., 2000). Executive functions include planning, inhibitory control, task

switching, cognitive flexibility and performance monitoring, with deficits in such processes
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indicative of frontal lobe dysfunction (Carpenter et al., 2000). Given the identified
involvement of prefrontal regions in both episodic foresight and executive processes, as well
as the complex nature of episodic foresight, it has been suggested that the ability to mentally
project into the future is at least to some extent reliant on these higher-order cognitions
(Addis et al., 2007; Buckner & Carroll, 2006; D'Argembeau et al., 2010; Suddendorf &
Corballis, 2007). However, despite this sound rationale, the exact role of executive processes
in episodic foresight is largely unknown. Indeed, there is limited research directly
investigating the role of executive function in episodic foresight, and the research that has

been conducted reports inconsistent findings.

One of the few studies that has explored the role of executive processes in the
capacity to mentally simulate novel future scenarios was conducted by D'Argembeau et al.
(2010). In that study, the authors attempted to identify the individual contributions of a range
of possible component processes that might be involved in episodic foresight including
executive processes. Executive functioning was indexed by performance on verbal and non-
verbal fluency tasks. These two tasks were combined following principal components factor
analysis before being correlated with measures of episodic foresight. Fluency tasks impose
particular demands on executive processes in order to initiate, organise and monitor the
retrieval of information. The findings from D'Argembeau et al. (2010) identified involvement
of executive processes in the recall of episodic memories as well as in the simulation of novel
future scenarios. However there was a differential finding, with executive processes
correlating with the level of specificity in event details only when describing future events
and not when describing past events. The interpretation of these findings by D'Argembeau et
al. (2010) was twofold. First, they concluded that executive processes appear to play a
general support role in “accessing and representing autobiographical knowledge” (pg. 816).

Second, unlike pre-experienced memories of the past, future events are not restricted to any
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particular spatiotemporal context and as a result there are an infinite number of possible
future experiences that can be simulated. Consequently, the construction of novel future
events would require multiple searches within memory stores in order to retrieve specific
details unique to the future event being constructed. Also, monitoring of information being
searched through within memory stores is necessary for future simulation in order to
differentiate between relevant and irrelevant details. This is different to the retrieval of past
experiences as these events have a precise spatiotemporal signature, which would not require
as many search cycles, therefore not requiring the level of support from executive functions

as imagining the future.

Investigations of clinical groups with specific neurological atrophy and identified
episodic foresight impairment have also provided evidence for the role of executive processes
in the capacity to project the self into the future. A study by de Vito et al. (2012) of 32
patients diagnosed with Parkinson’s Disease (PD) supported the findings of D'Argembeau et
al. (2010). de Vito et al. (2012) used a reduced version of the adapted Al (16 cue words as
opposed to 32) to assess mental simulation of past and future events, and also included an
atemporal condition to assess the patients’ capacity to construct mental scenes in the absence
of any temporal element. This condition involved providing participants with short verbal
sentences defining ordinary scenarios (e.g. Imagine you are standing in an open field by the
banks of a river) and instructing them to provide a description of that experience in as much
detail as possible. Executive function was measured using the Frontal Assessment Battery
(FAB) (Dubois et al., 2000). This tool assesses six cognitive processes related to frontal lobe
functioning including conceptualization of knowledge, mental flexibility, and inhibitory
control. The findings of this investigation demonstrated that relative to a healthy control
group, the PD patients had a selective impairment in episodic foresight, which was not

secondary to episodic memory impairment or the inability to construct atemporal mental
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scenarios. Instead, the authors attributed the episodic foresight deficits to executive
dysfunction. This claim was strengthened by further investigation of a subset of seven PD
patients who performed the poorest on the episodic foresight task and who were then
compared to the rest of the group. The groups were compared on their performances on the
Frontal Assessment Battery performance and findings demonstrated that these seven patients

had significantly poorer executive functions than the rest of the group.

It was posited by de Vito et al. (2012) that although PD patients were able to access
and retrieve memories that could be used to construct novel future scenarios, they were
unable to suppress the prepotent tendency to simply recall past. The authors suggested that
this resulted in compromised ability to assimilate past information into construction of the
future. They attributed this lack of ability to fragment retrieved memories for use in future

event construction to reduced executive processes.

A second study indicating a possible link between executive processes and episodic
foresight was conducted by Squire et al. (2010). They administered the adapted Al to a
sample of patients with lesions that were limited to the hippocampus. Given that the
hippocampus is one of the key structures that comprise the core network arguably
underpinning MTT (Schacter et al., 2007), it was postulated that atrophy in this region should
produce specific impairments in MTT. However, the authors found that the patients’ capacity
to reconstruct autobiographical memories and simulate plausible future events was intact and
therefore suggested that impairments in simulating the future were attributable to
neurocognitive dysfunction outside of the hippocampus, including frontal cortices which are
involved in executive processing. The authors concluded that the hippocampus is not as
crucial to MTT as it had been widely accepted, and that declines in the capacity to reconstruct
the past or construct one’s personal future can be attributed at least in part to dysfunction in

areas that govern executive processes.
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Further potential support for the involvement of executive processes in episodic
foresight was provided by Irish, Hodges, and Piguet (2013). Also using the adapted Al, the
authors assessed patients with the behavioural variant of frontotemporal dementia (bvFTD)
on their capacity for past and future event simulation. This neurodegenerative disorder had
previously been linked to significant declines in a number of cognitive processes including
autobiographical memory, which were attributed to executive and frontopolar dysfunction,
but episodic foresight had not been investigated. This investigation identified an episodic
foresight deficit within the context of bvFTD and also identified a neurological distinction
between past and future event simulation. Specifically, recollection of past memories was
reliant on the medial PFC, whereas the simulation of future events was driven by frontopolar,
lateral temporal, and medial temporal areas. These findings not only provide evidence for the
increased cognitive demand of episodic foresight relative to episodic memory, but also for the
involvement of frontal regions in the capacity for future thought which also underpin
executive processing. However, it should be noted that in this study performance on past and
future event simulations did not correlate with measures of executive processes including the
Verbal Letter Fluency test, the Trail Making test (cognitive switching), and the Hayling
Sentence Completion test (cognitive inhibition). The authors suggested that the neuroimaging
findings reinforced the notion that episodic foresight is a complex ability that requires the
involvement of various cognitive processes. However the lack of significant association
between episodic foresight and performance on executive functioning measures led the
authors to suggest that the higher-order cognitions needed for future event simulation may

not have been assessed in this particular investigation.

A lack of association between episodic foresight and executive functioning has
however also been reported in some other clinical groups with compromised episodic

foresight ability. For instance, although Addis et al. (2008) speculated about the involvement
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of executive processes in the age-related declines in episodic foresight, correlational analyses
did not reveal significant relationships between measures of executive processes and future
event simulation. Furthermore, in a study of patients with Post Traumatic Stress Disorder no
association was found between the ability to project into the future (as measured by the
adapted Al), and executive functioning (verbal fluency) in either the clinical or the control
group (Brown et al., 2014). Child studies have also produced similar findings. For example,
given that episodic foresight requires the capacity to switch between and compare different
memories before electing the most relevant to be used in the simulation of a future event,
Terrett et al. (2013) used a measure of cognitive switching from the executive function
domain of the NEPSY Il in their study of MTT in children with Autism Spectrum Disorder
(ASD). Although the ASD group demonstrated compromised MTT into the past and future,
there were no differences in executive functioning as indexed by cognitive switching, and it
did not contribute to episodic foresight in either the clinical or the control group. Similarly,
another study of children’s capacity for episodic foresight revealed a lack of correlation
between a measure of executive processing and episodic foresight after controlling for age

and general cognitive ability (Hanson, Atance, & Paluck, 2014).

The inconsistent findings to date relating to the role of executive functions in episodic
foresight may be attributed to a number of factors, particularly relating to variations in
methodology. First, although many studies employ the use of the adapted Al, a number of
modifications have been applied across investigations. For instance, there are differences in
the use of, types, frequency, and administration of cues. Second, across the studies the
number and type of assessments employed to measure executive processes vary significantly
which may contribute to the differences in findings. For example, D'Argembeau et al. (2010)
used measures of verbal fluency to represent executive processes and found that this ability

contributed to episodic foresight, whereas Terrett et al. (2013) administered one measure of
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executive functioning (assessing switching) and did not find any association between any of
the executive processes and episodic foresight in a group of autistic children or the typically
developing comparison group. These methodological differences therefore reduce the ability

to make direct comparison between studies and their findings.

Despite the variability in findings regarding the role of executive functioning in
episodic foresight, it is generally accepted that it is a complex process which requires the
involvement of a number of cognitive abilities in order to create, mentally project, and pre-
experience a novel future event. Although the roles of episodic memory and executive
processes have been a focal discussion points within the literature, other possible contributors
have also been proposed including the capacities of scene construction and self-projection
(Buckner & Carroll, 2006; Hassabis, Kumaran, & Maguire, 2007; Hassabis, Kumaran, Vaan,
et al., 2007; Suddendorf & Corballis, 2007). Although both of these abilities have been
implicated in episodic foresight ability, the development of the now widely used paradigm by
Hassabis, Kumaran, Vaan, et al. (2007) has allowed for the deconstruction of identified
episodic foresight deficits in various clinical groups which helps shed light on their relative

contributions.

3.7.2 Self-projection, scene construction, and narrative ability

Buckner and Carroll (2006) place particular focus on the process of self-projection as
being important for a number of mental processes including episodic memory, episodic
foresight, spatial navigation, and theory of mind. Self-projection refers to the ability to shift
between one’s current perspective of the immediate environment and a different spatial,
mental, or temporal alternative. However this proposal has been described as somewhat broad
and does not specifically apply to MTT. Suddendorf and Corballis (2007) refined the concept
of self-projection by focusing on the specific capacity to project oneself backwards and

forwards in time, rather than simply changing one’s perspective. This emphasis on the
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capacity to project the self through time is reminiscent of the proposal by Tulving (1985) that

MTT requires an awareness of the self within different temporal dimensions.

In contrast, Hassabis, Kumaran, Vaan, et al. (2007) proposed a theory that
acknowledges, but de-emphasizes the involvement of self-projection for cognitive faculties
including episodic memory and episodic foresight and instead places most focus on the
ability for scene construction. Scene construction refers to the process of building an
imagined scenario in our mind. Hassabis, Kumaran, Vaan, et al. (2007) proposed that scene
construction is the common underlying process that episodic memory and episodic foresight
rely on. Scene construction can be differentiated from simple visual imagery as it involves
mentally generating and combining multiple elements such as contextual details, sensory
details, thoughts, people, and objects, in order to create a coherent, spatial representation of
an imagined scene (Hassabis, Kumaran, & Maguire, 2007; Hassabis, Kumaran, Vaan, et al.,
2007). Hassabis, Kumaran, and Maguire (2007) have argued that scene construction and self-
projection abilities are governed by two discernible neurological substrates, and suggest that
the hippocampus is primarily responsible for scene construction (in terms of combining
disparate information retrieved from memory systems), and the anterior medial prefrontal
cortex, posterior cingulate gyrus, and precuneus are responsible for the capacity to project the
self through time and other self-referential processes involved in MTT. Hassabis, Kumaran,
and Maguire (2007) do however acknowledge the involvement of self-projection and other
self-referential processes in episodic memory and episodic foresight but suggest that these
self-referenced components are additional contributions to the basic ability to construct
mental scenes, which is required for a number of cognitive operations such as planning,

imagination, and navigation.

Referring to the capacity to verbally communicate mental simulations effectively,

narrative ability is another processes proposed to be involved in mental time-travel
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(Corballis, 2009). However the contribution of narrative ability for mental-time travel is
currently not fully understood. Race, Keane, and Verfaellie (2011, 2013, 2015) assessed the
narrative ability of amnesic patients with lesions restricted to the MTL. The authors observed
that despite the amnesic patient’s impoverished narrative ability when describing past
memories or novel future experiences, their narrative ability when describing an event based
on pictorial cues remained intact. This was evidenced by the comparable number of episodic
details generated by the patients relative to healthy control groups (Race et al. 2011, 2013).
Despite subsequent findings identifying qualitative differences in these narratives, where
descriptions by the amnesic patients were less coherent (Race et al. 2015), the authors
concluded that deficits in mental time travel displayed by amnesic patients are not secondary
to impaired narrative ability (race et al. 2011, 2013). In contrast, Zeman, Beschin, Dewar and
Della Sala (2013) did report impaired narrative ability of amnesic patients in comparison to a
healthy control group. However, their sample of amnesic patients was not as homogenous as
the sample recruited by Race et al (2011, 2013, 2015), with additional lesions outside of the
MTL, and cognitive impairments in domains other than memory. These studies have
provided further evidence for the role of the MTL in mental time-travel, but highlight the
need for more exploration of the contribution of narrative ability to this ability within healthy
and clinical groups. Many studies that attempt to differentiate the contributions of each of
these processes use the paradigm developed by Hassabis and colleagues. The following

section will explain this paradigm in more detail.

3.7.3 Disentangling episodic foresight deficits using the paradigm developed by

Hassabis, Kumaran, Vaan, et al. (2007)

As previously noted, many investigations relating to the episodic foresight ability in
adults have used cue word interview type formats that have required descriptions of past and

future events (e.g. Adapted Al). However, in their investigation assessing bilateral
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hippocampal amnesic patient’s ability to imagine new experiences, Hassabis, Kumaran,
Vaan, et al. (2007) developed an imagination task to explore the involvement of different
component processes. Similar to the Adapted Al, this paradigm uses verbal cues as prompts.
However instead of asking participants to recall previously-experienced past events and
imagine themselves experiencing future events in response to single words, participants are
instructed to complete three imagination tasks based on scenario cues for one atemporal
event, a future event, as well as complete a narrative task. Also like the Adapted Al,
participants are instructed to imagine and describe themselves experiencing these situations.
By adopting this approach Hassabis, Kumaran, Vaan, et al. (2007) suggested it would be
possible to disentangles the contributions of scene construction and self-projection to the

imagination of new experiences
3.6.3.1 Hassabis, Kumaran, Vaan, et al. (2007) paradigm cues

As noted, this paradigm is comprised of three types of scenario cues. The atemporal
event condition involves participant reorganizing the existing information from memory to
create a novel, fictitious scenario in a familiar context (e.g. drinking a coffee in a pub/bar).
This does not require MTT and therefore arguably reflects scene construction ability. In fact,
participants are explicitly instructed not to simply recall an actual pre-lived experience of
being in the scenario. While it could be argued that the imagination of everyday scenes relies
on recent episodic memories, the use of familiar, commonplace, scenarios as cues was
specifically selected because knowledge of these scenarios is based on semantic information
which has been collected over time through one’s experience. Therefore participants are able
to generate a mental construction without needing to relate it to a specific personal
experience. The future event condition explicitly instructs participants to imagine
experiencing a possible event in the future (e.g. Imagine how you will spend next Christmas).

Unlike the atemporal cues, the future cues have an additional demand for MTT, and therefore
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require autonoetic consciousness. Finally, the narrative task provides participants with a
story structure on which to base their description of an event. Similar to the atemporal task,
the narrative task requires scene construction ability but has no MTT demand; therefore it
does not require autonoetic consciousness. However the difference between the narrative and
atemporal tasks is that the narrative task makes the lowest demands on imagination by
providing the participant with a detailed story structure on which to base their description.
The inclusion of the narrative task therefore provides an important means of testing whether

any difficulties on this interview-format task simply reflect poor narrative ability.

Although all three conditions are self-referent and require some degree of scene
construction, the variations between the three tasks allow the disentangling of which abilities
might be specifically compromised in episodic foresight. For instance, the future condition is
the only task that involves the additional element of imagining a subjective sense of self in
time (autonoetic consciousness) and therefore difficulties on this task in comparison to the
other two would suggest that episodic foresight deficits reflect particular problems with the
self-projection component of this process. The original protocol involves six atemporal, three
future, and one narrative cue (see Table 1) but a number of studies have administered
variations of the paradigm to clinical groups with already established impairments in episodic
foresight when attempting to disentangle the roles of scene construction and self-projection in
that ability (D'Argembeau et al., 2010; de Vito et al., 2012; Lind, Williams, Bowler, & Peel,
2014; Raffard et al., 2010). This paradigm has been valuable in highlighting the fact that
deficits in either scene construction or self-projection can lead to impaired episodic foresight

ability.
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Table 1.

Details of the 10 Scenario Cues used in the original Hassabis Paradigm

Atemporal 1. Imagine you’re lying on a deserted white sandy beach in a beautiful tropical bay
scenarios
2. Imagine you’re standing in the busy main hall of a museum containing many
impressive exhibits
3. Imagine you’re sitting having a drink in a pub
4. Imagine you’re standing in on the deck of a ship that’s pulling out of port on the
beginning of a voyage
5. Imagine you’re standing by a small stream somewhere deep in a forest
6. Imagine you’re standing in the middle of a bustling street market
Future 7. Imagine something you will be doing this weekend, but just give me one event
scenarios
8. Imagine how you will spend next Christmas
9. Imagine the next time you’ll meet a friend
Narrative 10. Imagine you are standing in the middle of the impressive high vaulted entrance
scenario hall of a mediaeval castle. There is a tower somewhere in the castle, the top of which
is accessed via a circular winding staircase. | want you to describe to me in as much
detail as possible your route through the castle’s many rooms and floors until you
reach the top of the tower. Use all your senses including what you see, feel, and do
on the way to the tower.

3.7.4 Evidence of a link between episodic foresight impairment and scene

construction deficits

Hassabis, Kumaran, Vaan, et al. (2007) were the first to demonstrate an association
between episodic foresight impairment and scene construction deficits in a group of amnesic
individuals with bilateral hippocampal damage. Not only were patients in this study unable to
recall the past or imagine novel future experiences, but Hassabis, Kumaran, Vaan, et al.
(2007) also observed no difference between the ability to construct atemporal and future
scenarios. This finding led the authors to conclude that the hippocampus mediates the
capacity for scene construction by supporting the binding of disparate elements of an
experience into a holistic scenario, which is a key function that underpins MTT into the past

and future.
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Raffard et al. (2010) provided further support for the role of scene construction in
episodic foresight. First, these authors confirmed the schizophrenia-related episodic foresight
deficit established by D'Argembeau, Raffard, et al. (2008). Second, the schizophrenia group
performed less well on both the scene construction and self-projection conditions of the
Hassabis, Kumaran, Vaan, et al. (2007) paradigm, relative to healthy control participants, but
they did not find the future condition any more difficult than the atemporal condition. This
led to the conclusion that impairments in MTT within the context of schizophrenia were at

least in part attributable to deficits in scene construction ability.

Individuals with ASD represent another clinical group that has been investigated in
relation to episodic foresight and its underlying mechanisms. For example, Lind and Bowler
(2010) initially observed parallel deficits in episodic memory and foresight abilities within
the context of hig-functioning ASD. Although both the control and ASD groups found future
event simulation more demanding that memory recall, the adults diagnosed with ASD
demonstrated compromised abilities in the recall of past episodic memories and imagination
of novel future personal event details relevant to normal controls. Lind and Bowler (2010)
postulated that this inability to MTT into the past and future might be explained by an failure
to bind the separate bits of retrieved information into a holistic reconstruction of personal past
events or simulation of plausible future events which are rich in contextual details. Lind and
Bowler (2010) attributed this deficit to limitations in the episodic buffer within working
memory. This refers to a mental space which provides a temporary storage facility where the
binding of information from different memory systems occur (Baddeley, 1992). This process
is strikingly reminiscent of Hassabis, Kumaran, Vaan, et al.’s (2007) description of the
process of scene construction. In a subsequent investigation conducted by the same research
group (Lind et al., 2014), adults diagnosed with hig-functioning ASD completed an

assessment similar to the original Hassabis, Kumaran, Vaan, et al. (2007) paradigm to assess
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episodic foresight and atemporal scene construction, with the inclusion of a recall task to
assess episodic memory. A separate task was also included to assess narrative ability. The
findings of this investigation identified that the adults diagnosed with ASD had compromised
ability across all domains. Relative to the control group, the adults with ASD were unable to
recall personal past events (episodic memory), imagine plausible future events (episodic
foresight), or imagine atemporal fictions events (scene construction). These deficits were not
secondary to narrative ability as there were no differences in narrative task performance
between the two experimental groups. The findings of impaired episodic memory and
episodic foresight are similar to those of previous studies that have also demonstrated deficits
in MTT within the context of ASD. However the particularly notable finding of this
investigation was that the impairment in MTT in adults with ASD appeared to be
underpinned by a diminished capacity for scene construction. Successful completion of all
three experimental conditions required intact scene construction ability. Given that the ASD
group demonstrated compromised ability across all three conditions, the findings provide
evidence that basic scene construction ability appears necessary for MTT in both temporal
directions and that impairment in this basic process may be sufficient to cause ASD related

deficits.

3.7.5 Evidence that episodic foresight impairment can be linked to self-projection

deficits

While a theoretical rationale can be posited, the empirical evidence supporting a role
for self-projection in episodic foresight is scarce. Indeed only one study with older adults has
reported a link between deficits in simulating future experiences and specific impairments in
self-projection (Rendell et al., 2012). In this study Rendell et al. (2012) administered the
original protocol developed by Hassabis, Kumaran, Vaan, et al. (2007) to a group of young

(18 to 27 years old) and a group of older (65+ years old) adults in order to disentangle age-
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related differences in episodic foresight. As expected, relative to the younger adults the older
adults performed less well on all of the imagination tasks (narrative, scene-construction, and
self-projection). However the ability to provide contextually rich descriptions of future
scenarios was disproportionately impaired in the older group. Thus this study not only
identified age-related declines in episodic foresight but also showed that this deficit appeared

linked to compromised self-projection ability.

The literature relating to episodic foresight in the context of clinical groups, and the
components that underpin this ability is not clear-cut. Evidently there is a need for future
studies to clarify not only which clinical groups are impaired in this ability, but also to

identify what underpins these difficulties if we are to offer more effective support.
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Chapter 4: Introduction to Article 1

4.1 Title
Episodic foresight deficits in long term opiate users
4.2 Objectives

There is strong evidence demonstrating adverse neurocognitive outcomes within the
context of chronic opiate use which give rise to impairments in cognitive processes that are
imperative to adaptive independent living. Neuroimaging studies have identified structural
and functional abnormalities within the prefrontal and temporal regions which are areas
heavily involved in higher-order cognitions and memory, respectively. Although there are a
number of cognitions associated with long-term opiate use, episodic foresight, a cognition
closely related to memory, has not yet been directly assessed in any substance-using

population.

Referring to the capacity to mentally time travel into the future and pre-experience
novel scenarios, episodic foresight has demonstrated significant adaptive value as it allows
for the construction of scenarios in our mind’s eye which can be hypothetically worked
through before execution. The literature has provided strong evidence that this complex
ability is reliant on episodic memory to provide the building blocks for future event
construction; as well as executive control to assist in the assimilation of retrieved
information. Episodic foresight can play a role in the planning of future goals as well as
within decision making processes which see the fulfilment of long term needs given priority

over choices leading to short term or immediate gratification.

A breakdown in episodic foresight may cause significant difficulties in everyday
functioning given that the frequency of future-oriented thoughts outweighs thoughts that

require recall of past experiences. This could pose particular difficulties for individuals being
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treated for substance dependence. Indeed, compromised episodic foresight ability may help
explain, at least in part, the extremely high relapse rates associated with chronic opiate use,

given that many relapse prevention protocols heavily rely on future-oriented thinking.

The primary aim of this first study was to directly assess episodic foresight ability in
the context of chronic opiate use. The secondary aim was to explore whether any identified
deficit could be attributed to impaired episodic memory and/or executive control given the
neurological overlap with memory, and evidence suggesting involvement of complex higher-

order cognitions in this ability.
4.3 Method

To assess episodic foresight the Adapted Autobiographical Interview was
administered to 45 opiate-dependent individuals currently engaged in opiate substitution
treatment, and 45 demographically matched control participants. The primary eligibility
criterion for the opiate user group was current enrolment in an opiate substitution program
(e.g. methadone). The opiate user group was recruited from Melbourne-based pharmacies and
health services which dispensed opiate substitution treatment. Control participants were

recruited from the general population through social contacts of the researchers.

Three measures of executive control were completed by all participants and episodic
foresight was assessed using the Adapted Autobiographical Interview, which also provided
an index of episodic memory. Participants were required to recall and describe events from
their personal past (episodic memory) as well as construct novel future scenarios (episodic
foresight). Interviews were independently transcribed and then scored for two types of
details. Higher numbers of internal (episodic, related to event being described) details

produced in the future conditions indicated better episodic foresight ability.
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4.4 Results

Relative to controls, the opiate use group generated significantly fewer internal details
when imagining the future but not when recalling the past. The opiate group performed less
well than controls on only one measure of executive function which assessed cognitive
inhibition. The results also provided support for the overlap between episodic memory and
episodic foresight with significant relationships found for both experimental groups.
However contrary to some previous literature no relationships between episodic foresight and

executive control were found.
4.5 Conclusions

This study is the first to directly assess episodic foresight ability in the context of
substance use. The findings suggest that although this group were capable of retrieving past
details, they were not able to assimilate that information to construct novel future scenarios.
These findings may have implications for the modification of relapse prevention strategies
that rely on future-oriented thought processes. The absence of memory impairment despite
the observed episodic foresight deficit in the opiate group also paves the way for future

research to explore other factors contributing to this compromised ability.
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Abdract

Rationale There isconsiderableliteralure showing that opide
use is associded with a range of neurocognitive deficits,
induding deficits in executive control and episodic memorny.
However, no study to dale has assessed whether these
neurocognitive difficulties extend to the ability to mentdly
time travd into on€e's persond future This is a surprising
amission given tha executive contrdl and episodic memory
areconsderad tobecritical for episodic foresight. In addition,
opide-rdaed brain changes have been identified in theneurd
regions that underlie the capacity for episodic foresight.
Objective In the present study, we assessed how episodic
foresight is alfected in the context of chronic opide uss, as
wdl as thedegree to which any deficits are rd aed todifficul-
tieswith executive contra and episodic memory.

Methods and Results Forty-eight long-temn heroin users en-
rolled in an opide subsitution program and 48 controls were
tested. Theresults showed that, rdativetocontrals, thedinica
group exhibited significant impairment in episodic foresight
but not episodic mamory (asindexed by an adapted verson of
the A utabiographica Interview). For executive function, the
dinicd group was impared on only one of three measires
(Inhibition).
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Condusions These data provide important prdiminay evi-
dence tha episodic foresight might beparticularly susceptible
to the neurocognitive effects of opide use, as the difficulties
identified were not secondary to more generd executivecon-
trol or episodic mamory impament. Because a number of
widdy used rdapse prevention protocals requirethe ability to
mentdly project into the future these daa hare potentidly
important practicd implicationsin rdation to the trestment of
substance dependence disorders.

Keywords Episadicforesight - Opiateusers -
Autobiographicd Interview - Executivefunctions - Episodic
memory

Introduction

There is now a consderable literalure showing that chronic
opiate use is characterized by prominent neurocognitive im-
pament, paticulaly in prefronta and media tempordl struc-
tures(Cheng et d. 2013; Erscheet d. 2006; Fu etd. 2008; Liu
et d. 2009). Consstent with this pattemn of neuropathalogy,
opiate use hasd sobeen associaed with deficits on behaviora
measuresof executi ve funclioning and episodic memory, cog-
nitive sbilities that ae known to impose paticular demands
on prefronta and medid tempord neurd substrales, respec-
tivdy (Femandez-Serrano et d. 2011; Verdgo-Garcia and
Pérez-Garcia 2007, Verdgo-Garcia € d. 2007).

Episndic foresight is a critically important cognitive bility
tha may dso be impared in opide users because of its
rdiance on prefrontd and medid tempord neurd regions
Referring to the specific capacity to mentdly travd forwad
in time, episodic Foresight has immense survivd vduedue to
itsanticipatory nalure. Being abletoproject onesdf forward in
time dlows for mentd rehearsd of behaviors before sdecting
the action that will lead to a desired outcome (Suddendorf and
Carbdlis 2007). D’Argembeau €t d. (2011) highlighted the
prominent rde thinking about the future plays in everyday
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life, reporting that the frequency of future-oriented thoughts
outweighs those about the past, with a future thought occur-
ring every 16 min. Episodic foresight has been consistenfly
linked to independent living and a wide variely of functiond
behaviors (Suddendorf and Henry 2013} and thus deficitsin
this ability can have profound consequences. Indeed, a re-
duced capacity for episodic foresight has now been linked to
functiond difficulties in a number of clinicd groups
(D’ Argembesau e d. 2008; Lind and Bowler 2009; Sarkohi
et d_2011; Terrett et d_ 2013).

A breskdown in episodic foresight therefore represents an
important potentid mechaniam that may contributeto thepoor
funcliond, socid, and economic outcomes often associated
with chronic opiae use (Hser et d. 2009; Villeux < d. 2010).
However, from theliteralure to date, it has only been possible
to infer how the capacity for episodic foresight is affected in
opide users indirecly via assessment of cognitive processes
that incorporaled some dement of future thought, for exam-
ple, planning, decison-making, or prospective memory
(Ersche e d_ 2006; Grant et d. 2000; Rogers et d. 1999;
Temett et d. 2014). Since each of these rdaed apects of
progpection was found to be disrupted, these daa support
the possbility that problenswith episodic foresight may dso
be aneurocognitive feature of chronic opide use. To thebest
of our knowledge, the present study provides the first direct
test of this posability.

The secondary god of the present study was to darify the
axtent to which any episodic foresight difficulties seen in the
context of chronic gpide use are rdaed to other cognitive
difficulties Pre-experiencing one’s persond future is a com-
plex processwhich islikdy to rdy on multiplecognitions For
axanple, it has been suggested that semantic memory, (Irish
e d. 2012) which provides semantic knowledge for usein the
formulaion of a future scenario, and scene construction,
which refers to the capacity to crede an imagined scenaio
in our mind's eye (Hassabis et d. 2007), may both be impor-
tant to engage in episodic foresight. However, paticular a-
tention has been pad to episodic memory which has been
sirongly implicated in the capacity to project the sdf into the
future. According to the constructive episodic simulation
hypathess, episodic foresight rdies heavily on the retrievd
of persondly rd evant memaories of the past (gpisodic mamo-
ry) asthese provide thebasic building black sfor the construc-
tion of novd future experiences (Schacter et d. 2007). Epi-
sodic foresight however involves more than just memory
recdl and is thus more cognitivdy demanding (Amold et d.
2011). For instance, it involves hading information in mind,
manipulding tha informaion flexibly, and inhibiting the ten-
dency to simply retrieve actud meamories (Schacter and Addis
2007). Assuch, it has been suggedted that episodic foresight
imposes substantial demands on executive control
(D Aganbeau et d. 2010). Given that executive contral and
episodic mamory have been shown in a number of sludiesto
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dedine in the context of opide use as previoudy noted, we
investigated the a=ssocidion between episodic foresight and
bath of these abilities.

Three predictions were made. First, it was anticipated that
compared to demographicdly mached contrds, long-term
opiate users would be more impaired in episodic foresight.
Second, it was predicted that long-temn opide users would
show deficits in executive functioning and episodic meamory.
Findly, due to neurdogicd overlap, it was anticipated that
episodic foresight ability in both the dinica and nondinica
groups would be significantly cormdaed with both executive
contra and episodic manory.

M ethod
Paticipants

This study was approved by the Audtrdian Cathdlic Univer-
sity ethics committee and conformed to the ethicd standads
<et out in the 1964 Declaation of Hdsinki. Forty-eight long-
termn opiae-users (years of opide use, M=13.89, SD=6.48)
aged 27 to 50 years (M=37.56, SD—=6.45) were recruited as
wasacontrd group condsting of 48 adults aged 20to 56 years
(M=36.73, SD=10.28) with no reported history of dcohd or
other drug dependence. The two groupsdid not differ signif-
icantly on gender, x2 (1, 96)=1.12, p=0289. They were
malched on age and years of formal education and premorbid
1Q as measurad by the Nationd A dult Reading Test (Nelson
1982) (see Table 1). However, the opiae group reported
higher levd sof negdive alfect asmeasured by the depression
and anxiely subscdes of the Hospitd Anxiety and Depression
Scde (Zigmond and Snaith 1983).

The paticipants in the opide-user group were currently
enrdled in an opide subslitution program (Methadone n=31;
Suboxone n=16; Ndoxone n=1). The average dose of Meth-
adone was 52 18 mg (SD=3791) and Suboxone was
10.53 mg (SD=7.88). The frequency of participant-reported
current substance useisdisplayed in Table 1. Theopiaegroup
was recruited using fliers distributed through phamacies
Higibility for the.opi aegroup required aminimum of 2weeks
stahility on an opiae agonist prior to testing and abdtinence
from opide agonist use for a least 5 h prior to teding. The
contral group was recruited using persond networks.

Exdusion criteria for both groups induded a previous or
current neurdlogica condition, a psychidric disorder, ahisio-
ry of heavy dcohal use (defined as 28 slandad drinks per
week for men and 14 for women) (Austrdian Naiond Hedth
and Medicd Research Council 2001), or a previous acquired
bran injury. Paticipantswereinsiructed to refrain from useof
dcohd or illicit drugsin the 24 h prior to testing. Participants
were sent a reminder text message a lead 24 h prior to their
testing time, and abstinence was confirmed via sdf report on
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Table1 Patidpant charactaistics

Comiral group n=48 Cyiale group n—=48
M D M @D o) d

Propartian of men (3%) 56 % 69 %
Age{in yers) 3673 1028 756 645 048 009
Educalion {in years) 1425 258 13.33 262 173 036
Esimaled 1Q 1071 496 11253 641 156 032
Menia hedth

Depression 263 258 647 422 540°* 109

Amddy 555 361 LE 425 350~ on
Execulive funcion teds

Vabd Fuency fes® 6236 14.11 5843 1513 132 027

Trail Making Test®(s) 3176 1641 022 BM 184 038

Hayling® 5.85 125 49 148 30” 063
Frequency of parlidpants engaging in cumant substance we

Nicotine 14 3B

Alcohd® M b

Camahid 4 19

Amphetamine’ 2 16

Cocaind 2 -

Bearezodiazepines) - 1

Heoin" - o

“yarbd fluency score represants the sum of phonamic and semiantic fluency scores
PPaticipant parfomance on TMT was messured by subiracting the ime {s) taken for pait A from pait B

“Overal scaled score
9Daly frequency of nicotine use reporied far both groups
“Weddy frequency of dochol usereporied far both groups.

T Less than ancea manth’ frequency of usereported for cantrol group wheress* at least once a wedk frequency of use reporied for opiiale group
d=Cohan’s d index of effect size. Cahen (1988) defines effect dizes of 02 asardll, 0.5 asmedium, and 0.8 & lage

*p< O

the day of testing. Participants were dso excluded if English
was nat their first language. All paticipants were reimbursed
up to AUS30 (1 USD$30) for their time:

Maerids
Executive function

Three measures of executive contrd were used that were
particulaly sensitive to menta flexibility, inhibitory con-
trol, and sdf-initiaion, repectively. Firgt, the Trail Mak-
ing Test (TMT) was used as this has been shown to
provide a sensitive measure of mentad flexibility
(Arbuthnolt and Frank 2000). The TMT condds of two
parts. Pat A requires paticipants to draw one continuous
line to connect 25 scatered cirdes numbered from 1 to
25 in increasing numericd order. Part B requires the
participant to draw a line connecting numbers and letters
in increasing and dtemaing omder (1-A-2-B-3-C, dc.).

The TMT was aiministered according to the guiddines
in Strauss e a_ (2006). Each part is timed and recorded
in seconds Participant perfoomance was measured by
subtracting the time taken for pat A from part B, with
lower scores indicating better performance.

The second executive measure used was the Hayling
sentence completion test. This is a two-pat, timed, verbd
task that was used in the present study because of its
sensitivity to inhibitory control (Burgess and Shdlice
1997). Pat A requires participants to sensibly complete
15 sentences (e.g., “She caled her husband at his
...[WORK]™ ). Part B (inhibitory control} requires partici-
pantsto complete another set of 15 sentenceswith unrdaed
words (eg., “The captan wanted to stay with the sinking
..-[LIPSTICK]"). Performance is measured by tdlying er-
rors and tota time taken (in seconds) to complete both
pats, which is then converted to a scded score. Adminis-
traion and scoring complied with instructions provided in
the testing manud (Burgess and Shdlice 1997).
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Findly, verbal fluency (both phonemic and semantic
probesy was used as the thind executive measure to provide
an index of cognitive inifidion (Strauss et d. 2006). For
phonemic fluency, paticipants were insiructed to generae s
many exemplars of words beginning with the letters F, A, and
§ excluding numbers, proper nouns, or the sameword with a
different suffix. Each probe was dlocaed 1 min. Totd pho-
namic fluency was delermined by subtracting ermors from
corect responses. To assess samantic fluency, participants
were then instructed to genaale as many names of animals
aspossible in oneminute: Both measures have been shown to
be vay sendtive to frontd neurd substrates and to be vaid
indicaors of executive control (Henry and Crawford 2004).

Episndic foresight

This study employed an adaptalion of Levine e 4.
(2002) Autobiographica Interview (Al) by Addis,
Wong, and Schacter (2008). All administration, training
of scorers, and scoring procedures closely fdlowed the
procedures of this adaptaion. The Al is a semi gruc-
tured interview used to assess episodic and non-episodic
content in two tempord phase conditions (past and
future) and therefore provides an index of both episodic
memory and episodic foresight. Participants are
instructed to describe a previoudy experienced past
event or a novel future event in response to a cue word.
The events had to refer to a specific time and place, be
less than 1 day in duration, and be described from the
participant’s subjective perspective, raher than that of
an cobserver. Three minutes is dlocaed for each cue
word response, with timing stating once the participant
decides on an event.

Al cuewords Six cue words were chosen from the “AF
fective Noms for English Words™ list (ANBEW, Bradley
and Lang 1999). Guided by the ANBW vadence ralings,
we chose two positive (birthday, vacation), two negdive
(nightmare, accident), and two neutrd (taxi, bench}
words (vdence raings M=8.0, M=2.0, M=48, respec-
tively). The mean frequency of word use for these
positive, negaive, and neutra words was smila (ie,
325, 21, and 255, respectively). Three cue words (one
of each vdence) were aiministered for each tempord
condition. Similar to other studies using this protocol
(eg., Irish et d. 2012), dl three cues for one tempord
condition were completed before administraion of the
three cues for the other tempora condition which
dlowed for a reduced cognitive load and greater facil-
itation of instruction comprehension. The order of cue
words was counterbdanced within each tempora condi-
tion leading to six countetbdanced versions of the tash.

@ Springer

Al testing sessions Three interviewers were traned to fol-
low the Al administradion procedure. Paticipants were
provided with instructions tha incduded a demonstration
of an event description prior to administraion of the test
cues Once the demonstration and dl three events rela-
ing to one tempord direction were completed, this was
repeated for the remaining tempora direction. Set
prompts were provided when daificaion of instructions
or faciliteion of further event description was required,
for example, “please tdl me more about wha you were
thinking, feding and doing.”

Al scoring Interview transcripts were scored fdlowing the
standardized procedures outlined by Addis et d. (2008). First-
ly, acentrd event was identified in the transcription for each
cue word trid. Detals were segmented and caegorized as
either internd (episodic detalls specific tothe centrd event) or
extend (non-episodic detals induding repetitions, samantic
information, and information not specific tothecentrd event).
The number of intemnd details generaled for fulure events is
the primary measure of episodic future thinking, and the
number of intemd detals for past events indexes episodic
MEmory.

Threeindependent scorerswho were blind to project ams
and paticipant group membership scored the transcripts.
Training manuds were provided by Donna Addis, which
induded an annotated example of scoring and 20 scoring
events Inter raer rdiability between the three scorers across
the 20 training events was assessed on thebasis of atwo-way
mixed-design andysis of variance (ANOVA ) intrad ass corre-
ldion andysis Cronbach’s dpha dbtained with our three
scorers was 098 for intemd and 0.90 for extemal detals
The three scorers coded portions of the full dataset, and each
scorer was assigned an equa number of transcripts from both
axperimenta groups.

Procedure

All paticipants provided informed consent and were dl tested
individudly in one session of approximaldy 3 h durdion,
with breaks provided as needed. Adminisiralion of cognitive
assesaments was counterba anced.

Daaandyss

All stetisticd tests were two-taled. An dphalevd of p<0.05
was considered significant, and effect sizes were esimated
using patid eta-squared (nzp). Dalawas screened for missing
vaduesand oulliers. Little'sMCAR test indicated that datawas
missing completdy a random, 2 (1)=1.12, p=0.173; there-
fore, expectation maximizaion was used to replace missng
vdues Significant positive skewness within the interview
data was redtified using logarithmic trensformaions.
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positive, negaive, and neutra words was smila (ie,
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condition. Similar to other studies using this protocol
(eg., Irish et d. 2012), dl three cues for one tempord
condition were completed before administraion of the
three cues for the other tempora condition which
dlowed for a reduced cognitive load and greater facil-
itation of instruction comprehension. The order of cue
words was counterbdanced within each tempora condi-
tion leading to six countetbdanced versions of the tash.
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Al testing sessions Three interviewers were traned to fol-
low the Al administradion procedure. Paticipants were
provided with instructions tha incduded a demonstration
of an event description prior to administraion of the test
cues Once the demonstration and dl three events rela-
ing to one tempord direction were completed, this was
repeated for the remaining tempora direction. Set
prompts were provided when daificaion of instructions
or faciliteion of further event description was required,
for example, “please tdl me more about wha you were
thinking, feding and doing.”

Al scoring Interview transcripts were scored fdlowing the
standardized procedures outlined by Addis et d. (2008). First-
ly, acentrd event was identified in the transcription for each
cue word trid. Detals were segmented and caegorized as
either internd (episodic detalls specific tothe centrd event) or
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information, and information not specific tothecentrd event).
The number of intemnd details generaled for fulure events is
the primary measure of episodic future thinking, and the
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78



Authar'spersonal acopy

Peychaphamacology

Results
Background measures of cognitive functioning

Descriptive and inferentid slalistics for the verbd fluency,
TMT, and Hayling are reported in Table 1. 1t be seen that
the only group difference to amerge was for the executive
measure thal was paticulaly sensitive to inhibitory control
(Hayling). The opide group paformed significantly worse
than the contrad group on this measure.

Autobiographicd Interview (Al)

Anindependent samples t test found no significant differences.
(p=0.731) between the opide (M=374.70, SD=12793) and
contrd (M=373.60, 9D=184.60) groups on the fotd number
of detals generated across dl six interview conditions, sug-
gesting no differencesin overdl amount of verba output.

The number of detals generaled for padt and future events
isdisplayed in Fig. 1 asafunction of group status (opiate-user
group, contrd}, tamporal direction (pad, future), and type of
details (intemd, extemd). A mixed 2x2x2 ANOVA was
conducted for the number of detals generated. The belween-
groups variable was group status, and the within-groups var-
iebles were tampord direction and detal type Given the
significantly higher levds of psychopathdogy reported in
the gpiae group, it seemed important to consider whether
mentd hedth issues may have had an impact on episodic
foresight ability. No significant associdions were evident
between the outcome varizble of future intema detals with
either depression or anxiety for both the contrdl (dl p=0293)
and gpide (dl p=0237) groups. Consequently, no stalisticd
control for these variables was required for the ANOVA
andysis (Tabachnick and Fiddl 2006).

There was aman effect of tempord direction, F(1, 94)=
55.95, p<0.001, n,°=0.373; howeve, there were no main
effects of group stalus F(1, 94)=0.12, p=0.731, n92=0.m1,
or detdl type F(1, 94)<0.01, p=0.999, qP2<0_01. The two-
way interaction of tampord direction and group staluswas not
significant, F(1, 94)=2 14, p=0.146, an—0.022 but gl other
two-way interactions were group stalus and detal type, F(1,
9M)=26.76, p<0.001, an—UZ-'Z and tempord direction and
detal type, F(1, 94)=201, p=0.003, an—0.0BT. The inter
action between group stausand detail type indicated that the
contrad group genaraed a greadler number of intemd detals
than the opiae-user group but this patemn was the reversein
rddion to externa delals The interaction between tempord
pha=seand detal type showed that greder intemd dealswere
reported in the past raher than in the future condition,
supporting the nation tha overdl, episodic foresight requires
more cognitive effort. Therewas d so a threeway interaction,
F(1, 94)=6.63, p=0.012, n,°=0.066.

g

g
=

Mean number of detalls generated
¥ & 8 & B B

-

Past miernals  Fubure Intermals  Past Externals Fubure Externals

Fig. 1 The mean numbar of imamal and extemnal delsils genaraled on e
Al aa funclion of group salus (cormnol group, n=48; opiate user group,
n=48) and temporal direction. {Emor bars depict standand amor of the
mean)

The significant three-way interaction was further investi-
gded with two 2 (group saus) x 2 (tempora direction)
ANOVAs conducted sepadely for intemd and extend
detdls

Andysis of the number of intemd detals

This andysis reveded significant man effects of tempord
direction F(1, 94)=44.96, p<0.001, n,2=0.312 ad group
stalus F(1, 94)=823, p=0.005, np2=0.080. An interaction
between tempord direction and group status F(1, 94)=7.95,
p=10.008, np2=0.078 was dso found. This interaction was
andyzed with tedts of smple effects that reveded a smple
main effect of tempora direction both within the control
group, F(1, 47)=7.55, p=0.007, np2=0.074 (medium effect
size) and within the opiale-user group, F(1, 58)=345.38,
p<0.001, an—O.EZB (very lage effect size). Figure 1 shows
that both groups provided moreintema detalswithin the past
condition than within the future but the difference was much
lager for the opide users. Further andysis of the interaction
reved ed asmpleman effect of group stausfor future events,
F(1, 94)=11.64, p=0.001, an—0.110. but not for past events
F(1, =272, p=0.103, np2=0.028_ Although overdl the
opide group generded fewer intemd detals (M=15967,
SD=85.18) than the control group (M=233.69, D=170.12),
thedifferencein thefuturecondition waslager than tha in the
past condition, see Figure 1.

Andysis of the number of externd detals

Thisandyss reveded aman effect of group stalus F(1, 93)=
14.6862, p<0001, qp2=0.1$. However, unlike the pattern for
intema details, the opiae-user group generaed more detals
than the contral group. No main effect of tempora direction
wasfound, F(1, 98)=0.33, p=0.567, qp2=0.004(r interaction
between tampord direction and group status, F(1, 93)=233,
p=0.130, an—0.0Z4. Overdl, the opiae users provided
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significantly more extemd delals (M=215.02, SD=9527)
than the contrd group (M=139.90, SD=5898), irespective
of tempord direction.

Comd dions with future thinking

The find andyses involved examining the rdaionships be-
tween episodic foresight (future intemd detals), episodic
memory (past intemnd detals), and the three measures of
axecutive funclioning for the two groups sepaddy. It can
be seen that the only significant rddionship to emege was
between episodic foresight and episodic memory, which was
seen in both groups (r=0.56 and 0.81 for the opiae users and
contrdls, respectivdy) The Pearson product-moment corda-
tions between episodic foresight and executive function ae
reported in Table 2.

Discussion

The=e data provide novd insights into how neurocognitive
function is afected falowing chronic opiae use and specifi-
cdly, provide the first direct assesament of how the critica
capacity for episodic foresight isimpacted. The resultsdealy
indicdethat rddivetocontrols, episodic foresight isdisrupted
in this group, as operationdized by the generdion of fewer
episodic detalswhen imagining novd future scenaios Thus,
dthough cother studies have shown opide-rdaed deficits in
rdded aspects of progpection, such asplanning and prospec-
tive meamory, these daa provide evidence that the capacity for
episodic foresight specificdly is dso alversdy affected. The
lower levd of episodic detals generaled for the future condi-
tion reflects a core dedficit in gpisodic future thinking among
opide users and is not simply a reflection of agenerdly lower
levd of verbd output This is supported by the fact tha the
opide group did not differ from contrds on the fotd number
of detals generaled when describing a future event but did
differ on thetype of detail. Specificaly, the opiate-user group
genarated more non-gpisodic (ie, externd ) detals than epi-
sodic detals despite explicit instructions in the A utobiograph-
icd Interview procedure to provide episodic detals. Consis-
tent with the view of Irish et d_ (2011), it is therefore sug-

Table2 Pearsan produck-mamant cardaions belween episodic fulue
Thinking {fulureimiemas) and execulive funciions for each contrd and
cpide-user groups separdldy

Conirol goupn=48  Opiale usar group n—=48
Vabd fluencytest 0231 o1
Tl Making Tedt -0.183 0086
Hayling 0039 -0044
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gested tha an overproduction of exteana/non-episodic detdls
is representative of “off-target™ retrievd of memories, and in
the context of the A utobiographicd Interview, such responses
areconsidered eroneous.

The potentid functiond implications of these findings are
substantid. This isbecause episodic foresight has an anticipa-
tory dement which dlows for the capacity to construct and
waork through various hypothetica scenarios before executing
any god-directed action (Suddendorf and Corbdlis 2007).
Difficul ieswith this capacity may therefore limit the frequen-
cy of behaviord contingencies constructed, restricting choice
of actions that would potentidly achieve desired godls. In the
context of chronic opiale use (and possibly other commonly
abusad drugs that are simila in their neurocognitive effects),
impaired episodic foresight may therefore confribute to the
md adaptive decision-making observed in this group that sees
thefulfillment of current needsgiven priority over themeeting
of future gods tha may potentidly yield greder rewands
(Grant et d. 2000). Potentidly inconsistent with this agu-
ment, however, in the present sludy, the two groups were
equaed on the Haing inhibition task, a measure thal taps
into the restraint function of inhibition. Because different
meeasures of inhibition are often uncormd aled with each other
and are often differentidly comdated with other cognitive
functions (Kramer et a_ 1994}, future research should indude
more than one measure of inhibitory control to more rigor

foresight. Any reduction in this capacity ispaticul aly mean-
ingful when considered within the therapeutic contesxt for this
group. Specificdly, given the god-directed nature of episodic
foresight, deficits could jeopandize thergpeutic progress as
many rdapse prevention stralegies require an dement of
future thought. Techniques such as god selting, role playing
how to dedine future drug offers, and weighing up future
consequences of achieving abstinence require projection to
an unfamilia future, free of nacotics Thaefore, in the &-
sence of tageted cognitive rehabilitaion techniquestha focus
on enhancing the capacity for episodic foresight, encouraging
future-oriented thinking in the context of rdapse prevention
may have only limited efficacy.

The second mgor finding to emerge was that, for both the
dinicd and the contrd groups generaling episodic detals in
the future proved much more difficult than recaling episodic
detdls from the past. This finding is consistent with other
evidence suggesting tha the construction of novd, future
experiencesrequiresmorecognitiveeffort than the reconstruc-
tion of the past (Amold et d. 2011; Okuda et d. 2003;
Schacter et d. 2007). Moreover, the magnitude of the differ
ence belween remambering the past and imagining the future
was much layger for the opiate-user group than the contrals
Thissuggests that imagining one’spersond future is particu-
laly difficult for thosewith a history of prolonged opige use
In addition, while some dinica groups have damonsirated
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deficits rdative to contrals in rdation to both past and future
tempord directions (Addis et d. 2008; Temett e a. 2013),
others haveindicaed asdective impament in episodic fore-
sight (Brown et d_2014; deVito et d_ 2012, Duva et d_ 2012,
Irish et d. 2012) as was the case in the current study. This
suggests that the deficit in episodic foresight shown by opiae
users may not be atributabl e to probl ens access ng themeam-
ories required for future event smuldion but instead may
refledt difficulties with other ahilities likdy to contribute to
episodic foresight such as scene construction (Hassabis and
Maguire 2009} or samantic memory (Duvd et d. 2012 Irish
et d. 2012, Irish and Figuet 2013). The preservation of epi-
sodic memory but impaired foresight ability observed in the
opidegroup in our sludy suggeststha i ntact episodic memory
functioning, while it may bea contributor, isnat sufficient for
episodic foresight.

The third key contribution of this study was to provide
insights into the neurocognitive comelaes of episodic fore-
sight difficultiesin this populdion. As hypothedzed, episodic
mamory and episodic future thinking were significantly cor
rdaed in bath the dinicd and nondinica groups This find-
ing supports dams that episodic mamory is an important
contributor to episodic foresight and that both abilities may
be served by similar neurd and cognitive structures (Buckner
and Camdll 2006; Hassabis ef d_ 2007). However, it is note-
waorthy tha the strength of the cordation within the opide
group was weaker than tha within the contrd group. Given
tha the two groups did not differ on episodic memory, the
wesker corrd dion for the opiate group isaso consisent with
our suggestion tha dthough they may be equdly able to
access the basic mataids necessay for the construction of a
future scenario, they may be less able to perfform the other
aspects of the process of episodic foresight not tapped by the
present study. These data therefore reinforce the notion that,
dthough important, episodic memory done is not sufficient
for future event construction. Al so, contrary to predictionsand
some previous literaure (D' Argambeau e d. 2010; de Vito
e d. 2012), the cordaliond andyses in the current study
showad tha executive contrd, as operdtiondized by three
distinct indicalors of this construct, was unrdated o episodic
foresight in both groups. These results therefore suggest that
executive contrd may not be a core ability underpinning
episodic foresight, dthough it is posdble that executive con-
trdl operdlions not assessed in the current study, for example,
those more directly invalved in retrievd (eg., efficient orga
nizaion), scene condruction, or samantic memory, may be
more pertinent for episodic foresight.

A noteworthy Fegture of the current study rddes to the
unexpectedly high levd of functioning observed in the opide-
using group. As noted, they displayed only modest deficits in
executivecontrd rd dive to thecontra group, were community
dwdling, and were not recruited from residentid treaiment
facilities Consaquently, dtendance a the testing sesson & a

universty was rdiant on paticipants’ persond motivaion to
dtend (and capacity to do so). Secondly, a lager-than-
anticipaled proportion of the opiae group hal completed for-
ma educdion post-high schodl. In fact, two thirds of both
groups reported completing post-secondary school education
in some capacity, and therewas only arddivdy amal percent-
age difference belween controls and opide users who obtai nad
collage educdions, 31 versus 23 %, repedivdy. It theefore
seans likdy tha the sanple abtaned in this sudy is a higher-
functioning subset of a vul nerable populaion, for whom cog-
nitive Functioning islagdy intact It is possible tha For other,
more impaired mambersof this populdion, dgnificant comda-
tionsbelween executive control and episodic foresight may be
evident. This is a posdbility that warants direct empirica
invedigaion. Neverthd ess, thepresent study’ sfindings of only
rddivdy limited executive difficulfies in this populaion—
coupled with significant deficits in episodic foresight—indicae
thd problemswith episodic foresight are not simply seconday
to more generd contral difficulties and may be a rddivdy
pervasive fedlure of chronic opide use that is evident even in
rdaivdy high-funclioning sectors of thispopulation.

Inlinewith previous investigalions of long-term substance
use, alimitdion of thesedda isthe heterogeneity of substance
use history among paticipants. It is unlikdy tha opiges are
the drug of preference for novice users; therefore, opiae users
inevitably have along-running history of paydrug abuseand/
or dependence. Moreover, the sample recruited in this study
was paticipding in opide subditution treament. Thus, it is
difficult to ddineate the effects of opiaes from other sub-
stances. Furthemnore, we did not explore the influence of
nardive ability (Brown et d_ 2014; Gaesser et d_ 2011) in
explaining thepattemn of results, which should be addressed in
futurestudies.

In condusion, dthough more work is required to under
stand why episodic foresight is compromised in this popula-
tion, the results pave the way for further explordion of the
underlying cognitiveand neurd mechaniamstha may explan
the dbserved impaimmentsin thecontext of chronic opiaeuse,
aswdl asother drug-using groupstha exhibit similar;, or even
more severe, neurdlogicad impaments. Findly, these daa
provide vauable informaion that extends our understanding
about the neurocognitive capacity of this dinicad group, with
potentidly important implications for the refinement of cur-
rent thergpeutic interventions tha incorporate the need to
engage in future timeprogjection.
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CHAPTER 6: Introduction to Article 2
6.1 Title
Exploring episodic foresight deficits in long term opiate users
6.2 Objective

Episodic foresight is a complex cognitive process. Although the relationship between
episodic foresight and episodic memory has been consistently supported in the literature
(Addis et al., 2007; Okuda et al., 2003; Szpunar et al., 2007) clinical groups have
demonstrated specific impairments in episodic foresight which are not secondary to episodic
memory deficits (de Vito et al., 2012; Irish et al., 2012; Mercuri et al., 2014). As a result, the
literature has begun to investigate the influences of other contributing factors including scene

construction and self-projection.

Scene construction refers to the ability to generate mental scenarios in one’s mind
irrespective of temporal context, whereas self-projection refers to the capacity to shift
between alternative perspectives; for instance, different time periods. There is evidence to
support the possible contribution of scene construction and self-projection to the impairment
in episodic foresight deficit observed in chronic opiate users. Episodic foresight deficits
identified in other clinical groups who have demonstrated similar patterns of impairment as
observed in chronic opiate users, have been attributed to either scene-construction or self-
projection deficits. Therefore the primary aim of the second study was to investigate whether
deficits in scene construction and self-projection might underpin the compromised ability to

mentally project the self into the future displayed by long-term opiate users.
6.3 Method

A modification of the adapted Autobiographical Interview (Al) used in the preceding

study was administered to 35 long-term opiate users currently enrolled in an opiate
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substitution treatment and 35 demographically matched controls. A portion of this sample

was recruited from Study 1.

In this study the modified Al did not include the recall component. Rather, it included
the original future condition (to assess self-projection) and two other imagination conditions
(to assess narrative ability and scene construction). Interview transcripts were scored using

the same procedures followed in the preceding study.
6.4 Results

The initial between-groups analysis revealed that the opiate user group performed
significantly worse than the control group on the narrative task that required describing a
story based on a predefined structure, as well as on the imagination task that required
imagining the future. This initial finding suggested that impairments in episodic foresight
may be underpinned simply by poor narrative ability. However to further explore this result,
two within-group analyses were conducted to examine the how each experimental group
performed across the three imagination conditions. These data highlighted that both groups
performed better on the narrative task than either the scene construction and self-projection
tasks. However, the opiate user group performed significantly worse when asked to engage in
describing the future event than when instructed to engage in describing an atemporal event.
This was not the case for the control group who performed comparably across the two
conditions. These data suggest that a specific inability to mentally project the self into the
future (which requires the capacity for self-projection) may underlie the episodic foresight

deficit identified in chronic opiate users.
6.5 Conclusions

Given the extremely high rates of relapse reported in this clinical group, the findings

of this study reinforce the importance of reassessing current relapse prevention protocols that
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particularly rely on the client’s capacity to project themselves into novel future scenarios.
This study proposes that relapse prevention should focus on achieving short-term, rather than
long-term, treatment goals in order to reduce the demand for self-projection into unfamiliar

future scenarios.
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CHAPTER 7: Article 2

Deconstructing the nature of episodic foresight deficits associated with chronic opiate

use.

Current status: Under review by Drug and Alcohol Dependence

Submitted for review on the 30" November, 2014

Appendices
Appendix B: Participant Recruitment and Informed Consent
Appendix C: Background Measures
Appendix E: Hospital Anxiety and Depression Scale
Appendix G: Modified Interview Script
Appendix H — 2: Confirmation of Submission for Article 2

Tables

Table 1 Background characteristics of the control and opiate-user groups

Table 2 Details of the three scenarios in the imagination task

Table 3 Independent samples t-tests between control and opiate-user groups, comparing
detail types in each interview condition

Table 4 Paired samples t-tests for each comparing performance across interview conditions

for each detail type
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Figures

Figure 1. Mean number of internal and external details generated on the interview task as a
function of group status (control group, n = 35; opiate-user group, n = 35) and imagination

task condition. (Error bars depict standard error of the mean)
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Abstract

Episodic foresight refers to the capacity to mentally travel forward in time, and has been
linked to a wide variety of important functional behaviours. Evidence has recently emerged
that chronic opiate use is associated with deficits in this critical capacity, and that these
difficulties are not simply a secondary consequence of broader cognitive dysfunction. The
current study aimed to better understand the circumstances in which chronic opiate users
might be expected to have problems with episodic foresight, by addressing whether deficits
reflect compromised scene construction, self-projection, or narrative ability. Thirty-five
chronic opiate users and 35 demographically matched controls completed an imagination task
in which they were instructed to imagine and provide descriptions of an atemporal event (to
assess scene construction), a plausible, self-relevant future event (to additionally assess self-
projection); as well as complete a narrative task (to test whether any difficulties simply reflect
poor narrative ability). Consistent with prior literature, chronic opiate users exhibited reduced
capacity for episodic foresight relative to controls. However, the present study was the first to
show that these difficulties were independent of capacity for scene construction and narration.
Instead, a specific impairment in self-projection appears to contribute to the problems with
episodic foresight seen in this clinical group. Deficits in self-projection may have important
implications in therapeutic environments given that many relapse prevention strategies rely
heavily on the ability to project oneself into an unfamiliar future, free of problem substance
use.

Keywords: Episodic foresight, episodic future thinking, opiate users, Autobiographical

Interview, scene construction, self-projection
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Introduction

Chronic opiate use is associated with poor functional, social, and economic outcomes
(Hser et al., 2009; Villeux et al., 2010) and relapse following rehabilitation is common
(Smyth et al., 2010). A recent study of long-term opiate users identified impairment in this
group on a key cognitive ability, episodic foresight (Mercuri et al., 2014), that may help
explain these functional difficulties and high relapse rates. Episodic foresight refers to the
ability to mentally project oneself into the future and pre-experience events (Atance and
O'Neill, 2001). It is a uniquely human characteristic that has immense survival value as it
allows for the construction, mental enactment, and evaluation of future scenarios before
deciding on the course of action most likely to achieve desired outcomes (Addis et al., 2007;
Hassabis and Maguire, 2009; Suddendorf and Corballis, 2007). Not surprisingly then,
episodic foresight has been strongly linked to independent living and a wide variety of
adaptive behaviors (Suddendorf and Henry, 2013). Indeed, the importance of episodic
foresight for successful daily living is reinforced by observations that a number of clinical
groups with known functional difficulties present with significant impairment in this capacity,
including individuals with autism (Lind and Bowler, 2010; Terrett et al., 2013), schizophrenia
(Raffard et al., 2010), Parkinson’s disease (de Vito et al., 2012), medial temporal lobe (MTL)

damage (Race et al., 2011), and hippocampal amnesia (Hassabis et al., 2007b).

In the context of chronic opiate use, it therefore seems likely that any reduction in the
capacity for episodic foresight will also have important implications for functional outcomes.
For instance, difficulties with episodic foresight may have an impact on a client’s prospects
of successful rehabilitation given that many relapse prevention protocols involve asking
clients to imagine themselves in future situations of temptation and generate strategies to
prevent future lapses into problem drug use. Thus, impairment in this ability may directly

limit treatment success and consequently increase the likelihood of relapse. It is therefore
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crucial that we develop a clearer picture of the nature of this deficit, including addressing the
key question of whether all, or only specific aspects of episodic foresight are disrupted in
long-term opiate users. Developing a more nuanced understanding of when and why this
complex cognitive capacity is likely to break down will allow for the provision of more

effective support for daily living and more tailored rehabilitation services.

According to the constructive episodic simulation hypothesis, episodic foresight is a
constructive process that involves two main phases. The first is a construction phase in which
the simulation of personally relevant future events relies heavily on the retrieval of personally
relevant memories of the past (episodic memory) to provide the basic building blocks for the
construction of novel future scenarios (Schacter et al., 2007). The second phase involves
inhibiting the tendency to simply retrieve actual memories and requires that the retrieved
information be held in mind and flexibly manipulated so that past details are recombined into
novel future events (Schacter and Addis, 2007). Referred to as the elaboration phase (Addis
et al., 2007), this secondary process of recombining past information into a novel future
experience is critical as it allows for the simulation of alternative scenarios without the need

for behavioral engagement (Schacter and Addis, 2009).

Clearly episodic foresight is a complex process and one which imposes demands on
many different cognitive operations. While the role of episodic memory has traditionally
attracted most attention (Addis et al., 2007; Okuda et al., 2003; Szpunar et al., 2007), other
contributing cognitive processes have also been proposed including semantic memory (Irish
et al., 2012) and executive functioning (D'Argembeau et al., 2010; de Vito et al., 2012).
Others have pointed to the potential importance of scene construction, and self-projection
(Hassabis et al., 2007a, Hassabis et al., 2007b), and in the present study we will assess
whether deficits in these latter two abilities contribute to the episodic foresight difficulties

previously identified in chronic opiate users (Mercuri et al., 2014).
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Scene construction refers to the process of building an imagined scenario in our mind.
Different from visual imagery, scene construction involves mentally generating and
combining multiple elements (e.g. contextual details, sensory details, thoughts, people, and
objects) to create a coherent, spatial representation of an imagined scene (Hassabis et al.,
2007a; Hassabis et al., 2007b). According to Hassabis et al. (2007b) this ability underpins a
number of mental processes including spatial navigation and imagining fictitious experiences
as well as mental time travel in both temporal directions (past and future). It has also been
suggested however that re-experiencing the past and pre-experiencing the future require the
additional capacity of self-projection (Buckner and Carroll, 2006). This refers to the ability to
shift between one’s immediate environment and an alternative perspective, such as a different
spatial, mental, (or in the case of time travel) temporal perspective, and for that alternative
perspective to be self-referenced (Buckner and Carroll, 2006). A number of studies have
attempted to disentangle the roles of scene construction and self-projection in episodic
foresight in a number of groups who have established episodic foresight deficits (e.g.
D'Argembeau et al., 2010; de Vito et al., 2012; Lind et al., 2014; Raffard et al., 2010; Rendell

et al., 2012).

Only one study to date has investigated the capacity for episodic foresight in the
context of chronic opiate use, and as noted, the results showed that the ability to mentally
travel forward in time is disrupted (Mercuri et al., 2014). This finding aligns with
neuroimaging evidence that has consistently shown chronic opiate use to be associated with
abnormalities in temporal regions including the medial temporal lobe (MTL; Cheng et al.,
2013; Fu et al., 2008; Liu et al., 2009; Wang et al., 2012), the neural regions that have been
most strongly linked to episodic foresight (see Suddendorf and Henry, 2013 for review). In
particular, it has been suggested that the hippocampus is especially involved in the binding of

retrieved information for the construction of a mental scene (Hassabis and Maguire, 2009).
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Consequently, abnormalities in this area might be expected to particularly disrupt the capacity
for scene construction. However, at a cellular level chronic opiate use accelerates natural
aging processes, with the MTL atrophy observed in chronic opiate users mimicking that of
healthy older adults (Cheng et al., 2013). Given that episodic foresight deficits in the context
of aging have been linked to a diminished ability to project the self into a novel
spatiotemporal context (Rendell et al., 2012), it might instead be that impaired self-projection
is the central mechanism underpinning poorer episodic foresight in chronic opiate-users. The
current study will be the first to deconstruct whether difficulties in scene construction and/or
self-projection contribute to the episodic foresight deficits that have been identified in this
group.

As noted previously, a better understanding of the mechanisms responsible for
episodic foresight difficulties in chronic opiate users has potentially important clinical
implications. This is because, given the relapsing nature of substance dependence, treatment
predominately focuses on the prevention of future substance use. While the episodic foresight
difficulties identified by Mercuri et al. (2014) provide a rationale for the modification of
treatment protocols that rely on future-oriented thinking, the extent and nature of the required
modifications remain poorly delineated. The findings of the current study will therefore
provide much needed direction for tailoring intervention strategies to further enhance initial

treatment success and long-term prospects of rehabilitation.

Method

Participants

This study was approved by the Australian Catholic University ethics committee and
conformed to the ethical standards set out in the 1964 Declaration of Helsinki. Thirty-five
long-term opiate-users (duration of opiate use: M = 15.15 years, SD = 9.97), aged between 27

and 61 years were recruited. The control group consisted of 35 adults aged between 20 and 56
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years with no reported history of alcohol or other drug dependence®. The two groups did not
differ significantly on gender, ¥ (1, 70) = 2.20, p = 0.138, and as can be seen in Table 1, were
closely matched on age as well as premorbid 1Q as measured by the National Adult Reading
Test (Nelson, 1982). However the opiate group had fewer years of formal education, and
reported greater negative affect as measured by total scores on the Hospital Anxiety and
Depression Scale (Zigmond and Snaith, 1983). The participants in the opiate-user group were
currently enrolled in an opiate substitution program (Methadone n = 24 and Suboxone

n =11), with the average dose of Methadone received daily 61.60mg (SD = 38.59) and
Suboxone, 11.14mg (SD = 9.09). Frequencies of participants reporting current substance use

are displayed in Table 1.

Most participants were recruited through a database of individuals who had previously
participated in projects conducted by our research team. The remaining participants in the
control group were recruited through the researcher’s social networks, and the opiate group
from fliers distributed through pharmacies that dispensed opiate substitution treatments.
Eligibility was determined by fulfilment of the same inclusion criteria used by Mercuri et al.

(2014). All participants were reimbursed up to AU$30 (~USD$30) for their time.

! Eight-two percent of the opiate group and 97% of the control group participants were recruited from Study 1.
Independent samples t-tests comparing the interview performance between the re-recruited and new participants
were conducted for each experimental group separately. Results and did not reveal any significant differences
with all ps > .411 for the opiate group and all ps > .114 for the control group.
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Table 1
Background characteristics of the control and opiate-user groups

Control Group Opiate Group
n=235° n=35"
M SD M SD t(68) d

Proportion of Men (%) 54% 71%
Age (in years) 36.00 10.85 40.37  9.17 1.82 0.44
Education (in years) 14.26  2.67 1256  2.34 275 0.69
Estimated 1Q 110.19 7.41 111.81 4.88 1.08 0.26
Mental Health

Depression 283 277 750 4.34 535 131

Anxiety 571 371 9.32 481 3507  0.86
Frequency of participants engaging in current substance use
Nicotine users (No:Yes) ¢ 26:9 8:27
Alcohol (No:Yes) ¢ 5:30 17:18
Cannabis (No:Yes) 29:6 15:20
Amphetamines (No:Yes)' 26:9 31:5
Cocaine (No:Yes) ¢ 34:1 34:1
Benzodiazepines (No:Yes) 35:0 25:10
Heroin (No:Yes) " 35:0 18:17

2all ns = 35 except ‘Education’ where n = 34

P all ns = 35 except years of ‘Education’ where n = 32 and ‘Mental health’ where n = 34

¢ daily frequency of nicotine use reported for both groups

“weekly frequency of alcohol use reported for both groups

¢4/6 control group users reported monthly or less frequency, 16/20 of opiate group users reported ‘at least once a week’ frequency
f less than once a month frequency reported by both groups

"12/17 opiate group reported weekly use

“p<0.05 "p<0.01, ™ p<0.001

Materials

Imagination task

Episodic foresight was assessed using a modification of Addis et al. (2007) Adapted
Autobiographical Interview (Al). The Al is a semi-structured interview used to assess
episodic and non-episodic content in two temporal phase conditions (past and future).
Because the focus here is episodic foresight, the current study only administered the future
condition. To further deconstruct episodic foresight ability the interview was manipulated by

incorporating two other imagination conditions (atemporal and narrative) developed by
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Hassabis et al. (2007b). In the original protocol, Hassabis et al. (2007a) provided participants
with ten verbal cues and asked them to imagine and provide descriptions of an atemporal
event (to assess scene construction), a plausible, self-relevant future event (to additionally
assess self-projection), as well as complete a narrative task (to provide participants with a
story structure on which to base their description of an event). The narrative task makes the
lowest demands on imagination and therefore provides an important means of testing whether
any difficulties on this interview-format task simply reflect poor narrative ability. Although
all three conditions provide some measure of scene construction related to imagination, the
variations between the three tasks allow the disentangling of which abilities might be
specifically compromised. For instance, the future condition is the only task that involves a
temporal element, and therefore difficulties on this task in comparison to the other two
suggest that episodic foresight deficits reflect particular problems specifically with the self-

projection component of this process.

Testing sessions: Participants were informed that the task would involve separately
imagining three different scenarios (future, atemporal, and narrative; see Table 2 for
descriptions). Participants were instructed to imagine each scenario as vividly as possible and
then describe it aloud in as much detail as possible, while being recorded on a digital voice
recorder. Participants were told to give free rein to their imagination and to describe the
experience or event using all available senses including what they could see, hear, smell, and
feel. Specific to the future condition, it was made clear that the task was designed to assess
how participants’ visualize and imagine, so participants were instructed not to use an existing
memory but to create a new scene. Three minutes were allocated for each response. As soon
as the researcher provided the task description, participants were given time to think about a
response and once they indicated that they were ready, timing began. Before commencing,

the researcher demonstrated the task using an example: “imagine you’re sitting on a bench in
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a park”. The experimenter read a prepared response as if they were making it up to provide a
model of imagining a new scenario. The experimenter then checked the participant was clear

about what was required.

Set prompts were provided when clarification of instructions or facilitation of further
event description was required; for example, “Can you give me more details on X?”. If it was
suspected that a participant was only using superficial semantic statements, they were asked,
“What does X look/sound/ smell like?”. The protocol strictly prohibited the experimenter
from introducing any concept, idea, detail, or entity that had not already been mentioned by

the participant.

Table 2 displays the three scenario cues presented to participants, one each for the
“future”, “atemporal” and “narrative” condition. The future cue asked participants to imagine
themselves within a particular scene in the future and describe it as if they were experiencing
it at the present moment. The atemporal cue required imagining a scene with no temporal
component included. The scene to be described was a commonplace setting, which minimizes
the difficulty level and any reliance on innate creativity. The final scenario was the narrative
condition which was similar to the atemporal condition in that it did not include any temporal
instructions but differed by involving constructing a narrative where participants were given
the additional instruction of moving through the scene (walking through a castle) to reach a

specified goal (reach the tower at the top of the castle).
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Table 2

Details of the three scenarios in the imagination task

Narrative scenario Imagine you are standing in the middle of the impressive high
vaulted entrance hall of an old castle. There is a tower
somewhere in the castle, the top of which is accessed via a
circular winding staircase. | want you to describe to me in as
much detail as possible your route through the castle’s many
rooms and floors until you reach the top of the tower. Use all
your senses including what you see, feel, and do on the way to

the tower.
Atemporal scenario Imagine you are sitting having a drink in a café. | want you to
(scene construction) describe the experience and the surroundings in as much detail as
possible using all your senses including what you can see, hear,
and feel.
Future scenario Imagine something you could be doing next summer, but just give
(self-projection) me one event. | want you to describe that event and the

surroundings in as much detail as possible using all your senses
including what you can see, hear, and feel.

Scoring: For each transcribed scenario description, details were segmented and
categorized as either internal (episodic details specific to the central event) or external (non-
episodic details including: repetitions, semantic information, and information not specific to
the central event). The number of internal details within each condition provided an index of
the extent to which participants were personally experiencing the event in their imagination.
Two independent scorers who were blind to project aims and participant group membership
scored the transcripts. Training manuals were provided by Donna Addis, which included an
annotated example of scoring and twenty scoring events. Inter-rater reliability between the
two scorers and the scoring events provided in this manual was assessed on the basis of a
two-way mixed-design Analysis of VVariance (ANOVA) intraclass correlation analysis. The
Cronbach alphas obtained with our two scorers were 0.96 for internal details and 0.92 for
external details. The three scorers coded portions of the full dataset and each scorer was

assigned an equal number of transcripts from both experimental groups.
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Results

The first step in this analysis involved assessing any potential differences in the
amount of verbal output by the opiate and control group in order to ensure that any observed
differences in the number of internal details generated by the two groups were not simply a
reflection of differences in overall verbal output. An independent samples t-test found no
significant differences (p = 0.169) between the opiate (M = 222.42, SD = 100.92) and control
groups (M = 257.12, SD = 107.54) in the total number of details generated across all three
interview conditions, suggesting no differences in overall amount of verbal output. Separate
t-tests were also conducted for each imagination condition and revealed no differences in the
total number of details generated in each of the narrative (p = 0.075), scene construction
(p = 0.430), and self-projection (p = 0.339) conditions, between the opiate (M =79.37, M =
72.14, M = 74.57, respectively) and control groups (M = 97.37, M = 79.37, M = 83.15,

respectively).

The next step in the analysis involved investigating the number of details generated in
each of the imagination tasks for the two groups. These data were analysed using a mixed 2 x
3 x 2 ANOVA where the between-groups variable was group status (opiate user group,
control), the within-groups variables were condition (narrative, atemporal, future) and type of
details (internal, external), and the dependent variable was the number of details generated?.

These data are shown in Fig. 1.

2 Given the higher levels of negative affect reported in the opiate group, it was important to consider whether mental health issues may have
had an impact on episodic foresight ability. No significant associations were evident between the outcome variable of internal details with
either depression or anxiety for both the control (all ps > 0.246) and opiate-user group (all ps > 0.110). Consequently, no statistical control
for these variables was required for the ANOVA analysis (Tabachnick & Fidell, 2006). Using multivariate statistics. Pearson, Boston.
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Figure 1. Mean number of internal and external details generated on the interview task as a
function of group status (control group, n = 35; opiate-user group, n = 35) and imagination

task condition. (Error bars depict standard error of the mean)

The results identified main effects of condition, F(2, 68) = 9.66, p <0.001, an =0.12,
and detail type F(2, 67) = 167.86, p <0.001, npz =0.71, power = 0.98, indicating that overall
participants provided more details in the narrative condition (M =43.57, SD = 2.4), than the
atemporal (M = 37.88, SD = 2.3) and the future (M =38.44, SD = 2.02) conditions, and
produced more internal than external details. However there was no main effect of group
status F(1, 67) =1.94, p=0.169, an = 0.03, power = 0.279. The two-way interaction of
condition and group status was also not significant, F(2, 67) = 2.10, p = 0.126, npz =.03,
power = 0.425 but the other two way interactions were: condition and detail type, F(1, 136)
=19.26, p <0.001, an =0.22, power = 1.000 and group status and detail type, F(1, 68) =
7.59, p<0.010, an =0.71, power = 0.775. However, superseding these main and two-way

interaction effects was the finding of a three way interaction,
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F(2, 136) = 3.82, p =0.024, an = 0.05, power = 0.686. As group status and condition were
the two variables of interest, this was followed up by analysing the results for group and

condition separately for internal and external details.

Analysis of group differences for each imagination condition for each detail type

Independent samples t-tests comparing the two groups on each interview condition
showed that, relative to the control group, opiate users were poorer at generating internal
details in the narrative (p = 0.042) and future (p = 0.009) conditions, but not the atemporal
(p = 0.258) condition (see Table 3). For external details, the opiate group produced more

external details than the control group in all three imagination conditions (see Table 3).

Table 3
Independent samples t-tests between control and opiate-user groups, comparing detail types

in each interview condition

Control Group Opiate Group

n=35 n=35

M SD M SD t(68) d  Power
Narrative
Internal details ~ 86.89  41.27 70.00  39.74 1.77° 050 0.42
External details ~ 9.35 6.83 10.45 9.12 057 016 008
Atemporal
Internal details ~ 66.89  34.63 58.31  34.17 1.05 025 018
External details ~ 11.77  10.32 1436  13.34 092 022 015
Future
Internal details ~ 70.64  37.68 50.85  33.00 235" 056 0.65
External details ~ 10.87 8.20 2333  19.82 3457 076 0093

*p<.05,**p< .01 **p< 0001



EPISODIC FORESIGHT AND DRUG USE 102

Analysis of imagination condition differences for each group for each detail type

Paired samples t-tests were conducted to compare the number of details generated
across the interview conditions within each group. These data are reported in Table 4,
separately for each detail type. In relation to internal details, the control group produced more
details in the narrative condition compared to both the atemporal and future scenarios.
However, no difference in performance was found when comparing the atemporal and future
tasks. By contrast, the opiate group generated fewer details in the future condition when
compared to both the narrative and atemporal tasks. However no difference was found when
comparing the narrative and atemporal conditions (see Table 4). Analysis of external details
revealed different patterns of performance across the conditions for each group. The control
group’s performance was comparable across the three interview conditions. However the
pattern for the opiate group was in contrast to that for their internals details, with more

external details produced in the future condition than in the atemporal and narrative tasks.
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Table 4

Paired samples t-tests for each comparing performance across interview conditions for each

detail type

Control Group Opiate Group

n=35 n=35
t(34) d t(34) d
Internal details
Narrative vs. Atemporal 4337 0.73 1.94 0.33
Narrative vs. Future 3.70" 0.63 3517 0.60
Atemporal vs. Future 0.88 0.15 2.20° 0.38
External details
Narrative vs. Atemporal 1.23 0.21 1.87 0.32
Narrative vs. Future 0.93 0.16 4.087"  0.69
Atemporal vs. Future 0.58 0.10 3.477 058
*p < .05, ** p < .01, *** p < 0.001
Discussion

In the present study chronic opiate users were found to generate significantly fewer
episodic details when imagining a novel future scenario, which aligns with the only prior
study to investigate episodic foresight in chronic opiate users (Mercuri et al. 2014). However
these data extend previous work by providing key insights into the mechanisms underlying
episodic foresight difficulties in chronic opiate users. In particular, because the two groups
were found to differ in their capacity to imagine a personal event in the future - but not in
their ability to construct an atemporal mental scenario - this suggests that the episodic
foresight difficulties associated with chronic opiate use do not reflect difficulties with scene

construction, but instead suggest difficulties with the self-projection component of this
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process. Analysis of the pattern of results for the opiate user group across the conditions
further supported this possibility, as fewer episodic details were generated when imagining
the future scenario compared to constructing an atemporal scene. Furthermore, the fact that
this group produced most non-episodic responses on the task that required the ability to
mentally project the self into a novel future scenario is consistent with the notion that they
found this task the most cognitively challenging (Arnold et al., 2011; D'Argembeau et al.,
2010). By contrast, there was no difference in the control group’s performance across these
two conditions, suggesting that they did not find the task requiring the construction of a future
scene with its additional requirement for self-projection any more challenging than

constructing an atemporal scene.

Despite the fewer episodic details generated in the narrative condition by the opiate
group relative to the control participants, both groups performed better in the narrative
condition compared to when constructing a future scenario. As a result, deficits in the
capacity for mental construction of novel future experience do not appear to be secondary to
impoverished narrative ability. The poorer capacity for narrative construction may be
explained by variables more closely linked to linguistic ability, and therefore should be

explored further.

Taken together, these data therefore provide novel evidence that the episodic foresight
difficulties associated with chronic opiate use are independent of scene construction and
narrative ability. Instead, the most parsimonious explanation is that difficulties adopting
alternative perspectives related to the self in a future temporal context contribute to reduced
episodic foresight in this group. Interestingly, reduced capacity for self-projection was also
implicated in the decline in episodic foresight amongst older adults identified by Rendell et
al. (2012) raising the possibility that there may be some overlap in areas of brain impairment,

possibly in the MTL, between these two groups.
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Overall, these findings are important, not only theoretically, but also in terms of their
potential practical implications for improving independent living. Indeed, D'Argembeau et al.
(2011) highlighted the prominent role that thinking about the future plays in everyday life,
reporting that in healthy adults the frequency of future-oriented thoughts outweighs those
about the past, with a future thought occurring every 16 minutes. In fact, this study showed
that individuals tend to simulate hypothetical future outcomes when engaging in processes
such as planning, decision-making, problem solving, and other goal-related cognitions
essential for successful daily functioning. It therefore seems likely that any problems with
episodic foresight may contribute to the functional difficulties associated with chronic opiate
use. Consequently, in order to better support functional capacity in this group, it may be
valuable to modify interventions in rehabilitation settings so that clients are taught strategies
to evaluate possible courses of action that are less reliant on the need to personally imagine
the self-experiencing the future. In this way, any potential impact of this cognitive limitation

may be minimized.

This is a possibility that warrants serious further empirical study, particularly given
the very high rate of relapse often seen in opiate users (McLellan et al., 2000). Indeed, one
recent study reported a relapse rate of 91% in this cohort within one year of inpatient
treatment (Smyth et al., 2010). Treatment of substance dependence therefore relies heavily on
relapse prevention, which often involves a focus on developing skills to confidently reject
future drug offers, formulation of methods for managing exposure to relapse triggers, and
cost-benefit analysis of changing current drug-related behaviors. Problems engaging in
episodic foresight may help explain why these individuals experience difficulties achieving
and maintaining abstinence. More specifically, our results suggest that while substance
dependent individuals may be able to imagine and construct a mental image of a substance

free existence in the present moment, they have difficulty in mentally projecting this scenario
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into a future time period. Such findings point to the potential value of constructing short-term
treatment objectives, rather than planning goals that are in the client’s distant future. Relapse
prevention strategies may therefore have better success if they focus on the client’s current
needs and assist the client in fulfilling immediate treatment related goals such as
remembering to collect pharmacotherapy, presenting to mandatory medical appointments in

order to refill prescriptions, and attending therapy.

In conclusion, the present study identifies for the first time one of the underlying
mechanisms that contributes to the episodic foresight difficulties seen in chronic opiate users.
Specifically, these data provide evidence for a specific problem implementing the self-
projection component of this process. These data provide a platform for future studies that
use neuroimaging procedures to explore the neural underpinnings of these deficits. The
results also have potentially important implications for refinement of rehabilitation programs,
providing guidance for how treatment protocols might be tailored to more strongly align with
the cognitive abilities of chronic opiate users (as well as potentially other substance abuse

groups that may exhibit a qualitatively similar profile of deficits).
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CHAPTER 8: Introduction to Article 3

8.1 Objective

Although chronic opiate use is associated with greater deleterious outcomes, cannabis
continues to be the most widely used substance worldwide and there is an increasing demand
for cannabis-related treatment (United Nations Office of Drugs and Crime, 2014). Cannabis
is derived from the Cannabis Satvia plant and its psychoactive effects are attributed to the
cannabinoid known as delta-tetrahydrocanabidinol (THC). THC binds to type — 1
cannabinoid (CB1) receptors found in a number of prefrontal and temporal brain structures
(Ameri, 1999; Pertwee, 2008). Not surprisingly a number of studies have identified cannabis-
related declines in executive processing, learning, and memory (Abdullaev et al., 2010; Bolla

et al., 2005; Curran et al., 2002; Solowij et al., 2002).

Given these identified impairments the question of interest in Study 3 was whether
episodic foresight deficits might be found in other, arguably less harmful, drugs such as
cannabis. Thus the primary aim of this third study was to directly assess episodic foresight
ability in the context of regular cannabis use. The secondary was to examine whether episodic
memory and executive control would contribute to episodic foresight within the context of

regular cannabis use.
8.2 Method

This third study administered the same protocol used in Study 1. Episodic foresight
was assessed using the Adapted Autobiographical Interview. Three measures of executive
functioning were also administered to 25 regular cannabis users and 45 demographically
matched substance naive controls. Both groups were recruited through the Australian

Catholic University and the researcher’s social network.
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8.3 Results

The results did not reveal cannabis-related deficits in episodic foresight, episodic
memory, or executive control. However significant relationships between episodic foresight
and episodic memory, and between episodic foresight and executive functioning were
observed in both experimental groups, which provided some support for the constructive

episodic simulation hypothesis.
8.4 Conclusions

This study is the first to directly assess episodic foresight ability in the context of
cannabis use. The findings provide support for the involvement of memory and executive
processes in the capacity for episodic foresight, but did not identify cannabis-related deficits.
The results therefore suggest that episodic foresight ability is spared in this cannabis-using

sample, although a number of suggestions are explored to explain this absence of impairment.
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CHAPTER 9: Article 3

Episodic foresight in regular cannabis users

Current status: Submitted for review to the Journal of Clinical and Experimental
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Appendix H — 3: Confirmation of Submission for Article 3

Tables
Table 1 Participant characteristics
Figures

Figure 1. Mean number of internal and external details generated on the Al as a function of
group status (substance naive control group, n = 45; cannabis user group, n = 25) and

temporal direction. (Error bars depict standard error of the mean)

Figure 2. Mean number of internal and external details generated on the Al as a function of
group status (substance naive control group, n = 45; cannabis user group, n = 25) (Error

bars depict standard error of the mean)
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Figure 3. Mean number of internal and external details generated on the Al as a function of

temporal direction (past, future) (Error bars depict standard error of the mean)
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Abstract

There is considerable literature showing that cannabis use is associated with a range of
neurocognitive deficits, including deficits in executive control and episodic memory.
However, no study to date has assessed whether these neurocognitive difficulties extend to
the ability to mentally time travel into one’s personal future. This is a surprising omission
given that executive control and episodic memory are considered to be critical to engage
episodic foresight. Therefore, in the present study we assessed how episodic foresight is
affected in the context of regular cannabis use, and examined the degree to which
performance on a measure of episodic foresight is correlated with performance on measures
of episodic memory and executive control. Twenty-five regular cannabis users and 45
substance naive controls were assessed using three measures of executive function and an
adapted version of the Autobiographical Interview as an index of episodic foresight and
episodic memory. The results provide no evidence of cannabis-related impairment in episodic
foresight, episodic memory, or executive functioning. However it is possible that this lack of
episodic foresight deficit may be attributable to factors related to the nature of the cannabis
use and/or to compensatory cognitive mechanisms. The present study indicates that cannabis
use may not always disrupt cognitive function, and shows for the first time that this extends

to the capacity for episodic foresight.

Keywords: Episodic foresight, cannabis, Autobiographical Interview, executive functions,

episodic memory
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Introduction

The primary ingredient responsible for the psychoactive effects of cannabis is
A® — tetrahydrocannabinol (THC; Pertwee, 2008). THC binds to Type 1 cannabinoid (CB1)
receptors, high densities of which are found in frontal and temporal brain regions (Ameri,
1999; Glass, Dragunow, & Faull, 1997; Mechoulam & Parker, 2013; Quickfall & Crockford,
2006). THC appears to contribute to many of the cognitive effects of cannabis use, including
reduced capacity for executive control, learning, and memory (Abdullaev, Posner, Nunnally,
& Dishion, 2010; Bolla, Elderth, Matochik, & Cadet, 2005; Curran, Brignell, Fletcher,

Middleton, & Henry, 2002; Ilan, Smith, & Gevins, 2004; Solowij et al., 2002).

Episodic foresight is a critically important cognitive ability which refers to the
capacity to mentally travel forward in time. Importantly, evidence now indicates that the
ability to apply episodic foresight relies on a range of cognitive skills, including many of
those affected by cannabis use, such as episodic memory and executive control (Schacter &
Addis, 2007). More specifically, according to the constructive episodic simulation hypothesis,
past episodic memories are required to provide the building blocks for the mental
construction of hypothetical future events, and executive processes assist in the flexible
recombination of these memories into a new time period to avoid simply recasting the past
memories (Schacter & Addis, 2007; Suddendorf & Henry, 2013). It is therefore a surprising
omission in this literature that no study to date has directly assessed whether the capacity for

episodic foresight is disrupted in the context of cannabis use.

In addition to theoretical value, such an assessment has potentially important practical
implications. This is because episodic foresight has been consistently linked to independent
living and a wide variety of functional behaviors (Suddendorf & Henry, 2013). Given that
regular cannabis use is associated with a number of psychosocial deficits (see Hall, 2014 for

review), it is important to clarify whether a breakdown in episodic foresight potentially
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contributes to these difficulties. Consistent with such a possibility, deficits in episodic
foresight have been consistently identified in other clinical groups that present with reduced
functional capacity (de Vito et al., 2012; Hassabis, Kumaran, Vaan, & Maguire, 2007; Irish,
Addington, Hodges, & Piguet, 2012; Lind, Williams, Bowler, & Peel, 2014; Race, Keane, &
Verfaellie, 2011; Raffard, D'Argembeau, Bayyard, Boulenger, & van der Linden, 2010;

Terrett et al., 2013), including chronic opiate users (Mercuri et al., 2014).

Amongst this research, Mercuri et al.’s (2014) study with opiate users is the only one
to date to investigate episodic foresight in the context of substance misuse. Consequently, the
present study aimed to address an important gap in the literature and clarify for the first time
whether regular use of cannabis also disrupts capacity for episodic foresight. Because of
evidence showing that this drug particularly affects a number of the neural regions known to
be implicated in episodic foresight, and disrupts many of the cognitive operations believed to
be involved in this capacity such as executive control and memory, we anticipated that
regular cannabis use would be associated with difficulties applying episodic foresight. Our
secondary question was to clarify the degree to which episodic foresight performance in
regular users of cannabis is correlated with performance on measures of episodic memory and

executive control.

Method

Participants

This study was approved by the Australian Catholic University ethics committee and
conformed to the ethical standards set out in the 1964 Declaration of Helsinki. Twenty-five
regular cannabis users aged 18 to 30 years were recruited, as well as 45 controls aged 18 to

29 years with no history of illicit drug use. All participants were recruited using a range of
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community advertisements, and social networking®. Although 33 cannabis users initially
responded, eight participants were excluded due to relatively infrequent use or an absence of
current cannabis use. Exclusion criteria for both groups included: a previous or current
neurological condition; a psychiatric disorder; a history of heavy alcohol use (defined as 28
standard drinks per week for men and 14 for women) (Australian National Health and
Medical Research Council, 2001); or a previous acquired brain injury. Participants were
instructed to refrain from use of alcohol or illicit drugs in the 24 hours prior to testing.
Participants were sent a reminder text message at least 24 hours prior to their testing time and
abstinence was confirmed via self report on the day of testing. Participants were also
excluded if English was not their first language. All participants were reimbursed up to

AUS$30 (~USD$30) for their time.

The cannabis sample consisted of relatively novice, but regular users of the drug.
Seventy-two percent of the total cannabis sample reported “at least fortnightly” frequency of
use and the remaining reported “at least monthly”. Over two thirds (68%) described dosage of
use per sitting as “one to three joints™ with the remaining participants reporting “three or
more joints”. Forty-four percent of the sample categorized their duration of use as “between
six and twelve months”, 36% reported “1 — 5 years” of use, and the remaining 20% reported
“at least 5 years™ of cannabis use. Although duration of use (in years) was reported
categorically, age of onset was approximated by subtracting the lower bound of the duration
category from the participant’s age. The average age of onset was relatively high (M =19.34
years, SD = 2.35). Frequencies of current alcohol and other drug use for the cannabis group

are displayed in Table 1.

® This sample did not include any participants from the previous studies conducted by the researchers
investigating episodic foresight in long-term opiate use.
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Table 1
Participant Characteristics

Substance naive

Cannabis user

control group group
n=45 n=25
Proportion of Men (%) 15% 36%
M + SD M+ SD t(68) d
Age (in years) 20.91+£2.81 21.04 +£3.19 0.17 0.04
Education (in years) 15.30 + 14.41 14.32 £ 0.97 2607  0.63
Estimated 1Q 110.08 + 4.80 111.07 £+ 4.82 0.82 0.20
Psychopathology
Depression ? 2.20+2.13 4.00 + 3.93 210" 051
Anxiety 6.61 +2.58 6.28 +4.54 0.33 0.80
Executive Functions
Verbal Fluency 57.58 £17.04 63.56 + 14.20 157 0.38
Cognitive Flexibility 28.32 + 14.75 32.14 +17.13 094 0.23
Inhibition 6.29+0.83 6.40 £ 0.54 0.25 0.06
n(No: Yes) n(No: Yes)
Alcohol® users (No:Yes) 0:45 0:25
,(Al\urr;?\r;ztss;mme users i 10:15 ©
Cocaine users (No:Yes) - 18:7°¢
Heroin users (No:Yes) 25:0
|(_||\?(|)|;l$£;)96n users i 20:5 ¢
(Bﬁg:zggéizepme users i 29:3¢
d = Cohen’s d index of effect size. Cohen (1999) defines effect sizes of 0.2 as small, 0.5 as medium, and
0.8 as large.

2 df adjusted for unequal variances
® weekly frequency of use for both groups
“monthly or less frequency of use

*p < .05, **p < .01, *** p < 0,001

As shown in Table 1, although the groups differed on years of formal education, they
were matched on age and premorbid intelligence as measured by the National Adult Reading

Test (Nelson, 1982), and did not significantly differ in gender, y2 (1, 70) = 3.81, p =.051. The
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cannabis group did however report higher levels of depressive symptoms, but not anxiety, as

measured by the Hospital Anxiety and Depression Scale (Zigmond & Snaith, 1983).

Materials

Executive control

Three measures which are particularly sensitive to mental flexibility, inhibitory
control, and cognitive initiation were used as indices of executive control. Mental flexibility
was assessed using the Trail Making Test (TMT), the Hayling Sentence Completion Test was
used to assess inhibitory control (Burgess & Shallice, 1997), and a verbal fluency (both
phonemic and semantic probes) task was administered to assess cognitive initiation (Strauss,
Sherman, & Spreen, 2006). For more details of the measures used, please see Mercuri et al.

(2014).
Episodic foresight and episodic memory

Episodic foresight and episodic memory were assessed using the Addis, Wong, and
Schacter (2008) adaptation of the Levine, Svoboda, Hay, Winocur, and Moscovitch (2002)
Autobiographical Interview (Al). The Al is a semi-structured interview which provides an
index of both episodic foresight and episodic memory by assessing episodic and non-episodic
content in two temporal phase conditions (past and future). Participants are instructed to
describe a personally experienced event from their past or a novel future event in response to
a cue word. Six cue words used were chosen to prompt event descriptions. They were chosen
from the “Affective Norms for English Words List” (ANEW; Bradley & Lang, 1999), and
were the same as those used in the Mercuri et al. (2014) study. A maximum of three minutes
was allocated for each description. Interview transcripts were independently scored by two

trained scorers®, and scoring was based on the type of details generated by the participants.

* Inter rater reliability between the three scorers was assessed on the basis of a two-way mixed-design Analysis of Variance (ANOVA)
intraclass correlation analysis. The Cronbach alphas obtained with our three scorers was 0.90 for internal and 0.87 for external details.
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Details were segmented and categorized as either internal (episodic details specific to the
central event) or external (non-episodic details including: repetitions, semantic information,
and information not specific to the central event). The number of internal details generated
for future events is the primary measure of episodic future thinking and the number of
internal details for past events indexes episodic memory. Further details relating to the

administration and scoring of the Al can be found in Mercuri et al. (2014).
Procedure

All participants provided informed consent and were all tested individually in one
session of approximately three hours duration, with breaks provided as needed.

Administration of cognitive assessments was counterbalanced.
Data Analysis

All statistical tests were 2-tailed. An alpha level of p < 0.05 was considered significant, and
effect sizes were estimated using partial eta squared (nzp). Data were screened for missing
values and outliers. Little’s MCAR test indicated that data was missing completely at
random, y2 (1) =7.84, p = 0.797, therefore expectation maximization was used to replace
missing values. Significant positive skewness was rectified using logarithmic

transformations.

Results

Background measures of cognitive functioning

Descriptive and inferential statistics for the TMT, Hayling, and verbal fluency tests
are reported in Table 1. It can be seen that there were no group differences on any of the

executive function measures.
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Autobiographical Interview (Al)

The first step in this analysis involved assessing any potential differences in the
amount of verbal output by the cannabis and control group in order to ensure that any
observed differences in the number of internal details generated by the two groups were not
simply a reflection of differences in overall verbal output. An independent samples t-test
found no significant differences (p = .450) between the cannabis (M = 607.80, SD = 137.58)
and control groups (M = 576.19, SD = 210.14) in the total number of details generated across

all three interview conditions, suggesting no overall differences in verbal output.

The next step in the analysis involved investigating the number of details generated
for the past and future event descriptions for the two groups. These data were analyzed using
a mixed 2 x 2 x 2 ANOVA where the between group variable was group status (cannabis user
group, control), and the within group variables were temporal direction (past, future) and

detail type (internal, external). These data are shown in Figure 1.

The independent variable of primary interest, group status, was not a main effect, F
(1, 68) =0.46, p = .501, an =0.007, power = 0.050 but did interact with detail type, F (1, 68)
=5.67, p =.020, an = 0.08, power = 0.349. Group status did not interact with temporal
direction, F (1, 68) = 0.06, p = .804, an < 0.01, power = 0.191 and three way interaction was
not significant, F (1, 68) = 0.37, p = .544, an <0.01, power = 0.200. The other two
independent variables were main effects: temporal direction, F(1, 68) = 101.93, p <.001, npz
= 0.60, power = 1.000, and detail type , F (1, 68) = 172.94, p < .001, n,> = 0.73, power =
1.000. These main effects were trumped by the interaction of group status and detail type and
the interaction of temporal direction and detail type, F(1, 68) =59.73, p <.001, an =0.47,

power = 1.000.
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Figure 1. Mean number of internal and external details generated on the Al as a function of
group status (substance naive control group, n = 45; cannabis user group, n = 25) and

temporal direction. (Error bars depict standard error of the mean)

For the interaction between detail type and group status, tests of simple effects
revealed the group differences were not significant for both internal details, F (1, 68) = 2.67,
p =.107, 1, = 0.038, power = 0.421; and external details, F (1, 68) = 0.20, p = .657, 1,° =
0.003, power = 0.071. The interaction between detail type and group status is shown in Figure
2, and tests of simple effects revealed that there were less external than internal details
generated for both cannabis, F (1, 68) = 93.82, p <.001, an =0.580, power = 1.000 and
substance naive control group F (1, 68) =81.18, p<.001, npz = 0.544, power = 1.000.
However, while differences were significant for both groups, the difference is larger for the

cannabis users compared to the control group. This difference seems to drive the interaction.
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There is no indication of any differences between the groups in the number of details

generated.
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Figure 2. Mean number of internal and external details generated on the Al as a function of
group status (substance naive control group, n = 45; cannabis user group, n = 25) (Error

bars depict standard error of the mean)

The second significant interaction between temporal direction and detail type is
shown in Figure 3, and tests of simple effects revealed that there were significantly more
internal details generated in the past condition than the future condition, F(1, 68) = 128.82, p
<.001, npz = 0.65, but the number of external details generated in past and future condition
did not differ significantly, F(1, 68) = 128.82, p = 0.134, npz =0.032 . Further analyses
revealed that there were more internal than external details generated for both past condition
F (1, 68)=218.44,p<.001, npz =0.760, and future condition, F (1, 68) = 30.76 , p <.001,

o’ = 0.308.
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Figure 3. Mean number of internal and external details generated on the Al as a function of

temporal direction (past, future) (Error bars depict standard error of the mean)

In summary, the key finding was that the groups did not differ in the number of
internal or external details generated. Group status was not a main effect and did not interact
with other variables except for the two way interaction of group status and detail type.
However further analysis of this interaction showed there was not a significant difference
between the groups in the number of internal or external details generated. There was one
other significant interaction, between temporal direction and detail type. Analyses revealed
that all participants generated more internal details for past than future conditions, while the
number of external details did not differ between past and future conditions. Finally, all

participants generated more internal than external details for both past and future conditions.
Correlations

Finally, in order to investigate cognitive correlates of episodic foresight, correlation

analyses were conducted between episodic foresight (future internal details), and episodic
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memory (past internal details) and the three measures of executive functioning for the two
groups separately. Episodic foresight and episodic memory were strongly correlated for the
control group (r = .81) and moderately correlated for the cannabis group (r =.47). The only
executive function measure to correlate with episodic foresight in both groups was verbal
fluency. However the correlation was large in magnitude for the cannabis group (r = .56), but
only moderate sized for the control group (r =.31). No other correlations attained

significance in either group.

Discussion

These data provide the first direct assessment of how the critical capacity for episodic
foresight is affected by regular cannabis use. Contrary to predictions, the results showed that
cannabis users generated a comparable number of episodic details when imagining novel
future scenarios relative to substance naive controls. These results therefore indicate that
cannabis use may not adversely affect capacity for episodic foresight. However, the results
also provide no evidence of any impairment in episodic memory (as indexed by the number
of past internal details on the Al), or executive functioning, which is not consistent with some
previous studies which have identified deficits in these abilities (Curran et al., 2002; llan et
al., 2004). These data indicate that cannabis, at least when used at the level engaged in by the
current sample, may not have any influence on a broad range of cognitive functions,
including episodic foresight. These results can therefore be regarded as positive news in light
of the relatively large number of community dwelling adults (180 million users globally) that

report using cannabis (United Nations Office of Drugs and Crime, 2014).

However, there are a number of important caveats and additional considerations that
are likely to be important in interpreting these data. First, although the sample consisted of
regular cannabis users, the average age that regular use was reported to commence was

relatively high (19.34 years). Greater neurocognitive difficulties have been consistently
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associated with early age of onset of cannabis use, usually in adolescence (see Lisdahl,
Wright, Medina-Kirchner, Maple, & Scollenbarger, 2014 for review). It is therefore possible
that there has been less disruption to neurodevelopment in the current cannabis sample than
might be found in a sample whose cannabis use commenced earlier in adolescence (Gonzalez

& Swanson, 2012).

Second, although this study did not collect data relating to the type of cannabis used
by participants, in Australia the prevalence of high THC cannabis strains, such as synthetic
products commonly sold as “skunk” or “kronic”, is very low (1.2% lifetime prevalence)
compared to more natural varieties (38% lifetime prevalence) (Australian Institute of Health
and Welfare, 2014). While high THC cannabis strains have been linked to greater
neurocognitive impairment, there is now a growing literature showing that cannabis
containing high levels of cannabidiol (CBD), can mitigate the amnestic, psychosis-like and
attentional bias effects of THC (Morgan et al, 20104, b). Consequently, the lack of episodic
foresight difficulties (and other cognitive difficulties) observed in this cannabis using sample

could be due to the type of cannabis consumed being high in CBD.

However, a third possible explanation for the absence of any group differences may
relate to the use of compensatory mechanisms. It is not uncommon to observe an absence of
compromised cognitive performance in the presence of alterations in neurological functioning
within the context of cannabis use (Chang, Yakupov, Cloak, & Ernst, 2006; Elderth,
Matochik, Cadet, & Bolla, 2004; Nestor, Hester, & Garavan, 2010; Schweinsburg,
Schweinsburg, Nagel, Eyler, & Tapert, 2010). It has been proposed that intact performance
on some cognitive paradigms in this cohort may be due to the recruitment of extra brain
regions to compensate for atrophy within required areas (Chang et al., 2006; Elderth et al.,
2004; Nestor et al., 2010; Schweinsburg et al., 2010). The pattern of correlations identified in

this study would appear to be at least broadly consistent with such a possibility. Specifically,
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the weaker correlation between episodic foresight and episodic memory found for the
cannabis user group compared to the control group may indicate that the cannabis group were
less able to utilize episodic memory when constructing future scenarios. This have led them
in turn to recruit more assistance from other cognitive processes to compensate for this
leading to no difference in measured performance between the two groups. Such a possibility

however awaits further empirical investigation.

Lastly, despite the lack of interaction between substance-use status and the type of
event details generated from the interview, there appears to be a (albeit weak) trend in that
there is a group difference in internal details but no difference in the generation of external
details. Given the relatively light substance use reported by the cannabis-using participants, it
is possible that the measures employed to assess episodic foresight are not sensitive enough to
identify subtle deficits. Future investigations could aim towards assessing episodic foresight
in samples of heavier or more frequent users. Alternatively (or additionally), a qualitative
investigation of the type of details being generated by this substance-using group may assist

in detecting subtle differences in episodic foresight ability within the context of cannabis-use.

Taken together, the present study indicates that cannabis use may not always disrupt
cognitive function, and shows for the first time that this extends to the capacity for episodic
foresight. In light of the current study involving a possibly unique group of cannabis users
that were low level, late onset and used for relatively short period, future research is now
needed to cross-validate these findings in a larger clinical cohort. In particular, it seems
important to clarify how the capacity for episodic foresight might be affected across different
levels of cannabis use, and the degree to which performance varies as a function of initial age
of cannabis use. These are important questions in light of the widespread use of cannabis,
and well-documented psychosocial consequences associated with its use. Specifically, a

better understanding of when and why cognitive functioning is likely to be impacted in this
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group could assist in the development of more tailored support and harm-minimization

strategies.
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CHAPTER 10: Discussion
10.1 Introduction and chapter overview
The three studies presented in this research project were designed to examine episodic

foresight ability in two different substance-using groups. The overall objectives across the

three studies were:

Study 1:
e To investigate episodic foresight ability in a group of long term opiate users

e To determine whether memory and executive functions contribute to episodic

foresight ability in the context of chronic, illicit substance use

Study 2:

e To explore whether the identified episodic foresight deficit obtained in Study 1
may be attributable to compromised scene construction, self-projection, and/or

narrative ability

Study 3:

e To investigate whether episodic foresight ability would also be impaired in a

group of regular cannabis users

e To determine whether memory and executive function contribute to episodic

foresight ability in the context of regular cannabis use

The findings from all three studies represent the first assessment of episodic foresight
within the context of psychoactive substance use. The data demonstrate differences in
episodic foresight ability across different substance-using groups, highlighting the variable
impact of psychoactive drugs on human cognition. This chapter begins with summaries and a

combined discussion of the first two studies focusing on opiate users, followed by a summary
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and discussion of the third study. The discussions focus on the theoretical and clinical
implications of these results. Limitations and strengths of the overall project are presented

before a concluding paragraph summarising the overall project.

10.2 Study 1 summary of results

This study was conducted to address a noticeable gap in the literature regarding an
absence of investigations examining episodic foresight ability in any substance-using group.
Consistent with the first hypothesis formulated for this initial study, the opiate user group
demonstrated compromised episodic foresight ability in comparison to a healthy control
group. When instructed to imagine and subsequently describe themselves in a novel future
scenario, the opiate group experienced significant difficulty generating details that were
specific to their own personal experience. Their inability was further reinforced by generation
of a larger number of off-topic details such as semantic information or repetitions of events
they had already previously-experienced. The findings of Study 1 only partially supported the
second hypothesis that predicted relationships between episodic foresight and episodic
memory, and executive control. Despite no difference in episodic memory ability between the
two groups, a significant relationship between episodic memory and episodic foresight was
found for both opiate users and controls, supporting the notion that these two faculties rely on
similar neural substrates. Contrary to predictions, executive control did not differ between

the two groups, nor did it correlate with episodic foresight in either group.

10.3 Study 2 summary of results

Study 2 was conducted to better understand the mechanisms underlying the deficit in
episodic foresight amongst opiate users identified in Study 1. More specifically, this follow
up investigation aimed to address whether this deficit reflected compromised scene

construction, self-projection, or narrative ability. As anticipated the opiate user group
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performed less well than the control group when asked to imagine and describe a personally
relevant future scenario, confirming a deficit in episodic foresight. However this study
provided further insight into the potential mechanisms underlying this deficit. Relative to the
control group the opiate user group generated fewer personally relevant details when
instructed to provide a narrative based on a predefined story structure as well as when
instructed to imagine experiencing an event in their personal future. This initial result
suggested that opiate-related episodic foresight deficits are a function of both narrative ability
and self-projection. However on further inspection of within group performance, both the
control and opiate groups performed better in the narrative task relative to the self-projection
task. Given that the scenario cue used in the narrative condition provided participants with a
detailed story structure, there was a lesser demand for independent scene construction. The
opiate user group however performed much worse on the task requiring self-projection
relative to their narrative performance. Consequently, episodic foresight deficits in chronic
opiate users may be explained by an inability to projection the self into a novel future which

IS not secondary to narrative ability.
10.4 Contributions and implications of studies 1 and 2

The findings from Study 1 provide the first direct evidence that episodic foresight is
impaired within the context of chronic opiate use, and indicate that this deficit is not
secondary to impairments in memory or executive control. Furthermore, studies 1 and 2
provide support for the constructive simulation hypothesis that postulates that memories
(episodic) are the basic materials used for future event construction. Study 2 in particular
shows that other cognitive processes such as self-projection are recruited in order to construct
and pre-experience novel future events. The findings of these first two studies highlight the
complex nature of episodic foresight, which is considered to be more cognitively demanding

than episodic memory. Also, this behavioural evidence from the first two studies is consistent
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with the suggestion that compromised foresight ability may be a reflection of abnormalities in
areas of the brain known to be functionally and structurally altered within the context of
chronic opiate use and that are established as being associated with episodic foresight (such

as the MTL).

While theoretically important, the data from the first and second studies of this project
also have significant implications for the treatment of long-standing substance dependence.
Poor treatment compliance and high relapse rates are particularly common among long-term
opiate users attempting to achieve abstinence from their addiction (Smyth, Barry, Keenan, &
Ducray, 2010). Therefore the identification of an episodic foresight deficit within the context
of chronic opiate use can be useful in informing the modification of treatment protocols used
alongside front line pharmacotherapies. For example, Motivational Interviewing (M)
strategies often used in the treatment of addiction, aim to address ambivalence towards
change by promoting intrinsic motivation towards behaviour modification (Arkowitz &
Miller, 2008). A commonly used tool in Ml is decisional balancing which focuses on an
individual’s ambivalence towards behaviour change (Miller & Rollnick, 2009). This process
requires generating positive and negative consequences that would occur as a result of
changing behaviour in order to encourage intrinsic motivation to initiate the change process
(Miller & Rollnick, 2009). In the context of substance dependence this could involve
considering possible outcomes associated with the cessation of compulsive drug use. The
concept of a drug free existence would be a very foreign concept for many opiate users,
particularly chronic opiate users given that opiate use tends to be initiated after an extensive
period of other substance use (Fernandez-Serrano et al., 2011). Given the breakdown in
episodic foresight, the generation of positive outcomes associated with drug-free living may
be particularly difficult for a long term user to personally imagine and pre-experience,

therefore hindering the promotion of intrinsic motivation towards changing problem drug-
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using behaviour. This suggests some alterations may need to be made to this aspect of
treatment to accommodate episodic foresight deficits in order to maximise successful

outcomes.

However, even for those who seek treatment already motivated to change their
problem behaviour (Arkowitz & Miller, 2008) episodic foresight deficits may also hinder
treatment success. This is because in these cases, interventions become more goal-directed.
Such interventions include developing a plan for change. This involves deciding on what
exactly needs to change in a client’s life and generating more adaptive behavioural
contingencies that promote the achievement of these changes. In order to encourage
motivation towards a modified lifestyle, the client would be encouraged to envision a future
that includes the changes they would like to achieve (Arkowitz & Miller, 2008). With a

reduced capacity for episodic foresight, treatment success again is likely to be reduced.

In studies 1 and 2 participants showered compromised episodic foresight when
instructed to imagine future event three years and one year into the future, respectively. These
findings suggest that relapse prevention protocols that require clients to picture their future if
they made desired changes should not focus on assisting clients to set goals well ahead in the
future, but rather should emphasise short term treatment objectives. Better treatment
compliance and prognosis may result if treatment is focused more on fulfilling immediate
treatment related goals, which are in line with the client’s current needs, such as simply
remembering therapy appointments. Constructing long-term abstinence goals may be too
difficult for this clinical group and may be hard for them to imagine themselves realistically
achieving. Overall, the findings of the first two studies of this research project do not suggest
a complete revolution of current treatment methods, but rather indicate that modification may
be beneficial such that there is less demand for future-oriented thinking during the treatment

of long-term opiate use.



EPISODIC FORESIGHT AND DRUG USE 142

10.5 Study 3 summary of results

Given the existing evidence for cannabis-related impairments in a range of cognitions
such as learning, memory, and executive processing (Abdullaev et al., 2010; Bolla et al.,
2005; Curran et al., 2002; Solowij et al., 2002), the primary goal of Study 3 was to explore
whether episodic foresight deficits would also be observed in the context of regular cannabis
use. Similar to Study 1 the secondary objective was to explore the relationships between
episodic foresight and episodic memory, and executive control. To address these questions
this study administered the same neurocognitive battery employed in Study 1. In contrast to
Study 1, the findings of this third study did not find cannabis-related impairments in episodic
foresight, with the cannabis group’s ability to generate personally relevant details of novel
future events comparable to the substance naive control group. There was also no cannabis-
related memory impairment observed in this third study. However the findings did support
the notion that episodic memory contributes to the capacity to construct and pre-experience
novel future experiences, as similar to Study 1, a relationship was observed between episodic
foresight and episodic memory in both experimental groups. A relationship between episodic
foresight and executive functioning (as indexed by performance on a measure of verbal
fluency) was also identified in both groups suggesting a role for executive control in episodic

foresight, which had not been apparent for either group in Study 1.

10.6 Contributions and implications of study 3

These data add to the currently inconsistent literature relating to cannabis-related
cognitive functioning. As previously noted there is ongoing debate over the neurotoxicity of
cannabis in humans and the literature provides strong evidence both for (Abdullaev et al.,
2010; Bolla et al., 2005; Curran et al., 2002; Morgan, Schafer, et al., 2010; Solowij et al.,
2002) and against (Chang et al., 2006; Elderth et al., 2004; Nestor et al., 2010; Schweinsburg

et al., 2010) potentially damaging neurocognitive outcomes. The findings of Study 3 suggest
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that cognitive functioning, at least in terms of episodic foresight ability, is spared in the
context of cannabis use. However there are a number of explanations that may account for the
absence of group differences in episodic foresight that should be considered before this

conclusion can be confidently made.

First, the cannabis-using group recruited for Study 3 reported a relatively later age of
cannabis initiation (over 18 years old). This sample characteristic is particularly notable
because earlier introduction to cannabis use, particularly during early adolescence, is
associated with greater cannabis-related cognitive impairments (Gonzalez & Swanson, 2012;
Hall, 2014; Lisdahl, Wright, Medina-Kirchner, Maple, & Scollenbarger, 2014). Given the
later age of onset reported in this cannabis-using sample it is possible that neurological
development followed the typical trajectory prior to initiation of use, therefore allowing for

intact cognitive processing.

Second, the strain of cannabis used can have a significant impact on cognitive
outcomes with recent studies demonstrating greater cognitive impairment as a function of its
pharmacological makeup (Morgan, Freeman, Schafer, & Curran, 2010; Morgan, Schafer, et
al., 2010). This pharmacological make up can vary significantly depending on the region the
cannabis is grown in and methods of growth. It should therefore be considered that the lack of
group differences in Study 3 might to some extent be a function of the strain of cannabis used

by the participants.

However, another arguably stronger argument for the lack of episodic foresight
impairment observed within the context of cannabis use may relate to the use of
compensatory mechanisms. Despite neuroimaging studies observing cannabis-related
alterations in neurological functioning, the performance of cannabis-using individuals across
various cognitive paradigms have been shown to be comparable to healthy control

participants (Chang et al., 2006; Elderth et al., 2004; Nestor et al., 2010; Schweinsburg et al.,
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2010). For example, Chang et al. (2006) observed lower activation in prefrontal, medial, and
parietal brain regions, but increase activity within the cerebellum of active cannabis users,
relative to healthy controls. However behavioural performance on a battery of
neuropsychological assessments for functions including memory, attention, and executive
functioning, was comparable between the cannabis and control groups. Similarly, a study by
Schweinsburg et al. (2010) showed that when completing a task of spatial working memory,
adolescent cannabis users had greater brain activity in prefrontal regions and the anterior
insula than controls, but performance on the spatial working memory task did not differ
between the two groups. Studies such as these proposed that the lack of differences in
cognitive abilities in the presence of abnormal neural functioning may be the result of non-
related brain regions being recruited to compensate for atrophy in the associated areas
required for intact processing (Chang et al., 2006; Elderth et al., 2004; Nestor et al., 2010;
Schweinsburg et al., 2010). This is therefore one other possible explanation of the lack of

episodic foresight deficit in cannabis users in the current research project.

Despite no cannabis-related deficit in episodic foresight identified in Study 3, these
data provide a platform for further investigation of the circumstances in which cannabis use
might influence episodic foresight ability. As discussed in Chapters 2 and 9 (Study 3),
cannabis continues to be the world’s most used illicit drug and despite the general perception
that it is a benign substance (United Nations Office of Drugs and Crime, 2014) early
introduction to the drug can significantly alter neuronal development and increase the
likelihood of developing future addiction by six fold. Furthermore, regular cannabis use is
associated with a number of deleterious psychosocial consequences (Hall, 2014; Parker et al.,
2002; Wagner & Anthony, 2002). Therefore it is particularly important to investigate drug

specific cognitive declines across all stages of consumption, even at the very early stages as



EPISODIC FORESIGHT AND DRUG USE 145

greater knowledge could assist in the development of more tailored support and harm-

minimization strategies that could prevent evolution into addictive behaviours.
10.7 Limitations of the overall research project

One limitation of this research project relates to the heterogeneity of substance use
history among participants, particularly in the first two investigations. As mentioned
throughout this project, it is unlikely that opiates are the drug of preference for novice users,
therefore it is almost inevitable that opiate-dependent individuals have an extensive history of
poly drug abuse and/or dependence. In addition, poly drug use was also reported in some of
the cannabis-using participants recruited in Study 3. Furthermore the opiate sample recruited
for Study 1 was participating in opiate substitution treatment which is the first line treatment
option for opiate dependence (United Nations Office of Drugs and Crime, 2014). The most
common type is Methadone, but other substitutes include Bupenephorine, Naloxone, and
Suboxone (which is a combination of the latter two). These substitutes induce less euphoria
and are longer acting substances than opiates which aim to relieve physiological cravings for
opiates (United Nations Office of Drugs and Crime, 2014). However some studies have
identified cognitive declines associated with these substitutes (Curran et al., 2001; Darke et
al., 2000) and thus it is difficult to delineate the effects of opiates from other substances,

including the effects of pharmacotherapies.

Second, a larger battery of neuropsychological measures could have been
administered to assess a wider range of cognitive and executive functions. For example,
including an additional measure of episodic memory would have allowed for more thorough
assessment of this ability. However in saying that, the length of time required to administer
the chosen battery was already substantial and increasing this could have been at a cost to the
reliability of interpretation and participant engagement. This is because participants in the

opiate group were already required to have refrained from consuming methadone for slightly



EPISODIC FORESIGHT AND DRUG USE 146

a longer period than they normally would have, and to have increased the testing time further
would have increased the risk of withdrawal and cravings, potentially impacting engagement

and performance on tasks.

Third, information relating to psychiatric comorbidities, and confirmation of
abstinence from any psychoactive substances (including alcohol) 24 hours prior to testing
were obtained via self-report. It would have been preferable to have drug screening analysis
and access to psychiatric diagnosis details from independent sources, but the sample was

recruited from the general public and therefore these details were not available.

Finally, conclusions relating to the involvement and overlap of neural substrates
across all three studies are speculative at best given the lack of neuroimaging evidence.
However, these suggestions are based on pre-existing neuroimaging studies that have
implicated the involvement of similar neural mechanisms in the execution of episodic
foresight, as well as areas which have been shown to attract structural and functional atrophy

within the context of substance use.
10.8 Strengths of the overall research project

Despite some limitations, this research project had a number of strengths. For
instance, although there was reliance on self-report, all individuals underwent a number of
intake interviews prior to their testing sessions and individuals who reported inconsistencies
on responses relating to drug use history, mental health diagnosis, and history of brain injury
between interviews (as well as those who disclosed ineligibility during testing) were not

included in the project.

A second strength relates to the representativeness of the opiate samples. Instead of
recruiting individuals from residential treatment facilities, the opiate users who were involved

in Studies 1 and 2 were recruited from the general public through services that dispensed their
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pharmacotherapy as well as organisations that provided support specifically for injecting drug
users. Despite the well-known physical, psychological, social, and functional difficulties
associated with opiate use, the samples recruited for studies 1 and 2 are representative of a
hig-functioning subset of a clinical group as their participation in this research project was
reliant on their personal motivation to attend as well as their capacity to do so. Therefore, the
findings of Studies 1 and 2 could certainly translate to real life application as the opiate users
recruited for this project represent individuals who would most likely present to community

provided treatment services.

Lastly, the sample sizes of the three investigations were large compared to clinical
samples recruited for previous studies investigating episodic foresight, as well as those
assessing the cognitive impact of opiate and cannabis use (see Table 2 below). Furthermore it
should be noted that despite the challenges associated with recruiting from the community all
three studies conducted for this research project are comparable to, and indeed exceed most
of the sample sizes those of substance-related investigations which predominately recruit

through treatment facilities.
10.9 Conclusion

This research project is the first to directly examine the capacity for episodic foresight
in the context of psychoactive substance use. Prior to this research project, the capacity for
episodic foresight within substance-using groups could only be inferred from investigations
of cognitive abilities that incorporated an element of future-oriented thought. The findings of
the three studies make a significant contribution to the literature relating to the cognitive
functioning of substances users, and are an addition to the evolving literature relating to
episodic foresight ability. The unique findings of these three studies provide a platform for

future investigations into the cognitive capacities of substance users which may have
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profound implications for the way services approach the treatment of problematic substance

use.
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Table 2.

Sample sizes of previous studies investigating episodic foresight, opiate use, and cannabis use

149

Episodic foresight studies

Opiate studies

Cannabis studies

Authors Groups n Authors Groups n Authors Groups n
Addis et al. (2008) Healthy older adults 16 Pezawas et al. (1998)  Opiate group 21 Lundqvist et al. Cannabis group 14
Healthy younger adults 16 Healthy controls 21 (2001) Healthy controls 14
D'Argembeau, Schizophrenia 16 Ornstein et al. (2000)  Opiate group 22 Curran et al. (2001) Cannabis group 15
Raffard, et al. (2008) Healthy controls 16 Amphetamine group 23
Healthy controls 22
D'Argembeau et al. Healthy adult males 16 Lyoo et al. (2004) Opiate group 32 Block et al. (2002) Cannabis group 18
(2010) Cocaine group 32 Healthy controls 13
Healthy controls 32
Lind and Bowler ASD (adults) 14 Mintzer, Copersino, Opiate group 20 Solowij et al. (2002) Cannabis (long-term) 51
(2010) Healthy controls 14 and Stizer (2005) Amphetamine group 18 Cannabis (short-term) 51
Healthy controls 21 Healthy controls 33
Raffard et al. (2010) Schizophrenia 24 Lyoo et al. (2006) Opiate group 63 Elderth et al. (2004) Cannabis group 11
Healthy controls 25 Healthy controls 46 Healthy controls 11
Squire et al. (2010) Amnesic patients 5 Fu et al. (2008) Opiate group 30 Ilan, Smith, and Cannabis group 10
Healthy controls Healthy controls 18 Gevins (2004)
de Vito et al. (2012) PD patients 31 Wang et al. (2012) Opiate group 21 Matochik et al. (2005)  Cannabis group 11
Healthy controls 31 Healthy controls 20 Healthy controls 8
Rendell et al. (2012) Healthy older adults 25 Cheng et al. (2013) Opiate group 33 Chang et al. (2006) Cannabis group 24
Healthy younger adults 24 Healthy controls 30 Healthy controls 19
Lind et al. (2014) ASD (adults) 27 Terrett et al. (2014) Opiate group 26 Morgan, Schafer, et Cannabis group 134
Healthy controls 26 Healthy controls 35 al. (2010)

Note: ASD = Austism Spectrum Disorder, PD = Parkinson’s Disease



EPISODIC FORESIGHT AND DRUG USE 150

References

Abdullaev, Y., Posner, M.1., Nunnally, R., & Dishion, T.J. (2010). Functional MRI evidence
for inefficient attentional control in adolescent chronic cannabis abuse. Behavior
Brain Research, 215, 45-57. doi: 10.1016/j.bbr.2010.06.023

Addis, D.R., Musicaro, R., Pan, L., & Schacter, D. L. (2010). Episodic fimulation of past and
future events in older adults: Evidence from an experimental recombination task.
Psychology and Aging, 25, 369-376. doi: 10.1037/a0017280

Addis, D.R., & Schacter, D.L. (2008). Constructive episodic simulation: temporal distance
and detail of past and future events modulate hippocampal engagement.
Hippocampus, 18, 227-237. doi: 10.1002/hippo.20405

Addis, D.R., Wong, A.T., & Schacter, D.L. (2007). Remembering the past and imagining the
future: common and distinct neural subtrates during event construction and
elaboration. Neuropsychologia, 45(7). doi: 10.1016/j.neuropsychologia.2006.10.016

Addis, D.R., Wong, A.T., & Schacter, D.L. (2008). Age-related changes in the episodic
simulation of future events. Psychological Science, 19, 33-41. doi: 10.1111/j.1467-
9280.2008.02043.x

Ameri, A. (1999). The effects of cannabinoids on the brain. Progress Neurobiology, 58, 315-
348. doi: 10.1016/s0301-0082(98)00087-2

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (5th ed.). Washington: DC: Author.

Arkowitz, H., & Miller, W.R. (2008). Learning, applying, and extending motivational
interviewing. In H. Arkowirz, H. A. Westra, W. R. Miller & S. Rollnick (Eds.),
Motivational Interviewing in the Treatment of Psychological Problems. NY: Guilford

Pulications.



EPISODIC FORESIGHT AND DRUG USE 151

Arnold, K.M., McDermott, K.B., & Szpunar, K.K. (2011). Imagining the near and far future:
the role of location familiarity. Memory and Cognition, 39(6), 954-967. doi:
10.3758/s13421-011-0076-1

Ashburner, J, & Friston, KJ. (2000). Voxek-based morphometry - The methods. Neuroimage,
11, 805-821. doi: 10.1006/nimg.2000.0582

Ashtari, M., Avants, B., Cyckowski, L., Cervellione, K.L., Roofeh, D., Cook, P., ... Kumra,
S. (2011). Medial temporal structures and memory functions in adolescents with
heavy cannabis use. Journal of Psychiatric Research, 45(8), 1055-1066. doi:
10.1016/}.jpsychires.2011.01.004

Atance, C.M., & Metcalf, J.L. (2013). Future thinking in young children. In M. Taylor (Ed.),
The Oxford Handbook of the Development of Imagination (pp. 1-23). Oxford: Oxford
University Press.

Atance, C.M., & O'Neill, D.K. (2001). Episodic future thinking. Trends in Cognitive
Sciences, 5(12), 533-539. doi: 10.1016/s1364-6613(00)01804-0

Atance, C.M., & O'Neill, D.K. (2005). The emergence of episodic future thinking in humans.
Learning and Motivation, 36. doi: 10.1016/j.Imot.2005.02.003

Australian Institute of Health and Welfare. (2011). 2010 National Drug Strategy Household
Survey report. Canberra: Author Retrieved from http://www.aihw.gov.au/publication-
detail/?1d=32212254712&tab=2.

Baddeley, Alan. (1992). Working memory. Science, 255, 556-559. doi:
10.1126/science.1736359

Baler, R.D., & Volkow, N.D. (2006). Drug addiction: the neurobiology of disrupted self-
control. Trends in Mollecular Medicine, 12, 55-566. doi:

10.1016/j.molmed.2006.10.005



EPISODIC FORESIGHT AND DRUG USE 152

Batalla, A., Bhattacharyya, S., Yucel, M., Fusar-Poli, P., Crippa, J.A., Nogue, S., . . . Martin-
Santos, R. (2013). Structural and functional imagining studies in chronic cannabis
users: A systematic review of adolescent and adult findings. PLoS ONE,
8(2(e55821)), 1-218. doi: 10.1371/journal.pone.0055821

Battistella, G., Fornari, E., Annoni, J-M., Chtioui, H., Dao, K., Fabritius, M.. . . Giroud, C.
(2014). Long-term effects of cannabis on brain structure. Neuropsychopharmacology,
39, 2040-2048. doi: 10.1038/npp.2014.67

Blasco, M.A. (2005). Telomeres and human disease: aging, cancer and beyond. Nature
Reviews Genetics, 6, 611-622. doi: 10.1038/nrg1656

Block, R.I., O'Leary, D.S., Ehrhardt, J.C., Augustinack, J.C., Ghoneim, M.M., Arndt, S, &
Hall, J.A. (2000). Effects of frequent maijuanna use on brain tissue volume and
composition. Brain Imaging, 11(3), 491-496. doi: 10.1097/00001756-200002280-
00013

Block, R.I., O'Leary, D.S., Hichwa, R.D., Augustinack, J.C., Boles Ponto, L.L., Ghoneim,
M.M ... Andreasen, N.C. (2000). Cerebellar hypoactivity in frequent marijuana
users. Brain Imaging, 11(4), 749-753. doi: 10.1097/00001756-200003200-00019

Block, R.I., O'Leary, D.S., Hichwa, R.D., Augustinack, J.C., VVBoles Ponto, L.L., Ghomeim,
M.M, ... Andreasen, N.C. (2002). Effects of frequenct manijuanna use on memory-
related regional cerebral blood flow. Pharmacology, Biochemistry and Behavior,
72(1-2), 237-250. doi: 10.1016/50091-3057(01)00771-7

Bolla, K.1., Elderth, D.A., Matochik, J.A., & Cadet, J.L. (2005). Neural substrates of faulty
decision-making in abstinent marijuana users. Neuroimage, 26, 480-492. doi:

10.1016/j.neuroimage.2005.02.012



EPISODIC FORESIGHT AND DRUG USE 153

Brand, M., Roth-Bauer, M., Driessen, M., & Markowitsch, H.J. (2008). Executive functions
and risky decision-making in patients with opiate dependence. Drug and Alcohol
Dependence, 97, 64-72. doi: 10.1016/j.drugalcdep.2008.03.017

Brown, A.D., Addis, D. R., Romano, T.A., Marma, C.R., Bryant, R.A., Hirst, W., & Schacter,
D.L. (2014). Episodic and semantic components of autobiographical memories and
imagined future events in post-traumatic stress disorder. Memory. doi:
10.1080/09658211.2013.807842

Buckner, R.L., & Carroll, D.C. (2006). Self-projection and the brain. Trends in Cognitive
Sciences, 11(2), 49-57. doi: 10.1016/j.tics.2006.11.004

Burke, S.N., & Barnes, C.N. (2006). Neural plasticity in the aging brain. Nature Reviews
Neuroscience, 7, 30-34. doi: 10.1038/nrn1809

Busby, J., & Suddendorf, T. (2005). Recalling yesterday and predicting tomorrow. Cognitive
Development, 20, 362-372. doi: 1.1016/j.cogdev.2005.05.002

Campisi, J., & d'Adda di Fagagna, F. (2007). Cellular senescence: When bad things happen to
good cells. Nature Reviews Mollecular Cell Biology, 8, 729-740. doi:
10.1038/nrm2233

Carpenter, P.A., Just, M.A., & Reichle, E.D. (2000). Working memory and executive
function: evidence from neuroimaging. Current Opinion in Neurobiology, 195-199.
doi: 10.1016/50959-4388(00)00074-x

Chan, G.C,, Hinds, T.R., Impey, S., & Storm, D.R. (1998). Hippocampal neurotoxicity of D9-
Tetrahydrocannabinol. The Journal of Neuroscience, 18(14), 5322-5332.

Chang, L., Yakupov, R., Cloak, C., & Ernst, T. (2006). Marijuana use is associated with
reorganized visual-attention network and cerebellar hypoactivation. Brain, 129, 1096-

1112. doi: 10.1093/brain/awl064



EPISODIC FORESIGHT AND DRUG USE 154

Cheng, G.L.F., Zeng, H., Zhang, H.J., Lau, B.W.M., Liu, G.X., Sham, P.C., ... Lee, T.M.C.
(2013). Heroin abuse accelerates biological aging: a novel insight from telomerase
and brain imaging interaction. Translational Psychiatry, 3(e260), 1-9. doi:
10.1038/tp.2013.36

Churchwell, J.C., Lopez-Larson, M., & Yurgelun-Todd, D.A. (2010). Altered frontal cortical
volume and decision making in adolescent cannabis users. Frontiers in Psychology(1),
225. doi: 10.3389/fpsyg.2010.00225

Clarke, AR, Barry, R.J., Heaven, P.C., McCarthy, R., Selikowitz, M., & Byrne, M.K. (2008)
EEG coherence in adults with attentino-deficit/hyperctivity disorder. International
Journal of Psychophysiology, 174, 35-40. doi: 10.1016/j.inpsycho.2007.10.001

Cohen, J. (1999). Statistical power analysis for the behavioral sciences. Hillsdale, NJ:
Lawrence Erlbaum.

Collins, D.J., & Lapsley, H.M. (2008). The Costs of Tobacco, Alcohol and Illicit Drug Abuse
to Australian Society in 2004/05.

Corballis, M.C. (2009). Mental time travel and the shaping of language. Experimental Brain
Research, 192, 553-560. doi: 10.1007/s00221-008-1491-9

Curran, H.V., Brignell, C., Fletcher, S., Middleton, P., & Henry, J. (2002). Cognitive and
subjective dose-response effects of acute oral Delta 9-tetrahydrocannabinol (THC) in
infrequent cannabis users. Psychopharmacology, 164, 61-70. doi: 10.1007/s00213-
002-1169-0

Curran, H.V., Kleckham, J., Bearn, J., Strang, J., & Wanigaratne, S. (2001). Effects of
methadone on cognition, mood and craving in detozifying opiate addicts: a dose

response study. Psychopharmacology, 154, 153-160. doi: 10.1007/s002130000628



EPISODIC FORESIGHT AND DRUG USE 155

D'Argembeau, A., Ortoleva, C., Jumentier, S., & Van der Linden, M. (2010). Component
processes underlying future thinking. Memory and Cognition, 38(6), 809-819. doi:
10.3758/MC.38.6.809

D'Argembeau, A., Raffard, S., & van der Linden, M. (2008). Remembering the past and
imagining the future in schizophrenia. Journal of Abnormal Psychology, 117, 247-
251. doi: 10.1037/0021-843x.117.1.247

D'Argembeau, A., Renaud, O., & Van der Linden., M. (2011). Frequency, characteristics and
functions of future-oriented thoughts in daily life. Applied Cognitive Psychology, 25,
96-103. doi: 10.1002/acp.1647

D'Argembeau, A., Xue, G., Lu, Z., van der Linden, M., & Bechara, A. (2008). Neural
correlates of envisioning emotional events in the near and far future. Neuroimage,
40(1), 398-407. doi: 10.1016/j.neuroimage.2007.11.025

Darke, S., Sims, J., McDonald, S., & Wickes, W. (2000). Cognitive impairment among
methadone maintenance patients. Addiction, 95(5), 687-695. doi: 10.1046/j.1360-
0443.2000.9556874.x

Davis, P. E., Liddiard, H., & McMillan, T. M. (2002). Neuropsychological deficits and opiate
abuse. Drug and Alcohol Dependence, 67(1), 105-108. doi:
http://dx.doi.org/10.1016/S0376-8716(02)00012-1

De Sola Llopis., S, Miguelez-Pan, M., Pefia-Casanova, J., Poudevida, S., Farré, M., Pacifici,
R.,...De LaTorre, R. (2008). Cognitive performance in recreational ecstasy
polydrug users: a two-year follow-up study. Journal of Psychopharmacology, 22,
498-510. doi: 10.1177/0269881107081545

de Vito, S., Gamboz, N., Brandimonte, M.A., Barone, P., Amboni, M., & Sala, S.D. (2012).
Future thinking in Parkinson’s disease: An executive function? Neuropsychologia, 50,

1494-1501. doi: 10.1016/j.neuropsychologia.2012.03.001



EPISODIC FORESIGHT AND DRUG USE 156

Denier, N., Gerber, H., Vogel, M., Kalrhofer, G.A., Reicher-Rossler, A., & Weisbeck, G.A.
(2013). Reduction in cerebral profusion after heroin adminsitration: A resting-state
arterial spin labeling study. PLoS ONE, 8(e71461). doi:
10.1371/journal.pone.0071461

Denier, N., Schmidt, A., Gerber, H., Schmid, O., Reiecher-Rossler, A., Weisbheck, G.A., . ..
Borgwardt, S. (2013). Association of frontal gray matter volume and cerebral
perfusion in heroin addiction: a multimodal neuroimaging study. Frontiers in
Psychiatry, 4, 1-7. doi: 10.3389/ppsyt.2013.00135

Dubois, B., Slachevsky, A., Litvan, I., & Pillon, B. (2000). The FAB. A frontal assessment
battery at bedside. Neurology, 55(11), 1621-1629. doi: 10.1212/wnl.57.3.565

Einstein, G.O., McDaniel, M.A., Thomas, R., Mayfield, S., Shank, H., Morrisette, N., &
Breneiser, J. (2005). Multiple processes in prospective memory retreival: factors
determining monitoring versus spontaneous retrieval. Journal of Experimental
Psychology: General, 134, 327-342. doi: 10.1037/0096-3445.134.327

Elderth, D.A., Matochik, J.A., Cadet, J.L., & Bolla, K.1. (2004). Abnormal brain activity in
prefrontal brain regions in abstinent marijuana users. Neuroimage, 23, 914-920. doi:
10.1016/j.neuroimage.2004.07.032

Elmer, P.J., Obarzanek, E., Vollmer, W.M., Simons-Morton, D.S., Victor J., Young, D.R., ...
Appel, L.J. (2006). Effects of comprehensive lifestyle modification on diet, weight,
physical fitness, and blood pressure control: 18-month results of a randomized trial.
Annals of Internal Medicine, 144(7), 485-495. doi: 10.7326/0003-4819-144-7-
200604040-00007

Ersche, K.D., Clark, L., London, M., Robbins, T.W., & Sahakian, B.J. (2006). Profile of
executive and memory function associated with amphetamine and opiate dependence.

Neuropsychopharmacology, 31, 1036-1047. doi: 10.1038/sj.npp.1300889



EPISODIC FORESIGHT AND DRUG USE 157

Fernandez-Serrano, M.J., Lozano, O., Pérez-Garcia, M., & Verdejo-Garcia, A. (2010). Impact
of severity of drug use on discrete emotions recognition in polysubstance abusers.
Drug Alcohol Dependence, 109, 57-64. doi: 10.1016/j.drugalcdep.2009.12.007

Ferndndez-Serrano, M.J., Pérez-Garcia, M., & Verdejo-Garcia, A. (2011). What are the
specific vs. generalized effects of drugs of abuse on neuropsychological performance?
Neuroscience and Biobehavioral Reviews, 35, 377-406. doi:
10.1016/j.neubiorev.2010.04.008

Ferndndez-Serrano, M.J., Pérez-Garcia, M., Rio-Valle, J.S., & Verdejo-Garcia, A. (2010).
Neuropsychological consequences of alcohol and drug abuse on different components
of executive functions. Journal of Psychopharmacology, 24, 1317-1332. doi:
10.1177/0269881109349841

Fibley, F.M., Aslan, S., Calhoun, V.D., Spence, J.S., Damaraju, E., Caprihan, A., Segall, J.
(2014). Long-term effects of marijuana use on the brain. Proceedings of the National
Academy of Sciences, 111(47), 16913-16918. Doi: 10.1073/pnas.1415297111

Fishbein, D.H., Krupitsky, E., Flannery, B.A., Langevin, D.J., Bobashev, G., Verbitskaya, E.,
... Schech, B. (2007). Neurocognitive characterizations of Russian heroin addicts
without a significant history of other drug use. Drug and Alcohol Dependence, 90, 25-
38. doi: 10.1016/j.drugalcdep.2007.02.015

Fu, L., Bi, G., Zou, Z., Wang, Y., Ye, E., Ma, L., ... Yang, Z. (2008). Impaired response
inhibition function in abstinence heroin dependents: an fMRI study. Neuroscience
Letters, 2008(138). doi: 10.1016/j.neulet.2008.04.033

Gaesser, B., Sacchetti, D.C., Addis, D.R., & Schacter, D.L. (2011). Characterizing age-
related changes in remembering the past and imagining the future. Psychology of

Aging, 26(1), 80-84. doi: 10.1037/20021054



EPISODIC FORESIGHT AND DRUG USE 158

Glass, M., Dragunow, M., & Faull, R.L. (1997). Cannabinoid receptors in the human brain: a
detailed anatomical and qunatitative autoradicographic study in the fetal, neonatl and
adult human brain. Neuroscience, 77, 299-318. doi: 10.1016/s0306-4522(96)00428-9

Goldstein, A. (1991). Heroin addiction: Neurobiology, pharmacology, and policy. Journal of
Psychoactive Drugs, 23(2), 123-133. doi: 10.1080/02791072.1991.10472231

Goldstein, R.Z., & Volkow, N.D. (2002). Drug addiction and its underlying neurobiological
basis: neuroimaging evidence for the involvement if the frontal cortex. American
Journal of Psychiatry, 159(10), 1642-1652. doi: 10.1176/appi.ajp.159.10.1642

Gollwitzer, P.M. (1993). Goal achievement: the role of intentions. European Reviews of
Social Psychology, 4, 141-185. doi: 10.1080/14792779343000059

Gollwitzer, P.M., & Sheeran, P. (2006). Implementation intentions and goal achievement: a
meta-analysis of effects and processes. Advances in Experimental Social Psychology,
38(69-119). doi: 10.1016/s0065-2601(06)38002-1

Gonzalez, R. (2007). Acute and non-acute effects of cannabis on brain functioning and
neuropsychological performance. Neuropsychological Review, 17, 347-361. doi:
10.1007/s11065-007-9036-8

Gonzalez, R., & Swanson, J.M. (2012). Long-term effects of adolescent-onset and persistent
use of cannabis. Proceedings of the National Academy of Sciences, 109(40), 15970-
15071. doi: 10.1073/pnas.1214124109

Grant, S., Contoreggi, C., & London, E.D. (2000). Drug abusers show impaired performance
in laboratory tests of decision making. Neuropsychologia, 38, 1180-1187. doi:
10.1016/S0028-3932(99)00158-X

Gruber, S.A., & Yurgelun-Todd, D.A. (2005). Neuroimaging of marijuana smokers during
inhibitory processing: a pilot investigation. Brain Research Cognitive Brain Research,

23, 107-118. doi: 10.1016/j.cogbrainres.2005.02.016



EPISODIC FORESIGHT AND DRUG USE 159

Hall, W. (2014). What has research over the past two decades revealed about the adverse
effects of recreational acannabis use? Addiction. doi: 10.1111/add.12703

Hanson, L.K., Atance, C.M., & Paluck, S.W. (2014). Is thinking about the future related to
theory of mind and executive function? Not in preschoolers. Journal of Experimental
Child Psychology, 128, 120-137. doi: 10.1016/j.jecp.2014.07.006

Hassabis, D., Kumaran, D., & Maguire, E.A. (2007). Using imagination to understand the
neural basis of episodic memory. The Journal of Neuroscience, 27(52), 14365-14374.
doi: 10.1523/JNEUROSCI.4549-07.2007

Hassabis, D., Kumaran, D., Vaan, S.D., & Maguire, E.A. (2007). Patients with hippocampal
amnesia cannot imagine new experiences. Proceedings of the National Academy of
Sciences, 104(5), 1726-1731. doi: 10.1073/pnas.0610561104

Hassabis, D., & Maguire, E.A. (2009). The construction system of the brain. Philisophical
Transactions of the Roayl Society Biological Sciences, 364, 1263-1271. doi:
10.1098/rsth.2008.0296

Henry, J.D., Mazur, M., & Rendell, P.G. (2009). Social- cognitive difficulties in former users
of methamphetamine. British Journal of Clinical Psychology, 48(3), 323-327. doi:
10.1111/5.2044-8260.2009.tb00487.x

Henry, J.D, Phillips, L.H, Beatty, W.W, McDonald, S., Longley, W.A, Joscelyne, A., &
Rendell, P.G. (2009). Evidence for deficits in facial affect recognition and theory of
mind in multiple sclerosis. Journal of the International Neuropsychological Society,
15, 277-285. doi: 10.1017/5S1355617709090195

Hester, R., Nestor, L., & Garavan, H. (2009). Impaired error awareness and anterior cingulate
cortex hypoactivity in chronic cannabis users. Neuropsychopharmacology, 34, 2450-

2458. doi: 10.1038/npp.2009.67



EPISODIC FORESIGHT AND DRUG USE 160

Ilan, A.B., Smith, M.E., & Gevins, A. (2004). Effects of marijuana on neurophysiologica
signals of working and episodic memory. Psychopharmacology, 176(2), 214-222. doi:
10.1007/s00213-004-1868-9

Irish, M., Addis, D.R., Hodges, J.R., & Piguet, O. (2012). Exploring the content and quality
of episodic future simularions in semantic dementia. Neuropsychologia, 20, 3488-
3495. doi: 10.1016/j.neuropsychologia.2012.09.012

Irish, M., Hodges, J.R., & Piguet, O. (2013). Episodic future thinking is impaired in the
bhavioural variant of frontotemporal dementia. Cortex, 4, 2377-2388. doi:
10.1016/j.cortex.2013.03.002

Irish, M., & Piguet, O. (2013). The pivotal role of semantic memory in remembering the past
and imagining the future. Frontiers in Behavioral Neuroscience, 7(27), 1-11. doi:
10.3389/fnbeh.2013.00027

Koob, G.F., & Volkow, N.D. (2010). Neurocicuitry of addiction. Neuropsychopharmacology,
35, 217-238. doi: 10.1038/npp.2009.110

Landfield, P.W., Cadwallader, L.B., & Vinsant, S. (1988). Quantitative changes in
hippocampal structure folloing long-term expsoure to D9-tetrahydrocannabinol:
possible mediation by glucocorticoid systems. Brain Research, 443(1-2), 47-62. doi:
10.1016/0006-8993(88)91597-1

Lawson, J., Borella, A., Robinson, J.K., & Whitaker-Azmitia, P. (2000). Changes in
hippocampal morphology following chronic treatment with the synthetic cannabinoid
WIN 55,212-2. Brain Research, 877, 407-401. doi: 10.1016/s0006-8993(00)02739-6

Leitz, J.R., Morgan, C.J.A., Bisby, J.A., Rendell, P.G., & Curran, H.V. (2009). Global
impairment of prospective memory following acure alcohol. Psychopharmacology,

205, 379-387. doi: 10.1007/s00213-009-1546-z



EPISODIC FORESIGHT AND DRUG USE 161

Leri, F., Bruneau, J., & Stewart, J. (2003). Understanding poly drug use: review of heroin and
cocain co-use. Addiction, 97, 7-22. doi: 10.1046/].1360-0443.2003.00236.x

Levine, B., Svoboda, E., Hay, J.F., Winocur, G., & Moscovitch, M (2002). Aging and
autobiographical memory: dissociating episodic from semantic retrieval. Psychology
and Aging, 17(4). doi: 10.1037//0882-7974.17.4.677

Li, M., Tian, J., Zhang, R., Qiu, Y., Wen, X., Ma, X., ... Huang, R. (2014). Abnormal
cortical thichness in heroin-dependent individuals. Neuroimage, 88, 295-307. doi:
10.1016/j.neuroimage.2013.10.021

Lind, S.E., & Bowler, D.M. (2010). Episodic memory and episodic future thinking in adults
with autism. Journal of Abnormal Psychology, 119(4), 896-905. doi:
10.1037/a0020631

Lind, S.E., Williams, D.M., Bowler, D.M., & Peel, A. (2014). Episodic memory and episodic
future thinking impairments in high-functioning Autism Spectrum Disorder: An
underlying difficulty with scene construction or self-projection. Neuropsychology,
28(1), 55-67. doi: 10.1037/neu000005

Lisdahl, K.M., Wright, N.E., Medina-Kirchner, C., Maple, K.E., & Scollenbarger, S. (2014).
Considering cannabis: the effects of regular cannabis use on neurocognition in
adolescents and young adults. Current Addiction Reports, 1, 144-156. doi:
10.1007/s40429-014-0019-6

Liu, H., Hao, Y., Kaneko, Y., Ouyang, X., Zhang, Y., Xu, L., ... Liu, Z. (2009). Frontal and
cingulate gray matter volume reduction in heroin dependence: Optimized voxel-
based morphometry. Psychiatry and Clinical Neurosciences, 63, 563-568. doi:

10.1111/.1440-1819.2009.01989.x



EPISODIC FORESIGHT AND DRUG USE 162

Liu, J., Liang, J., Qin, W., Tian, J., Yuan, K., Bai, L., . .. Gold, M.S. (2009). Dysfunctional
connectivity patterns in chronic heroin users: And fMRI study. Neuroscience Letters,
460, 72-77. doi: 10.1016/j.neulet.2009.05.038

Lundgvist, T., Jonsson, S., & Warkentin, S. (2001). Frontal lobe dysfunction in long-term
cannabis users. Neurotoxicology and Teratology, 23, 437-443. doi: 10.1016/s0892-
0362(01)00165-9

Lyoo, I.K., Pollack, M.H., Silveri, M.M., Ahn, K.H., Diaz, C.l., Hwang, J., . . . Renshaw, P.F.
(2006). Prefrontal and temporal gray matter density decreases in opiate dependence.
Psychopharmacology, 184, 139-144. doi: 10.1007/s00213-005-0198-x

Lyoo, I.K,, Streeter, C.C., Ahn, K.H., Lee, H.K., Pollack, M.H., Silveri, M.M., . . . Kaufman,
M.J. (2004). Whiter matter hyperintensities in subjects with cocaine and opiate
dependence and healthy comparison subjets. Psychiatry Research, 131, 135-145. doi:
10.1016/j.pscychresns.2004.04.001

Ma, N., Liu, Y., Li, N., Wang, C-X., Zhang, H.J., Jiang, X-F., ... Zhang, D-R. (2010).
Addiction related alteration in resting-state brain connectivity. Neuroimage, 49(1),
738-744. doi: 10.1016/j.neuroimage.2009.08.037

MacLeod, A.K. (2010). Affect, emotional disorder, and future directed thinking. Cognition
and Emotion, 10(1), 69-86. doi: 10.1080/026999396380394

Mascovitch, M. (1992). Memory and working-with-memory: A component process mdel
based on modules and central systems. Journal of Cognitive Neurosciene, 4(3), 257-
267. doi: 10.1162/jocn.1992.4.3.257

Matochik, J.A., Elderth, D.A., Cadet, J-L., & Bolla, K.I. (2005). Altered brain tissue
composition in heavy marijuana users. Drug and Alcohol Dependence, 77, 23-30. doi:

10.1016/j.drugalcdep.2004.06.011



EPISODIC FORESIGHT AND DRUG USE 163

Mechoulam, R., & Parker, L.A. (2013). The endocannabinoid system and the brain. Annual
Review of Psychology, 64, 21-47. doi: 10.1146/annurev-psych-113011-143739

Mercuri, K., Terrett, G., Henry, J.D., Bailey, P.E., Curran, H.V., & Rendell, P.G. (2014).
Episodic foresight deficits in long-term opiate users. Psychopharmacology. doi:
10.1007/s00213-014-3772-2

Mergenthaler, P., Lindauer, U., Dienel, G.A., & Meisel, A. (2013). Sugar for the brain: The
role of glucose in physiological and pathological brain function. Trends in
Neurosciences, 36(10), 587-597. doi: 10.1016/j.tins.2013.07.001

Miller, W.R., & Rollnick, S. (2009). Ten things motivational interviewing is not. Behavioural
and Cognitive Psychotherapy, 37, 129-140. doi: 10.1017/S1352465809005128

Mintzer, M.Z., Copersino, M.L., & Stizer, M.L. (2005). Opioid abuse and cognitive
performance. Drug Alcohol Dependence, 78, 225-230. doi:
10.1016/j.drugalcdep.2004.10.008

Morgan, C.J., Freeman, T.P., Schafer, G.L., & Curran, H.V. (2010). Cannabidiol attenuates
the appetitive effects of A9-tetrahydrocannabinol in humans smoking their chosen
cannabis. Neuropsychopharmacology, 35, 1879-1885. doi: 10.1038/npp.2010.58

Morgan, C.J., Schafer, G., Freeman, T.P., & Curran, H.V. (2010). Impact of cannabidiol on
the acute memory and psychotomimetic effects of smoked cannabis: naturalistic
study. The British Journal of Psychiatry, 197, 285-290. doi:
10.1192/bjp.bp.110.077503

Neroni, M.A., Gamboz, N., & Brandimonte, M.A. (2013). Does episodic future thinking
improve prospective remembering? Consciousness and Cognition, 23, 53-62. doi:

10.1016/j.concog.2013.12.001



EPISODIC FORESIGHT AND DRUG USE 164

Nestor, L., Hester, R., & Garavan, H. (2010). Increased ventrial straital BOLD activity during
non-drug reward anticipation in cannabis users. Neuroimage, 49, 1133-1143. doi:
10.1016/j.neuroimage.2009.07.022

Okuda, J., Fujii, T., Ohtake, H., Tsukiura, T., Tanji, K., Suzuki, K., . . . Tamadori, A. (2003).
Thinking of the futrue and past: the roles of the frontal pole and the medial temporal
lobes. Neuroimage, 19, 1369-1380. doi: 10.1016/S1053-8119(03)00179-4

Ornstein, T.J., Iddon, J.L., Baldacchino, A.M., Sahakian, B.J., London, M., Everitt, B.J., &
Robbins, T.W. (2000). Profiles of cognitive dysfunction in chronic amphetamine and
heroin abusers. Neuropsychopharmacology, 23(2), 113-126. doi: 10.1016/S0893-
133X(00)00097-X

Orr, C., Morioka, R., Behan, B., Datwani, S., Doucet, M., Ivanovic., ... Garavan, H. (2013).
Altered resting-state connectivity in adolescent cannabis users. The American Journal
of Drug and Alcohol Abuse, 39(6), 372-381. Doi: 10.3109/00952990.2013.848213

Parker, H., Williams, L., & Aldridge, J. (2002). The normalization of 'sensible’ recreational
drug use: further evidence from the North West England longitudinal study.
Sociology, 36(4), 941-964. doi: 10.1177/003803850203600408

Pau, CW.H., Lee, T., & Chan, S.F. (2002). The impact of heroin on frontal executive
functions. Archives of Clinical Neuropsychology, 17, 663-670. doi: 10.1016/S0887-
6177(01)00169-X

Pertwee, R.G. (2008). The diverse CB1 and CB2 receptor pharmacology of three plant
cannabinois: delta-9-terahydrocannabinol, cannabidiol and delta-9-
terahydrocannabivarin. British Journal of Pharmacology, 153, 199-215.

Pettigrew, J.D., & Miller, S. (1998). A ‘sticky’ interhemispheric switch in bipolar disorder?
Proceddings of the Royal Society B: Biological Sciences, 265(1411), 2141-2148. doi:

10.1098/rspb.1998.0551



EPISODIC FORESIGHT AND DRUG USE 165

Pezawas, L.M., Fischer, G., Diamat, K., Schneider, C., Schindler, S.D., Thurnher, M., . . .
Kasper, S. (1998). Cerebral CT findings in male opioid-dependent patients:
stereological, plaimetric and linear measurements. Psychiatry Research, 83, 139-147.
doi: 10.1016/s0925-4927(98)00028-6

Piratsu, R., Fais, R., Messina, M., Bini, V., Spiga, S., Falconieri, D., & Diana, M. (2005).
Impaired decision-making in opiate-dependent subjects: effect of pharmacological
therapies. Drug and Alcohol Dependence, 83, 163-168. doi:
10.1016/j.drugalcdep.2005.11.008

Posser, J., Cohen, L.J., Steinfeld, M., Einsenberg, D., London, E.D., & Galynker, I1. (2006).
Neuropsychological functioning in opiate-dependent subjets receiving and following
methadone maintenance treatment Drug and Alcohol Dependence, 84(3), 240-247.
doi: 10.1016/j.drugalcdep.2006.02.006

Pujol, J., Blanco-Hinojo, L., Batalla, A., Lépez-Sola, M., Harrison, B.J., Soriano-Mas, C., ...
Martin-Santos, R. (2014). Functional connectivity alterations in brain networks
relevent to self-awareness in chronic cannabis users. Journal of Psychiatric Research,
51, 68-78. Doi: 10.1016/j.psychires.2013.12.008

Qiu, Y-W.,, Jiang, G-H., Su, H-H., Lv, X-F., Tian, J-Z., Li, L-M., & Zhou, F-Z. (2013). The
impulsivity behavior is correlated with prefrontal cortex gray matter volume reduction
in heroin-dependent individuals. Neuroscience Letters, 538, 43-48. doi:
10.1016/j.neulet.2013.01.019

Quickfall, J., & Crockford, D. (2006). Brain neuroimaging in cannabis use: a review. The
Journal of Neuropsychiatry and Clinical Neurosciences, 18(3), 318-332. doi:
10.1176/appi.neuropsych.18.3.318

Race, E., Keane, M.M., & Verfaellie, M. (2011). Medial temporal lobe damage causes

deficits in episodic memory and episodic future thinking not attributable to deficits in



EPISODIC FORESIGHT AND DRUG USE 166

narrative construction. The Journal of Neuroscience, 31(28), 10262-10269. doi:
10.1523/JNEUROSCI.1145-11.2011

Race, E., Keane, M.M., & Verfaellie, M. (2013). Living in the moment: Patients with MTL
amnesia can richly describe the present despite deficits in past and future thought.
Cortex, 49,1764-1766. doi: 10.1016/j.cortex.2013.02.010

Race, E., Keane, M.M., & Verfaellie, M. (2015). Sharing mental simulations and stories:
Hippocampal contributions to discourse intergration. Cortex, 63, 271-281. doi:
10.1016/j.cortex.2014.09.004

Raffard, S., D'Argembeau, A., Bayyard, S., Boulenger, J., & van der Linden, M. (2010).
Scene construction in schizophrenia. Neuropsychology, 24(5), 608-615. doi:
10.1037/a0019113

Rendell, P.G., Bailey, P.E., Henry, J.D., Phillips, L.H., Gaskin, S., & Kliegal, M. (2012).
Older adults have greater difficulty imagining future rather than atemporal
experiences. Psychology and Aging, 2(4), 1089-1098. doi: 10.1037/a0029748

Rendell, P.G., Gray, T.J., Henry, J.D., & Tolan, A. (2007). Prospective memory impairment
in "ecstasy"” (MDMA) users. Psychopharmacology, 194, 497-504. doi:
10.1007/s00213-007-0859-z

Rendell, P.G., Mazur, M., & Henry, J.D. (2009). Prospective memory impairment in former
users of methamphetamines. Psychopharmacology, 203, 609-616. doi:
10.1007/s00213-008-1408-0

Reuter-Lorenz., P.A, & Lustig, C. (2005). Brain aging: reorganizing discoveries about the
aging mind. Current Opinion in Neurobiology, 15, 245-251. doi:
10.1016/j.conb.2005.03.016

Rogers, R.D., Everitt, B.J., Baldacchino, A.M., Blackshaw, A.J., Swainson, R., Wynne, K.,

... Robbins, T.W. (1999). Dissociable deficits in the decision-making cognition of



EPISODIC FORESIGHT AND DRUG USE 167

chronic amphetamine abusers, opiate abusers, patients with focal damage to prefrontal
cortex, and tryptophan-depleted normal volunteers: evidence for monoaminergic
mechanisms. Neuropsychopharmacology, 20(2), 332-339.

Sarkohi, A., Bjarehed, J., & Andersson, G. (2011). Links between future thinking and
autobiographical memory specificity in major depression. Psychology, 2(3), 261-265.
doi: 10.4236/psych.2011.23041

Schacter, D.L., & Addis, D.R. (2007). The cognitive neuroscience of constructive memory:
remembering the past and imagining the future. Philosophical Transactions of the
Royal Society Biological Sciences, 362, 773-786. doi: 10.1098/rstb.2007.2087

Schacter, D.L., & Addis, D.R. (2009). On the nature of medial temporal lobe contributions to
the constructive simulation of future events. Philisophical Transactions of the Roayl
Society Biological Sciences, 364, 1245-1253. doi: 10.1098/rstb.2008.0308

Schacter, D.L., Addis, D.R., & Buckner, R.L. (2007). Remembering the past to imagine the
future: the prospective brain. Nature Reviews Neuroscience, 8(9), 657-661. doi:
10.1038/nrn2213

Schweinsburg, A.D., Schweinsburg, B.C., Nagel, B.J., Eyler, L.T., & Tapert, S.F. (2010).
Neural correlates of verbal learning in adolescent alcohol and marijuana users.
Addiction, 106, 564-573. doi: 10.111/j.1360-0443.2010.03197.x

Science. (2007). Breakthrough of the year. Science, 318, 1848-1849,

Sevy, S., Smith, G.S., Ma, Y., Dhawan, V., Chaly, T., Kingsley, P.B., . . . Eidelberg, D.
(2008). Cerebral glucose metabolism and D2/D3 receptor availability in young adults
with cannabis dependencemeaasured with positron emission tomography.
Psychopharmacology, 197, 549-556. doi: 10.1007/s00213-008-1075-1

Smyth, B.P., Barry, J., Keenan, E., & Ducray, K (2010). Lapse and relapse following

inpatient treatment of opiate dependence Irish Medical Journal, 103(6), 176-179.



EPISODIC FORESIGHT AND DRUG USE 168

Solowij, N., & Battisti, R. (2008). The chronic effects of cannabis on memory in humans: a
review. Current Drug Abuse Reviews, 1, 81-98. doi: 10.2174/1874473710801010081

Solowij, N., Stephens, R.S., Roffman, R.A., Babor, T., Kadden, R., Miller, M.L., . ..
Vendetti, J. (2002). Cognitive functioning of long-term heavy cannbis users seeking
treatment. Journal of the American Medical Association, 287(9), 1123-1131.

Spencer, K.M., Nestor, P.G., Niznikiewicz, M.A., Salisbury, D.F., Shenton, M.E. (2003).
Abnormal neural synchrony in schizophrenia. The Journal of Neuroscience, 23(19),
7407-7411.

Squire, L.R., Stark, C.E., & Clark, R.E. (2007). The medial temporal lobe. Annual Review of
Neuroscience, 27, 279-306. doi: 10.1146/annurev.neuro.27.070203.144130

Squire, L.R., van der Horst, A.S., McDuff, S.G.R., Frascino, J.C., Hopkins, R.O., & Mauldin,
K.N. (2010). Role of the hippocampus in remembering the past and imagining the
future. Proceedings of the National Academy of Sciences, 10(44), 19044-19048. doi:
10.1073/pnas.1014391107/-/DCSupplemental

Suddendorf, T., & Corballis, M.C. (2007). The evolution of foresight: What is mental time
travel, and is it unique to humans? Behavioral and Brain Sciences, 30, 229-351. doi:
10.1017/S0140525x07001975

Sutherland, M.T., McHugh, M., Pariyadath, V., & Stein, E.A. (2012). Resting-state functional
connectivity in addiction: Lessons learned and a road ahead. Neuroimage, 62(4),
2281-2295. doi: 10.1016/j.neuroimage.2012.01.117

Szpunar, K.K., Watson, J.M., & McDermott, K.B. (2007). Neural substrates of envisioning
the future. Proceedings of the National Academy of Sciences, 104(2), 642-647. doi:
10.1073/pnas.0610082104

Tabachnick, B.G., & Fidell, L.S. (2006). Using multivariate statistics (5th ed.). Boston:

Pearson.



EPISODIC FORESIGHT AND DRUG USE 169

Taylor, S.E., Pham, L.B., Rivkin, 1.D., & Armor, D.A. (1998). Harnessing the imagination:
mental simulation, self regulation, and coping. American Psychologist, 53, 429-439.
doi: 10.1037/0003-066x.53.4.429

Terrett, G., McLennan, S.N., Henry, J.D., Biernacki, K., Mercuri, K., Curran, H.V., &
Rendell, P.G. (2014). Prospective memory impairment in long term opiate users.
Psychopharmacology. doi: 10.1007/s00213-014-3432-6

Terrett, G., Rendell, P.G., Raponi-Saunders, S., Henry, J.D., Bailey, P.E., & Altgassen, M.
(2013). Episodic future thought in children with autism spectrum disorder. Journal of
Autism Developmental Disorder, 43, 2558-2568. doi: 10.1007/s10803-013-1806-y

Tulving, E. (1972). Episodic and semantic memory. In E. Tulving & W. Donaldson (Eds.),
Organization of Memory (pp. 382-402). New York: Academic Press.

Tulving, E. (1985). Memory and consciousness. Cannadian Psychology, 26(1), 1-12.

Tulving, E. (2002). Episodic memory: from mind to brain. Annual Review of Psychology, 53,
1-25.

Tzilos, G.K., Cintron, C.B., Wood, J.B.R., Simpson, N.S., Young, A.D., Pope, H.G., &
Yurgelun-Todd, D.A. (2005). Lack of hippocampal volume change in long-term
heavy cannabis users. The American Journal of Addictions, 14, 64-72. doi:
10.1080/10550490590899862

United Nations Office of Drugs and Crime. (2014). World Drug Report New York: United
Nations Office of Drugs and Crime.

Volkow, N.D., & Fowler, J.S. (2000). Addiction, a disease of compulsion and drive:
involvement of the orbitofrontal cortex. Cerebral Cortex, 10(3), 318-325. doi:

10.1093/cercor/10.3.318



EPISODIC FORESIGHT AND DRUG USE 170

Volkow, N.D., Fowler, J.S., Wang, G-J., & Goldstein, R.Z. (2002). Role of dopamine, the
frontal cortex and memory circuits in drug addiction: Insight from imaging studies.
Neurobiology of Learning and Memory, 28, 610-624. doi: 10.1006/nlme.2002.4099

Wagner, F.A., & Anthony, J.C. (2002). From frist drug use to drug dependence;
developmental periods of risk for dependence upcon cannabis, cocaine, and alcohol.
Neuropsychopharmacology, 26, 479-488. doi: 10.1016/s0893-133x(01)00367-0

Waldhoer, M., Barlett, S.E., & Whistler, J.L. (2004). Opioid receptors. Annual Review of
Biochemistry, 73, 953-990. doi: 10.1146/annrev.biochem.73.011303.073940

Wang, X., Li, B., Zhou, X, Liao, Y., Tang, J., Liu, T., ... Hao, W. (2012). Changes in brain
gray matter in abstinent heroin addicts. Drug Alcohol Dependence, 126, 304-308. doi:
10.1016/Jj.drugalcdep.2012.05.030

Wolf, S.L., & Mikhael, M.A. (1979). Computerized transaxial tomography and neuropsych
evaluations in chronic alcoholics and heroin abusers American Journal of Psychiatry,
136, 598-602.

Younger, JW., Chu, L.F., D'Arcy, N., Kiley, T., Jastrzab, L.E., & Mackey, S.C. (2011).
Prescription opioid analgesics rapidly change the human brain. Pain, 152(8), 1803-
1810. doi: 10.1016/j.pain.2011.03.028

Yuan, K., Qin, W., Dong, M, Liu, J., Sun, J., Peng, L., ... Tian, J. (2010). Gray matter
deficits and resting-state abnormalities in abstinent heroin-dependent individuals.
Neuroscience Letters, 482, 101-105. doi: 10.1016/j.neulet.2010.07.005

Yuan, Y., Zhu, Z., Shi, J., Zou, Z., Yuan, F., Liu, Y., ... Weng, X. (2009). Gray matter
density negatively correlates with duration of use in young lifetime heroin-dependent

individuals. Brain and Cognition, 71, 223-228.



EPISODIC FORESIGHT AND DRUG USE 171

Yucel, M., Solowij, N., Respondeck, C., Whittle, S., Fornito, A., Pantelis, C., & Lubman, D.I.
(2008). Regional brain abnormalities associated with long-term heavy cannabis use.
Archives of General Psychiatry, 65(6), 694-701. doi: 10.1001/archpsyc.65.6.694

Zalesky, A., Solowij, N., Yucel, M., Lubman, D.l., Takagi, M., Harding, I.H., . . . Seal, M.
(2012). Effect of long-term cannabis use on axonal fibre connectivity. Brain, 135(Pt
7), 2245-2255. doi: 10.1093/brain/aws136

Zeman, A.Z.J., Beschin, N., Dewar, M., & Della Sala, S. (2013). Imagining the present:
Amnesia may impair descriptions of the present as well as of the future and the past.

Cortex, 49, 637-645. doi: 10.1016/j.cortex.2012.03.080



EPISODIC FORESIGHT AND DRUG USE 172

Appendices.

Appendix A Human Research Ethics Committee Original Study Approval

CACU

ALETRALLAN CaTHOIS LnRERETTY

Human Research Ethics Committee
Committee roval Form

FPrincipal Investigator/Supervisor: Gill Temett Melboume Canmpus
Co-Investigators: Peter Bendell Melbourne Canmpus
Simdent Researcher: Kimberley Meroon  Melbourne Campus

Eithics approval has been granted for the following project:
An investigation info cognitive processing sbilities of recreational dmg wsers

for the period: 23/2011 - 2772011
Human Research Ethics Committee (HREC) Register Number: V2010 135

Special Condition's of Approval

Frior to commencement gf vour research, the following permissions are required to be submitted to the ACTT
HEEC:

HiA

The following standard conditions as stipulated in the Narional Statement on Ethical Conducr in Research
Tnvolving Humans (2007) apply:

()] that Principsal Investigators | Supervisors provide, on the form supplied by the Humsn Fesearch
Ethics Committes, anmmal reports on matters such as:

» sequrity of records
+ complisnce with approved consent procedures and documentation
+ complisnce with special conditions, and
(@) that researchers report to the HREC immediately amy matter that might affect the ethical
acceptability of the protocol, such as:
+ proposed changes to the protecol
+ unfieseen cirCumstances or events
# adverse effects on participants

The HREC will conduct an sudit each year of all projects deemed to be of more than low risk. There will also be
random sudits of a sample of projects considered to be of negligible risk and low risk on all campuses each year.

Within one month of the conchosion of the project, researchers are required to complete a Final Report Form and
suhmit it to the local Research Services Officer.
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(Pesearch Services Officer, Melbowmne Campus)
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Appendix B Participant Recruitment and Informed Consent

Appendix B -1 Expression of Interest (opiate group)

T
PARTICIPANTS NEEDED

Participants are needed for a research project looking into
thinking and emotion processes of people who have had a
history of heroin dependence.

s Testing is conducted at Australian Catholic Fitzroy

e |t takes approximately 1.5 — 2hrs to complete

* Financial reimbursement provided

Participants need to fulfill ALL of the following criteria to be
eligible
e Over 18
e Currently stable on methadone, suboxone or similar
treatment
# No history of head injury that has led to hospitalisation
# No diagnosis of acquired or traumatic brain injury (ABI
or TBI)
e No formal psychiatric diagnoses (for example:
schizophrenia, bipolar, PTSD)

# No history of alcohol dependence

If you fulfil ALL the criteria, want more info or are interested
in participating please text YOUR NAME & RESEARCH
INTEREST to 0434 244 199 (checked daily)

Or call 9953 3243 and leave your name and number.
One of our student researchers will call you back!!

This project is being conducted by Kimberly Mercuri, Dr Gill Terrett and Professor Peter
Rendell of the Australian Catholic University. It has been approved by the ACU Human
Research Ethics Committee. Ref No V2010 135
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Appendix B -2 Information Letter

INFORMATION LETTER A( : l l
Copy for Participant to Keep

. . AUSTRALIAN CATHOLIC UNIVERSITY
TITLE OF PROJECT: Future thinking and drug use

PRIMARY STAFF SUPERVISOR: Dr. Gill Terrett SCHOOL OF
CO - STAFF SUPERVISOR: Prof Peter Rendell PSYCHOLOGY
) ) Australian Catholic University Limited
STUDENT RESEARCHER: Ms. Kimberly Mercuri ABN 15 050 192 660
Melbourne Campus (St Patrick’s)
. o ictori de, Fitzroy, Vic. 306
COURSE: Masters of Psychology (Clinical)/PhD Locke! Bag 4118 Fitaroy MEDAIC 3085

Telephone 03 9953 3000 Facsimile 03 9953
3005
www.acu.edu.au

Dear Participant,

You are invited to take part in a research project on illicit drug use and the ability to mentally
time travel into the future and pre-experience an event. This type of thinking has been linked
to other important functions such as memory, which are needed for successful completion of
basic everyday tasks. This project involves one group of participants who currently engage in
an opiate substitution program, and a comparison group of participants who do not have a
history of substance abuse or dependence. Participants will be asked to complete an
individual testing session of up to three hours at a mutually convenient time. Testing will take
place at the Australian Catholic University, Melbourne Campus or at a mutually convenient
location. During this time participants will complete a background questionnaire, question
and answer tasks, as well as a brief interview. In appreciation for your participation, you will
be financially reimbursed for your time at a rate of $10 per hour. Qualifying undergraduate
psychology students will also receive course credit.

Participants will not be asked to take any illicit substances. Indeed, consent cannot be given
or activities completed if the participant arrives at the testing situation under the influence of
any substance or has consumed any drugs in the past 24 hours. This study will not involve
any diagnosis or treatment of drug use problems. Participants with concerns about their
health and/or regarding drug use should contact their general practitioner or drug use hot line
such as Turning Point: alcohol and drug centre direct line — 1800 888 236. ACU students can
contact the university’s counselling services; and for those who require a psychological
referral, Dr. Barbara Jones of ACU Melbourne can also be contacted.

The primary investigator of this study is Miss Kimberly Mercuri who is currently completing
her Masters of Psychology/Doctor of Philosophy at the Australian Catholic University,
Melbourne campus. The testing session will involve the following.

e Background Questionnaire: This questionnaire asks you to indicate your age, gender, level of
education, level of English and a general rating of your health. If you are a regular user of
recreation drugs you will also be asked to indicate the type/s of drugs regularly consumed,
quantity, frequency and duration of drug use. If you have never used illicit drugs, you will be
asked to confirm that you have no significant history of any other substance use, or previous
psychiatric or brain injury diagnoses. If you are unable to confirm this, unfortunately you do not
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meet the criteria for being included in this study. You will not be asked to answer any other
questions related to drug use.

e Background Tests: There are several background tests. They will require you to pronounce
words, complete sentences, complete a puzzle, and verbally describe pictures. Any verbal
responses will be transcribed by the student researcher, and one task will require audio recording
of answers.

e Interview: Participants will be provided with various cue words and asked to remember or
imagine personally relevant experiences related to the cues provided. The interview will be audio
taped and later independently transcribed in order to analyse and score the verbal responses
provided by participants. Identifying information will not be requested during the interview.

Participation in this research project is voluntary. You are free to withdraw from the study at
any stage without giving reason. As identifying information will be not kept with the data at
any stage, it will not be possible to withdraw your data once you have completed the testing
session and submitted the data.

The researchers will take every reasonable precaution to maintain your confidentiality.
Names or any identifying information will not be recorded on any of the raw data or kept
with any of the processed data; and consent forms will be submitted separately and kept
separate to raw data. The only information kept with the data will be the information outlined
in the description of the biographical questionnaire (sex, age in years, and years of education,
general health rating, drug use rating). Hand written responses are minimise with an
electronic version of the background questionnaire which requires participants to check the
relevant boxes. Individual participants or their results will not be identified in any future
presentation of the results; only group results will be presented in any report. Also, given that
illicit substance use is unlawful, the researchers cannot guarantee that a third party could not
use some legal process to gain access to the data. It is stressed that identifying information
will not be kept with the data in order to make re-identifying data difficult.

Any questions regarding this project can be directed to the staff supervisors: Dr. Gill Terrett
and Assoc. Prof Peter Rendell in the School of Psychology, St. Patrick’s Campus (Australian
Catholic University, 115 Victoria parade, Fitzroy 3065).

Dr. Gill Terrett Professor Peter Rendell

Phone: 03 9953 3121 Phone: 03 9953 3126

Fax: 03 9953 3205 Fax: 03 9953 3195

Email: Gill. Terrett@acu.edu.au Email: Peter.Rendell@acu.edu.au

The Human Research Ethics Committee at Australian Catholic University has approved this
study. In the event that you have any complaint or concern about the way you have been
treated during the study, or if you have any query that the Student Researcher and Staff
Supervisor have not been able to satisfy, you may write to:

Chair, Human Research Ethics Committee

C/o Research Services

Australian Catholic University

Locked Bag 4115

FITZROY, VIC. 3065 Ph: 03 9953 3157 Fax: 03 9953 3315


mailto:Gill.Terrett@acu.edu.au
mailto:Peter.Rendell@acu.edu.au
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Any complaint will be treated in confidence and investigated fully. The participant will be
informed of the outcome.

If you are willing to participate please sign the attached informed consent forms. You should
sign both copies of the consent form and keep one copy for your records and return the other
copy to the staff supervisor.

Your support for the research project will be most appreciated.

Miss. Kimberly Mercuri Dr. Gill Terrett Professor Peter Rendell
Research Student Primary Staff Supervisor Co - Staff Supervisor

Date: oo Date: ..o Date: oo
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Appendix B -3 Consent Forms

Appendix B -3.1 Copy for Participants

INFORMED CONSENT A( : l l
Copy for Participants to Keep
AUSTRALIAN CATHOLIC UNIVERSITY

TITLE OF PROJECT: Future thinking and drug use
PRIMARY STAFF SUPERVISOR: Dr. Gill Terrett SCHOOL OF PSYCHOLOGY

CO - STAFF SUPERVISOR: Professor Peter Rendell S
STUDENT RESEARCHER: Ms. Kimberly Mercuri Melbourne Campus (St Patricks)

115 Victoria Parade, Fitzroy, Vic. 3065
Locked Bag 4115 Fitzroy MCD VIC 3065

COURSE: Masters of Psychology (Clinical)/PhD Telephone 03 9953 3000 Facsimile 03 9953 3005

www.acu.edu.au

Participants section

b (the participant) have read and understood the
information in the letter inviting participation in this research project, and any questions |
have asked have been answered to my satisfaction. | agree to participate in this study realising
that I can withdraw at any time.

Please Tick:

O | agree to participate in the activities as outlined in the Information Letter. This
involves completing a testing session taking up to three hours comprising of
answering a background questionnaire, several background tests, computerized tests,
and a brief interview.

O | agree to the audio taping of my responses to the sentence completion task and the
one-on-one interview as outlined in the Information Letter.

O | agree to participate in this activity realising that information gathered will remain
confidential and secure except when:

¢ It is required by Law

+ Failure to disclose the information would place you or another person at risk,
OR

+ Researchers have obtained your prior approval to share your information with

a third party

O | agree that research data collected for the study may be published or provided to
other researchers
in a form that does not identify me in any way.

O | am over 18 years of age.

Name: ..o SIgnature: .....cceoe e, Date: ..o
Miss. Kimberly Mercuri Dr. Gill Terrett Professor Peter Rendell
Research Student Primary Staff Supervisor Co - Staff Supervisor

Date: oo Date: .o Date: oo
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Appendix B — 3.2 Copy for Researcher

INFORMED CONSENT A( : l l
Copy for Researcher
AUSTRALIAM CATHOLIC UMIVERSITY

TITLE OF PROJECT: Future thinking and drug use
PRIMARY STAFF SUPERVISOR: Dr. Gill Terrett SCHOOL OF PSYCHOLOGY

CO - STAFF SUPERVISOR: Professor Peter Rendell S
STUDENT RESEARCHER: Ms. Kimberly Mercuri L i 3b63

Locked Bag 4115 Fitzroy MCD VIC 3065

COURSE: Masters of Psychology (Clinical)/PhD Telephone 03 9953 3000 Facsimile 03 9953 3005

www.acu.edu.au

Participants section

b (the participant) have read and understood the
information in the letter inviting participation in this research project, and any questions |
have asked have been answered to my satisfaction. | agree to participate in this study realising
that I can withdraw at any time.

Please Tick:

O | agree to participate in the activities as outlined in the Information Letter. This
involves completing a testing session taking up to three hours comprising of
answering a background questionnaire, several background tests, computerized tests,
and a brief interview.

O | agree to the audio taping of my responses to the sentence completion task and the
one-on-one interview as outlined in the Information Letter.

O | agree to participate in this activity realising that information gathered will remain
confidential and secure except when:

¢ It is required by Law
+ Failure to disclose the information would place you or another person at risk,
OR
+ Researchers have obtained your prior approval to share your information with
a third party

O | agree that research data collected for the study may be published or provided to
other researchers
in a form that does not identify me in any way.

O | amover 18 years of age.

Name: ..o SIgnature: .....cceeeveveeeeceeee, Date: ..o
Miss. Kimberly Mercuri Dr. Gill Terrett Professor Peter Rendell
Research Student Primary Staff Supervisor Co - Staff Supervisor

Date: oo Date: .o Date: oo
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Appendix C Background Measures

AppendixC -1 Demographic Questionnaire

Background Questionnaire (methadone sample cover)

To participate in this study you need to confirm all of the following statements. If you are
unable to confirm ALL of the statements, unfortunately you are not eligible to participate
in this study.

1. lamover 18 years old

2. | have a history of heroin dependence

3. lamcurrently participating in a methadone maintenance program for my
heroin dependence

4. |donot have a history of head injury that led to hospitalization

5. 1donot have any formal diagnosis of Traumatic Brain Injury (TBI) or Acquired
Brain injury (ABI)

6. | have been stable on my methadone for at least 2 weeks

7. | have not consumed my methadone in the last 5 hours

8. |have not used heroin or other illicit drugs within the last 24 hours

9. | have never been a heavy drinker of alcohol. This is regularly drinking to
intoxication or having more than 28 standard drinks per week if you are male, or
more than 14 standard drinks per week if you are female.

10. English is my first language
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Background Questionnaire (control sample cover)

To participate in this study you need to confirm all of the following statements. If you are

unable to confirm ALL of the statements, unfortunately you are not eligible to participate in

this study.

1. lamover 18 years old

2. | donot have a history of alcohol or drug dependence

3. ldonot have a history of head injury that led to hospitalization

4. |do not have any formal diagnosis of Traumatic Brain Injury (TBI) or Acquired Brain
injury (ABI)

5. lhave not used alcohol or any other illicit drug within the last 24 hours

6. | have never been a heavy drinker of alcohol. This is regularly drinking to intoxication
or having more than 28 standard drinks per week if you are male, or more than 14
standard drinks per week if you are female.

7. English is my first language
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Section 1: Demographics

Age: years Gender (pjegse rick): Male O Female O Other piease specify)

Relationship Status:

O Married

O Living together/defacto
[ Partnered but not living together
[0 Separated/divorced

[ Single

Number of children:

Oo

O1

0?2

0as3

O More than 3
Employment Status:

O Full-time

O Part-time

O Casual

0 Unemployed

Highest level of education completed:
0 Up toYear10

0 UptoYear12

O TAFE

[0 Undergraduate degree
[ Postgraduate degree

[ Other, please specify

Section 2: English Language Skills

Is English your first language:Yes _ No__
If NO, how many years have you spoken English? __ years
How do you rate your level of English?

Excellent O Very good [ Not very good [

Poor O
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Section 3: Health
Using the following as a guide please answer the questions below. Please tick the box that
best describes you.

Excellent: No problems
Very good: no major problems
Good: occasional bad days
Not very good: a number of problems
Poor: Persistent serious problems
How would you describe your state of health over the last month or so?

Excellent O Very good [ Good[] Not very good [ Poor OJ
How would you describe your state of health today?

Excellent O Very good [ Good[] Not very good [ Poor OJ
How would you describe how you have been sleeping over the last few weeks?

Excellent OJ Very good [ Good[] Not very good [ Poor OJ

Section 4: Psychiatric History

Are you aware of any formal psychiatric diagnoses? Yes [1 No [
If YES, please specify:
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Section 5a: Substance use

The following section asks about current and past use of alcohol and drugs. For each drug

please indicate whether you are a current user, have used in the past, or have never used
the substance.

If you are a current user or have used this substance in the past please indicate:

The age of first use

The age of regular use (if applicable)
How often you use

How much of the drug you would use
How long you used the drug

For any substance you have used please tick NEVER, and continue to the next drug.

If you have never used any type of drugs you do not have to complete this section.
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Alcohol

Current use [ Pastuse[ Never [

Age of first use: years Age of regular use: years

Frequency Dosage Duration

O At least once a week

O 1-6 standard drinks each week

O less than 6 months

[ At least once a fortnight

O 7-14 standard drinks each week

0 6 months — 1year

O At least once a month

O 15-21 standard drinks each week

0 1-3 years

O Less than once a month

O 22-27 standard drinks each week

O 3-5years

[0 Never/once or twice

O 28 or more standard drinks each
week

[0 More than 5 years

Cigarettes

Current use [ Pastuse 0  Never [

Age of first use: years Age of regular use: years

Frequency Dosage Duration

[J At least once a week [ few cigarettes a day [ less than 6 months
[ At least once a fortnight | O less than a packet a day 0 6 months — 1year
[ At least once a month [0 a packet a day 0 1-3 years

[ Less than once a month | OO more than a packet a day 0 3-5 years

0 Never/once or twice O Other O More than 5 years
Cannabis

Current use [] Pastuse 0  Never [

Age of first use: years Age of regular use: years

Frequency Dosage Duration

O At least once a week

[0 1-3 joints at a time

O less than 6 months

[0 At least once a fortnight

[0 4-6 joints at a time

0 6 months — 1lyear

O At least once a month

[0 7 or more joints at a time

0 1-3 years

O Less than once a month

O Other:

O 3-5years

[0 More than 5 years

Amphetamines (e.g speed, ecstasy, ice, MDMA) Please specify

Current use [ Pastuse 0  Never [
Age of first use: years Age of regular use: years
Frequency Dosage Duration

O At least once a week

[ 1 pill at a time

O less than 6 months

[ At least once a fortnight

[ 2-3 pills at a time

0 6 months — 1year

O At least once a month

[0 more than 3 pills at a time

0 1-3 years

O Less than once a month

O Other:

O 3-5years

[0 More than 5 years
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Heroin
Current use [ Pastuse 0  Never [
Age of first use: years Age of regular use: years
Frequency Dosage Duration
[ At least once a week [ 1 hit at a time [ less than 6 months
O At least once a fortnight | O 2-3 hits at a time O 6 months — lyear
[ At least once a month [0 more than 4 hits at a time 0 1-3 years
O Less than once a month | O Other: O 3-5years
1 hit = 0.3g heroin [0 More than 5 years
Cocaine
Current use [ Pastuse 0  Never [
Age of first use: years Age of regular use: years

Frequency

Dosage

Duration

O At least once a week

O 1 line at a time

O less than 6 months

[ At least once a fortnight

O 2-3 lines at a time

0 6 months — 1year

O At least once a month

O more than 4 lines at a time

0 1-3 years

O Less than once a month

O Other:

O 3-5years

[0 More than 5 years

LSD/Acid

Current use [ Pastuse Never [

Age of regular use: years

Frequency Dosage Duration

O At least once a week

O 1-3 tabs at a time

O less than 6 months

[ At least once a fortnight

O 3-5 tabs at a time

0 6 months — 1year

O At least once a month

O 5 or more tabs at a time

O 1-3 years

O Less than once a month

O Other:

O 3-5years

[0 More than 5 years

Prescription medications (e.g.

Vallium, Xanax, Seroquel)

Current use [ Pastuse Never [
Age of regular use: years
Frequency Dosage Duration

O At least once a week

[ 1 pill at a time

O less than 6 months

[ At least once a fortnight

[ 2-3 pills at a time

0 6 months — 1year

O At least once a month

[0 more than 3 pills at a time

0 1-3 years

O Less than once a month

O Other:

O 3-5years

[0 More than 5 years
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Section 5b: Substance use
If there drug/s you have used have not already been specified, please provide details in the
space provided below.

Other
Current use [ Pastuse 0  Never [
Age of regular use: years
Frequency Dosage Duration
[ At least once a week O less than 6 months
[ At least once a fortnight 0 6 months — 1year
O At least once a month O 1-3 years
[0 Less than once a month O 3-5years

[0 More than 5 years
Other
Current use [ Pastuse 0  Never [
Age of regular use: years
Frequency Dosage Duration
[ At least once a week O less than 6 months
[0 At least once a fortnight [0 6 months — 1lyear
O At least once a month O 1-3 years
[ Less than once a month O 3-5years

O More than 5 years

Section 6: Methadone

What is your current methadone dose:

How long have you been on this dose:

How long have you been stable on this dose:
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Appendix C -2 National Adult Reading Test

National Adult Reading Test (NART)

| SECOND EDITION |
Word Card

Hazel E. Nelson

CHORD SUPERFLUOUS
ACHE : SIMILE
DEPOT BANAL
AISLE ' QUADRUPED
BOUQUET CELLIST
PSALM FACADE
CAPON ZEALOT
DENY A DRACHM
NAUSEA AEON
DEBT PLACEBO
COURTEOUS . ABSTEMIOUS
RAREFY DETENTE
EQUIVOCAL IDYLL
NAIVE PUERPERAL
CATACOMB AVER
GAOLED GAUCHE ~
THYME TOPIARY
HEIR LEVIATHAN
RADIX BEATIFY
ASSIGNATE PRELATE
HIATUS SIDEREAL
SUBTLE DEMESNE
PROCREATE SYNCOPE
GIST LABILE
GOUGE CAMPANILE J
DL )

First publishad 1982, Second edition 1991
© 1982, 1891, Hazel E. Nelson
All rights reserved, including translation. No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, recording or duplication in any information storage and retrieval system, without permission in writing from the publisher, and may not be
phatocopied or otherwise reproduced even within the terms of any licence granted by the Copyright Licensing Agency Ltd.
Published by The NFER-MELSON Publishing Company Ltd., Darville House, 2 Oxford Road East,
Windsor, Berkshire, SL4 1DF, England.
Brintad in freat Rritain * 19811 Code 4055014
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Appendix D Measures of Executive Functioning

AppendixD -1 Trail Making Test

TRAIL MAKING

Form 1, Part A

SAMPLE

End

Beain

&
» Y@
G

=7 | i =

TINRE-

Q
®

NATF-

NAME:
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TRAIL MAKING
Form 1, Part B
SAMPLE
® o ®
= (B)

© ®

_ DATE:

NAME:
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Appendix D -2 Verbal Fluency Test

FAS TASK

You will be told a letter or category and you must tell me as many words as you can that
begin with that letter, excluding proper nouns (e.g., peoples’ names, countries, towns
etc.), numbers, and the same word with a different suffix (e.g. big, bigger, biggest). You
have one minute for each letter. You should not repeat words. For example, if the letter
is “N’, you could say ‘Nasty’, Natural’ and “Night’.

Practice Trial:
Can you give me three examples for the letter ‘B’?

Test Session:
Tell me as many words as you can that begin with the letter:

F

Animals
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Appendix E Hospital Anxiety and Depression Scale

Please read each item below and tick next to the reply which comes closest to how you have
been feeling in the past week. Don’t take too long over your replies, your immediate reaction
will probably be more accurate than a long thought-out response.

| feel tense or ‘wound up’
Most of the time
A lot of the time
From time to time, occasionally
Not at all

I still enjoy the things I used to enjoy
Definitely as much
Not quite so much
Only a little
Hardly at all

I get a sort of frightened feeling as if something

awful is about to happen
Very definitely and quite badly
Yes, but not too badly
A little, but it doesn’t worry me
Not at all

I can laugh and see the funny side of things
As much as | always could
Not quite so much now
Definitely not so much now
Not at all

Worrying thoughts go through my mind
A great deal of the time
A lot of the time
Not too often
Very little

| feel cheerful
Never
Not often
Sometimes
Most of the time

| can sit at ease and feel relaxed
Definitely
Usually
Not often
Not at all

| feel as if | am slowed down
Nearly all the time
Very often
Sometimes
Not at all

I get a sort of frightened feeling like
‘butterflies’ in the stomach

Not at all

Occasionally

Quite often

Very often

I have lost interest in my appearance
Definitely
I don’t take as much care as | should
I may not take quite as much care
I take just as much care as ever

| feel restless as if | have to be on the move
Very much indeed
Quite a lot
Not very much
Not at all

I look forward with enjoyment to things
As much as | ever did
Rather less than | used to
Definitely less than I used to
Hardly at all

I get sudden feelings of panic
Very often indeed
Quite often
Not very often
Not at all

I can enjoy a good book or radio or
television programme

Often

Sometimes

Not often
Very seldom
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Appendix F Adapted Autobiographical Interview Script (Studies 1 and 3)

First I want to tell you now a bit about the next task. We want to know how people
remember events and experiences from their past, and how they imagine events which
might happen in the future. To help with scoring, we will audiotape your responses.
Over the course of the experiment you will be given 6 words, one at a time.

There will be 2 conditions: a past and a future condition. We’ll start with past/future

condition.

Counterbalance which condition you will present first.

Pick which condition you will start with and the words you will use BEFORE the session.

a) Past Condition

So for the next 3 words you will need to remember a specific memory of a past event. It needs to
have occurred within the last 3 years.
A few things to know about the memory you recall are:

e It must be an event you actually experienced.

e The event you describe must take place over the course of less than one day (e.g.
describing a 3 week vacation would be wrong, but describing what happened on one
specific day of that vacation would be correct).

e You have up to three minutes to explore this memory. However, you may not need the
full three minutes but it is important that you recall as much detail about the event as you
possibly can.

e We want you to try and recall how you were thinking and feeling at the specific time
the event took place. Recall as many smells, sights and sounds that you remember.

o After recalling the memory after each word you will be asked a few simple questions
before moving onto the next word.

e You will be given a positive, a negative and neutral cue word. If there is any word that
makes you recalling a past memory, please let me know and we can move onto the next
word.

Do you have any questions? Would you like an example of a response?
Provide one example if they need it. Offer a second if they want another one. Examples you can
provide are as follows:

If you receive the word “BBQ”
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“Last summer, | went to a BBQ at Gary’s place by the lake. It was a lovely sunny
day and the lake looked beautiful. Before dinner we went out in the boat. Some
of us also went swimming. We had a lovely dinner with steak and vegetable
kebabs, and cake for dessert. | helped Gary clean up after dinner, while some
other friends made a campfire. We roasted marshmallows on whatever twigs we

could find in the yard, and sang songs while Gary played guitar.”

If you receive the word “Fur”, this may remind you of a specific memory of your

cat. You could say:

“This word reminds me of my cat Tiger. | remember when | chose Tiger at the
RSPCA. It was a cold overcast day and | remember the cages looking at all of the
various cats. | remember this one grey cat curled up sleeping in the corner. It
made me feel instantly protective towards this cat. | felt emotional because he
reminded me of my childhood cat. | remember adopting Tiger and bringing him
home with me. I bought him home in a box and he sat next to me in the

passenger seat.”

Do you have any questions before we begin?

Introducing cue words Please tell me as much and detailed as possible about a specific

(positive/negative/neutral) event, happening in the last three years that involves the word Xxx.

After each word have the participant complete the post interview questionnaire.

b) Future Condition

So for the next 3 words | want you to think about a single event that might happen on a
particular day in the future. | want you to create or imagine or invent a scenario that hasn’t
happened to you before. We are interested in how people imagine events which might
happen in the future, so it needs to be something new to you, something that you have not
previously-experienced. For the next 3 words you will be required to imagine an event which
may occur in the future.

e It must be no more than three years into the future.

e This event must be one that you may personally experience.

e You can be creative, but you cannot be totally unrealistic, e.g. you can’t tell me
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about going to the moon tomorrow

e The event you describe must take place over the course of less than one day (e.g.
describing a 3 music festival would be wrong, but describing what will happen on one
specific day of that festival would be correct).

e You have up to 3 minutes to explore this memory. However, you may not need the
full three minutes but it is important that you recall as much detail about the event as
you possibly can.

e We want you to try and imagine how you would be thinking and feeling at the
specific time the event takes place. For example, smells, sights and sounds that you
can imagine.

e You will be given a positive, a negative and neutral cue word. If there is any word
that makes you uncomfortable imagining a future scenario, please let me know and

we can move onto the next word.

Do you have any questions? Would you like an example of a response?

Provide one example if they need it. Offer a second if they want another one.

You may receive the word “Peach”.
“l imagine a hot summary day. I am with my two friends Sophie and Tess. We
are sitting under a peach tree and we have set up a picnic, we have laid out a
tartan rug and have opened a bottle of wine. Sophie has made a cheese and fruit
platter. | feel very relaxed and happy because | have just finished my exams. The

sun is on my back and it is making me very relaxed.”

If you receive the word “Vacation® (only use this one if Vacation is not a cue word in the future
condition)

“Next week, 1 will be visiting Toronto, and | see myself doing some sightseeing

around the city with my friend from Toronto, Sarah. At the end of the day, we

decided to go to the CN Tower. | have seen the tower in the city before but |

have never been up in the tower to see the view. We go up to the observatory

deck to look at the view which is amazing, especially as the sun is setting. | take

a photo of the view from different windows and we stand on a glass floor looking

down at the ground.”

Do you have any questions before we begin?
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Introducing cue words: Please tell me as much and detailed as possible about a specific

(positive/negative/neutral) event happening in the next three years that involves the word

XXX,
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Appendix G Modified Interview Script (Study 2)

Introduction of task
I’m going to ask you to imagine three vivid scenes in you mind’s eye. So I’ll give you a short
description to set the scene and then | want you to take over and create as detailed a scene as

you possibly can in your mind’s eye, and describe it out loud to me.

| want to you to give free reign to your imagination and to really try hard to picture the whole
scene in your mind’s eye as you’re describing it. Give as much detail as you possibly can, not
forgetting to use all your available senses including sigh, sound, smell, everything. Be as
vivid as possible; don’t hold back! Remember, this is not about memory so don’t just
describe a memory you have. Instead we’re interested in what you can visualize and imagine
—-ok?

Example
Let me give you an example to make sure you understand exactly what | want you to do. For
instance, an example description might be: “Imagine you’re sitting on a bench in a park.

Describe the scene in as much detail as possible”

A response could be “The bench 1‘m sitting on is by a path on the grassy slope of a hill. It’s a
really sunny day on the warm summer’s afternoon. There is not cloud and the sky is clear
blue. Lying on the grass, a young good-looking couple are kissing. Further up the hill a boy is
trying to fly a kite. There is a strong breeze and the colourful kite which is shaped as a dragon
is soaring in the air. The boy is running and laughing happily. At the bottom of the hills is a
large lake with trees liming it. | can see some people swimming in it and a barking black
Labrador runs in after a stick making a splash. There are bees buzzing around and landing on
flowers near my bench and there is sweet smell of grass and flowers. A jogger runs past
smelling faintly of sweat, wearing a Walkman playing some loud rap music.”

So do you see what I tried to do there? | included smells and sounds as well as lots of visual
details. | was concentrating on imagining the whole scene in my mind almost as if | was
really there. Don’t worry if you find it difficult to begin with, or if your answer is not as
detailed as mine; I’ve had a bit of practice! Do you have any questions?
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Atemporal (Scene Construction)

Imagine you are sitting having a drink in a café. | want you to describe the experience and the
surroundings in as much detail as possible using all your senses including what you can see,

hear, and feel.

Narrative

| want you to listen and then | want you to take over and create a detailed short story as you
possibly can in your mind’s eyes, and describe it to me out loud to me. Give free reign you
your imagination and really try hard to picture everything in your mind’s eye as you’re

describing it.

Imagine you are standing in the middle of the impressive high vaulted entrance hall of an old
castle. There is a tower somewhere in the castle, the top of which is accessed via a circular
winding staircase. | want you to describe to me in as much detail as possible your route
through the castle’s many rooms and floors until you reach the top of the tower. Use all your
senses including what you see, feel, and do on the way to the tower.

Self-Projection (Future Thinking)

| want you to imagine and describe something realistic that might actually happen to you.
Imagine something you could be doing next summer, but just give me one event. | want you
to describe that event and the surroundings in as much detail as possible using all your senses

including what you can see, hear, and feel.
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