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Abstract 

Cannabis Use Disorder (CUD) affects 22 million people globally and can lead to adverse 

psychosocial outcomes, including failed attempts to cut down/quit despite the experience of mental 

health and cognitive problems. Such problems have been (partly) ascribed to neurobiological 

alterations within pathways of the addiction neurocircuitry and high in cannabinoid receptors type 1 

(CB1R), to which delta-9-tetrahydrocannabinol binds to exert its psychoactive effects. Emerging 

functional neuroimaging (fMRI) evidence show that cannabis users vs controls showed altered brain 

function while resting (i.e., without performing cognitively demanding tasks), measured via resting-

state functional connectivity (rsFC); the evidence has not been synthesised systematically. 

Study 1 is a PROSPERO pre-registered systematic literature review of 21 studies examining 

rsFC differences between 737 cannabis users and 659 controls, and their associations with metrics of 

cannabis exposure and related problems. Cannabis users vs controls showed altered rsFC in fronto-

frontal, frontostriatal, and fronto-temporal region pairings, and selected brain pathways correlated 

with cannabis exposure metrics. Methodological limitations precluded a detailed understanding of the 

nature of rsFC alterations. For example, it was unclear if rsFC changes were driven by dependent 

use/CUD, because no study had measured if cannabis users endorsed a CUD using current diagnostic 

tools (i.e., DSM-5). Furthermore, if rsFC alterations are specific to cannabis use was unclear due to 

inconsistent accounting for key demographics and substance use/mental health confounders 

entrenched with cannabis use known to affect brain function. Finally, the behavioural significance of 

rsFC alterations remained unclear, as it has seldom been examined in relation to cannabis exposure 

and related problems. 

Study 2 aimed to address the limitations of the literature, via examining 107 people aged 18-

56 years (35 female) via fMRI scanning, socio-demographic, substance use, mental health, and 

cognitive testing. The primary aim was to compare rsFC between 65 individuals with a moderate-to-

severe CUD who had tried to cut down or quit, and 42 controls, controlling for age, sex, alcohol and 

nicotine exposure, and depression symptom scores. Regions implicated in addiction neurocircuitry, 

dense in CB1R, and implicated in cognitive processes altered in cannabis users were selected as 

regions-of-interest (ROIs). Associations between CUD group rsFC changes and metrics of cannabis 



 xii 

exposure and related problems were explored. People with a CUD vs controls showed greater rsFC 

between the following region pairings: nucleus accumbens (NAc)-frontal; pallidum-occipital/occipito-

parietal, in correlation with CUD severity and cannabis use days/month; and putamen-occipito-

parietal, in correlation with an earlier age of cannabis use onset; and lower hippocampus-occipital 

rsFC. Thus far, it is unclear if altered rsFC in CUD can be mitigated using psychological 

interventions. 

Study 3 examined if altered rsFC shown in the CUD group in Study 2 (n=56, aged 18-51 

years), could be mitigated using one of the following ~2-week interventions: a mindfulness-based 

intervention (MBI, n=19), active placebo (relaxation; n=18), and passive placebo (daily monitoring; 

n=19). It used a double-blind, pseudo-randomised design based on age and sex. The primary aim was 

to examine intervention-group-by-time effects on rsFC in a priori ROIs with altered rsFC identified in 

Study 2 (i.e., NAc, putamen, pallidum, hippocampus), and how changes in rsFC correlated with those 

in cannabis exposure and related variables. Pre-to-post MBI, putamen-superior frontal gyrus 

(SFG)/frontal pole rsFC decreased; and hippocampus-anterior cingulate rsFC increased (correlated 

with more cannabis use days). Pre-to-post active placebo, putamen-frontal pole rsFC increased, 

correlated with decreased cannabis grams; putamen-SFG/cerebellum/brainstem rsFC increased; and 

pallidum-anterior superior temporal gyrus (aSTG) rsFC decreased. Pre-to-post passive placebo, 

putamen-frontal pole rsFC increased, correlated with less cannabis use days; pallidum-aSTG rsFC 

increased; and hippocampus-anterior cingulate and putamen-SFG/cerebellum/brainstem rsFC 

decreased. 

Findings from the thesis demonstrated rsFC alterations in cannabis users and confirmed 

existence of such alterations in CUD, and that alterations can be mitigated with a brief MBI, as well 

as relaxation and daily monitoring. rsFC alterations may reflect cannabis exposure or related problem 

(or both), or a neurobiological vulnerability predating the onset of cannabis use/CUD. Future fMRI 

studies with larger samples are required to confirm findings and to track over time if continuation of 

MBI, active and passive placebo interventions consolidate the effects reported herein. The results 

from this thesis expand upon neuroscientific theories of addiction validated in substances other than 
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cannabis, by confirming partially overlapping alterations in CUD, and by showing that brief 

psychological interventions can target brain dysfunction in CUD. 
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“I experimented with marijuana a time or two and I didn’t like it. I didn’t inhale.” 

 

 

~ Bill Clinton, 1992 ~ 

 

 

 

 

 

“When I was a kid, I inhaled frequently. That was the point.” 

 

 

~ Barack Obama, 2016 ~
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CHAPTER 1: 

Thesis Introduction and Overview  
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Chapter Guide 

 This thesis aims to examine the neurobiological underpinnings of regular cannabis use, both 

by way of a Systematic Literature Review of the current field of literature and by way of an empirical 

investigation. For this reason, the current chapter begins with a comprehensive overview of cannabis, 

relating to its history, the prevalence of use, and associated outcomes. The compounds of cannabis 

and the mechanisms of action by which cannabis impacts the brain and elicits the psychoactive effects 

for which it is known are detailed. This is followed by an exploration of the neural correlates of 

cannabis use, with a focus on the functional magnetic resonance imaging (fMRI) technique, resting-

state functional connectivity (rsFC), which is the primary outcome measure across this thesis. This 

chapter then explores Cannabis Use Disorder and currently available treatment options.  

This thesis additionally aims to investigate the neurobiological underpinnings of a promising 

treatment modality, brief Mindfulness-Based Intervention, in individuals with a moderate-to-severe 

cannabis use disorder (CUD). Therefore, this chapter then details current evidence relating to the 

treatment efficacy of MBI and its known neural correlates. Finally, the limitations which are touched 

on throughout the chapter are then specifically highlighted, which are to be addressed by the 

remainder of the thesis. The objectives of the thesis and aims are outlined, and this chapter concludes 

with a description of the overall thesis structure. 

This thesis has been prepared with a ‘person first’ approach in mind i.e., the placement of the 

person before the condition. The emphasis on putting the person first is thought to destigmatize 

conditions and emphasize the person’s value. Therefore, the clinical population within the two 

empirical experiments (Study 2 and 3) will be referred to as ‘people with a moderate-to-severe CUD’ 

where possible. In an effort to balance this approach with a succinct style of writing, this population 

will also at times be referred to as ‘the CUD group’. Regrettably, the Systematic Literature Review 

(Chapter 2) was prepared prior to the adoption of this approach by the author, and the manuscript 

since published, hence within that chapter the clinical population is referred to as ‘regular cannabis 

users’.  
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1.1 Origin, History, and Nomenclature of Cannabis 

Cannabis sativa L, is an herbaceous species of flowering plant in the cannabaceae family, 

with evidence of use dating as far back as early Neolithic times (12,000 years BCE; Ren et al., 2021). 

It is long thought to be one of the oldest crops domesticated and cultivated by humankind and has 

been commonly purported to originate in Central Asia (Pisanti & Bifulco, 2019). Recent 

investigations have managed to pinpoint a specific location of the origin of cannabis; the Qinghai 

Lake region of the north-eastern Tibetan Plateau (McPartland et al., 2019). Cultivation of different 

varieties of cannabis were dispersed across Russia and Europe, and throughout China; it is thought to 

have been independently cultivated in parallel in several locations. The word ‘sativa’ is the Latin 

translation of ‘cultivated’ (Collins Dictionaries, 2020), with the designation Cannabis sativa first 

applied to the species in 1542 by Leonhard Fuchs (Classen, 2001). Further work investigating 

Cannabis sativa by Swedish botanist Carl Linnaeus led to the evolution of its denomination, 

becoming Cannabis sativa L in 1753 (Bonini et al., 2018; Watts, 2006). 

Cannabis sativa L, belonging to the genus cannabis (Small & Cronquist, 1976), is one of 170 

species in the cannabaceae, or hemp, family (McPartland, 2018). The taxonomic division of Cannabis 

sativa L into multiple or sub-species has been long debated. Although various proponents have made 

arguments for the existence of three separate species (Anderson, 1980; Emboden, 1974; Hillig, 2005; 

Schultes et al., 1975), in current literature, it is more commonly accepted that Cannabis sativa L is 

monotypic, and variations represent sub-species (Barcaccia et al., 2020; Small & Beckstead, 1973; 

Small & Cronquist, 1976). See Figure 1.1 for an image of the sub-species. The primary two sub-

species are C. sativa L and C. indica Lam, which can be distinguished based on morphology, 

phytochemistry, and original geographic range (Hillig, 2005; Lamarck, 1786; Small & Cronquist, 

1976). C. sativa L is taller with a fibrous stalk, it contains a greater proportion of the 

phytocannabinoid delta-9-tetrahydrocannabinol (also written Δ9-tetrahydrocannabinol; THC) than the 

phytocannabinoid cannabidiol (CBD), and it originated in Europe. In contrast, C. indica Lam (named 

for French naturalist Jean-Baptiste Lamarck who first differentiated it from Cannabis sativa L; 

Lamarck, 1786) is shorter with a woody stalk, contains a lower proportion of THC than CBD, and 

originated in Asia (McPartland, 2018). C. ruderalis Jan, named for Russian botanist Dmitrij 
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Erastovich Janischevsky (Janischevsky, 1924; Watts, 2006) is the sometimes included putative third 

variety; it is short and bushy, containing a lower still proportion of THC and thought to originate in 

Russia (Anderson, 1980; Emboden, 1974).  

 

 

Figure 1.1. Cannabis sativa L sub-species  

 

Cannabis sativa L sub-species line drawing by Anderson (1980). 

 

 

Cannabis sativa L, hereby referred to as cannabis, has been utilised across history and in 

modern times for a variety of purposes including as a source of nutrition and fuel, and as a material 

fibre with which to make cloth, rope, paper, and canvas (Piluzza et al., 2013; Pisanti & Bifulco, 

2019). It has also long been consumed for its psychoactive and medicinal purposes (Bonini et al., 

2018). Documentation of the medicinal use of cannabis goes as far back as 2,700 years BCE, used by 

legendary Chinese Emperor Shen Nung (depicted in Figure 1.2), who is known as the Father of 

Chinese Medicine (Pain, 2015; Pisanti & Bifulco, 2019). The earliest evidence of cannabis used for its 

psychoactive properties dates back 750 years BCE. This was in light of the discovery made in the late 
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80s of a well-preserved ‘stash’ of cannabis along with a pestle and mortar in the Gobi Desert, China 

(Jiang et al., 2006; Russo et al., 2008). Based on the cannabis remains, which were high in the 

phytocannabinoid THC but not suitable for use as food, fibre, or oil, it was concluded that the 

cannabis was used for ritual and/or medicinal purposes (Jiang et al., 2006). 

 

 

Figure 1.2. Depiction of Chinese Emperor Shen Nung, with cannabis plant 

 
Source: The Devine Farmer’s Materia Medica, A Translation of the Shen Nong Ben Cao,  

author Shou-Zhong Yang 

 

 

1.1.1 Cannabis Control During the 20th Century  

 Prior to the 20th century, cannabis was largely used worldwide without restriction, medically 

and recreationally (Szasz, 2003). Across the early 20th century, the use of cannabis significantly 

decreased, thought to be in part due to difficulties in obtaining it (Zuardi, 2006). Within the United 

States of America (USA), a ‘Marijuana Tax Act’ was passed in 1937, largely rendering the growth or 

distribution of cannabis illegal (McKenna, 2014). In 1960, cannabis was definitively classified as a 

substance of abuse (Pisanti & Bifulco, 2017). Regardless, the 1960s saw a rise in cannabis use, 

predominately by ‘hippies’, i.e., college students and anti-Vietnam-war protesters (McKenna, 2014). 
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The Nixon administration developed the Controlled Substances Act in the late 1960s to further limit 

use (Drug Enforcement Administration, 2018); First Lady Nancy Reagan later lead anti-cannabis 

sentiment with her “Just Say No” public campaign during the 1980s (Reagan, 1986). Despite the best 

efforts of governing bodies, in the time since, public support in America for the legalisation of 

cannabis use has steadily risen from 12% in 1969, to 34% in the early 2000s, and up to 68% in 2020 

(Brenan, 2020).  

 

1.1.2 Recent Evolution of Cannabis Legality  

Around the world, many countries are moving toward the decriminalisation of cannabis for 

personal use, and the legalisation of medical cannabis (Sznitman & Bretteville-Jensen, 2015; 

Wilkinson et al., 2016). Please see Figure 1.3 for a snapshot of cannabis legality status worldwide. 

The legality of cannabis use varies between countries, as well as between various states within a 

country (United Nations Office on Drugs and Crime [UNODC], 2021). In Australia, in 2016, 

amendments were made to the Narcotics Drug Act (1967), to update cannabis from being exclusively 

considered to be an illegal narcotic, to instead making some medicinal cannabis products available for 

specific patient groups under strict medical supervision. This act also permitted its cultivation for 

medicinal purposes and related research (Freckelton, 2021; Gleeson, 2019). Patients in Australia are 

currently able to receive a prescription for cannabis products from their general practitioners, who are 

typically required to lodge an application to the Therapeutic Goods Administration (TGA) to gain 

approval to prescribe (MacPhail et al., 2022). The Australian capital, Canberra, has also somewhat 

recently legalised individual possession of up to 50g of dry cannabis for personal use (Mannheim & 

Lowrey, 2020, Jan 31). 
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Figure 1.3. Snapshot of the legal status of cannabis worldwide, as of 2018  

 

Note:  Blue countries indicate where cannabis is legal for any use (no prescription required) 

Green countries indicate where cannabis is legal as authorized by a physician  

Source: public domain  

 

 

1.1.3 Current Perceptions of Cannabis 

Attitudes towards cannabis and the frequency of cannabis use have continued to evolve over 

recent years (Australian Institute of Health and Welfare [AIHW], 2020; UNODC, 2019). Patterns of 

use have trended upwards and attitudes towards cannabis have typically moved in a more ‘favoured’ 

direction (Poulton et al., 2001; Sznitman & Bretteville-Jensen, 2015). The recognition of cannabis as 

an official medicinal substance, as well as the decriminalisation and legalisation of recreational 

cannabis use and possession, has increased the perception amongst the general public that cannabis is 

not harmful (Sarvet et al., 2018). There are now approximately 600,000 people in Australia who 

report past year use of cannabis for medical purposes (AIHW, 2020). There exists a widely held, yet 

erroneous belief (by both general populations and physicians) that cannabis is not an ‘addictive’ 

substance (McKenna, 2014). Furthermore, since the early 2000s, adult and adolescent perception of 

cannabis use as risky has decreased (Carliner et al., 2017). The perception of risk or harm from 
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regularly smoking cannabis declined by a quarter between 1995 and 2019, accompanied by an 

increase in past month cannabis use (UNODC, 2019).  

 

1.1.4 Current Prevalence of Cannabis Use  

 Cannabis is known to be the most widely cultivated illicit crop worldwide, and the most 

commonly used of all illicit substances (UNODC, 2019). Recent estimates have placed the number of 

past-year cannabis users, of people aged 15-64, to be as high as approximately 200 million people 

worldwide (UNODC, 2019), of which approximately 3 million people are located in Australia 

(AIHW, 2020). The latter corresponds to approximately 4% of the global adult population, and 

approximately 15% of the Australian adult population respectively. In America, over 50% of young 

people report having tried cannabis (Substance Abuse and Mental Health Services Administration, 

2014), and in Europe cannabis is now the most commonly taken substance by people utilising 

specialist addiction services (overtaking heroin; European Monitoring Centre for Drugs and Drug 

Addiction [EMCDDA], 2015). As many as 37% of Australian respondents reported use at a weekly or 

higher frequency (AIHW, 2020). Please see Figure 1.4 for a timeline overview of events described in 

this chapter thus far.  
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Figure 1.4. Timeline of cannabis-related events 
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1.2 Phytocannabinoids and the Endocannabinoid System 

The cannabis plant contains 565 natural compounds. These natural compounds include 120 

phytocannabinoids (ElSohly et al., 2017), which are a unique group of C21 terpenophenolic 

compounds (a class of naturally occurring organic chemicals) specific to cannabis (Chandra et al., 

2017). The remaining non-phytocannabinoid compounds include terpenes (responsible for the 

distinctive smell associated with cannabis), flavonoids, alkaloids, non-cannabinoid phenols, and 

others (Radwan et al., 2021). Phytocannabinoid is the name given to cannabinoids that are naturally 

occurring and has been coined to distinguish these compounds from those which are created 

synthetically (Pate, 1999). Two phytocannabinoids of particular interest are the aforementioned THC 

and CBD (Radwan et al., 2017). Please see Figure 1.5 for the chemical structure of THC and CBD.  

 

 

Figure 1.5. Chemical structure of Δ9-tetrahydrocannabinol (THC) and cannabidiol (CBD)  

 
 
Source: Pacher et al. (2006)  

 

 

THC has long been the primary focus of cannabis research, as it is considered to be the main 

psychoactive ingredient of cannabis (Radwan et al., 2017; Small & Marcus, 2002). More recently, 

focus has also included CBD, largely due to its properties as an antiepileptic/anticonvulsant tool in 

intractable paediatric epilepsy (Devinsky et al., 2014), as well as its non-intoxicating, antioxidant, 

anti-inflammatory, neuroprotective, and anxiolytic properties (Pellati et al., 2018). The structure of 

CBD was first demonstrated in 1963 (Mechoulam & Shvo, 1963) and the structure of THC reported 

shortly thereafter in 1964 (Gaoni & Mechoulam, 1964).  
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1.2.1 Endocannabinoid System and Endogenous Cannabinoids  

Following the discovery of THC, the existence of two endogenous cannabinoid receptor 

agonists (called cannabinoids) were identified: N-arachidonoylethanolamine (commonly called 

anandamide) and 2-arachidonoylglycerol (2-AG; Devane et al., 1992; Mechoulam et al., 1995; 

Sugiura et al., 1995). These endocannabinoids are largely thought to prevent the development of 

excessive neuronal activity in the central nervous system (CNS) to maintain homeostasis via agonism 

of brain cannabinoid receptor 1 (CB1R) and 2 (CB2R; Pertwee, 2008). The understanding of 

endocannabinoids and the endocannabinoid system was significantly refined across the 1990s (De 

Petrocellis et al., 2004; Lee, 2012; Pisanti & Bifulco, 2019). The endocannabinoid system includes 

endocannabinoids, CB1R and CB2R, and the enzymes and proteins responsible for their biosynthesis, 

degradation, and re-uptake (Lu & Mackie, 2021; Wu, 2019). Please see Figure 1.6 for the chemical 

structure of anandamide and 2-AG. 

 

 

Figure 1.6. Chemical structure of N-arachidonoylethanolamine (anandamide) and 2-

arachidonoylglycerol (2-AG) 

 

Source: Pacher et al. (2006)  

 

 

1.2.1.1 Cannabinoid Receptors: CB1R and CB2R 

CB1R and CB2R are both members of the G-protein-coupled receptor (GPCR) family; GPCRs 

are a class of membrane proteins (Alexander et al., 2021), and are known to be essential nodes of 

communication between the internal and external environments of cells (Rosenbaum et al., 2009). 

CB1Rs are among the most abundant GPCRs in the brain (Mechoulam & Parker, 2013), and are most 

densely expressed throughout the CNS, in particular on certain GABAergic (gamma-aminobutyric 

acid-ergic) interneurons (Bodor et al., 2005). The pattern of their distribution throughout the CNS is 



 12 

consistent with their effect on cognitive processes including memory, their control of motor function, 

and their analgesic properties (Pertwee, 2008). Specifically, CB1Rs are found in the allocortex 

(including hippocampus, entorhinal cortex, and amygdala), the neocortex (including frontal gyri, 

Wernicke’s area, and cingulate gyri), substantia nigra, and cerebellar cortex (Glass et al., 1997; 

Mackie, 2005). The basal ganglia (including globus pallidus, and dorsal and ventral striatum), 

secondary motor and sensory areas, occipitotemporal cortex, deep cerebellar nuclei, hypothalamus, 

and thalamus also have a moderately high prevalence of CB1Rs (Glass et al., 1997). Please see Figure 

1.7 for an overview of the distribution of CB1R within the brain, and their overlap with regions shown 

to display neuroanatomical alterations in people who regularly use cannabis.  

 

 

Figure 1.7. Distribution of CB1R within the brain, and their overlap with regions displaying 

neuroanatomical alterations in people who regularly use cannabis 

 
 

Note: dark to light green demonstrates range from 40-1680 density of receptor binding sites 

(measured via autoradiographic techniques), lighter colours indicate greater receptor density; red 

illustrates overlap between regions high in CB1R that also show neuroanatomical alterations in people 

who regularly use cannabis.  

Source: The Role of Cannabinoids in Neuroanatomic Alterations in Cannabis Users. Biological 

Psychiatry. Lorenzetti et al. (2016) 
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CB2Rs are most abundantly located in immune cells and peripheral tissue (cardiovascular 

system, gastrointestinal tract, liver etc.; Mackie, 2005). CB2Rs were previously thought to be an 

exclusively ‘peripheral’ cannabinoid receptor, however more recently CB2Rs have been identified 

throughout the CNS, commonly in postsynaptic neuronal tissue, and are now thought to have 

neuroprotective properties (Mechoulam & Parker, 2013; Wu, 2019).  

 

1.2.2 Endocannabinoid System and Exogenous Cannabinoids  

Exogenous cannabinoid refers to the compounds extracted from herbal cannabis 

(phytocannabinoids including but not limited to THC and CBD), in addition to synthetic cannabinoids 

(Boggs et al., 2018). THC exerts its psychoactive effects via its action as a partial agonist for CB1R 

and CB2R (Mechoulam & Parker, 2013; Pertwee, 2008; Zou & Kumar, 2018), meaning that the 

receptors are activated, but with only partial efficacy relative to a full agonist. THC is one of only two 

phytocannabinoids which bind with a high affinity to CB1R and CB2R; the other being 

tetrahydrocannabivarin (THCV), CBD does not bind to either of these receptors (Di Marzo & 

Piscitelli, 2015). 

1.2.2.1 Exogenous Cannabinoids and Addiction  

 CB1Rs (as well as the endogenous ligands: anandamide and 2-AG) are abundant in 

dopaminergic pathways, including the striatum (Herkenham et al., 1991). THC alters the signalling of 

the endocannabinoid system; agonism of CB1Rs has been shown to inhibit GABA and glutamate 

release from the presynaptic terminal (termed retrograde signalling; Gerdeman & Lovinger, 2001; 

Katona et al., 1999), which in turn modulates dopamine transmission (Bloomfield et al., 2016). 

Importantly, alterations to glutamate specifically are thought to contribute to the cycle of addiction 

due to the role that glutamate plays in mediating inhibitory control and drug-seeking behaviour 

(Kalivas, 2009). Dopamine, given its role in reward, motivation, and goal-directed behaviour, is also 

thought to play a key role in addiction related processes (Ferland & Hurd, 2020). Acute THC use in 

cannabis naïve individuals, has been shown to increase striatal dopamine release (Bossong et al., 

2009; Gardner, 2005), which stems from its inhibition of glutamate, and is thought to be related to the 

rewarding effects of THC (Bloomfield et al., 2016). Contrastingly, THC use over time has been 
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shown to down regulate (suppress) CB1R availability (Ceccarini et al., 2015; D'Souza et al., 2016; 

Hirvonen et al., 2012), and to reduce striatal dopamine synthesis (Bloomfield et al., 2016; Bloomfield 

et al., 2014). As frontal, temporal and striatal regions are innervated with dopamine projections, 

repeated THC exposure in cannabis users may alter dopaminergic transmission in these areas; and 

thus, alters their spontaneous blood oxygen level-dependent (BOLD) fluctuations (see section below 

1.3.3 Functional Magnetic Resonance Imaging for more on this; Meck, 2006; Paus, 2001; Volkow & 

Fowler, 2000), and the cognitive functions these regions are ascribed to e.g., disinhibition (Volkow et 

al., 2010). 

 

1.3 Neuroimaging Evidence on the Neurobiology of Cannabis Exposure  

1.3.1 A Brief Introduction to Neuroimaging  

 Magnetic Resonance Imaging (MRI) and functional Magnetic Resonance Imaging (fMRI) are 

imaging techniques which rely on ‘magnetic resonance’ to capture information about the brain and 

body. In MRI, this is achieved by applying pulses of magnetic field, which then enables detection of 

the direction of protons within the body. Under normal conditions these protons are aligned in a 

random direction, however when the magnetic field is applied, the protons align parallel to the 

direction of the main magnetic field, which creates magnetization of the affected tissue (Sanelli et al., 

2016). This therefore enables the MRI to generate images based on the detected proton configuration. 

In fMRI, brain activity is measured by detecting changes in blood flow/oxygenation using the BOLD 

contrast method (Sanelli et al., 2016). This relies on the principle that there is increased blood flow to 

areas of neuronal activation (Huettel et al., 2014). 

 

1.3.2 Preclinical Studies  

Chronic use of THC has been associated with a host of neurobiological changes, which persist 

beyond the period of acute intoxication, also known as residual changes. Animal studies have shown 

that exposure to THC results in neurotoxic changes in brain regions which are known to be high in 

CB1R, including the hippocampus, amygdala, and cerebral cortex (Chan et al., 1998; Downer et al., 

2001). The first study to utilize resting-state functional connectivity (rsFC) in a preclinical study of 
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exposure to inhaled THC (for a description of rsFC see below, section 1.3.3.2), found that following 

one month of daily vaporised cannabis (containing THC) exposure in male mice, decreased and 

increased rsFC was observed (Coleman et al., 2022). Specifically, hypoconnectivity was reported in a 

network of regions including the hypothalamus, thalamus, and ascending reticula activating system, 

whilst hyperconnectivity was reported between the hippocampus and brainstem, linked to deficits in 

object recognition. Multimodal neuroimaging research, also examining mice following one month of 

daily exposure to vaporized cannabis (containing THC) revealed midbrain dopaminergic volume and 

grey matter volume decrease (Sadaka et al., 2023). 

 

1.3.3 Volumetric Studies  

MRI has been used to examine volumetric alterations in human studies, both on a whole brain 

level and exclusive to specific structures (Bloomfield et al., 2019). Whilst results in human studies are 

less unanimous in their findings than preclinical studies (Batalla et al., 2013), some overlap with the 

regions susceptible to THC related alterations in animals have been identified. Pattern of volumetric 

abnormalities in the hippocampus, specific cortical regions (e.g., orbitofrontal cortex and anterior 

cingulate cortex), and amygdala have been reported, as well as in the parahippocampus, NAc, and 

basal ganglia, (Ashtari et al., 2011; Chye et al., 2017; Demirakca et al., 2011; Filbey et al., 2015; Hill 

et al., 2016; Lorenzetti et al., 2010; Lorenzetti et al., 2015; Matochik et al., 2005; Moreno-Alcazar et 

al., 2018; Yücel et al., 2008). A number of theories have been proposed to explain the volumetric 

alterations associated with ongoing cannabis use, which include processes of neuroinflammation 

and/or gliosis (Moreno-Alcazar et al., 2018). Furthermore, it has been posited that volumetric 

alterations may be driven by a subset of cannabis users who meet the diagnostic criteria for Cannabis 

Use Disorder (CUD; American Psychiatric Association [APA], 2013; Chye et al., 2017; Lorenzetti & 

Cousijn, 2016; Lorenzetti et al., 2016). 
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1.3.4 Functional Magnetic Resonance Imaging 

1.3.4.1 Task-Based Activation 

Task-based fMRI examines the activation of unique brain regions whilst the individual 

completes specific tasks within the scanner, by measuring the BOLD signal, considered to be a proxy 

for neuronal function (Bandettini et al., 1992; Ogawa et al., 1990). Recent meta-analyses and review 

of task-based fMRI studies showed that cannabis users compared to controls demonstrated alterations 

in brain regions (i.e., basal ganglia, amygdala, and prefrontal cortex) associated with addiction-related 

cognitive functions (i.e., reward processing, executive function, and stress; Blest-Hopley et al., 2018; 

Yanes et al., 2018; Zehra et al., 2018) and across multiple brain networks, including the reward 

network, executive network, and habit and memory networks (Zilverstand et al., 2018).  

A recent comprehensive review of neuroimaging studies in cannabis users (Bloomfield et al., 

2019) identified links between alterations in the activation of specific brain regions and deficits in 

performance on certain cognitive tasks. This includes executive dysfunction linked to the orbitofrontal 

cortex, insula, and superior temporal gyrus (Cousijn et al., 2013), reduced attention and working 

memory deficits linked to the prefrontal cortex (Abdullaev et al., 2010; Becker et al., 2010b; Chang et 

al., 2006; Colizzi et al., 2015; Jager et al., 2010; Kanayama et al., 2004; Tervo-Clemmens et al., 

2018), and impaired inhibition linked to the anterior cingulate cortex (Gruber & Yurgelun-Todd, 

2005; Hester et al., 2009). Reductions in the performance of chronic cannabis users in tasks of 

learning and memory were also identified, with links to hippocampal and anterior cingulate cortex 

hypoactivation, and parahippocampal and medial temporal lobe dysfunction (Becker et al., 2010a; 

Carey et al., 2015; Jager et al., 2007; Nestor et al., 2008; Riba et al., 2015; Sneider et al., 2013). 

Finally, during various tasks of reward processing, multiple studies identified either hyperactivity or 

blunting throughout the striatum (Enzi et al., 2015; Jager et al., 2013; Martz et al., 2016; Nestor et al., 

2010; van Hell et al., 2010; Yip et al., 2014), the inferior frontal gyrus (Enzi et al., 2015), and the 

insula (Nestor et al., 2010).  

Of note however, as these studies have focused primarily on task-based fMRI, one is limited 

in interpreting whether group differences reflect underlying cannabis-specific brain function 

alterations or cognitive confounds such as fluctuations in task performance, strategy, effort, and 
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adaptation (Fox & Greicius, 2010; Philippi et al., 2020). To circumvent and minimise such confounds, 

specific imaging methodologies can be used, including rsFC fMRI.  

1.3.4.2 Resting-State Functional Connectivity 

The seminal paper on functional connectivity using fMRI was published in 1995 (Biswal et 

al., 1995). rsFC is a putative measure of brain integrity, used to explore the intrinsic organisation of 

the brain, and can be used as an alternative to task-based fMRI. rsFC techniques can be used to 

provide evidence of alterations of communication between and within widespread brain circuits. rsFC 

measures spontaneous fluctuations of brain function (via BOLD signal) in the absence of overt task 

performance, whilst the participant remains at rest but awake in the scanner (Greicius et al., 2008; van 

de Ven et al., 2004). Importantly, participants do not engage in a task during this time period, 

therefore largely eliminating specific cognitive demands. The BOLD signal of functionally distinct 

and, often, spatially remote brain regions is measured and those which correlate are considered to be 

functionally connected; please see Figure 1.8 for an example of a rsFC pairing, demonstrating rsFC 

between the NAc and frontal pole. A distinction is made between positive and negative (anti-) 

correlations. Positive correlation indicates an increase or decrease to the BOLD signal of two regions 

simultaneously, whereas a negative (or anti-) correlation indicates an increase in the BOLD signal to 

one area, with a simultaneous decrease to another (van de Ven et al., 2004). rsFC fMRI techniques 

have been widely applied in healthy and clinical populations (Lv et al., 2018). 
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Figure 1.8. An example of a resting-state functional connectivity pairing  

 

Note: Left is an anterior view; right is an interior sagittal view of the right hemisphere. This figure 

visually represents resting-state functional connectivity between the right nucleus accumbens and 

bilateral frontal pole. 

Source: excerpt taken from Chapter 4 of this thesis; section 4.4.2.2 Seed-Based Functional 

Connectivity. 

 

1.3.4.2.1 rsFC in Normative and Clinical Samples. rsFC patterns in normative samples have 

indicated that coherent intrinsic brain activity is a key feature of healthy brain function (Fox & 

Raichle, 2007; van den Heuvel et al., 2009). rsFC has been used to identify the brain’s functional 

architecture in normative samples and fundamental alterations underlying disease. Moreover, rsFC 

has been used to map how brain integrity changes as a function of fundamental processes such as 

aging (Ferreira & Busatto, 2013). Patterns of rsFC have been shown to differ between control groups 

and clinical populations (e.g. Alzheimer’s and Parkinson’s disease) and various psychopathologies 

including depression, schizophrenia, and bipolar disorder (Badhwar et al., 2017; Kuhn & Gallinat, 

2013; Li et al., 2019; Vargas et al., 2013; Wang et al., 2012; Wolters et al., 2019). The repeated 

establishment of rsFC relationships with clinical symptoms demonstrates its utility in identifying 

potential biomarkers or treatment targets of specific conditions. 

1.3.4.2.2 rsFC in Substance Users. Distinct patterns of rsFC have also been observed when 

comparing samples with and without substance use/addiction disorders, including cocaine dependence 

(Zhang & Li, 2018), and amphetamine use (Anouk Schrantee et al., 2016; A. Schrantee et al., 2016). 

rsFC patterns have shown utility in predicting the likelihood of relapse in both abstinent cocaine users 
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and alcohol dependent individuals (Adinoff et al., 2015; Berlingeri et al., 2017; McHugh et al., 2013; 

Zakiniaeiz et al., 2017). Recent meta-analyses examining patterns of network abnormalities in the 

rsFC of various substance use disorders identified a pattern of rsFC hyperconnectivity in the putamen, 

caudate, and middle frontal gyrus (Tolomeo & Yu, 2022), as well as alterations to the limbic, 

salience, and frontoparietal networks (Taebi et al., 2022) relative to healthy controls. rsFC has 

consistently been used to identify alterations to frontostriatal pathways across a variety of substance 

use disorders, including opioids, nicotine, alcohol, and mixed substances or combined samples (Hong 

et al., 2009; Klugah-Brown et al., 2020; Luciana, 2020; Ma et al., 2010; Motzkin et al., 2014; Sullivan 

& Pfefferbaum, 2019). 

1.3.4.2.3 rsFC in Cannabis Users. The use of rsFC to detect change in regular cannabis users 

has only occurred across the past decade; the earliest published paper appearing in 2013 (Houck et al., 

2013). Evidence from rsFC fMRI studies comparing regular cannabis users and controls supports 

functional alterations in frontostriatal region pairings (i.e., anterior cingulate cortex/middle frontal 

gyrus with putamen/caudate/basal ganglia; Blanco-Hinojo et al., 2017). Frontostriatal projections are 

important for cognitive and behavioural flexibility implicated in goal-directed behaviour (Morris et 

al., 2016; Vaghi et al., 2017) and inhibitory control (Ersche et al., 2020; Morein-Zamir & Robbins, 

2015) underlying addiction. Overlapping brain regions have also been implicated in addiction 

neurocircuitry (Koob & Volkow, 2010; Volkow et al., 2016) and may inform mechanisms involved in 

the transition to a maintenance of CUD, as well as potentially informing novel treatment targets to 

prevent relapse. Specifically, these regions include striatal regions (i.e., NAc, putamen, pallidum, 

caudate), medial temporal regions (i.e., hippocampus, amygdala), and key cortical regions (i.e., ACC, 

and precentral gyrus). However, the body of work has thus far revealed heterogeneous results, with 

alterations of distinct measures of rsFC (i.e., positive rsFC and negative rsFC), and inconsistent 

strength (i.e., higher or lower), as well as the reported location of group differences. rsFC alterations 

in cannabis users have been preliminarily associated with greater chronicity of cannabis use, worse 

mental health symptoms, and poorer cognitive ability.  

A recent Systematic Literature Review (SLR) examining individuals who regularly use 

cannabis specifically in comparison to people who do not, identified that cannabis users typically 
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displayed greater positive rsFC in frontal-frontal, frontotemporal, and frontostriatal region pairings, 

implicated in disinhibition and reward processing (Thomson et al., 2022); as presented in Chapter 2. 

It was posited that the functional connectivity disturbance identified in regular cannabis users may be 

secondary to chronic THC exposure (Thomson et al., 2022). Chronic THC exposure, known to result 

in alterations to dopaminergic transmission, may therefore alter the spontaneous BOLD fluctuations 

in the identified brain regions (Meck, 2006; Paus, 2001; Volkow & Fowler, 2000), and associated 

cognitive functions (Volkow et al., 2010). Patterns of the correlations between rsFC alterations and 

cannabis use level also indicated that greater chronicity of use may drive identified alterations 

(Thomson et al., 2022).  

Importantly, no research to date utilising rsFC in non-intoxicated people who regularly use 

cannabis examined if the participants in their sample endorsed a Diagnostic and Statistical Manual of 

Mental Disorders, fifth edition (DSM-5; APA, 2013) diagnosis of a CUD (see Figure 1.9 for 

diagnostic criteria), creating a major gap between the current system of diagnosis and the existing 

literature. The most common classification system used in past research examining regular cannabis 

users was from the DSM-IV i.e., ‘cannabis dependence’. The DSM-5 introduced a dimensional 

approach (i.e., degrees of severity) rather than a categorical approach employed by the DSM-IV (i.e., 

dependence present; yes or no). Thus, the fourth and fifth edition of the DSM lack full agreement 

(Livne et al., 2021), and that the evidence in the published literature on cannabis dependence does not 

translate to the new diagnostic criteria for a CUD. It remains unclear if identified changes to rsFC in 

regular cannabis users are driven by individuals with a CUD alone, or by both CUD and recreational 

users. As postulated by prominent addiction theories, neuroadaptations characterise the transition 

from recreational/occasional use to dependent use (Koob & Volkow, 2010; Volkow, Koob, et al., 

2016).   
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Figure 1.9. The Diagnostic Criteria for Cannabis Use Disorder. Excerpt taken from the Diagnostic 

and Statistical Manual of Mental Disorders, Fifth Edition 

DSM-5 Cannabis Use Disorder (CUD) Diagnostic Criteria 

A problematic pattern of cannabis use leading to clinically significant impairment or distress, as manifested by 

at least two of the following, occurring within a 12-month period: 

1. Cannabis is often taken in larger amounts or over a longer period than was intended. 

2. There is a persistent desire or unsuccessful efforts to cut down or control cannabis use. 

3. A great deal of time is spent in activities necessary to obtain cannabis, use cannabis, or recover from its 

effects. 

4. Craving, or a strong desire or urge to use cannabis. 

5. Recurrent cannabis use resulting in a failure to fulfill major role obligations at work, school, or home. 

6. Continued cannabis use despite having persistent or recurrent social or interpersonal problems caused or 

exacerbated by the effects of cannabis. 

7. Important social, occupational, or recreational activities are given up or reduced because of cannabis use. 

8. Recurrent cannabis use in situations in which it is physically hazardous. 

9. Cannabis use is continued despite knowledge of having a persistent or recurrent physical or psychological 

problem that is likely to have been caused or exacerbated by cannabis. 

10. Tolerance, as defined by either of the following: 

a. A need for markedly increased amounts of cannabis to achieve intoxication or desired effect. 

b. Markedly diminished effect with continued use of the same amount of cannabis. 

11. Withdrawal, as manifested by either of the following: 

a. The characteristic withdrawal syndrome for cannabis. 

b. Cannabis (or a closely related substance) is taken to relieve or avoid withdrawal symptoms. 

 

Specify if: 

In early remission: After full criteria for cannabis use disorder were previously met, none of the criteria for 

cannabis use disorder have been met for at least 3 months but for less than 12 months (with the exception that 

Criterion A4, “Craving, or a strong desire or urge to use cannabis,” may be met). 

In sustained remission: After full criteria for cannabis use disorder were previously met, none of the criteria 

for cannabis use disorder have been met at any time during a period of 12 months or longer (with the exception 

that Criterion A4, “Craving, or a strong desire or urge to use cannabis,” may be present). 

Specify if: 

In a controlled environment: This additional specifier is used if the individual is in an environment where 

access to cannabis is restricted. 

Specify current severity:  

305.20 (f12.10) Mild: Presence of 2-3 symptoms  

305.30 (f12.20) Moderate: Presence of 4-5 symptoms  

305.30 (f12.20) Severe: Presence of 6 or more symptoms 

 

Note. Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, 

Fifth Edition, (Copyright © 2013). American Psychiatric Association. All Rights Reserved.  

Please see Appendix 1 for confirmation of permission to reprint.  
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1.4 Cannabis Use Disorder  

Of individuals who use cannabis with some regularity, it has been estimated that between 

20% (Leung et al., 2020) and 30% (Hasin et al., 2015; Marel et al., 2019) will go on to develop a 

CUD. CUD, defined in the DSM-5 (APA, 2013) is characterised by cognitive, behavioural, and 

physiological changes. Individuals who meet diagnosis exhibit an inability to voluntarily cease 

consumption of cannabis, despite an underlying desire to do so, and/or in the face of related physical 

or psychological harms (APA, 2013; World Health Organisation [WHO], 2018). The severity of the 

disorder is determined by the number of diagnostic criteria met by the individual. Endorsement of 2-3 

criteria equates to a ‘mild’ disorder, 4-5 equates to a moderate disorder, and 6 or more equates to a 

severe disorder. The frequency at which one uses cannabis has been established as the strongest risk 

factor for development of a CUD, especially in conjunction with duration of use (i.e., heavy cannabis 

use, particularly over an extended period of time, increases the likelihood that one will endorse a 

higher number of CUD symptoms; Binkowska et al., 2022; Curran et al., 2019). 

As mentioned above (section 1.1.3 Current Perceptions of Cannabis), public opinion 

maintains a consensus that cannabis is a ‘low risk’ substance. Regular use however remains 

associated with adverse psychosocial and health outcomes (Hall & Degenhardt, 2009; Volkow et al., 

2014) that includes reduced cognitive ability (Solowij & Battisti, 2008; Volkow, Swanson, et al., 

2016), engagement in risk-taking behaviour (e.g. smoking while driving; AIHW, 2020), increased use 

of other illicit substances (Volkow et al., 2014), and increased frequency of mood and psychotic 

disorders including psychosis, addiction, depression, suicidality, and amotivation (Hall & Degenhardt, 

2009; Lev-Ran et al., 2014). Many of the negative outcomes associated with regular cannabis use 

(including increased antisocial behaviour, use of other illicit substances, legal trouble, unemployment, 

and mood disorders [depression and anxiety]) have been shown to be significantly worse for regular 

users who do meet diagnostic criteria for CUD than for regular users who do not (Foster et al., 2018; 

van der Pol, Liebregts, de Graaf, Ten Have, et al., 2013). For this reason, it is important to explore the 

underpinnings of CUD, in order to best develop treatment targets for individuals most impacted, 

rather than ‘recreational’ users more broadly.  
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1.4.1 Costs and Required Supports 

Broadly, the burden of cannabis use is felt in healthcare settings, where the largest health 

related costs of CUD are estimated to be for out-of-hospital care (i.e., primary care and specialist drug 

treatment services; Whetton et al., 2020). As rates of CUD increase, demand for efficacious CUD 

treatments have also risen (UNODC, 2019; WHO, 2016). However, it has been estimated that at least 

85% of individuals with a CUD do not seek treatment (Hasin et al., 2016) or inversely – only 8% of 

adults with a CUD reported receiving recent cannabis-specific treatment (Wu et al., 2017). Taken 

together, this demonstrates the need for readily available and easily accessible treatment modalities. 

 

1.4.2 Treatment 

At present, face-to-face psychotherapies (including cognitive behavioural therapy [CBT], 

motivational enhancement therapy [MET], and contingency management [CM]) have been shown to 

most effectively treat CUD (i.e., associations with reduced symptomatology, reduced cannabis use, 

increased cannabis abstinence; Gates et al., 2016; Lees et al., 2021), with the majority of 

pharmacotherapies thought to be ineffective (Bahji et al., 2021; Kondo et al., 2020; Nielsen et al., 

2019). Effective psychotherapies are often lengthy, typically running between 1 and 6 months, and 

can be prohibitively expensive for individuals with a CUD (Lees et al., 2021). Additionally, poor 

treatment availability and admission difficulties have been cited as two of the major barriers to 

treatment seeking (Rapp et al., 2006). It has also been suggested that digitally facilitated interventions 

may appeal to non-treatment seeking individuals with a CUD, due to a reported desire to be self-

reliant and a preference for informal services (van der Pol, Liebregts, de Graaf, Korf, et al., 2013). 

 

1.4.3 Cannabis Use Disorder in the Context of Neurobiological Theory of Addiction 

 The neurobiology of substance use disorders has been explored in relation to a prominent 

neuroscientific theory of addiction, first proposed by Koob and Volkow (2010). The Koob and 

Volkow (2010) neuroscientific theory of addiction postulates that drug addiction is a “chronically 

relapsing disorder”, driven by neural changes underlying three stages: (1) the binge/intoxication stage, 

(2) the withdrawal/negative affect stage, and (3) the preoccupation/anticipation stage (Koob & 
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Volkow, 2016; Volkow et al., 2016; Volkow et al., 2019). Figure 1.10 contains a visual depiction of 

the neurocircuitry underlying these three stages (Koob & Volkow, 2016). 

 

Figure 1.10. The Three Stage Neuroscientific Model of Addiction, Koob and Volkow (2010)  

 
 
Note: The overall neurocircuitry domains correspond to three functional domains: binge/intoxication 

(reward and incentive salience: basal ganglia [blue]), withdrawal/negative affect (negative emotional 

states and stress: extended amygdala and habenula [red]), and preoccupation/anticipation (craving, 

impulsivity, and executive function: PFC, insula, and allocortex [green]).  

ACC = anterior cingulate cortex; NAc = nucleus accumbens; OFC = orbitofrontal cortex; PFC = 

prefrontal cortex; VTA= ventral tegmental area.  

Source: Neurobiology of Addiction: A Neurocircuitry Analysis. Lancet Psychiatry. Koob and 

Volkow (2016). Modified from Koob and Volkow (2010)  
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 The three stages within the Koob and Volkow (2010) neurobiological theory of addiction are 

thought to be characterised by disturbances in three major neural networks, driven by exposure to 

substances and related behavioural changes. Specifically, the binge/intoxication stage, which is 

characterised by impulsivity/compulsivity to use substances, involves the basal ganglia and 

mesocorticolimbic dopamine reward pathway. The withdrawal/negative affect stage, individuals 

demonstrate a loss of motivation towards non-substance rewards, plus impaired emotion regulation, is 

thought to be driven by the extended amygdala, the NAc, and the caudate and putamen. Finally, the 

preoccupation/anticipation stage, which is marked by experiences of substance cravings and impaired 

behavioural inhibition, is driven by the PFC. Koob and Volkow (2016) have further identified 18 

subsystems demonstrating neuroadaptations associated with disordered substance use, which includes 

the mesocorticolimbic dopamine system. Neurobiological changes underpinning the three stages of 

addiction are thought to promote habit formation and drive pathological drug seeking, via promotion 

of incentive salience (of previously neutral stimuli) and dysregulation of reward and stress function 

(Koob & Volkow, 2016; Volkow et al., 2016; Volkow et al., 2019). 

Research exploring how the three-stage neurobiological theory of addiction applies to 

cannabis and CUD has been thoroughly synthesized in a previous review (Zehra et al., 2018). 

Following an extensive review of studies examining the acute and long-term effects of cannabis, it 

was concluded that CUD largely adhered to changes reported within Koob and Volkow model, 

however the identified features of CUD within each stage were less robust than other substances of 

abuse. Importantly, as described above in section 1.3.3.2.3 rsFC in Cannabis Users, frontostriatal 

dysfunction has been reported in association with ongoing use of cannabis, which is in line with 

neurobiological changes reported in the ‘binge/intoxication’ stage of addiction. Furthermore, chronic 

cannabis use was associated with symptoms of cravings (a link to the preoccupation/anticipation 

stage), and with withdrawal and affect dysregulation (in line with the withdrawal/negative affect 

stage). As put forward by the authors (Zehra et al., 2018), the findings of the review demonstrated an 

urgent need for future research which further explores the neurobiological changes associated with 

CUD, to increase understanding of how CUD fits within this prominent addiction theory.  
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1.5 Mindfulness Based Interventions 

One promising treatment modality, readily adaptable for cost-effective, and digital/remote 

delivery (Garrison et al., 2020; Kamboj et al., 2017), is grounded in the practice of mindfulness. 

Mindfulness, rooted in Buddhist traditions, has received increasing attention in Western research and 

medicine over recent decades (see Goldberg et al. (2022) and Zhang et al. (2021) for review). 

Mindfulness has been defined as “the awareness that emerges through paying attention on purpose, in 

the present moment, and non-judgmentally to the unfolding of experiences moment by moment” 

(Kabat-Zinn, 1991). Two of the key practices encompassed by a variety of mindfulness-based 

interventions (MBIs) include ‘focused attention’ and ‘open monitoring’ (Sezer et al., 2022). Focused 

attention primarily consists of the process of focusing one’s attention on a chosen stimulus, be it 

internal (i.e., the breath or heart rate) or external (i.e., a ticking clock or burning candle). When the 

individual becomes aware that their thoughts have wandered, they purposefully redirect attention back 

to the chosen stimulus. Open monitoring entails a process of meta-awareness of the present-moment, 

primarily focused on thoughts, feelings, emotions, and bodily sensations. Via this process of meta-

awareness, the individual is encouraged to accept their inner state without judgement (Lutz et al., 

2015). Many MBIs emphasise either one practice or the other, or alternatively consist of a 

combination of the two (i.e., the object of the focused attention becomes the meta-awareness of the 

present-moment). 

One of the most widely applied MBIs is a Mindfulness-Based Stress Reduction (MBSR) 

training program, first introduced by Dr Jon Kabat-Zinn in 1979 (Kabat-Zinn, 2003). Whilst effective, 

this program and many similar others are limited by lengthy durations (multiple months) and 

associated expenses. Irrespective, MBIs have been linked to mental and physical health benefits in 

both clinical and non-clinical samples, including in areas of improved cognitive processes, stress-

management, social cognition, and general well-being (Campanella et al., 2014; Campos et al., 2019; 

Chiesa et al., 2011; Chiesa & Serretti, 2009; Gallant, 2016; Howell et al., 2008; Malinowski, 2013; 

Smith et al., 2015; Tan et al., 2014). Furthermore, MBIs have been linked to reduced symptoms 

severity in anxiety, post-traumatic stress disorder, attention-deficit/hyperactivity disorder, eating 
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disorder, and major depressive disorder (Boyd et al., 2018; Hofmann et al., 2010; Piet & Hougaard, 

2011; Poissant et al., 2019; Wanden-Berghe et al., 2011). 

 

1.5.1 Mindfulness-Based Intervention Treatment 

1.5.1.1 Of Substance Use Disorders 

In the context of addiction, it has been posited that mindfulness practice raises awareness of 

and subsequent control over cravings, affect, and behaviour (Brewer et al., 2013). MBIs are thought to 

increase control over habitual behaviours, in addition to increasing attention and responsivity to 

natural rewards (Garland et al., 2014). Moreover, MBIs are thought to facilitate the ability to ‘ride 

out’ or ‘surf’ the urge to use a substance, by bringing one’s attention to the experience of the present 

moment (Korecki et al., 2020). By ‘observing’ rather than ‘reacting to’ aversive body/mind states 

(such as cravings), MBI can foster the replacement of habitual reactions with adaptive responses 

(Houlihan & Brewer, 2016). It has been suggested that MBIs may restore natural reward processes 

among substance addicted individuals (Garland et al., 2014) and may have potential to target the 

neurobiological mechanisms associated with substance use disorders (Kirlic et al., 2021). 

Interest in MBIs as treatment for substance use disorders has grown exponentially in recent 

years. To date, at least 11 SLRs/meta-analyses have been published examining the efficacy of various 

MBIs in the treatment of substance use disorders (Cavicchioli et al., 2018; Chiesa & Serretti, 2014; 

Grant et al., 2017; Katz & Toner, 2013; Korecki et al., 2020; Li et al., 2017; Priddy et al., 2018; 

Ramadas et al., 2021; Sancho et al., 2018; Zgierska et al., 2009), including one Cochrane review 

(Goldberg et al., 2021). All but one review (Grant et al., 2017) largely supported their utility; of note 

the highly rigorous Cochrane review concluded that whilst more evidence supporting the utility of 

MBI is required, MBIs are tentatively efficacious in treatment of substance use disorder (Goldberg et 

al., 2021). Notable observations included MBI’s utility in reducing substance cravings, decreasing 

frequency of use, and improving depressive symptoms (Cavicchioli et al., 2018; Chiesa & Serretti, 

2014; Korecki et al., 2020; Ramadas et al., 2021). The majority of interventions reviewed examined 

within the identified SLRs involved lengthy, face-to-face programs, indicating limited availability of 
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and research into brief MBI. Furthermore, within the published reviews, only one included paper 

examined CUD specifically (de Dios et al., 2012).  

1.5.1.2 Of Cannabis Use Disorder 

 Despite the surge of research in recent decades examining MBIs, there remains a dearth of 

research examining MBIs which focus on CUD (with only one pilot RCT uncovered; de Dios et al., 

2012). de Dios et al. (2012) found preliminary evidence for the feasibility and efficacy of two face-to-

face sessions of MBI (in conjunction with motivational interviewing), delivered to women with a 

CUD. Specifically, participants decreased their days of cannabis use per month (reduced by ~6 days at 

1-month-follow-up, ~8 days at 2-month-follow-up, and ~7 days at 3-month-follow-up), compared to 

participants in the control intervention (reduced by ~1 day at 1-month-follow-up, and increased their 

use at 2- and 3-month-fillow-up). 

As called for by van der Pol, Liebregts, de Graaf, Korf, et al. (2013), individuals with CUD 

may benefit from digitally facilitated interventions, due to a reported desire to be self-reliant and a 

preference for informal services. The utility of brief (5-15 minutes per day; 1-3 weeks) and remotely 

delivered (smart phone-based or written) MBI has been tentatively established, in both cigarette 

smokers (Garrison et al., 2020) and heavy drinkers (Kamboj et al., 2017). Findings demonstrated 

preliminarily that brief MBI could lessen the association between substance use and cravings 

(Garrison et al., 2020), and reduce the amount of the substance used (Kamboj et al., 2017). To 

validate the efficaciousness of brief MBI in CUD, and gain a greater understanding of associated 

neurobiological underpinnings, further investigation is required. 

 

1.5.2 Neurobiological Underpinnings of Mindfulness Based Interventions 

 The neurobiological underpinnings of a variety of MBIs have been investigated in 

mindfulness-naïve, ‘healthy’ participants, using rsFC. MBIs are thought to integrate multiple 

neurological systems, which regulate attention, working memory, and emotion (Hölzel et al., 2011). 

Individuals who completed 8-week, intensive programs including weekly group sessions and daily 

home practice demonstrated increased rsFC following the MBI in auditory and visual networks, and 

between regions associated with attentional processes and their respective sensory network 
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(Kilpatrick et al., 2011). It was concluded that increased rsFC between these networks was indicative 

of enhanced sensory processing and better attentional resource allocation with more consistent 

attentional focus (Kilpatrick et al., 2011). A later study utilising a similar 8-week MBI, reported rsFC 

alterations following MBI in executive networks (posterior cingulate cortex [PCC] with dorsolateral 

prefrontal cortex [dlPFC]), associated with self-reports of improved attention including decreased 

mind-wandering (Kral et al., 2019). 

Two additional studies found increased rsFC between the anterior cingulate cortex (ACC) and 

dorsomedial prefrontal cortex (dmPFC) following MBIs of varying durations; 40 days (Yang et al., 

2016) and 4 (intensive) days (Kwak et al., 2019). The increased rsFC between the ACC and dmPFC 

was thought to be linked to increased resilience (Kwak et al., 2019) and reduced depression/anxiety 

scores (Yang et al., 2016). Additionally, parallels have been drawn between rsFC associated with 

MBI in mindfulness-naïve, healthy populations, and rsFC alterations specific to trait mindfulness 

(Sezer et al., 2022). Taken together, these results demonstrate the utility of MBIs (of varying 

durations and intensities) to target brain networks implicated in attentional control, and emotion 

regulation, and may be linked to antidepressant and anxiolytic outcomes.  

1.5.2.1 Neurobiological Underpinnings of Mindfulness Based Interventions in Substance Use 

As described above in section 1.4.3 Cannabis Use Disorder in the context of Neurobiological 

Theory of Addiction, there are a set of neurobiological alterations consistently observed in conjunction 

with substance use disorders (Koob & Volkow, 2010), however few interventions have specifically 

targeted this addiction neurocircuitry. It has been proposed that MBIs have potential to target 

dysregulated neurocognitive processes which underlie disordered substance use (Garland et al., 2014; 

Houlihan & Brewer, 2016). As reviewed above in section 1.5.1.1 Mindfulness-Based Intervention 

Treatment of Substance Use Disorders, there is a steadily increasing body of evidence demonstrating 

therapeutic effects following MBI in populations with substance use disorders, however the 

neurobiological underpinnings of these MBIs remain underexplored. Garland et al. (2014) have 

proposed a framework by which MBIs may affect neurobiological change by strengthening of 

functional connectivity (i) within a metacognitive attentional control network (including the PFC, 

ACC, and parietal regions) and (ii) between the metacognitive attentional control network with habit, 
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craving, and affect circuits. It is thought that this process is facilitated by disengaging attention from 

substance-related stimuli, increasing meta-cognitive awareness to de-automate substance seeking 

behaviours, and improving ‘top-down’ cognitive control processes. Furthermore, MBIs have been 

proposed to restore natural reward processes, via neuroplastic alterations of frontostriatal-limbic 

circuitry.  

The neurobiological underpinnings of MBI when treating substance use disorder remain 

poorly understood, with only 7 studies identified to date which explore MBI (against a control 

condition) using a variety of fMRI techniques (Fahmy et al., 2019; Froeliger et al., 2017; Janes et al., 

2019; Kober et al., 2017; Kragel et al., 2019; Tang et al., 2013; Westbrook et al., 2011). A recent SLR 

which reviewed this body of work (Lorenzetti et al., under review) noted neurobiological changes in 

pathways relevant for mindfulness and reward processing. On the whole, the reviewed MBIs were 

effective in reducing substance use (with which brain functional changes were associated) and in 

reducing substance cravings. Of interest, two of the identified studies utilised rsFC; one in nicotine 

users (Froeliger et al., 2017) and one in opioid users (Fahmy et al., 2019).  

Research examining rsFC in conjunction with MBIs in other substance use disorders has 

shown promising results (Fahmy et al., 2019; Froeliger et al., 2017). Nicotine dependent users in an 

MBI condition versus no intervention displayed increased rsFC between the rostral ACC and the 

orbital frontal cortex (OFC), correlated with smoking reduction (Froeliger et al., 2017). Opioid 

dependent users in an MBI condition versus treatment as usual (Fahmy et al., 2019) displayed a 

reduction in rsFC between the superior frontal gyrus (SFG) and the anterior default mode network 

(DMN; a functional brain network, typically shown to exhibit greater activity at rest or during 

internally directed/self-related cognition than when engaged in a task; Zhang & Volkow, 2019). The 

weakening of rsFC between the SFG and anterior DMN was correlated with an increase in subjective 

mindfulness (Fahmy et al., 2019). These preliminary findings require further investigation and 

replication however, as studies were limited by small sample sizes (N=13; Froeliger et al., 2017; 

N=28; Fahmy et al., 2019). Although it has been suggested that MBI may target the neurobiological 

mechanisms associated with substance use disorders more broadly (Kirlic et al., 2021), the effect that 

MBI may have on the neurobiological underpinnings of CUD remains to be elucidated. 
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1.6 Overview Limitations from Literature Examining rsFC in Regular Cannabis Users  

1.6.1 Pertaining to Resting-State Functional Connectivity Research in Regular Cannabis Users 

Prior to the commencement of this thesis, the body of literature comparing rsFC using fMRI 

of regular cannabis users versus controls was yet to by synthesised (see Chapter 2 for the resultant 

SLR). Previously, the literature had thus far revealed heterogeneous results, with alterations of distinct 

measures of rsFC (i.e., positive rsFC and negative (or anti-) rsFC, as well as inconsistent strength 

(higher or lower than controls), and location of group differences. rsFC alterations in cannabis users 

had been preliminarily associated with greater chronicity of cannabis use (Behan et al., 2014; Cheng 

et al., 2014; Lopez-Larson et al., 2015), worse mental health symptoms (Shollenbarger et al., 2019; 

Subramaniam et al., 2018) and poorer cognitive ability (Pujol et al., 2014), however up until the 

commencement of this thesis, this correlational evidence was yet to be systematically integrated. It 

remained unclear whether altered rsFC in cannabis users was driven by cannabis users with more 

chronic use, increased mental health symptoms, and/or reduced cognitive performance.  

 

1.6.2 Pertaining to Resting-State Functional Connectivity Research in Cannabis Use Disorder  

At present, there are no studies published which examine rsFC alterations associated with 

CUD versus controls, utilising the application of the current DSM-5 diagnostic criteria for CUD. This 

creates a major gap between the published body of literature, and the individuals who are currently 

meeting the diagnosis. Within the body of research examining regular cannabis users, inconsistent 

cannabis use metrics and cut offs were applied to determine cannabis user group inclusion (ranging 

from weekly- to daily-use, with only a third of published studies enforcing a DSM-IV cannabis use 

dependency criteria; Thomson et al., 2022 [Chapter 2]). Furthermore, a number of studies used 

samples who were abstinent from cannabis at the time of data collection. The interpretation of 

whether specific cannabis user groups show distinct differences was therefore hindered (e.g., are 

differences driven by presence of CUD; if so, there may be a ‘wash out’ effect of the inclusion of 

studies which do not enforce this diagnostic criteria).  

Across the body of literature examining rsFC in regular cannabis users, heterogeneous rsFC 

methodologies have been applied: i.e., a combination of data- and hypothesis-driven approaches. It 
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has been recommended that in order to effectively build upon the current literature, a hypothesis-

driven approach be implemented, based upon the findings of the literature as it stands (Thomson et 

al., 2022 [Chapter 2]). Finally, within the field of research, over half of the published studies used 

small sample sizes (i.e., less than 30 per group), meaning that the literature may be underpowered to 

detect subtle but significant differences.  

 

1.6.3 Pertaining to Resting-State Functional Connectivity Research Investigating Brief Mindfulness 

Based Intervention for Cannabis Use Disorder  

At present, there have been no studies published which examine the neurobiological 

underpinnings (utilising rsFC or other) of a brief MBI for individuals with a CUD. As such, the utility 

of MBI in treatment of CUD, especially as it relates to neurobiological alterations and neurobiological 

treatment targets, remains poorly understood. Comparable extant studies which have examined the 

neurobiological underpinnings of MBIs in other substance use disorders (nicotine and opioids), have 

demonstrated promising results, which should therefore be replicated in individuals with a CUD 

(Fahmy et al., 2019; Froeliger et al., 2017). Additionally, this emerging field has largely utilised small 

samples (N=18-28), reducing the statistical power to detect effects.  

 

1.7 Overall Objectives and Summary of the Thesis 

This thesis aimed to map the neurobiological underpinning (using rsFC in fMRI) associated 

with cannabis use, initially in regular cannabis users within the existing literature, and then more 

specifically within a sample of individuals who meet the diagnostic criteria for moderate-to-severe 

CUD. Additionally, this thesis aimed to explore the potential mitigation or targeting of observed rsFC 

alterations by way of the implementation of a brief MBI. Therefore, three studies were to be 

completed.  

First, an SLR (Study 1) was conducted which examined the field to date, of research which 

utilises rsFC to map differences associated with regular cannabis use, compared to controls. Results 

from the SLR were then used as the basis for the hypotheses of the next study (Study 2), a comparison 

of the rsFC of individuals who meet current DMS-5 diagnosis for CUD compared to controls. 
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Identified group differences were then used as treatment targets in the third and final study (Study 3), 

which examined the rsFC before and after a brief MBI (compared to active placebo [relaxation] and 

passive placebo [no intervention]), completed by the same group of individuals with moderate-to-

severe CUD. 

The integration of the identification of rsFC alterations (associated with regular cannabis use, 

with CUD, and with brief MBI in CUD), along with behavioural correlates, is hoped to aid in a deeper 

understanding of the potential neurobiological effects of cannabis. It is also hoped to further the 

understanding of a novel and easily administered intervention (which is also cost and time effective). 

This is in order to benefit individuals from the general community with a moderate-to-severe CUD, as 

well as to benefit the broader community which at present, bears the majority of the cost associated 

with cannabis within a treatment / healthcare setting. 

 

1.7.1 Overview of Study Aims  

1.7.1.1 Study 1: Systematic Literature Review 

▪ Aim 1. The primary aim of the SLR was to summarise the findings to date on rsFC 

differences between regular cannabis users and controls.  

▪ Aim 2. The secondary aim of the SLR was to systematically synthesise the evidence on the 

associations between rsFC in cannabis users and cannabis use levels (e.g., duration, dosage), 

cognitive performance (e.g., executive function), and mental health symptoms (e.g., 

depression), to shed light on whether specific subgroups of cannabis users may be more 

vulnerable to greater alterations of brain function in the absence of overt task performance.  

1.7.1.2 Study 2: Cannabis Users vs Controls 

▪ Aim 1: To compare rsFC for the first time between people with a diagnosis of moderate-to-

severe CUD and who had recently tried to cut down or quit cannabis and non-cannabis-using 

controls, whilst accounting for age, sex, and variables that differed between the two groups 

(i.e., alcohol and nicotine exposure, and depression symptom scores). 
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▪ Aim 2: To explore how rsFC differences identified in the CUD group vs controls would be 

associated with cannabis use exposure and related behaviours. 

 

1.7.1.3 Study 3: Pre-to-Post Brief MBI (& Active & Passive Placebo Controlled Intervention) in CUD 

▪ Aims 1: To examine for the first time how a brief MBI reduced brain dysfunction – measured 

with rsFC fMRI – in people with a current moderate-to-severe CUD, who had tried to cut 

down or quit their use in the previous 2 years, compared to active and passive placebo control 

intervention conditions.  

▪ Aim 2: To explore if changes in rsFC pre-to-post MBI were associated with changes in 

cannabis exposure (e.g., grams, use days) and cannabis-use related problems (e.g., 

withdrawal), as well as psychological measures (e.g., COVID-related-stress, and mindfulness 

levels). 

 

1.8 Outline of the Thesis Structure 

There are a total of six chapters within the current thesis, outlined in Figure 1.11. Chapter 1 

(this chapter) provides a general overview and introduction to the key topics, outlining the thesis 

rationale, and culminating in the thesis aims. Chapter 2 (Study 1: SLR) provides a systematic review 

of the body of literature to date examining rsFC in regular cannabis users, as well as an examination 

of brain-behaviour correlations. Following on from the introductory chapters, Chapter 3 (General 

Methods) comprehensively details the general methods relevant to the two empirical chapters of the 

current thesis, including the recruitment and resultant samples, the measures including all testing, 

questionnaires and neuroimaging, the procedures, and finally the analyses on both behavioural and 

neuroimaging data. Chapter 4 (Study 2: Experiment 1) outlines the first experiment, which compares 

rsFC between individuals with a moderate-to-severe CUD and controls, as well as examining 

behavioural correlates associated with established differences. Chapter 5 (Study 3: Experiment 2) 

outlines the second experiment, which examines the neural correlates of a brief MBI (compared to 

active- and passive-placebo control interventions), as well as examining behavioural correlates 

associated with established differences. Finally, Chapter 6 (General Discussion) outlines the general 
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discussion of the thesis; it summarises the key findings, it acknowledges the study limitations, and it 

provides important implications and suggestions for future research. 
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Figure 1.11. Outline of Thesis Structure  
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Chapter Guide 

The following chapter presents a systematic literature review (SLR) of 21 studies 

investigating resting-state functional connectivity (rsFC) in people who regularly use cannabis, 

compared to controls. The studies included herein utilised functional Magnetic Resonance Imaging 

(fMRI) to measure of rsFC. The included studies stipulated their own definitions of what constituted a 

‘regular’ cannabis user. All included studies examined regular cannabis use groups while they were 

not acutely intoxicated at the time of rsFC scan acquisition, and all had extensive and largely 

exclusive histories of cannabis use. This was to examine the chronic residual effects of cannabis use 

on rsFC. The primary aim of the review was to summarise the findings to date on rsFC differences 

between people who regularly use cannabis and controls. The secondary aim was to systematically 

synthesise evidence on associations between rsFC in people who regularly use cannabis and cannabis 

use levels, cognitive performance, and mental health symptoms. 

This review was pre-registered with PROSPERO (2020 CRD420220181355). Please see 

Appendix 2 for the complete PROSPERO registration document. This review has been published in 

Psychopharmacology (https://doi.org/10.1007/s00213-021-05938-0) and has been included in this 

chapter without any alterations. Given the manuscript word limit required for publication, relevant 

information regarding methods and results are presented in the Supplementary Information, which are 

included immediately following the manuscript. Please see Appendix 3 for authorship contributions to 

the published manuscript. 

 

 

 

Citation: 

Thomson, H., Labuschagne, I., Greenwood, L., Robinson E., Sehl, H., Suo, C., & Lorenzetti, V., 

(2022) Is resting-state functional connectivity altered in regular cannabis users? A systematic 

review of the literature. Psychopharmacology https://doi.org/10.1007/s00213-021-05938-0  
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2.1 Abstract 

Rationale: Regular cannabis use has been associated with brain functional alterations within frontal, 

temporal, and striatal pathways assessed during various cognitive tasks. Whether such alterations are 

consistently reported in the absence of overt task performance needs to be elucidated to uncover the 

core neurobiological mechanisms of regular cannabis use.  

Objectives: We aim to systematically review findings from studies that examine spontaneous 

fluctuations of brain function using functional Magnetic Resonance Imaging (fMRI) resting-state 

functional connectivity (rsFC) in cannabis users versus controls, and the association between rsFC 

and cannabis use chronicity, mental health symptoms, and cognitive performance. 

Methods: We conducted a PROSPERO registered systematic review following Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses guidelines and searched eight databases. 

Results: 21 studies were included for review. Samples comprised 1,396 participants aged 16-to-42 

years, of which 737 were cannabis users and 659 were controls. Most studies found greater positive 

rsFC in cannabis users compared to controls between frontal-frontal, frontostriatal, and fronto-

temporal region pairings. The same region pairings were found to be preliminarily associated with 

varying measures of cannabis exposure. 

Conclusions: The evidence to date shows that regular cannabis exposure is consistently associated 

with alteration of spontaneous changes in Blood Oxygenation Level-Dependent signal without any 

explicit cognitive input or output. These findings have implications for interpreting results from task-

based fMRI studies of cannabis users, which may additionally tax overlapping networks. Future 

longitudinal rsFC fMRI studies are required to determine the clinical relevance of the findings and 

their link to the chronicity of use, mental health, and cognitive performance. 

 

Keywords: functional magnetic resonance imaging, fMRI, brain, cannabis, resting-state functional 

connectivity, rsFC, connectivity, seed-based connectivity, systematic review 
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2.2 Introduction 

Cannabis is the most commonly used illicit drug worldwide, with 192 million global users 

(United Nations Office on Drugs and Crime [UNODC], 2020). Prolonged and more regular cannabis 

use is associated with adverse psychosocial outcomes including increased risk of developing cannabis 

use disorders (CUDs; Chen et al. 2005; Volkow et al. 2014) and mental health disorders (Hall and 

Degenhardt 2009; Lev-Ran et al. 2014; Volkow et al. 2014), reduced cognitive performance (e.g., in 

tasks of verbal learning, memory, and attention; Figueiredo et al. 2020; Lovell et al. 2020), and 

greater risk-taking behaviour (e.g., driving and operating machinery while intoxicated; Australian 

Institute of Health and Welfare [AIHW], 2019; Volkow et al. 2014). The adverse psychosocial 

outcomes associated with regular cannabis use have been ascribed to underlying neurobiological 

alterations in brain structure and function (Bloomfield et al. 2019). 

Recent meta-analyses of functional Magnetic Resonance Imaging (fMRI) studies show that 

cannabis users compared to controls demonstrate alterations in brain regions associated with 

addiction-related cognitive functions such as reward processing, executive function, and stress (Blest-

Hopley et al. 2018; Yanes et al. 2018; Zehra et al. 2018). Notably, this body of work used task-based 

fMRI to identify changes in blood oxygen level-dependent (BOLD) signals when engaging in a task. 

Thus, one is limited in interpreting from these studies whether group differences between cannabis 

users versus controls reflect an underlying cannabis-specific brain functional alteration or cognitive 

confounds such as task performance, strategy, effort, and task adaptation (Fox and Greicius 2010; 

Philippi et al. 2020). To circumvent and minimise such confounds that may undermine the 

interpretation of task-based studies (Fox and Greicius 2010; Philippi et al. 2020), resting-state 

functional connectivity (rsFC) fMRI methods have been developed. 

rsFC measures spontaneous fluctuations of brain function in the absence of overt task 

performance, as participants are at rest but awake in the scanner without completing any cognitively 

demanding tasks (Greicius et al. 2008; van de Ven et al. 2004). rsFC measures the degree to which the 

function of distinct regions (even those that are spatially remote) is temporally correlated, and whether 

the direction is strongly (i.e. positive rsFC) or poorly (i.e. negative rsFC or “anti-correlation”) 

correlated (van de Ven et al. 2004). rsFC has been used to identify the brain’s functional architecture 
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in normative samples and fundamental alterations underlying disease (Fox and Greicius 2010; 

Philippi et al. 2020). In addition to overcoming the described confounds associated with task-based 

fMRI, rsFC fMRI methods may inform alterations in large-scale neural networks underlying adverse 

clinical cognitive and behavioural outcomes associated with cannabis use. The first study that 

examined rsFC in cannabis users compared to controls was published less than 10 years ago (Houck 

et al. 2013). 

Evidence from rsFC fMRI studies comparing regular cannabis users and controls supports 

functional alterations in frontal-striatal region pairings (Blanco-Hinojo et al. 2017; Filbey et al. 2014; 

Lopez-Larson et al. 2015; Subramaniam et al. 2018). Frontal-striatal projections are important for 

cognitive and behavioural flexibility implicated in goal-direct behaviour (Morris et al. 2016; Vaghi et 

al. 2017) and inhibitory control (Ersche et al. 2020; Morein-Zamir and Robbins 2015) underlying 

addiction. These brain regions are implicated in addiction neurocircuitry and may inform mechanisms 

involved in the transition to a maintenance of CUD, as well as potentially informing novel treatment 

targets to prevent relapse. However, the body of work has thus far revealed heterogeneous results, 

with alterations of distinct measures of rsFC (i.e., positive rsFC and negative rsFC), and inconsistent 

strength (i.e., higher or lower), and location of group differences. Notably, the literature on rsFC 

fMRI studies comparing cannabis users and controls is yet to be systematically integrated. rsFC 

alterations in cannabis users have been preliminarily associated with greater chronicity of cannabis 

use, worse mental health symptoms, and poorer cognitive ability. The evidence from correlational 

studies is yet to be systematically integrated. Thus, it remains unclear whether altered rsFC in 

cannabis users is driven by cannabis users with more chronic use, increased mental health symptoms, 

and/or reduced cognitive performance.  

The primary aim of this systematic review was to summarise the findings to date on rsFC 

differences between regular cannabis users and controls. The secondary aim of this review was to 

systematically synthesise the evidence on the associations between rsFC in cannabis users and 

cannabis use levels (e.g., duration, dosage), cognitive performance (e.g., executive function), and 

mental health symptoms (e.g., depression), to shed light on whether specific subgroups of cannabis 
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users may be more vulnerable to greater alterations of brain function in the absence of overt task 

performance. 

 

2.3 Methods  

This systematic literature review was pre-registered with PROSPERO (2020 

CRD420220181355; submitted on 5/05/2020 and approved on 10/07/2020). As shown in Figure 2.1, 

the literature search was run following recommendations of the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al. 2009).
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Figure 2.1. PRISMA flowchart outlining study selection for systematic review 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Studies included in systematic literature review: (Behan et al. 2014; Blanco-Hinojo et al. 2017; 

Camchong et al. 2017; Cheng et al. 2014; Demiral et al. 2019; Filbey et al. 2014; Filbey et al. 2018; 

Houck et al. 2013; Kim et al. 2019; Lopez-Larson et al. 2015; Manza et al. 2018; Newman et al. 2019; 

Orr et al. 2013; Pujol et al. 2014; Shollenbarger et al. 2019; Subramaniam et al. 2018; Sweigert et al. 

2019; Thijssen et al. 2017; Wetherill et al. 2015; Zhou et al. 2018; Zimmermann et al. 2018). 
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2.3.1 Search Strategy 

A systematic search of the literature was conducted on the 29th of October 2020, using eight 

databases: CINAHL, Cochrane Library, Embase, Medline, PsychINFO, PubMed, Scopus, and Web of 

Science. The following search terms were used: ‘‘cannabis’ OR ‘marijuana’ OR ‘hashish’ OR ‘THC’ 

OR ‘tetrahydrocannabinol’’ AND ‘‘resting state’ OR ‘resting-state’ OR ‘at rest’ OR ‘resting’’ AND 

‘‘connect*’ OR ‘funct*’’ AND ‘‘magnetic resonance imaging’ OR ‘MRI’ OR ‘functional magnetic 

resonance imaging’ OR ‘fMRI’ OR ‘BOLD’ OR ‘blood oxygen level dependent’’. All terms were 

searched within title, abstract, subject heading, and/or keywords as appropriate. The reference lists of 

included studies were also searched for cross referencing. Title and abstract screening were completed 

using the software Covidence (www.covidence.org). 

 

2.3.2 Inclusion and Exclusion Criteria 

Studies’ inclusion criteria were: (i) assessment of human participants; (ii) comparison of 

regular cannabis users with controls (as defined in each study); (iii) measuring functional connectivity 

using resting-state fMRI; (iv) article written in English; and (v) published in peer-reviewed journals. 

Studies’ exclusion criteria were: (i) measurement of brain integrity using imaging techniques other 

than fMRI (e.g., electroencephalogram [EEG], computerized tomography [CT], positron emission 

tomography [PET], single-photon emission computerized tomography [SPECT], structural MRI); (ii) 

non-peer-reviewed, non-published, or non-empirical work (e.g., dissertations, corrigendum, editorials, 

single case reports, book chapters, or conference abstracts, reviews or meta-analyses); (iii) inclusion 

of a sample with the primary use of drugs other than cannabis (e.g., cocaine, methamphetamines); and 

(iv) regular cannabis use groups with a primary clinical diagnosis other than CUD (e.g. psychosis). 

No restrictions were placed on the age of participants or the duration or frequency of cannabis use.  

 

2.3.3 Data Screening and Extraction 

Screening of articles using titles, abstracts, and full texts, was completed by two independent 

raters (H.T., H.S.), who then resolved any discrepancies via discussion with one another. The 

following data were extracted: (i) key sample characteristics, i.e., sample size, gender composition, 
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and age; (ii) cannabis use levels i.e., age of onset, duration, frequency, dosage, abstinence; (iii) rsFC 

analysis methods (and targeted brain area if applicable); (iv) results on group differences for rsFC 

(cannabis vs controls); and (v) results on correlations between rsFC in cannabis users and measures of 

cannabis use level, mental health symptoms, and cognitive performance. Additional data was 

extracted and is presented in the Supplementary Information and Table S2.1 and Table S2.2: (i) study 

inclusion/exclusion criteria for both cannabis using and control samples, (ii) cannabis use in the 

control sample, (iii) recruitment strategies, (iv) handedness, (v) MRI magnet strength (tesla) and 

brand; and (vi) MRI imaging protocol. 

 

2.3.4 Additional Handling of Data 

One study reported an rsFC comparison between a ‘high cannabis use’ group and ‘low 

cannabis use’ group (rather than cannabis users compared to controls; Houck et al. 2013); this study 

was retained in the review as the ‘low cannabis use’ group were comparable in cannabis use levels to 

the control groups of other studies. Three repeated measure studies were included, of which two 

studies comprised assessment at baseline and after 28 days of controlled abstinence (Blanco-Hinojo et 

al. 2017; Pujol et al. 2014). For these studies, we extracted data from baseline testing as per inclusion 

criterion “regular cannabis use”. The third study included rsFC at baseline and again after 18-months 

of unrestricted cannabis use (in the cannabis group only; Camchong et al. 2017). As the current 

review focused on rsFC in regular cannabis users and associations with cannabis use parameters, data 

were extracted from the follow-up time-point to maximise the sample representativeness of ‘regular’ 

cannabis users. Studies that utilised the same participant dataset but applied distinct methods to 

analyse rsFC, or recruited additional participants, were considered as independent studies for 

inclusion in this review. 

 

2.3.5 Risk of Bias  

 The National Institutes of Health (NIH), National Heart, Lung and Blood Institute’s Quality 

Assessment Tool for Observational Cohort and Cross-Sectional Studies tool was used to perform the 

quality assessment of the reviewed studies using 14 distinct criteria, each of which was scored ‘yes’, 
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‘no’, or ‘not applicable’. The results from the quality assessment are summarised in Supplementary 

Information and Table S2.3.  

 

2.4 Results  

2.4.1 Included Studies 

A total of 21 studies published between 2013 and 2019 were included in this review (Behan et 

al. 2014; Blanco-Hinojo et al. 2017; Camchong et al. 2017; Cheng et al. 2014; Demiral et al. 2019; 

Filbey et al. 2014; Filbey et al. 2018; Houck et al. 2013; Kim et al. 2019; Lopez-Larson et al. 2015; 

Manza et al. 2018; Newman et al. 2019; Orr et al. 2013; Pujol et al. 2014; Shollenbarger et al. 2019; 

Subramaniam et al. 2018; Sweigert et al. 2019; Thijssen et al. 2017; Wetherill et al. 2015; Zhou et al. 

2018; Zimmermann et al. 2018). The 21 included studies examined 18 samples of participants; 3 

studies re-analysed rsFC of previously published samples. Studies who utilised the same dataset were 

Behan et al. (2014) and Orr et al. (2013), Blanco-Hinojo et al. (2017) and Pujol et al. (2014), and 

Subramaniam et al. (2018) and Lopez-Larson et al. (2015). The participant group analysed by Zhou et 

al. (2018) included 16 cannabis users and 16 controls, previously reported by Zimmermann et al. 

(2018), but Zhou et al. (2018) recruited 20 additional participants (8 cannabis users and 12 controls) 

to increase power and due to the inclusion of additional participants, their sample was considered 

unique and was therefore the 18th sample. 

 

2.4.2 Sample Characteristics 

2.4.2.1 Socio-Demographic Characteristics  

The demographic and cannabis use characteristics of the reviewed samples are summarised in 

Table 2.1. Samples included a total of 1,396 participants aged ~23 years (range 16-to-42 years). Of 

these, 737 were cannabis users (169 female), and 659 were controls (194 female). Males were 

overrepresented and comprised about two-third of the participants, with five studies including males 

only. 
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Table 2.1. Summary of sample size, gender, age, and cannabis use characteristics of the reviewed samples  

Author (yr) Sample Size, N  

total (female) 

Age, years  

mean (SD) 

Cannabis use level 

mean (SD) 

Cannabis Control Cannabis Control Age onset,  

years 

Duration,  

years 

Frequency 

/month 

Dosage Abstinence, 

days  

Houck et al. (2013) 36 (13) 33 (10) 16 (1) 16 (1) 11 (2) 5 (-)b 15 (11) days - - 

Orr et al. (2013) 17 (1) 18 (1) 17 (0) 16 (1) 13 (0)  4 (0) - 43 (10) joint past wk - 

Behan et al. (2014) 

 

17 (1) 18 (1) 17 (0) 16 (1) 13 (0) 4 (-)b - 42 (10) joint past wk - 

Cheng et al. (2014) 

 

12 (0) 13 (0) 19 (1) 22 (4) 16 (2) 3 (2) - 13 (11) joint past wk - 

Filbey et al. (2014) 

 

48 (15) 62 (23) 28 (8) 30 (7) 18 (3) 

 

10 (8) 

 

44 (4) events - - 

Pujol et al. (2014) 28 (0) 29 (0) 21 (2) 22 (3) 15 (1) 6 (3) -  17 (13) joint/wk 

 

- 

Lopez-Larson et al. (2015) 

 

43 (3) 31 (7) 18 (1) 17 (1) 15 (1) 3 (-)b 60 (60) events - - 

Wetherill et al. (2015) 19 (9) 

 

24 (10) 

 

28 (7) 

 

31 (9) 

 

19 (5) 

 

9 (5) 

 

27 (4) days 

 

14 (11) gram/wk 

 

0.7 (-) 

Blanco-Hinojo et al. (2017) 

 

28 (0) 29 (0) 21 (2) 22 (3) 14 (1) 6 (3) - 17 (11) joint/wk 

 

- 

Camchong et al. (2017) 22 (8) 43 (20) 19 (2) 17 (3) 13 (2) 4 (-)b 22 (13)c days - 7 (-) 

Thijssen et al. (2017) 

 

120 (0) 47 (0) 17 (1) 17 (1) 13 (-)a 4 (2) - - 30-180e (-) 

Filbey et al. (2018) 

 

53 (15) 

 

30 (16) 

 

42 (8) 

 

29 (8) 

 

35 (-)a 

 
7 (6) 27 (5) days 

 

- - 

Manza et al. (2018) 

 

30 (8) 30 (10) 29 (3) 30 (8) - - - - - 

Subramaniam et al. (2018) 

 

43 (3) 31 (7) 18 (1) 17 (1) 15 (1)  3 (-)b 60 (60) events 

 

- - 

Zhou et al. (2018) 

 

24 (0) 28 (0) 24 (4) 23 (3) 15 (1) 7 (3) 28 (5) days 

 

4 (-)c gram/wk  

 

30 (-) 

Zimmerman et al. (2018) 

 

19 (2) 18 (2) 24 (3) 24 (3) 15 (1) 6 (3) 27 (6) days - 167 (-) 

Demiral et al. (2019)  

 

13 (7) 16 (8) 27 (8) 28 (5) 16 (3) 11(7)  28 (4) days 

 

35 (21) joint/wk - 

Kim et al. (2019) 

 

37 (20) 31 (18) 21 (4) 22 (4) 16 (2) 5 (-)b 33 (25) events 

 

- - 

Newman et al. (2019) 

 

23 (14) 23 (14) 21 (3) 21 (2) 16 (2) 5 (-)b 30 (25) events 

 

- - 
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Shollenbarger et al. (2019) 

 

79 (37) 80 (35) 23 (3) 23 (2) - - - 15 (14) grams past wk 2-3d (-) 

Sweigert et al. (2019) 

 

26 (13) 25 (12) 26 (4) 26 (5) 17 (5) 4 (3) - 3 (2) cannabis gram/wk 

126 (91) THC mg/wk 

77 (21) CBD mg/wk 

 

4 (-) 

aAge of onset computed by running ‘Age’ minus ‘Duration’; bDuration calculated as ‘Age’ minus ‘Age onset’; cCalculated by dividing ‘lifetime use’ by 

‘duration of use’; 

dmode provided only; erange provided only; / = per (i.e., typical consumption in specified time period); CBD = cannabidiol; mg = milligrams; N = number; past 

= consumption in most recent block of specified time period; SD = standard deviation; THC = delta-9-tetrahydrocannabinol; wk = week 
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2.4.2.2 Cannabis Use Levels  

The average age of cannabis use onset was 16 (range 11-to-35). Most studies however (18 of 

the 21 studies), examined samples with a mean age of onset of 15 years (range 11-to-19 years), whilst 

a single study tested participants with a notably older age of onset of 35 years. The average duration 

of cannabis use was 5.5 years (range 3-to-11 years). The frequency of cannabis use in the reviewed 

samples was an average of 25 days per month (range 15-to-28 days) and an average of 45 smoking 

events per month (from 30-to-60 monthly events). Cannabis dosage levels were heterogeneous across 

the reviewed samples, with an average of 32 joints over the past week (range 13-to-43 joints) or an 

average of 23 joints per typical week (ranged 17-to-35 joints). The average duration of abstinence 

from cannabis prior to fMRI testing was 35 days but varied widely between studies (from 1 day to 

167 days). Additionally, one study reported a range of abstinence days typically between 30 and 180 

days. An overview of the number of studies reporting different cannabis use levels is provided in the 

Supplementary Information. 

2.4.2.3 Other Characteristics  

Figure 2.2 shows that in the literature to date, key demographic, clinical, cognitive, and other 

outcomes were inconsistently measured across studies, poorly matched between groups (i.e., 

significant differences between cannabis users and controls), and seldom controlled for in the 

analyses.  
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Figure 2.2. Heat map representing the number of studies (out of 21) that examined confounding variables and 

their influence on brain function 

 

 Measured Groups matched  
Controlled for in 

analyses 

N studies 

Age        

 21 
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 0 
 

Gender        

Tobacco        

Alcohol        

Measure of Other Lifetime Illicit Substance Use        

Intelligence Quotient       

Education        

Parental Socio-Economic Status       

Ethnicity        

Handedness        

Impulsivity and Sensation Seeking        

Emotion Regulation       

Verbal Memory       

Working Memory        

Verbal Fluency       

Attention        

Impulsivity       

Mood        

Anxiety       

Personality        

Perceptual Aberration       

Psychopathy Checklist       

Schizotypal Personality Questionnaire       

Externalising       

Negative Emotionality        

Global Assessment of Functioning       

Motor Screening Test       

Picture Viewing/Rating       

K-SADS-PL       

DSM-Oriented Scales        

Body Mass Index       

MRI Site       

 

DSM = Diagnostic and Statistical Manual, K-SADS-PL = Kiddie-Schedule for Affective Disorders and 

Schizophrenia for School Aged Children-Present and Lifetime, N = number 
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2.4.3 Methodological Characteristics  

2.4.3.1 Analysis Approach to rsFC  

A description of methods using rsFC / rs-fMRI analysis is shown in Figure 2.3. As shown in 

Table 2.2, Seed-Based Connectivity Analysis was the most consistently used method to analyse rsFC 

data (n=16 studies, of which 4 examined seed-to-seed and 12 examined seed-to-whole brain). Other 

studies used data-driven approaches: three studies used Independent Components Analysis (ICA), and 

two studies used Multivoxel Pattern Analysis (MVPA). Single studies used other methods: Graph 

Theory, Voxel Mirrored Homotropic Connectivity (VMHC), Support Vector Machine (SVM), 

fractional Amplitude of Low-Frequency Fluctuations (fALFF), local Functional Connectivity Density 

(lFCD), and Intrinsic Connectivity Contrast (ICC). 

Table 2.2 overviews emerging differences in rsFC in the reviewed samples of cannabis users 

compared to controls. All studies compared groups for rsFC between pairings of regions, the 

exception being for three studies that compared connectivity for networks (Filbey et al. 2018; Houck 

et al. 2013; Thijssen et al. 2017). The summary below therefore summarises group differences in rsFC 

between region pairings. 
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Figure 2.3. Overview of definitions of fMRI methods used to measure rsFC 

 

rsFC 

Analysis 

Technique 

Description 

Hypothesis driven approach:  

Seed-Based 

Connectivity  

Measures rsFC as the average time-course between a priori selected ROIs (i.e., “seed”, a cluster of voxels) and that of 

other regions either across the whole brain (seed-to-whole-brain), or within selected ROIs (seed-to-seed). It yields a 

map from cross-correlations coefficients between each seed voxel and all other voxels (Goebel et al. 1998). 

Data driven approaches:  

ICA A black-box data driven method that groups all voxels into different resting-state brain network based on their 

temporal and special information (Bartels and Zeki 2004). 

SVM A machine learning based class of algorithm that measures which combination of rsFC features in a data set most 

effectively differentiate between two categories e.g., cannabis vs controls (Huettel et al. 2014). 

MVPA A machine learning tool. It can be applied to rsFC to measure which patterns of rsFC best discriminate two conditions 

(e.g., cannabis vs control). MVPA comprises key steps (Cheng et al. 2014; Norman et al. 2006).  

Step 1: ‘feature selection’ It identifies, selects and constructs features (i.e., vectors) based on the BOLD amplitude 

within voxels (or regions; Huettel et al. 2014).  

Step 2: ‘classifier training’ It is run on half of the dataset (i.e. ‘training set’). The vectors of this training set are 

entered into a pattern classification function, which identifies which patterns of rsFC best discriminate two 

conditions (e.g., cannabis vs control).  

Step3: ‘evaluation’ It measures the degree to which the patterns classified in the ‘training dataset’ are generalised to 

the second half of the dataset i.e., ‘testing set’ (Huettel et al. 2014). 

Graph Theory Examines the following properties of complex networks: (i) a set of regions-of-interest (ROI) or voxels (‘nodes’); (ii) 

the rsFC between the ROIs or the voxels (i.e., ‘connections’, ‘edges’; Bullmore and Sporns 2009; van den Heuvel et 

al. 2008). 

VMHC Measures interhemispheric rsFC (i.e., ‘functional homotopy’) between each voxel in one hemisphere, and its 

counterpart in the other hemisphere (Wei et al. 2018; Zuo et al. 2010).  

fALFF Identifies brain areas with abnormal local functioning; by determining across all voxels in the brain, their relative 

contribution of low frequency fluctuations within a specific frequency band to the whole detectable frequency range 

(Chen et al. 2015; Zou et al. 2008). 

lFCD Identifies which functional hubs (i.e., networks with dense local clustering) are highly connected, by measuring the 

correlation between the BOLD time series of each voxel and all other voxels in the brain (Tomasi and Volkow 2010). 

lFCD does not indicate which specific regions are comprised within the hubs. 

ICC Measures clusters of different regions based on their rsFC profile, by accounting for the number of connections 

between one voxel and the rest of the brain, and the strength of these connections (Martuzzi et al. 2011; Walpola et al. 

2017).  

fALFF = fractional Amplitude of Low-Frequency Fluctuations, ICA = Independent Components Analysis, ICC = 

Intrinsic Connectivity Contrast, lFCD = local Functional Connectivity Density, MVPA = Multivoxel Pattern 

Analysis, SVM = Support Vector Machine, VMHC = Voxel Mirrored Homotropic Connectivity 
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Table 2.2. Overview of rsFC analysis methods and examined regions, results from group differences in rsFC and from correlations between rsFC and 

behavioural data 

Author 

(year) 

rsFC 

analysis 

method 

Examined brain area Cannabis users vs Controls  

 

 

Associations: rsFC and behavioural data in cannabis users 

 

Houck et al. 

(2013) 

ICA 

(1 IC) 

fronto-temporal network [frontal 

(mid.), hippocampus, occipital 

(sup.)]  

 

-  - Pos. corr. cannabis use (MUS) & frontal (mid.) 

Neg. corr. cannabis use (MUS) & temporal (mid.)* 

Orr et al. 

(2013) 

fALFF frontal (sup., inf.*), temporal 

(inf.)*, cerebellum (inf. semilunar 

lobe)*, parietal (sup.) 

CB > CON Pos conn. (CB) / neg conn. (CON):  

frontal (inf.) – parietal (sup.) 

Pos conn. (CB) / neg conn. (CON):  

frontal (inf.) – frontal (sup.) 

 

Pos. conn. temporal (inf.) – parietal (sup.) 

 

- 

 CB < CON Pos. conn. frontal (inf.) – temporal (inf.) 

VMHC temporal coherence between each 

voxel & its counterpart in opposite 

hemisphere  

CB < CON Pos. conn. left-right cerebellum (pyramis)  

Pos. conn. left-right sup. frontal gyri 

NS corr. onset age, dosage (joints past wk/mo/life) & VMHC 

 CB > CON Pos. conn. left-right supramarginal gyri 

 

Behan et al. 

(2014) 

Seed-to-seed  

(22 ROIs) 

frontal (mid., inf., sup., med.), 

ACC, lentiform nucleus, insular, 

temporal (mid.), parietal lobule, 

PCC, tuber (inf.), culmen 

 

CB > CON 

 

CB = CON 

Pos. conn. parietal (inf.) – cerebellum (tuber) 

 

frontal (inf.) – parietal (inf.) – cerebellum (tuber) 

[network] 

Pos. corr. dosage (joints past wk/mo) & parietal-cerebellar 

network 

Cheng et al. 

(2014) 

MVPA & 

SVM  

(11 clusters)  

 

frontal (mid., inf., sup.), 

precentral, cingulate, fusiform, 

PCC, cerebellum 

 

CB > CON Pos. conn. frontal (mid., sup.) – precentral &  

cingulate  

Pos. conn. frontal (inf.) – fusiform gyrus 

 

Pos. corr. onset age, impulsivity (BIS motor/attention) & SVM 

mean accuracy  

NS corr. schizotypal personality characteristics (SPQ & PAS) & 

SVM mean accuracy  

 

Filbey et al. 

(2014) 

Seed-to-

whole brain 

 

OFC CB > CON Pos. conn. OFC – temporal gyrus Neg. corr. onset age, negative consequences of cannabis use 

(MPS) & OFC-temporal gyrus  

 

Pujol et al. 

(2014) 

Seed-to-

whole brain 

 

insular, hippocampus, PCC CB > CON Pos. conn. PCC – PCC (ventral) 

Pos. conn. insular (ant.) – insular (ant.), 

supramarginal  

 

Pos. corr. dosage (joints/year) & PCC*, insular  

Pos. corr. verbal recall (RALVT) & hippocampus – 

para-hippocampus, PCC (dorsal)/precuneus 

Neg. corr. verbal recall (RALVT) & PCC (ventral)  
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 CB < CON  Pos. conn. PCC – PCC (dorsal)/precuneus 

Pos. conn. insular (ant.) – ACC, brainstem (sup.) 

Pos. conn. hippocampus – R hippocampus 

Neg. corr. anxiety (STAI-Y) & insular  

 

 

 CB > CON Neg. conn. insular – frontal (med.), angular PCC 

(ventral) 

Neg. conn. PCC – frontal (inf.), insular, operculum, 

putamen, parietal (inf.) 

 

 CB < CON Neg. conn. insular – visual area, sup. parietal  

Neg. conn. PCC – visual area  

 

Lopez-Larson 

et al. (2015) 

Seed-to-

whole brain 

OFC CB < CON  Pos. conn. OFC – parietal (sup.)* Pos. corr. dosage (lifetime events) & OFC – frontal, parietal, 

cingulate(mid., post.)/precuneus, cerebellum 

Pos. corr. onset age & OFC – occipital, cerebellum 

Pos. corr. impulsivity (BIS motor) & OFC – parietal, precunus, 

central (pre., post.), frontal (mid., inf.), temporal (sup.), SMA, 

cingulum (mid.), occipital  

Neg. corr. onset age & OFC – frontal (sup.), precentral, SMA  

NS corr. impulsivity (BIS attention/non-planning)  

 

 CB > CON Pos. conn. OFC – frontal (med., mid., sup.), 

ACC/MCC, precentral  

Wetherill et 

al. (2015) 

Seed-to-

whole brain 

PCC CB < CON Pos. conn. PCC – parahippocampus  

 

Pos. corr. duration & PCC – insular (ant.) 

   CB > CON Pos. conn. PCC – insular (ant.) 

 

 

Blanco-

Hinojo et al. 

(2017) 

Seed-to-

whole brain 

ACC, caudate (dorsal, ventral), 

putamen (dorsal, ventral), fusiform  

 

CB < CON Pos. conn. ACC/frontal (mid.) – caudate/putamen 

& basal ganglia 

 

Pos. corr. arousal (IAPS) & caudate–mPFC, PCC, angular; 

ACC – basal ganglia 

Pos. corr. THC urine & putamen – fusiform  

Neg. corr. arousal (IAPS) & caudate – sensorimotor;  

fusiform – basal ganglia 

Neg. corr. duration & caudate – ACC/frontal (med.) 

 CB < CON Neg. conn. fusiform – caudate/putamen &  

basal ganglia  

 

Camchong et 

al. (2017) 

TIME 2 

 

Seed-to-

whole brain 

ACC (dorsal, caudal, peri, rostral, 

sub-genual) 

 

CB < CON  Pos. conn. ACC (caudal) – dlPFC, frontal (sup.), 

OFC 

Corrected for TIME 1 

Neg. corr. days of cannabis use (during 18-months post time 1) & 

ACC (caudal) – OFC (at baseline)  

Thijssen et al. 

(2017) 

ICA  

(15 ICs) 

frontoparietal, DMN, salience, 

ECN, primary visual, visual 

(med.), visual (lateral), 

sensorimotor, dorsal attention, 

auditory, precuneus,  

 

CB = CON - Pos. corr. duration & fronto-parietal – sensorimotor 

Neg. corr. duration & ECN – auditory, sensorimotor, attention 

(dorsal); DMN–fronto-parietal; salience–visual (med.); precuneus 

–visual (primary) auditory 
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Filbey et al. 

(2018) 

ICA  

(12 ICs) 

 

frontal (sup.), frontoparietal, DMN 

(ant., post.), salience, visual 

(higher), basal ganglia, insular, 

temporal (inf., sup.), lingual, 

cuneus/precuneus, attention 

(dorsal) 

 

CB < CON Pos. conn. salience network, PCC network  NS corr. CUD symptoms & ICs 

 

Pos. corr. CUD symptoms & fronto-parietal network*  

 

Manza et al. 

(2018) 

Seed-to-

whole brain 

NAc, thalamus, brainstem 

substantia nigra & ventral 

tegmental area 

CB = CON  - Neg. corr. onset age & subcortical lFCD  

Pos. corr. alienation (MPQ) & subcortical lFCD 

lFCD NAc, thalamus, brainstem, 

caudate, putamen, amygdala, 

hippocampus, midbrain, pallidum 

 

CB > CON NAc, substantia nigra & ventral tegmental area, 

brainstem, thalamus 

Subramaniam 

et al. (2018) 

 

Seed-to-

whole brain 

OFC - - Pos. corr. depression (HAM-D) & OFC –parietal (inf.), angular  

Neg corr. anxiety (HAM-A) & OFC – occipital (mid.), temporal 

(mid.) 

Neg corr. anxiety (HAM-A) & OFC – occipital (mid.)  

NS corr. depression scores & R OFC 

 

Zhou et al. 

(2018) 

Seed-to-

whole brain 

NAc, caudate 

 

CB = CON - NS corr. onset age, lifetime dose (grams), abstinence days 

Seed-to-seed dmPFC, ACC (rostral), NAc, 

caudate 

CB < CON  Neg. conn. Nac – dmPFC  

 

 CB < CON Pos. conn. caudate – dmPFC  

Pos. conn. caudate – ACC (rostral) 

 

 CB > CON Pos. conn. NAc – ACC (rostral) 

ICC & 

MVPA  

NAc, caudate CB ≠ CON 

 

Altered global connectivity patterns  

Zimmerman 

et al. (2018) 

Seed-to-seed mOFC, cingulate, striatum 

(dorsal), insular (ant.), amygdala, 

hippocampus 

 

CB > CON Pos. conn. mOFC – striatum (dorsal) NS corr. duration, lifetime dose (grams) 

Demiral et al. 

(2019)  

Seed-to-

whole brain 

thalamic nuclei (frontal, motor, 

sensory, occipital, premotor, 

parietal, temporal) 

 

CB > CON Pos. conn. thalamic (motor) – pars triangularis, 

supramarginal/broca 

Pos. conn. thalamic (sensory) – parietal 

Pos. conn. thalamic (temporal) – parieto-temporal 

 

- 
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 CB < CON Pos. conn. thalamic (parietal) – parietal  

Pos. conn. thalamic (motor) – fusiform/lingual 

Kim et al. 

(2019) 

Graph 

Theory 

-  CB < CON Pos. conn. hippocampus – frontal (sup., mid.), 

parietal (inf.), temporal (mid., inf.), mOFC 

Pos. conn. caudate – frontal (sup., mid.), temporal, 

parietal (inf., mid.), OFC, fusiform 

 

- 

 CB > CON Pos. conn. hippocampus – insular, occipital (med.), 

temporal (sup.), ACC (caudal) 

Pos. conn. caudate – precentral, frontal (inf.), 

occipital 

 

Newman et 

al. (2019) 

Seed-to-

whole brain 

ACC (dorsal) CB = CON  - Pos regression: ACC (dorsal) glutamate x monthly CB use 

interaction & ACC (dorsal) – NAc  

NS regression: ACC (dorsal) glutamate x monthly CB use 

interaction & ACC (dorsal) – hippocampus  

 

Shollenbarger 

et al. (2019) 

Seed-to-seed vmPFC, ACC (rostral, caudal), 

insular, amygdala 

 

CB > CON Pos. conn. left-right ACC (rostral) 

Pos. conn. ACC (rostral) – insular*, amygdala* 

Pos. corr. depression (BDI) & left-right ACC (rostral) 

 

Sweigert et 

al. (2019) 

Seed-to-

whole brain 

Cerebellum (crus I & II, lobules 

IX & VIIb) 

CB > CON Pos. conn. cerebellum (crus I) – temporal (inf.) 

Pos. conn. cerebellum (lobule IX) – precentral  

 

Pos. corr. craving (MCQ) & cerebellum (crus I) – 

parahippocampal (pos.); cerebellum (lobule VIIb) – frontal pole, 

caudate, insular 

Pos. corr. CUDIT & cerebellum (lobule IX) –supramarginal 

(post., ant.), angular, precentral, lingual 

Neg. corr. CUDIT & cerebellum (crus I)–cerebellum(lobule VI), 

brainstem  

NS corr. CUDIT & cerebellum (crura I, II, lobule VIIb)  

NS corr. craving (MCQ) & cerebellum (crura I, II; lobules VIIb, 

IX)  

 

 CB < CON Pos. conn. cerebellum (crus II) – occipital pole, 

temporal (ant., sup.), brainstem, frontal (mid.), 

lingual, central (post.), central opercula, insular  

Pos. conn. cerebellum (lobule VIIb) – insular, 

occipital pole 

Pos. conn. cerebellum (lobule IX) – cerebellum 

(lobule VI) 

 

* = reduced threshold/did not survive multiple corrections/trend; ant. = anterior; ACC = anterior cingulate cortex; BDI = Beck Depression Inventory; BIS = 

Barratt Impulsivity Scale; CB = cannabis; CON = control; conn. = connectivity; corr. = correlation; CUD = cannabis use disorder; CUDIT = cannabis use 

disorder identification test; dlPFC = dorsolateral prefrontal cortex; dmPFC = dorsomedial prefrontal cortex; DMN = default mode network; ECN = executive 

control network; fALFF = fractional amplitude of low-frequency fluctuations; HAM-A = Hamilton Anxiety Rating Scale; HAM-D = Hamilton Depression 

Rating Scale; IAPS = International Affective Picture System; IC = independent component; ICA = independent component analysis; ICC = intrinsic 

connectivity contrast; inf. = inferior; lFCD = local functional connectivity density; MCC = middle cingulate cortex; MCQ = marijuana craving questionnaire; 
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med. = medial; mid. = middle; mo = month; mOFC = medial orbitofrontal cortex; mPFC = medial prefrontal cortex; MPS = marijuana-related problems scale; 

MPQ = Multidimensional Personality Questionnaire; MUS = Marijuana Use Scale; MVPA = multi-voxel pattern analysis; NAc = nucleus accumbens; Neg. = 

negative; NS = non-significant; OFC = orbitofrontal cortex; PAS = Perceptual Aberration Scale; PCC = posterior cingulate cortex; Pos. = positive; post. = 

posterior; R = right; RAVLT = Rey Auditory-Verbal Learning Test; ROI = region of interest; rsFC = functional connectivity; SMA = supplementary motor 

area; SPQ = schizotypal personality questionnaire; STAI-Y = State-Trait Anxiety Inventory – Y form; sup. = superior; SVM = support vector machine; 

vmPFC = ventromedial prefrontal cortex; VMHC = Voxel Mirrored Homotopic Connectivity; wk = week 
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2.4.3.2 Brain Regions of Interest 

Fifteen studies investigated rsFC from 22 different regions of interest (ROIs; i.e., 73 seeds 

were placed on these ROIs) using seed-based connectivity analysis. The most consistently studied 

ROI was the anterior cingulate cortex (ACC; n=7 studies), followed by the orbitofrontal cortex (OFC) 

and the insular (n=4 studies each), and by the nucleus accumbens (NAc) and the posterior cingulate 

cortex (PCC; n=3 studies each). Other regions were used as seeds in 2 studies (i.e., prefrontal cortex 

[PFC], hippocampus, amygdala, caudate, thalamus, cerebellum), and in single studies (i.e., frontal 

gyrus [superior, middle, inferior and medial], fusiform, middle temporal and inferior parietal gyri, 

striatum [putamen, caudate], lentiform nucleus, brainstem, and midbrain). 

 

2.4.4 Group Differences Between Region Pairings 

Of the 19 studies reporting rsFC differences between region pairings, 15 reported group 

differences in rsFC between 91 region pairings, and 4 studies found no group difference (Manza et al. 

2018; Newman et al. 2019; Subramaniam et al. 2018; Thijssen et al. 2017). Group differences in rsFC 

were most commonly reported between frontal regions and frontal (14 pairings), striatal (12 pairings), 

and temporal regions (8 pairings); see Figure 2.4. 
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Figure 2.4. Group differences between region pairings, number of pairings displayed using left hemisphere 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Axial view; B. Sagittal view; C. Coronal view; D. No. of studies reporting inter-region pairings; E. No. of studies reporting between region pairings  

Inter-region pairings: frontal-to-frontal = 14; parietal-to-parietal = 4; temporal-to-temporal = 4; cerebellum-to-cerebellum = 2; insular-to-insular = 1. 

Between-region pairings: frontal-to-striatal = 12; frontal-to-temporal = 8; parietal-to-striatal = 7; parietal-to-insular = 6; temporal-to-striatal = 4; frontal-to-parietal = 3; 

parietal-to-temporal = 3; temporal-to-cerebellum = 3; occipital-to-cerebellum = 3; insular-to-cerebellum = 3; frontal-to-insular = 3; parietal-to-cerebellum = 2; occipital-to-

striatal = 2; frontal-to-cerebellum = 1; temporal-to-occipital = 1; parietal-to-occipital = 1; occipital-to-insular = 1; temporal-to-insular = 1.  

Note: between-region pairings reported in <2 studies are not represented in figure

D. 

E. 

A. B. C. 

1 2 4 1

4 

2 4 6 8 12 10 
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2.4.4.1 Positive and Negative rsFC  

Positive rsFC difference in cannabis users compared to controls was the most consistently 

reported finding by all 15 of the studies reporting group differences (76 pairings, 84% of the total 

reviewed pairings). Three of the 15 studies also reported negative rsFC in cannabis users compared to 

controls, (13 pairings, 14% of the total reviewed pairings). A single study reported both positive rsFC 

in cannabis users and negative rsFC in controls (2 pairings, 2% of the total reviewed pairings). 

2.4.4.2 Higher and Lower rsFC  

Of 15 studies that found group differences, 13 studies reported that cannabis users versus 

controls had lower rsFC (in 44 of the region pairings, making up 48%). Ten studies found higher rsFC 

(in 47 of the region pairings, making up 52%).  

 

2.4.5 Group Differences in rsFC 

2.4.5.1 Positive rsFC 

Cannabis users compared to controls had lower positive rsFC in 41 region pairings, across 10 

out of 15 studies. Lower positive rsFC in cannabis users was most consistently reported for the 

following pairings: 7 frontal-striatal (n=3 studies), 4 frontal-to-frontal pairings, 3 parietal-striatal 

pairings, 3 temporal-temporal pairings (each n=2 studies), and 3 fronto-temporal, cerebellar-insular, 

and cerebellar-occipital (each single studies). Lower positive rsFC in cannabis users was reported in 2 

parietal-temporal and cerebello-cerebellar areas (each n=2 studies). Additional pairings were reported 

once-to-twice in single studies. 

All 15 studies but 2 reported greater positive rsFC in cannabis users than controls, in 35 

distinct region pairings. The locations were reported most consistently in the following pairings: 9 

frontal-to-frontal pairings (n=4 studies), 5 fronto-temporal pairings (n=5 studies), 4 frontostriatal 

pairings (n=3 studies), 3 parietal-striatal pairing (single study), 2 insular-parietal pairings (n=2 

studies). Additional pairings were reported once-to-twice in single studies. 
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2.4.5.2 Negative rsFC or “Anti-Correlations” 

Single studies reported lower negative rsFC in cannabis users in 2 temporal-striatal and other 

single region pairings. Single studies reported higher negative rsFC in cannabis users between 3 

parietal-insular and other single region pairings. 

2.4.5.3 Group Differences 

A single study (Orr et al., 2013), reported greater rsFC in cannabis users than controls 

between the inferior frontal gyrus and superior frontal/parietal gyri: these pairings were positive in 

cannabis users and negative in controls.  

 

2.4.6 Associations between rsFC and Cannabis Users Parameters 

A total of 18 studies ran 76 correlations between varying rsFC region pairings and the level of 

varying measures of cannabis exposure, cannabis use related problems, mental health symptoms, and 

cognitive performance (see Table 2.2 for each study’s findings). Most reported correlations were 

significant (62 out of 76). The significant correlations were most consistently reported in key rsFC 

regions pairings: frontal-to-frontal, fronto-parietal and fronto-temporal pairings were reported by 3 

studies each (for a total of 26 correlations); while the frontal-striatal and parietal-cerebellum pairings 

were found by 2 studies each (yielding to 10 correlations). The results from the correlational analyses 

are further overviewed below based on the examined behavioural domain.  

2.4.6.1 Cannabis Use Levels 

Fourteen studies ran 37 correlations between distinct rsFC pairings and varying measures of 

cannabis use levels. The result from these correlations was largely significant. Specifically, 16 

correlations were significantly positive (n=7 studies), 14 were significantly negative (n=7 studies), 

and 7 were non-significant (n=3 studies). Significant correlations implicated distinct single region 

pairings (e.g., fronto-parietal and frontal-to-frontal) and inconsistent measures of cannabis use level 

(e.g., lifetime cannabis events, number of joints in past week and month). 

2.4.6.2 Problematic Cannabis Use 

Three studies ran 13 correlations between distinct rsFC pairings and level of cannabis use 

levels. The results were mostly significant, as there were 6 significantly positive correlations, 3 
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significantly negative correlations, and 4 non-significant correlations (n=2 each). The emerging 

significant correlations involved varying single region pairings (e.g., parieto-to-cerebellar, fronto-to-

cerebellar) and distinct measures of cannabis use related problems (e.g., scores on Marijuana Problem 

Scale, scores on CUDIT). 

 

2.4.7 Associations between rsFC and Clinical and Cognitive Outcomes 

2.4.7.1 Mental Health Symptoms 

Five studies ran 11 correlations between rsFC and mental health symptom scores. Of these, 

most were significant. Specifically, there were 4 significantly positive correlations (n=3 studies), 4 

significantly negative correlations (n=2 studies), and 3 non-significant correlations (n=2 studies) 

reported. The significant correlations involved varying single region pairings (e.g., frontal-to-frontal, 

fronto-parietal) and distinct measures of mental health symptom related problems (i.e., depression, 

anxiety, alienation, schizotypal traits). 

2.4.7.2 Cognitive Performance 

Three studies ran 15 correlations between rsFC and cognitive performance (i.e., verbal recall, 

impulsivity). All correlations were significantly positive, with 2 exceptions (e.g., a negative 

correlation and a non-significant correlation). The significant correlations involved varying single 

region pairings (e.g., frontal-to-frontal, fronto-parietal) and distinct measures of cognitive performance 

(e.g., impulsivity which was also reported to be non-significant and verbal recall which was also 

negatively correlated). 

 

2.5 Discussion 

To our knowledge, this is the first systematic review of the evidence to date from rsFC fMRI 

studies comparing regular cannabis users and controls. The most consistent finding was that cannabis 

users compared to controls had greater positive rsFC between fronto-frontal, fronto-temporal, and 

frontostriatal pairings; followed by lower positive rsFC in partially overlapping pairings (frontal-

striatal). Similar pairings (fronto-frontal, frontal-temporal, frontal-striatal) were preliminarily 
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associated (positive and negative) with varying measures of cannabis exposure, and with clinical 

(mental health symptoms) and cognitive (verbal recall and impulsivity) outcomes. 

The most consistently reported finding in ~40% of the studies was that cannabis users had 

higher positive rsFC than controls, between fronto-frontal, fronto-temporal, and frontostriatal pairings. 

The location of the reviewed rsFC fMRI findings is partially overlapping with studies comparing 

cannabis users vs controls during cognitive task-based fMRI (e.g. alterations to temporal, frontal, and 

striatal activation; Blest-Hopley et al. 2018; Yanes et al. 2018), and structural MRI (e.g., lower volume 

of prefrontal [OFC], striatal [NAc] and temporal [hippocampus] regions; Lorenzetti et al. 2019). 

Together, these findings suggest that regular cannabis use is associated with neural alterations, 

particularly in frontal circuitry important for reward processing, and may therefore underlie typically 

observed cognitive changes. More research however is needed to determine if these alterations pre-

date or follow onset of cannabis use.  

In the current study, rsFC alterations between frontal region pairings were consistently 

associated with greater cannabis use levels in 50% of studies that ran correlations, including greater 

frequency, dosage, and/or level of cannabinoids in urine. Region pairings which were most 

consistently reported included fronto-frontal, frontostriatal and fronto-temporal regions. A variety of 

mechanisms may underlie greater positive rsFC in selected brain pathways in cannabis users 

compared to controls. First, repeated exposure to tetrahydrocannabinol (THC), the main psychoactive 

compound of cannabis with addiction liability (Zehra et al. 2018), may lead to aberrant function via 

endo-cannabinoid mediation in excitatory-inhibitory balance within the brain (Fratta and Fattore 

2013). THC binds to cannabinoid type-1 (CB1) receptors which are highly dense in frontal, striatal, 

and temporal regions and downregulated following repeated cannabis use (Burns et al. 2007).  

Indeed, acute intoxication with THC has been shown to increase the rsFC between frontal and 

parietal regions, frontal and cerebellar regions, temporal and other temporal regions, and frontal and 

temporal regions (Bossong et al. 2019; Klumpers et al. 2012; Rabinak et al. 2018). Thus, the reported 

rsFC alterations might result from the residual-on-chronic effects of repeated exposure to THC on the 

central nervous system. rsFC alterations in cannabis users may normalise with abstinence, as indicated 

by preliminary evidence showing normalisation of rsFC after 28 days of controlled abstinence 
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(Blanco-Hinojo et al. 2017; Pujol et al. 2014), and of CB1 receptors downregulation (Ceccarini et al. 

2015; Hirvonen et al. 2012). Future research would benefit from examining longitudinal changes in 

rsFC networks in regular cannabis users following prolonged periods of abstinence, to inform 

mechanisms of brain recovery after repeated exposure to cannabis. 

Frontal, temporal and striatal areas are an integral part of dopaminergic brain pathways that 

prominent neuroscientific theories implicate in addiction and in underlying altered reward processing, 

stress/craving, and disinhibition (Bloomfield et al. 2019; Bunge and Wright 2007; Martz et al. 2016; 

Nestor et al. 2010). Indeed, chronic THC exposure directly perturbs the dopamine system (Bloomfield 

et al. 2016). As frontal, temporal and striatal regions are innervated with dopamine projections, 

repeated THC exposure in cannabis users may alter dopaminergic transmission in these areas; and 

thus, alters their spontaneous BOLD fluctuations (Meck 2006; Paus 2001; Volkow and Fowler 2000), 

and the cognitive functions these are ascribed to e.g., disinhibition (Volkow et al., 2010). 

 

2.5.1 Limitations of the Literature to Date and Directions for Future Work  

The literature to date has several methodological limitations that need to be acknowledged and 

addressed by future work. Primarily, the design of the studies was cross-sectional and it remains 

unclear if rsFC alterations predate, predict or follow the onset of cannabis use and related problems, or 

whether rsFC alterations in cannabis users vary over time as cannabis exposure and related problems 

change or dissipate with abstinence (Blanco-Hinojo et al. 2017; Pujol et al. 2014), or exacerbate with 

continued use (Camchong et al. 2017). Further evidence is required to corroborate these notions. The 

use of already collected longitudinal neuroimaging consortia with available data on cannabis use and 

related problems data may prove useful to this end (e.g., The IMAGEN Dataset [https://imagen-

europe.com/resources/imagen-dataset/], Imaging Data in Emerging Adults with Addiction [IDEAA; 

https://www.uwmbrainlab.com/research/ideaa-grant] Consortium, Connectome Coordination Facility 

[https://www.humanconnectome.org/]) 

Second, the direct integration of the results was hindered by the use of heterogeneous 

methodologies. For example, distinct brain regions were used as ROIs (e.g., two-third of the pairings 

examined, focused on 22 different combination of regions); which warrants the concurrent use of 
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whole-brain unbiased and hypothesis driven approaches to enable the comparability of results between 

studies and their consistency across analyses. Additionally, different cannabis use metrics and cut-offs 

to determine specific cannabis exposure/abstinence levels (e.g., cannabis dependence as defined by 

DSM-IV enforced in only one-third of studies, minimum use requirements vary from at least weekly 

use to at least twice daily use) hindered the interpretation of whether specific cannabis user groups 

show distinct alterations (e.g., were alterations driven by more frequent users, users with greater use 

duration, users of higher potency cannabis etc.) and the role of abstinence duration in driving the 

findings to date (i.e., abstinence varied from less than 24 hours to between 1 and 6 months). Few 

studies run correlations between rsFC and behavioural variables, and the correlation terms varied 

widely (due to inconsistent region pairings and metrics used to assess behavioural variables i.e. 

severity of CUD, cannabis-related problems, cannabis cravings, abstinence, urine metabolites, 

executive function, memory, depression and anxiety, schizotypal personality traits, and subjective 

arousal were each examined by only one-to-two studies) undermined the understanding of whether 

more vulnerable cannabis users show distinct or more marked neural alterations.  

Furthermore, no study included in this review was pre-registered. In a move towards scientific 

best practices to minimise biases and increase the transparency of the scientific process and 

reproducibility of scientific results (Gonzales and Cunningham 2015), pre-registration to open access 

platforms is warranted for future work. Finally, the reviewed samples had a widely varying age range 

(from 16-to-42 years) with a mean of 23 years of age. As nonlinear neuromaturation trajectories are 

ongoing until age 24 (Sawyer et al. 2018), their role in the findings to date cannot be determined. 

Future studies are required to measure and account for variables related to neurodevelopment (e.g., 

age, pubertal stage, sex hormones). 

 

2.5.2 Limitations of the Review 

We did not include grey literature (e.g., conference abstracts, posters, dissertations, etc.). 

Thus, the results from this review may be influenced by publication biases (i.e., positive findings are 

more likely to be published and have a higher chance of being reported) and consequently over-

represent positive findings (Dwan et al. 2013). 
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2.5.3 Conclusions 

The evidence to date shows that regular cannabis exposure is consistently associated with 

alteration of spontaneous changes of rsFC in the absence of overt task performance. Regular cannabis 

users may affect the rsFC of selected pathways, as greater and lower positive rsFC was consistently 

reported between selected region pairings (fronto-frontal, fronto-temporal, and frontostriatal). Greater 

chronicity of use may drive such rsFC alterations in cannabis users, based on emerging correlational 

evidence with cannabis use level. The findings have implications for interpreting results from task-

based fMRI studies of cannabis users which may additionally tax overlapping networks. Future 

longitudinal rsFC fMRI studies are required to determine the clinical relevance of the findings and 

their link to the chronicity of use, mental health, and cognitive abilities. 

  



 68 

2.6 Supplementary Information 

2.6.1 Inclusion and Exclusion Criteria 

2.6.1.1 Cannabis Use Levels in Cannabis Groups 

The inclusion criteria for the cannabis use group were heterogeneous between 

studies and referred to cannabis dependence, cannabis use levels, cannabinoids measured 

from specimens, and abstinence (see Table S2.1 for details). 

First, a diagnosis of cannabis dependence was required by 11 studies as determined 

by distinct tools: the DSM-IV (n = 7 studies; American Psychiatric Association, 2013), the 

Kiddie Schedule for Affective Disorders and Schizophrenia (n = 1 study; Kaufman et al., 

1997), the Alcohol, Smoking, and Substance Involvement Screening Test (n = 1 study; 

Humeniuk et al., 2008), DSM-III based Marijuana Use Scale score cut-off (n = 1 study; 

Stephens, Roffman, & Curtin, 2000); and an unspecified tool (n = 1 study). 

Second, minimum cannabis use levels were required by 10 studies, which used 

various cut-offs: ‘current cannabis use (n=1)’, ‘at least weekly use either for ≥3 months 

(n=1), ≥1 month (n=1) or unspecified duration (n=1)’, ‘use ≥4 times/week for >6 months 

(n=2)’, ‘use ≥100 times over previous year (n=2)’, and ‘use ≥14 times/week for >2 years 

(n=2)’.  

Third, concurrently measured cannabinoids from specimens (i.e., THC-COOH in 

urine) and inclusion/exclusion criteria for cannabis dependence/use levels were required by 

9 studies, of which 6 studies included presence of THC in urine and 3 studies excluded 

presence of THC in urine. 

Last, abstinence from cannabis prior to testing was required by 12 studies using 

heterogeneous cut offs: ≥12 to 72 hours (n = 6 studies); use up until the ‘day prior’/‘night 

prior’/‘prior’ (n = 4 studies); ≥28 days abstinence (n=2).  

2.6.1.2 Cannabis Use Levels in Control Group 

Permitted levels of cannabis use in the control group varied between studies, 

outlined in Table S2.1. Cannabis use level was included as a screening criterion for controls 

only in 17 out of 21 studies, using distinct cut offs. Studies were heterogenous in applied 



 69 

criteria, see Table S2.1 for details. Eight studies additionally reported specific levels of 

cannabis use in controls ranging from a median lifetime use of 2 grams to previous cannabis 

abuse.  

 

2.6.2 Recruitment Strategies 

Samples were recruited from various outlets (outlined in Table S2.1): most 

commonly from the general community (n=12), followed by substance use treatment 

programs (n=5). Single studies selected samples from other outlets: a maximum-security 

facility, a justice program and distinct consortia (i.e., the Imaging Data in Emerging Adults 

with Addiction and the S500 release of the Washington University-University of Minnesota 

Consortium of the Human Connectome Project). 

 

2.6.3 Handedness 

Handedness was measured in half of the studies (11 out of 21 studies) and varied 

widely between samples (outlined in Table S2.1), which were either right-handed (8 

studies), or mixed between right- and left-handed and ambidextrous (3 studies; only 1 of 

which matched handedness across groups). 

 

2.6.4 MRI Scanner Strength and Brand 

fMRI data was acquired using MRI scanners of distinct strengths and brands 

(outlined in Table S2.2). 3T Siemens scanners were most commonly used, in 14 studies. 

Five studies used 3T Philips. Two studies used 1.5T GE. Single studies used a 3T GE, a 4T 

Varian/Siemens, and a 1.5T Siemens.  

 

2.6.5 MRI Protocol 

MRI protocols were largely heterogeneous across studies (outlined in Table S2.2). 

Two studies (Filbey, Gohel, Prashad, & Biswal, 2018; Shollenbarger et al., 2019) reported 

multiple MRI protocols, varying by collection site. This resulted in a total of 24 protocols, 
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applied to the included samples. Echo time and repetition time was reported in all protocols, 

and varied from 20-to-50ms, and 720-to-2,580ms respectively. Eighteen protocols included 

the reporting of flip or pulse angles, varying from 52-to-90 degrees. Field of view was 

reported in 18 protocols, in millimetres (8 protocols; ranging from 208-to240mm), 

millimetres squared (8 protocols; ranging from 220 x 220mm2 to 240 x 240mm2), and 

millimetres cubed (2 protocols; 220 x 136 x 220mm3 and 240 x 240 x 156mm3). Matrix size 

was reported in all but one protocol. The majority of protocols included a matrix size of 64 x 

64 (n=18), the remaining 5 protocols reported unique matrix sizes (i.e., 128 x 128, 64 x 64 x 

64, 64 x 64 x 34, 104 x 90, 80 x 78). Voxel size was reported in 21 protocols varying from 

1.7 x 1.7 x 3.8mm3 to 3.8 x 3.8 x 4.6mm3. Number of slices was reported in all studies 

except 1 and ranged from 22 to 72. Twelve protocols utilized axial slices and 1 utilized 

coronal slices; 11 did not specify slice plane. Slice thickness was reported in all protocols 

and varied between 2-to-5mm. The gap between slices was reported in 13 protocols. Of 

these, 8 left no gap, and 5 reported gaps between 0.4-to-1.5mm. Number of images or 

volumes was reported in 17 protocols and varied between 150 and 1,000. Scan duration was 

reported in 15 protocols and varied between 300 seconds and 873 seconds. Seventeen 

studies specified if participants were instructed to keep their eyes open or closed during the 

resting-state acquisition (12 open, 5 closed). Six of the studies that stipulated participant’s 

eyes remain open also reported use of a fixation cross and 2 utilized an eye tracker. Finally, 

1 study questioned participants following the scan to ascertain wakefulness and 6 studies 

reported instructing their participants to aim to think of nothing during the resting-state 

acquisition.  

 

2.6.6 Risk of Bias  

The quality of the study was largely consistently high, as presented in Table S2.3. 

All studies had a clearly stated research question, a specifically defined study population, 

independent variable and outcome variable, an adequate participation rate of eligible 

participants, a uniformly applied inclusion and exclusion criteria, and minimal loss to 
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follow-up after baseline (where applicable). All studies allowed a sufficient timeframe and 

measured the independent variable prior to the outcome variable. All but 1 study (Zhou et 

al., 2018) recruited participants during the same time period.  

Only 3 studies (Behan et al., 2014; Camchong, Lim, & Kumra, 2017; Zhou et al., 

2018) provided a sample size justification. Only 3 studies assessed the independent variable 

more than once over time (Blanco-Hinojo et al., 2017; Camchong et al., 2017; Pujol et al., 

2014). The quality check highlighted inconsistencies in the reporting of confounding 

variables, whereby 8 studies reported age, gender, tobacco use, alcohol use, and IQ level 

(Camchong et al., 2017; Filbey et al., 2014; Filbey et al., 2018; Manza, Tomasi, & Volkow, 

2018; Orr et al., 2013; Shollenbarger et al., 2019; Thijssen et al., 2017; Zimmermann et al., 

2018). No studies blinded the researchers to the group status of the participants. 

 

2.6.7 Number of Studies Measuring Metrics of Cannabis Use 

Cannabis use levels were inconsistently measured in the reviewed literature (as 

detailed in Table 2.1 of the main text). Age of cannabis use onset and cannabis use duration 

were measured in 12 and 17 studies respectively. Two studies did not report either (Manza et 

al., 2018; Shollenbarger et al., 2019), therefore age of cannabis use onset was computed 

based on duration for 2 studies, and vice versa for 7 studies. Frequency of cannabis use was 

measured by 12 studies either in cannabis consumption days (n = 7 studies) or number of 

smoking events (n = 5 studies) per month. 

Cannabis dosage was measured by 10 studies using different metrics that referred to 

inconsistent periods of time: number of joints in past week (n = 3 studies), number of joints 

per typical week (n = 3 studies), grams per typical week (n=2), grams in past month, grams 

in lifetime, and milligrams of THC and of CBD (single studies). 

The duration of abstinence from cannabis prior to scan, was measured in 7 studies. 

This was reported using different metrics: average number of days (n = 5 studies), ranging 

from less than 1 day to 167 days, with an average of 35 days. Single studies reported the 

mode range of days, and total range of days.
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Table S2.1. Overview of cannabis-related inclusion and exclusion criteria for cannabis use levels and abstinence, cannabis use in control group, recruitment 

strategies, and handedness  

Author (yr) 

 

Screening of Cannabis Use Level Recruitment 

Strategy 

Handedness 

 

Cannabis Group Control Group  Total Sample 

 Inclusion Criteria Exclusion criteria Exclusion Criteria Reported use 

THC 

Urinalysis 

Abstinence 

prior to testing 

Cannabis use level 

Houck et al. 

(2013) 

 

Score of 21-37 on Marijuana Use 

Scale 

- - - 

 

1-20 Score, Marijuana Use 

Scale 

Juvenile justice 

program 

- 

Orr et al. 

(2013) 

Cannabis dependence 

(DSM-IV) 

 

No THC  ‘Night’ before - 

 

Lifetime average 13 joints 

(in 4 control ppts);  

Month prior to testing 

average 3 joints (in 3 

control ppts) 

 

Drug treatment 

centre + 

community 

advertisement 

Right  

Behan et al. 

(2014) 

Cannabis dependence 

(DSM-IV) 

No THC ‘Night’ before - 

 

Lifetime average 13 joints 

(in 4 control ppts);  

Month prior to testing 

average 3 joints (in 3 

control ppts) 

 

Drug treatment 

centre + 

community 

advertisement 

Right  

Cheng et al. 

(2014) 

 

Use ≥1x per week during the past 

month 

- 12 hours Exclude any use 0 Community 

advertisement 

*Right (n=24); 

Left (n=1) 

Filbey et al. 

(2014) 

Use ≥4 x per week over past 6 months  

 

No THC  - Exclude regular use; positive urine screen  0 Community 

advertisement 

- 

Pujol et al. 

(2014) 

Use onset < 16 yrs; smoking ≥14 x 

per week for ≥2 years prior to testing 

 

No THC  12 hours Exclude >14 lifetime uses; use in past month; 

positive urine screen 

 

-  Community 

advertisement 

Right 

Lopez-Larson 

et al. (2015) 

≥100 lifetime smoking events in year 

prior to testing 

 

No THC  - Exclude >15 lifetime uses 0 Community 

advertisement 

- 

Wetherill et 

al. (2015) 

 

 

 

Cannabis dependence (untreated at 

time of testing) 

 

No THC  - Exclude any use  0 Community 

advertisement 

- 
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Blanco-

Hinojo et al. 

(2017) 

 

Use onset before 16; smoking ≥14 x 

per week for ≥2 years prior to testing 

 

No THC  12 hours Exclude >14 lifetime cannabis uses; use in past 

month; positive urine screen 

 

-  Community 

advertisement 

Right 

Camchong et 

al. (2017) 

Cannabis dependence 

(DSM-IV); >50 exposures 

Yes THC - Exclude >5 lifetime uses Average 12 days of use of 

previous 18 months  

Drug treatment 

centre + 

community 

advertisement 

 

Right & Left 

(matched 

between groups) 

Thijssen et al. 

(2017) 

Cannabis dependence 

(KSADS) 

- - Excluded current dependence 

 

Previous cannabis abuse (in 

29 control ppts) 

Maximum 

security facility  

*Right (n=120); 

Left (n=14); 

Ambidextrous 

(n=3);  

Missing (n=30) 

 

Filbey et al. 

(2018) 

 

Use ≥4 x per week over past 6 months 

 

No THC 72 hours  Exclude regular or current use 0 Community 

advertisement 

- 

Manza et al. 

(2018) 

 

Cannabis dependence  

(DSM-IV) 

- - - _ Consortium – 

Connectome 

- 

Subramaniam 

et al. (2018) 

≥100 lifetime smoking events in year 

prior to testing 

 

No THC - Exclude >15 lifetime uses 0 Community 

advertisement 

- 

Zhou et al. 

(2018) 

Cannabis dependence  

(DSM-IV) at any stage during 18-

months prior to testing 

 

Yes THC 28 days  Exclude >14g lifetime use  Median lifetime use 2g Drug treatment 

centre + 

community 

advertisement 

Right  

Zimmerman 

et al. (2018) 

Cannabis dependence  

(DSM-IV)  

Yes THC 28 days  Exclude >9g lifetime use - Drug treatment 

centre + 

community 

advertisement 

 

Right  

Demiral et al. 

(2019)  

 

Cannabis dependence or abuse 

(DSM-IV) 

- - Exclude history of abuse or dependence 0  Community 

advertisement 

- 

Kim et al. 

(2019) 

Use ≥1x per week  - Any ‘Prior’ 

use 

Exclude >12 lifetime uses; use in past 3 months; 

positive urine screen 

 

Average 4 lifetime events 

(in 6 control ppts) 

Community 

advertisement 

- 

Newman et al. 

(2019) 

Current cannabis use (unspecified 

amount) 

- ‘Day’ before Exclude use in past month; previous cannabis 

dependence; positive urine screen 

 

Average 0.55 lifetime 

instances (in 5 control ppts) 

Community 

advertisement 

- 
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Shollenbarger 

et al. (2019) 

Use ≥1x per week over past 3 

months; duration of use >1 year 

- 12 hours  Exclude regular use; use in past month; previous 

CUD 

 

Not specified Consortium – 

IDEAA 

Right  

Sweigert et al. 

(2019) 

Moderate-to-high risk cannabis 

dependence (ASSIST); 

Weekly-to-daily cannabis use 

 

- 48 hours  Exclude any use 0 Community 

advertisement 

Right  

*regular cannabis use and control groups not matched for handedness; ASSIST = Alcohol, Smoking, and Substance Involvement Screening Test; DSM-IV = Diagnostic and 

Statistical Manual on Mental Disorders, version four; IDEAA = Imaging Data in Emerging Adults with Addiction; KSADS = Kiddie Schedule for Affective Disorders and 

Schizophrenia  
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Table S2.2. Overview of rsFC fMRI protocol  

 
Author (yr) MRI magnet 

strength & 

brand 

TE 

(ms) 

TR 

(ms) 

Flip / 

pulse 

angle  

FOV Matrix Voxel size  No. of 

slices 

(plane) 

 

Slice 

thickness 

(mm)  

Slice 

gap 

(mm) 

No. of 

images/ 

volumes 

Scan 

duration 

(seconds) 

Eyes  Other  

(e.g., fixation cross, eye 

monitoring, wakefulness)  

Houck et al. (2013) 

 

3T Siemens 29  2,000  - 224 mm  64 × 64 3.5 × 3.5 ×  

3.5 mm3  

 

33 (axial) 3.5 - 165  300  Open Fixation cross.  

Think of nothing. 

 

Orr et al. (2013) 

 

3T Philips 30 2,000 - 224 mm  64 × 64  3.5 × 3.5 ×  

3.5 mm3  

 

39 (axial) 3.5  0.4 - 420 Open  

Behan et al. (2014) 

 

3T Philips  30  2,000 - 224 mm  64 × 64 3.5 × 3.5 ×  

3.5 mm3  

 

39 (axial) 3.5  0.4 - 420  Open   

Cheng et al. (2014) 

 

3T Siemens  30  2,500 70° 220 mm  128 × 128 1.7 × 1.7 × 

3.8 mm3 

 

35 (axial) 3.8  - 175 - Open  

Filbey et al. (2014) 3T Siemens  29  2,000 60° 240 ×  

240 mm2 

 

64 × 64  3.8 × 3.8 × 

4.6 mm3 

32 (axial)  4.6  0 158  330  -  

Pujol et al. (2014) 

 

1.5T GE 50  2,000  90° 240 mm  64 × 64  3.8 × 3.8 × 

4 mm3 

 

22 (axial) 4  1.5  180  360 Closed  

Lopez-Larson et al. 

(2015) 

 

3T Siemens 28  2,000  - - 64 × 64  - 40 (-) 3  - 240  480  Open Think of nothing.  

Wetherill et al. 

(2015) 

 

3T Siemens 24 2,000 - 220 ×  

220 mm2 

64 × 64 × 64  3.4 × 3.4 × 

4 mm3 

- (-) 4  0  - - Open Eye-tracker 

Blanco-Hinojo et al. 

(2017) 

 

1.5T GE  50 2,000 90° 240 mm 64 × 64  3.8 × 3.8 × 

4 mm3 

22 (axial) 4 1.5 180  360  Closed   

Camchong et al. 

(2017) 

 

3T Siemens  30  2,000  90° - 64 × 64 × 34 3.4 × 3.4 × 

4.0 mm3 

34 (axial) 4 

 

0 180  360 Closed Participants asked post scan if 

they remained awake. 

Thijssen et al. 

(2017) 

1.5T Siemens 39 2,000 90° 240 ×  

240 mm2 

64 × 64 3.8 × 3.8 × 

5 mm3 

30 (-) 5  - - - Open Fixation cross. 

Eye tracker. 

 

Filbey et al. (2018) 

Ppt group: 1 

 

 

3T Siemens  29  2,000 60° 240 ×  

240 mm2 

64 × 64  3.8 × 3.8 × 

4.6 mm3 

32 (axial) 4.6 0  158  300  -  
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Filbey et al. (2018) 

Ppt group: 2 

 

3T Philips 29  2,000 75° 220 × 136 

× 220mm3 

64 × 64  3.8 × 3.8 × 

3.9 mm3 

 

39 (axial)  3.9  - 150  312  -  

 

 

Manza et al. (2018) 

 

3T Siemens 33 720 52° 208 mm 104 × 90 2 × 2 × 

2 mm3 

72 (-) 2  0 - 873  Open  Fixation cross.  

Think of nothing. 

 

Subramaniam et al. 

(2018) 

 

3T Siemens 28  2,000  - - 64 × 64  - 40 (-) 3  - 240  480  Open Think of nothing.  

Zhou et al. (2018) 

 

3T Siemens 30 2,580 80° 224 ×  

224 mm2 

 

64 × 64  3.5 × 3.5 ×  

3.5 mm3  

 

47 (-) 3.5  0  180 - Closed Think of nothing.  

Zimmerman et al. 

(2018) 

 

3T Siemens 30 2,580 80° 224 ×  

224 mm2  

64 × 64 3.5 × 3.5 ×  

3.5 mm3  

 

47 (-) 3.5  0  180  - Closed Think of nothing.  

Demiral et al. 

(2019)  

 

4T Varian/ 

Siemens 

20  1,600 90° - 64 × 64 -  33 

(coronal)  

4 1 191  - -  

Kim et al. (2019) 

 

3T Siemens 28  813 60° 220 ×  

220 mm2 

 

64 × 64 3.4 × 3.4 ×  

3.4 mm3 

42 (axial) 3.4  - 1000 840  Open Fixation cross. 

Newman et al. 

(2019) 

 

3T Siemens 28  813 60° 220 ×  

220 mm2  

64 × 64 3.4 × 3.4 × 

3.4 mm3 

42 (axial) 3.4  - 1000 840  Open Fixation cross. 

Shollenbarger et al. 

(2019) 

SITE 1: UWM 

  

3T GE 25  2,000  77° 240 mm  64 × 64  3.8 × 3.8 × 

3.7 mm3 

40 (-) 3.7  - 240  - -  

Shollenbarger et al. 

(2019) 

SITE 2: McLean 

 

3T Siemens 30  2,500  82° -  - 3.5 × 3.5 

× 2.5 mm3 

41 (-) 2.5 - - - -  

Shollenbarger et al. 

(2019) 

SITE 3: UTD 

 

3T Philips 29  2,000  75° - 64 × 64 3.4 × 3.4 × 

3.5 mm3 

39 (-) 3.5 - - - -  

Sweigert et al. 

(2019) 

 

3T Philips 24 2,000 79° 240 × 240 

× 156mm3 

80 × 78  3 × 3 ×  

4 mm3  

39 (-) 4 0 200 424  Open Fixation cross. 

FOV = Field of View; McLean = McLean Hospital/Harvard University; TE = Echo Time; TR = Repetition Time; UTD = University of Texas—Dallas; UWM = University of 

Wisconsin-Milwaukee 
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Table S2.3. Overview of the Risk of Bias using the NIH National Heart, Lung, and Blood Institute – Quality Assessment Tool for Observational Cohort and 

Cross-Sectional Studies Tool  

Author (yr) 1 2 3 4a 4b 5 6 7 8 9 10 11 12 13 14 

Houck et al. (2013) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a No (IQ; tobacco) 

Orr et al. (2013) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a Yes 

Behan et al. (2014) 

 

Yes Yes Yes Yes Yes Yes Yes Yes n/a Yes No Yes No n/a No (IQ; alcohol) 

Cheng et al. (2014) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a No (tobacco) 

Filbey et al. (2014) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a Yes 

Pujol et al. (2014) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes Yes Yes No Yes No (IQ; alcohol; tobacco) 

Lopez-Larson et al. (2015) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a No (IQ) 

Wetherill et al. (2015) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a No (IQ) 

Blanco-Hinojo et al. (2017) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes Yes Yes No Yes No (IQ; alcohol; tobacco) 

Camchong et al. (2017) 

 

Yes Yes Yes Yes Yes Yes Yes Yes n/a Yes Yes Yes No Yes Yes 

Thijssen et al. (2017) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a Yes 

Filbey et al. (2018) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a Yes 

Manza et al. (2018) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a Yes 

Subramaniam et al. (2018) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a No (IQ; alcohol; tobacco) 

Zhou et al. (2018) 

 

Yes Yes Yes No Yes Yes Yes Yes n/a Yes No Yes No n/a No (IQ) 

Zimmerman et al. (2018) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a Yes 

Demiral et al. (2019)  

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a No (IQ; alcohol) 
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Kim et al. (2019) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a No (tobacco) 

Newman et al. (2019) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a No (IQ) 

Shollenbarger et al. (2019) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a Yes 

Sweigert et al. (2019) 

 

Yes Yes Yes Yes Yes No Yes Yes n/a Yes No Yes No n/a No (IQ; tobacco) 

1. Was the research question or objective in this paper clearly stated?; 2. Was the study population clearly specified and defined?; 3. Was the participation rate of 

eligible persons at least 50%?; 4a. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? 4b. Were 

inclusion and exclusion criteria for being in the study prespecified and applied uniformly to all participants?; 5. Was a sample size justification, power description, 

or variance and effect estimates provided?; 6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?; 7. 

Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?; 8. For exposures that can vary 

in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure measured as 

continuous variable)?; 9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study 

participants?; 10. Was the exposure(s) assessed more than once over time?; 11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, 

and implemented consistently across all study participants?; 12. Were the outcome assessors blinded to the exposure status of participants?; 13. Was loss to follow-

up after baseline 20% or less?; 14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between 

exposure(s) and outcome(s)? 

Note: Item 8. was deemed ‘not applicable’ as measuring cannabis use as a dichotomous variable (i.e., regular cannabis user versus control) was a key inclusion 

criteria. 

Note: Item 14. Key potential confounding variables applied were Age, Gender, IQ, Tobacco use, Alcohol use – please see Figure 2.2 (main text) for more 

information. 

Note: Optimal outcome = no shading; suboptimal outcome = dark grey shading; not applicable = light grey shading 

NIH = National Institutes of Health 
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Chapter Guide 

This chapter outlines the methodology of the two empirical experiments of this thesis: ‘Study 

2: Investigating Resting-State Functional Connectivity Differences between people with a Moderate-

to-Severe Cannabis User Disorder and Controls: An fMRI study (Chapter 4) and ‘Study 3: How does 

a Brief Mindfulness Intervention Reduce Resting-State Functional Connectivity Changes in Cannabis 

Use Disorder? A Double-Blind, Active and Passive Placebo-Controlled fMRI study (Chapter 5). The 

chapter will include specific information regarding the samples (i.e., how it was impacted by the 

COVID-19 pandemic, inclusion and exclusion criteria, target sample sizes, and recruitment 

procedures), which comprise people who use cannabis near daily and meet the criteria for moderate-

to-severe Cannabis Use Disorder (CUD) and controls. Also, the chapter will detail the testing 

protocol: ethical procedures, study design, testing measures, data collected, study procedure, and data 

analyses planned for the two empirical experiments (Chapter 4: Study 2 and Chapter 5: Study 3). Of 

note, this chapter will provide specific details about the studies’ methodologies, some of which were 

omitted from the specific methods sections for brevity and to adhere to publication writing standards.  

As will become apparent across this chapter, the procedures described represent the combined 

efforts of a team of people including staff and student researchers. Within this team, my role in the 

data collection sessions was as a blinded tester. In this role, I collected the data of approximately one 

third of the total sample, specifically for a total of 41 participants, across 62 face-to-face testing 

sessions – cumulating to ~310 hours of testing time. I additionally reviewed online screens of 

approximately 250 prospective participants and completed ~150 15-to-60-minute screening phone 

calls; trained junior RAs and student researchers in cognitive, MRI, and clinical assessments; as well 

as overseeing participants’ booking, scheduling, sending of session reminders, and pre-session covid 

screening of approximately half of the total sample.  
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3.1 Scope of the Experiments 

The empirical experiments of this thesis are nested within a larger study: ‘Mapping short-term 

brain changes in cannabis users: An fMRI study’. The larger study was pre-registered with ISRCTN 

(Appendix 4; found at https://doi.org/10.1186/ISRCTN76056942; registration ID: ISRCTN76056942). 

Selected measures were extracted from the larger study to address the aims and hypotheses of this 

thesis, therefore only the relevant components will be detailed within this General Methods chapter. 

Figure 3.1 briefly overview the study procedure with relevant measures, to be detailed within this 

chapter. Many of the included measures described were utilised on multiple occasions (i.e., during 

screening and at both empirical experiments), this will be noted throughout, and each measure only be 

described. 

Figure 3.1. Protocol testing flowchart with assessment tools measures and intervention components 

 

 

 

 

 

 

 

 

 

 

 

 

 

5FMQ = Five-Facet Mindfulness Questionnaire; AUDIT = Alcohol Use Disorder Identification Test; 

BDI-II = Beck Depression Inventory – II; COVID SS = COVID Stress Scale; CUDIT-R = Cannabis 

Use Disorder Identification Test – Revised; CUI = Cannabis Use Interview; CWS = Cannabis 

Withdrawal Scale; FTND = Fagerström Test Of Nicotine Dependence; MCQ-SF = Marijuana Craving 

Questionnaire – Short Form; MINI = The MINI International Neuropsychiatric Interview 7.0.2; ML = 

Marijuana Ladder; MRI = Magnetic Resonance Imaging; PIL = Participant Information Letter; PSS = 

Perceived Stress Scale; SCID-5-RV = Structured Clinical Interview of DSM-5 – Research Version; 

STAI-Y = State Trait Anxiety Inventory – Y form; TLFB = Timeline Follow Back; WASI-II = 

Wechsler Abbreviated Scale Of Intelligence – Second Edition  
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3.2 Ethics and Funding  

The study was approved by the Australian Catholic University Human Research and Ethics 

Committee as meeting the requirements of the National Statement on Ethical Conduct in Human 

Research (HREC number 2019-71H; see Appendix 5). The study was supported by an Australian 

Government Research Training Program Scholarship and via an ACU internal competitive scheme. 

The Chief Investigator (Associate Professor Valentina Lorenzetti) was supported by an Al and Val 

Rosenstrauss Senior Research Fellowship (2022-2026) and by a NHMRC Investigator Grant (2023-

2027).  

 

3.3 Study Design  

3.3.1 Study 2: (Chapter 4) 

 For the first empirical experiment, titled ‘Investigating Resting-State Functional Connectivity 

Differences between people with a Moderate-to-Severe Cannabis User Disorder and Controls: An 

fMRI study’ a cross sectional, between subject (people with Cannabis Use Disorder [CUD] vs 

controls), case control study design was used. 

 

3.3.2 Study 3: (Chapter 5) 

 For the second empirical study, titled ‘How does a Brief Mindfulness Intervention Reduce 

Resting-State Functional Connectivity Changes in Cannabis Use Disorder? A Double-Blind, Active 

and Passive Placebo-Controlled fMRI study’, we used a double-blind, repeated-measure study with 

baseline and follow-up testing within ~2-weeks. Participants were allocated to one of three 

interventions using a pseudo-randomised order (stratified by age and sex). The study used a 

mindfulness-based intervention (MBI) as a primary intervention, and two placebo conditions: active-

placebo (i.e., relaxation intervention) and passive-placebo (i.e., no intervention). It used a between-

subject (i.e., MBI vs active placebo vs passive placebo) and within-subject design (baseline vs follow-

up). 

 The researchers who were responsible for all data collection were blinded to the intervention 

condition of the participants, except for the delivery of the intervention which was done by separate 
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researchers unblinded to the intervention type. For details about the intervention procedures, please 

see section below 3.6.2.1 Overview of Face-to-Face Session Procedures. Additionally, participants 

were blinded to their intervention condition. Double-blinding was utilised to minimize biases on the 

data and on the intervention, given known expectancy effects of both testers and participants 

(Colagiuri, 2010). An active placebo condition was utilised to inform on intervention specific effects, 

whilst a passive placebo condition was utilised to parse apart the effects of engaging with the testing 

protocol.  

 

3.4 Participants 

3.4.1 A Word on the Impact of COVID-19 

 At the conception and commencement of this study, the recruitment target was a sample size 

of 120 people, comprising 90 people with a CUD, and 30 controls for cross-sectional comparison for 

Study 2. The 90 people with a CUD were to then be split into three equal groups of 30 people for 

examining intervention-group-by-time effects within Study 3. Data collection commenced in October 

2019 and concluded in August 2022. Subsequently, several COVID-19-related hiatuses were 

encountered by the research team. Due to COVID-19-related disruptions and associated limitations on 

interaction with participants via data collection and on travel to testing sites, the target sample for the 

CUD group was reduced from 90 to 60 subjects, and to maintain power the target sample for controls 

was raised from 30 to 40 participants. The sample sizes achieved for both groups were ultimately 

larger than the COVID-adjusted targets (Study 2: 65 people with a CUD vs 42 controls).  

In accordance with lockdown regulations specific to Melbourne, Australia, COVID-19, data 

collection was suspended between March and November 2020, as well as during the brief February 

2021 lockdown (12/02/2021 to the 17/02/2021). Across the later three 2021 lockdowns (28/05/2021 – 

10/06/2021, 15/07/2021 – 27/07/2021, and 5/08/2021 – 21/10/2021) the Victorian government issued 

permission for essential research to continue with data collection, via a statement released by acting 

Premier James Merlino MP on 27/05/2021. Data collection was therefore permitted to continue during 

this period on the grounds that it contained an intervention component that would benefit the 

wellbeing and mitigate health risks for members of the community who participated in the study 
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(Study 3). Furthermore, participation was permitted on the grounds that it would be prohibitive to 

restart, meaning prospective participants who had already completed screening were permitted to 

attend for their baseline session (and/or for their follow-up session if in the CUD group) due to the 

time sensitive nature of the inclusion and exclusion criteria. These reasons enabled the research team 

to maintain a somewhat consistent testing rate during 2021 of ~1.5 sessions/week. Meanwhile, we 

continued to screen prospective participants recruited via online platforms, and placement of 

recruitment flyers in the community immediately following the lifting of COVID-19 restrictions on 

people’s travel distance and essential reasons for leaving the homes. 

 

3.4.2 Sample Inclusion and Exclusion Criteria 

3.4.2.1 Inclusion Criteria  

Inclusion criteria for all participants were: (1) age between 18 years and 55 years; (2) having 

normal-to-corrected vision; (3) fluency in English; and (4) ability to attend testing sessions in person.  

For people with a CUD only: (1) use of cannabis on a daily or almost daily basis for ≥12 

months; (2) attempt to quit or to reduce cannabis use at least once within the past 24 months; and (3) 

have a diagnosis of moderate-to-severe CUD, confirmed by the endorsement of ≥ 4 CUD symptoms 

from the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5; American 

Psychiatric Association [APA], 2013), measured using the Structured Clinical Interview of DSM-5 – 

research version (SCID-5-RV; First et al., 2015). See Chapter 1: Thesis Introduction and Overview, 

Figure 1.9, page 20 for DSM-5 CUD diagnostic criteria.  

3.4.2.2 Exclusion Criteria  

Exclusion criteria for all participants were: (1) Magnetic Resonance Imaging (MRI) 

contraindications, measured using the Monash Biomedical Imaging MRI Screening and Information 

Form; (2) unwillingness to refrain from any illicit substance and/or alcohol use in the 12 hours before 

testing (confirmed upon arrival at session); (3) current use of prescription medication that affects the 

central nervous system (CNS) except anti-depressants and anxiolytics, due to elevated 

depression/anxiety levels in CUD; (4) history of any diagnosed psychiatric disorders, with the 

exception for depression and anxiety disorders due to the high comorbidity with CUD, or current 
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suicidal ideation, as confirmed using The MINI International Neuropsychiatric Interview 7.0.2 (MINI; 

Lecrubier et al., 1998; Lecrubier et al., 1997; Sheehan et al., 2015; Sheehan et al., 1998); (5) history 

of any neurological disorders or major medical conditions (e.g., epilepsy, stroke, migraine, etc.); (6) 

history of acquired or traumatic brain injury or loss of consciousness > 5 minutes; (7) full scale 

intelligence quotient (FSIQ) estimate score < 70, confirmed using the Wechsler Abbreviated Scale of 

Intelligence – second edition (WASI-II; Wechsler, 2011); (8) current pregnancy and/or breastfeeding; 

(9) history of significant and regular mindfulness practice, defined as regular engagement in 

mindfulness practices over any extended period of time; or (10) significant use or dependence on 

alcohol confirmed by a score > 19 on the Alcohol Use Disorders Identification Test (AUDIT; Babor 

et al., 2018). 

For people with a CUD, exclusion criteria were: (1) significant exposure to substances other 

than cannabis or tobacco, as per >50 occasions of use over a 2-year period in the past 10 years; and 

(2) or use of any illicit drug other than cannabis in the four weeks prior to testing. 

For controls only, exclusion criteria were: (1) significant exposure to substances other than 

tobacco, as per >50 occasions of use over a 2-year period in the past 10; (2) use of any illicit drug in 

the four weeks prior to testing; (3) use of cannabis at any stage in the 12 months prior to testing; or (4) 

>50 lifetime uses of cannabis. 

 

3.4.3 Recruitment  

Participants were recruited from the Greater Melbourne Metropolitan area, via online 

advertisements on various platforms (e.g., Google, Gumtree, Facebook, Instagram, Reddit, Tik Tok, 

Beat Online Magazine) and via printed flyers placed in public locations with high-foot traffic (see 

Figure 3.2). The flyers described key inclusion/exclusion criteria and directed interested members of 

the community to an online screening questionnaire via a link or QR code on the printed flyers. The 

online flyers provided a weblink to direct people to the online screening questionnaire 

(https://cutt.ly/lkBdFe6). The flyers also provided the study dedicated email address 

(cannabis@acu.edu.au) and phone number (+61 490 391 342), to enable members of the community 
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interested in participating to address any queries they might have prior to commencing screening 

questionnaires. 

 

Figure 3.2. Example of recruitment flyers for people with a CUD (A.) and controls (B.)  
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3.4.4 The Sample: From Initial Enquiry to Data Analysis 

For an overview of participant numbers across distinct stages of the recruitment process, 

please refer to Figure 3.3. Throughout the recruitment period (July 2019 to August 2022), there were 

9,045 respondents to a ~30-minute online screening questionnaire to determine eligibility of 

community members against the study’ inclusion and exclusion criteria. The testing measures used for 

the online screening are detailed below in section 3.5.1 Online Screening and the procedures for the 

online screening are outlined in 3.6.1 Screening and Scheduling.  
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Figure 3.3. Overview of participant numbers through stages of the recruitment and testing process  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Of the survey respondents, ~800 people were deemed potentially eligible for the control 

group and were contacted for phone screening against the inclusion/exclusion criteria, using measures 

detailed in section 3.5.2 Phone Screening and procedures as per 3.6.1 Screening and Scheduling. Of 

the people called, 45 controls were deemed eligible and attended face-to-face data collection.  

Furthermore, ~450 people were found to be potentially eligible for the CUD group and 

underwent phone screening to determine suitability for inclusion to the study. Of the people 

contacted, 71 people with a CUD were deemed eligible and attended the baseline session, and 64 

completed the follow-up session (7 lost to follow-up). People who were deemed ineligible at either 
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the baseline or follow-up session continued through the entire assessment process and received 

reimbursement accordingly. They were then retrospectively excluded following data collection due to 

violation of exclusion criteria verified during face-to-face data collection. Of the 8 people whose 

ineligibility emerged at follow-up, 6 were the same individuals who were deemed as ineligible during 

baseline testing, and 2 were individuals deemed to be ineligible during follow up. For information 

relating to face-to-face data collection sessions, the measures are overviewed in section 3.5.3 Face-to-

face Session and the procedures in 3.6.2 Data Collection. 

A total of 166 participants attended at least the baseline session, 9 participants were excluded 

from Study 2 following data acquisition. They comprised 6 people with a CUD (of which 2 were 

female) and 3 controls (including 2 females), as they endorsed exclusion criteria during face-to-face 

baseline data collection. Specifically, the 3 controls had previously used cannabis at a level exceeding 

the limits of the exclusion criteria. Instead, for the CUD group, people were excluded for violating 

distinct exclusion criteria: FSIQ = 61 (n = 1); use of a prescription medication that affects the CNS (n 

= 1); and presence of neurological disorder (n = 4). 

The final sample for Study 2 included 65 people with a CUD (19 females) with a median age 

of 25 years (range: 18-56 years), and 42 controls (16 females) with a median age of 25 years (range: 

18-55 years). To note, one female participant in the CUD group who was 55 at the time of online 

screening but 56 at the time of data collection, was retained in the sample. Please see Study 2 

(Chapter 4) for the specific sample characteristics for these groups.  

The 65 participants with a CUD were invited to complete a two-week intervention involving 

pseudo-random allocation to one of three interventions unbeknownst to them (i.e., MBI, active 

control, or passive control) and attend a follow-up data collection session. Of the individuals with 

CUD, 58 participants completed baseline testing, the ~2-week intervention, and follow-up testing. An 

additional 7 people were lost to follow-up, during MBI (n=4, including 2 female), active placebo 

intervention (n = 1 female), and passive placebo intervention (n = 2, of which 1 was female). The 

analyses for the intervention (Study 3) did not include the 7 people who were lost to follow-up. An 

additional 2 people were excluded following data collection, due to an fMRI technical issue (n = 1), 

and for violating the exclusion criteria relating to use of illicit drug other than cannabis in the four 
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weeks prior to testing (n = 1). The final sample for the intervention Study 3 included 56 people with a 

CUD (14 females), aged a median of 25 years (range: 18-51). Please see Study 3 (Chapter 5) for the 

specific sample characteristics of this group.  

 

3.4.5 Power Analysis  

Post hoc power analyses were completed for both Study 2 and Study 3. Regrettably, an a 

priori post hoc power analysis was not possible due to the multiple novel elements of the project. Post 

hoc power analyses were generated in a multistep process. First, effect sizes were calculated for each 

of the resting-state Functional Connectivity (rsFC) analyses (i.e., cross-sectional for study 2, and 

pairwise comparison of the change of rsFC pre-to-post each intervention) by the utilisation of a 

Cohen’s d converter (https://www.campbellcollaboration.org/escalc/html/EffectSizeCalculator-

SMD7.php). The Cohen’s d effect size was then imputed into G*Power (Faul et al., 2009; Faul et al., 

2007), to determine respective power values. Consequently, the rsFC analyses included within both 

studies were deemed to be adequately powered, see below for the specific power analyses for each 

Study.  

3.4.5.1 Cross-sectional fMRI Study 2 

 The effect size (Cohen’s d) was calculated for both the largest and the smallest p-value from 

comparing the rsFC between groups (CUD vs controls), utilising the final sample size of each group 

(CUD = 65; controls = 42). As detailed in Chapter 4: section 4.4.2.2 Seed-Based Functional 

Connectivity, the largest rsFC p-value was .0097 with a Benjamini-Hochberg (B-H) corrected α value 

of .0190, which corresponded to a Cohen’s d of 0.52. The rsFC p-value threshold was <.0001 with a 

B-H corrected α value of .0071, which corresponded to a Cohen’s d of at least 0.80. 

 The two effect sizes were then entered into G*Power, along with the sample sizes and 

respective α value (B-H corrected), resulting in a 1-β error probability range of .70 to at least 0.94.  

3.4.5.2 Intervention fMRI Study 3 

 The effect size (Cohen’s d) was calculated for both the largest and the smallest p-value of the 

pairwise comparisons of the rsFC between intervention groups (i.e., MBI vs active placebo; MBI vs 

passive placebo; active placebo vs passive placebo), utilising the final sample size of each group 
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(MBI = 19, active placebo = 18, passive placebo = 19). As detailed in Chapter 5: section 5.4.2.2 Post-

Processing: Effects of Group-by-time on rsFC, the largest rsFC p-value was .003 with a B-H 

corrected α value of .010 (i.e., MBI vs passive placebo), which corresponded to a Cohen’s D of 1.04. 

The rsFC p-value threshold was <.001 with a B-H corrected α value of .002 (MBI vs active placebo), 

which corresponded to a Cohen’s D of at least 1.16. 

The two effect sizes were then entered into G*Power, along with the sample sizes and 

respective α value (B-H corrected), resulting in a 1-β error probability range of .69 to at least 0.76. 

 

3.4.6 Informed Consent and Reimbursement  

All participants provided informed consent prior to participation in the study, both online at 

the commencement of the online screening survey and in writing at the commencement of each face-

to-face baseline and follow-up testing session. Please see Appendix 6 for an electronic copy of the 

consent form for people with a CUD and controls. Participants were reimbursed for their time with a 

Coles Myer voucher (valued at AUD$150 for the CUD group and AUD$100 for controls). They also 

had the opportunity to obtain a 2D MR image of their brain, if interested – which entailed a 2D 

screenshot of a sagittal slice taken from the T1 scan of their own brain structure, see Figure 3.4.  

 

Figure 3.4. Example of a T1 weighted brain scan image, provided as a component of compensation 

 

 

 

  



 91 

3.5 Measures  

All questionnaires used for participant screening and completed during face-to-face testing 

were administered via Qualtrics Software, version 2019-2022 (Qualtrics, Provo, UT). 

 

3.5.1 Online Screening 

3.5.1.1 Sociodemographic Information 

 Participants completed a standard sociodemographic questionnaire proforma, which 

contained items relating to participants’ age, sex, and level of English fluency. 

3.5.1.1.1 Edinburgh Handedness Inventory. Handedness was ascertained using the Edinburgh 

Handedness Inventory – Short Form (EHI-SF; Veale, 2014). This measure described four tasks (i.e., 

writing, throwing, teeth brushing, using a spoon). The participant was asked to rate their preferred 

hand (i.e., ‘always right’, ‘usually right’, ‘both equally’, ‘usually left’, ‘always left’). Specifically, 

participants were asked to nominate their preferred hand for each task, and additionally indicate if 

their preference for their preferred side was so strong that they would not use the other side unless 

forced OR indicate if they did not have a preference between sides. The total scores indicated either 

left-handed, right-handed, or ambidextrous. 

3.5.1.2 Health 

 All participants completed a standard health proforma, which contained questions relating to 

history of mental health related diagnoses, medication history, and status of pregnancy and/or 

breastfeeding. 

 3.5.1.2.1 MRI Safety Screen. The Monash Biomedical Imaging MRI Screening and 

Information Form was provided by the Monash Biomedical Imaging facility and is completed by all 

participants scanned at that site. It screened for contraindications for undergoing an MRI scan (i.e., 

currently pregnancy, metal in the body that cannot be removed, etc.). This screen can be viewed 

within Appendix 7, page 329.  

 3.5.1.2.2 MINI. The MINI International Neuropsychiatric Interview (MINI) 6.0.0 Screen 

contained 24 questions which screened for the 17 most common psychiatric disorders in the DSM-5, 
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including items determining suicidal ideation (Lecrubier et al., 1998). This screen can be viewed 

within Appendix 7, pages 325-328. 

3.5.1.3 Substance Exposure and Related Problems 

 Participants completed a standard substance use history proforma, which contained questions 

relating to history of illicit or non-prescription substances. This included age of first use, frequency of 

use, duration of use, and date of most recent use, for all substances used by the participant (including 

cannabis). Participants were also asked about their history of attempting to quit or reduce their 

cannabis use, over the past 24-months.  

 3.5.1.3.1 MINI Cannabis Subscale. The MINI 6.0.0 Substance Dependence/Abuse (Cannabis) 

Subscale was administered to assess the presence and severity of a CUD based on the number of 

endorsed criteria (12 items; 1-3 = mild; 4-5 = moderate, 6+ = severe; Lecrubier et al., 1998). To note, 

this measure was used only as a screening tool for prospective participants, their DSM-5 CUD 

severity was confirmed via administration of the SCID-5-RV during face-to-face testing, see below 

section 3.4.3.1.3. 

 3.5.1.3.2 Alcohol Use Disorders Identification Test. The Alcohol Use Disorders Identification 

Test (AUDIT; Babor et al., 2018) is a 10-item screening tool developed by the World Health 

Organization (WHO) to assess alcohol consumption, drinking behaviour, and alcohol-related 

problems. The AUDIT provided diagnostic cut offs whereby scores of >19 indicated Alcohol Use 

Disorder. 

3.5.1.4 Mindfulness  

 Participants responded to a standard set of questions indicating history of mindfulness 

practice, which included the frequency/duration of engagement in various types of mindfulness: Tai 

Chi, Meditation or Guided Meditation, Progressive Muscle Relaxation, Mindfulness, Yoga, Other.  

 

3.5.2 Phone Screening  

3.5.2.1 Physical health 

 During telephone screening, participants responded to a standard set of questions providing 

an indication of physical health. This included confirmation of normal (or corrected to normal) vision, 
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and history of any serious health condition which may impact results, including history of concussion 

and loss of consciousness, and neurological conditions.  

3.5.2.2 Confirmation of Online Screen Responses  

 Responses provided during online screen were confirmed. Where necessary, online screen 

responses were probed to confirm details. 

 

3.5.3 Face-to-Face Sessions 

3.5.3.1 Baseline Face-to-Face Testing; To Address Study 2 & Study 3 Aims 

 A number of measures were administered only at the baseline session (i.e., were not 

monitored for change over time) and were required when addressing the aims of both Study 2 and 

Study 3. 

3.5.3.1.1 Sociodemographic Information. 

Participants completed a standard sociodemographic information questionnaire, which 

included questions relating to age, sex, and education history to determine total years of education.  

3.5.3.1.2 Cognitive Testing.  

 The Wechsler Abbreviated Scale of Intelligence (WASI-II; Wechsler, 2011) is a standardized 

measure used to estimate participants’ FSIQ. FSIQ estimates were derived from the administration of 

the Vocabulary and Matrix Reasoning subtests, which take approximately ~30 minutes total to 

administer.  

3.5.3.1.3 Substance Exposure and Related Problems.  

 The SCID-5-RV (First et al., 2015) is a structured interview, which required participants to 

respond ‘yes’ or ‘no’ to 11-items (with additional probing if necessary) to determine the number of 

DSM-5 CUD items the participant endorsed. A score of 4-5 indicates moderate CUD, and a score of 

6+ indicated severe CUD. 

 The Cannabis Use Semi-Structured Interview (CUI; Cuttler & Spradlin, 2017) was used to 

gather information on participants’ cannabis use over their lifetime. This measure has been routinely 

utilised to map lifetime cannabis use in a research setting (Lorenzetti et al., 2015; Solowij et al., 2002; 
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Yücel et al., 2008). We extracted the age of first cannabis use, age of regular cannabis use (defined as 

onset of at least monthly use), and the duration of regular cannabis use. 

The AUDIT was readministered in a face-to-face setting, see section 3.5.1.3.2 Online Screen 

above for details. The Fagerström Test for Nicotine Dependence (FTND; Fagerström et al., 2012) was 

administered to measure nicotine dependence. It is a standardised measure containing 6-items, which 

were scored as a mixture of either yes/no or Likert scale (0-3) responses. The possible score range 

was from 0 to 10. Scores ≥ 3 indicate presence of nicotine dependence. 

3.5.3.2 Baseline Face-to-Face Testing; To Address Study 3 Aims 

One measure was administered only at the baseline session (i.e., was not monitored for 

change over time); it was only required for analyses of the intervention Study 3. 

3.5.3.2.1 Motivation to Change. 

The Marijuana Ladder (Slavet et al., 2006) was administered to provide an indication of 

participant’s motivation to stop cannabis use / readiness to change. Participants selected where they 

sat on a scale ranging from 0 (No thought about quitting, I cannot live without cannabis) to 9 (I have 

changed my cannabis use, but I still worry about slipping back, so I need to keep working on the 

changes I have made). Scores of 0-2 corresponded with the pre-contemplation stage, 3-5 with the 

contemplation stage, 6-7 with the preparation stage, 8 with the action stage, and 9 with the 

maintenance stage. 

3.5.3.3 Baseline and Follow Up Face-to-Face Testing; To Address Study 2 & Study 3 Aims 

The following measures were administered at the baseline testing session and again at the 

follow-up testing session (i.e., were monitored for change over time), and were required for the 

analyses of both Study 2 and Study 3. In order to monitor for change over time, the value of each 

variable at baseline was subtracted from the value of the corresponding variable at follow-up. 

3.5.3.3.1 Substance Exposure and Related Problems.  

The Timeline Follow Back (TLFB; Sobell & Sobell, 1992) is a semi-structured interview and 

it was used to gather information on recent (past 30 days or intervention period) substance use. 

Completion of the TLFB at baseline required participants to provide estimates of their use of 

substances (e.g., cannabis, alcohol, nicotine, and other) over the past 30 days, using a calendar-format 
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document to record substance use for every day in the month prior. Participants were encouraged to 

enter personal events into the calendar, and to check their social media and mobile phone history (i.e., 

recent posts to social media, recent photographs captured on camera roll) to act as a memory aid. The 

number of days used, and the number of units used/consumed per day (i.e., grams of cannabis, 

standard drinks of alcohol, number of cigarettes), over the past 30 days, were recorded for each 

relevant substance (i.e., cannabis, alcohol, and/or nicotine). Hours since last cannabis use was also 

recorded.  

The TLFB was again administered at follow-up to gather information on cannabis use across 

the intervention period. Administration followed the same calendar ‘memory-aid’ procedure as 

utilised at baseline, however the TLFB duration was amended to reflect each participants specific 

intervention duration. The number of days cannabis was used on and the number of grams of cannabis 

consumed per day over the intervention period were recorded, as well as the hours since last cannabis 

use.  

To directly compare cannabis use in the lead up to each session (i.e., pre-baseline compared 

to pre-follow-up), additional measures of ‘cannabis days’ and ‘cannabis dose’ were derived using the 

already collected data from the TLFB at baseline. For each participant, the total grams of cannabis 

consumed and the number of days on which cannabis was consumed on pre-baseline were calculated 

across a time interval which matched the participant’s intervention duration. These variables are 

referred to as ‘cannabis days – intervention duration’ and ‘cannabis dose – intervention duration’, to 

differentiate from ‘number of days used, and the number of grams of cannabis consumed per day over 

the past 30 days’ collected at baseline. 

 The Cannabis Use Disorder Identification Test – Revised (CUDIT-R; Adamson et al., 2010) 

is an 8-item, cannabis misuse screening tool. Items were rated on a 3- or 5-point Likert scale, with 

possible scores ranging from 0 to 32. Scores of 12 or more are indicative of severe CUD, the 

diagnostic cut off points have been shown to be consistent with the DSM-5 CUD severity cut offs, 

whereby score ≥ 13 on the CUDIT-R identify ‘severe’ CUD (SCID-5-RV ≥6). The CUDIT-R was 

utilised in brain-behaviour correlation analyses rather than the SCID-5-RV, given the increased 

variance within the CUDIT-R measure.  
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The Beck Depression Index-II (BDI-II; Beck et al., 1996) is a standardised measure of mood 

with diagnostic ranges, containing of 21- items. It was used to quantify participants’ experiences of 

depression over the past fortnight. Each item was rated on a 4-point Likert scale, with higher scores 

representing greater severity of depression i.e., 0–13: minimal depression, 14–19: mild depression, 

20–28: moderate depression, 29–63: severe depression. 

 The State-Trait Anxiety Index – Y Form, ‘state’ sub-scale (STAI-Y; Spielberger et al., 1983) 

was used to measure state anxiety in the moments preceding the MRI acquisition. It contained 20-

items, on a 4-point Likert scale. Higher scores indicated greater state anxiety.  

The Perceived Stress Scale (PSS) – 10 items (Cohen et al., 1983) was used to quantify 

participant’s perception of their stress over the past fortnight. It measured the degree to which 

situations in the participant’s life were appraised as stressful. Items were designed to quantify how 

unpredictable, uncontrollable, and overloaded participants find their lives, as well as a number of 

direct queries about current levels of experienced stress. The 10 items were rated on a 5-point Likert 

scale. Scores ranging from 0-13 would be considered low perceived stress, 14-26 moderate perceived 

stress, and 27-40 high perceived stress.  

 The COVID Stress Scale (COVID SS; Taylor et al., 2020) was used to measure of COVID-

related worries over the past week. It contained 36-items over 5 subscales (i.e., COVID danger and 

contamination, COVID socioeconomic consequences, COVID xenophobia, COVID traumatic stress, 

and COVID compulsive checking), summed to measure a specific ‘COVID Stress Syndrome’. 

3.5.3.4 Baseline and Follow Up Face-to-Face Testing; To Address Study 3 Aims 

The following measures were administered at the baseline session and again at the follow-up 

session (i.e., were monitored for change over time), and were required only for the intervention Study 

3 analyses. In order to monitor for change over time, the value of each variable at baseline was 

subtracted from the value of the corresponding variable at follow-up. 

3.5.3.4.1 Substance Exposure and Related Problems. 

The Marijuana Craving Questionnaire – Short-Form (MCQ-SF; Heishman et al., 2009) was 

administered to obtain an indication of the magnitude of cravings for cannabis experienced by the 

participant in the moment of questionnaire administration. It contained 12-items on a 7-point Likert 
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scale, with higher scores indicating greater cravings. The Cannabis Withdrawal Scale (Allsop et al., 

2011) was administered to monitor participant’s experiences of cannabis withdrawal over the past 24-

hours. It contained 19-items, measured on a 10-point Likert scale (from not at all to extremely). 

Higher scores indicated greater impact of withdrawal symptoms on functioning.  

3.5.3.4.2 Mindfulness.  

Participants completed the 5FMQ (Baer et al., 2008) to provide a measure of their perceived 

mindfulness and self-awareness. The five subscales (i.e., observation, description, aware actions, non-

judgemental inner experience, and non-reactivity) were summed to provide a total score, whereby 

higher scores indicated greater mindfulness/self-awareness. 

 

3.6 Procedure 

All behavioural data collection and MRI acquisitions were conducted at the Monash 

Biomedical Imaging facility in Clayton, Victoria. Figure 3.5 overviews the testing procedure of the 

study, and the section below gives detailed information about each stage of the testing procedure.  
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Figure 3.5. Overview of the testing procedure 

 

MINI = score on The MINI International Neuropsychiatric Interview 6.0.0 Substance Dependence / 

Abuse (Cannabis) Subscale; MBI = Mindfulness Based Intervention; MRI = Magnetic Resonance 

Imaging; PIL = Participant Information Letter; T1w = T1 weighted. 
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3.6.1 Screening and Scheduling 

3.6.1.1 Online Screening: Determining Eligibility of Community Members Interested in the Study  

Community members interested in the study were required to complete a ~30-minute online 

screening questionnaire (https://cutt.ly/lkBdFe6). The online screener consisted of validated 

questionnaires and additional items (detailed above 3.5.1 Online Screen), in order to collect data to 

ascertain if individuals met the study’s inclusion and exclusion criteria e.g., age 18-to-55 years, 

history of substance use, medical health, mental health, and experience with mindfulness practices.  

Student researchers carefully checked the responses from the online screener to determine if 

members of the community were either (i) ineligible for the study, or (ii) eligible for a phone 

screening call, in order to collect additional information to confirm eligibility or ineligibility. 

3.6.1.2 Phone Screening: Confirming Participants’ Eligibility  

Phone calls placed to participants to complete telephone screening largely adhered to a script, 

please see Appendix 7 for the Telephone Screen Script. Participants were provided with a study 

description including their specific involvement requirements, reimbursement, confidentiality, data 

storage, and risk and handling of incidental findings on MRI. The measures administered during the 

telephone screen are detailed in 3.5.2 Phone Screen above. The screening call was used to confirm 

responses to inclusion or exclusion criteria, as necessitated by their online screen. Medical history was 

confirmed with the participant and the MRI Safety screen (Monash Biomedical Imaging MRI 

Screening and Information Form, included within Appendix 7, page 329) was repeated (having 

already been administered during online screening). Any queries about participants’ eligibility were 

resolved via discussion with the study Chief Investigator (VL) and research team members. In 

instances where there was a greater than four-week period between phone screening and scheduled 

session date, elements of the phone screen were repeated prior to the session to ensure eligibility was 

not violated (i.e., recent substance use). 

3.6.1.3 Booking Protocol  

Eligible participants were invited to participate, and a mutually convenient date and time was 

selected for the face-to-face session(s). Follow-up sessions were scheduled two weeks after the 

baseline session, with some variability to accommodate participant schedules. Using email 
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correspondence, participants were sent a booking confirmation email, with the consent form, 

participant information letter (PIL), and map attached (see Appendices 6, 8, and 9).  

3.6.1.3.1 COVID-19 Screening. Approximately 48-hours prior to attendance of each session, 

a COVID-19 screening call was placed to participants to check for symptoms of COVID-19, or close 

contact exposures. If testing was scheduled 2+ weeks after the screening phone call, a COVID-19 

screen was also completed about 2 weeks before testing. Participants who endorsed COVID-19 screen 

responses indicating risk of COVID-19 (i.e., symptomatic or recent COVID-19 exposure) had their 

sessions rescheduled. (Note: COVID-19 screening was introduced for all participants tested after 

November 2020). Participants received confirmation SMS messages 24 hours prior to their attendance 

at each session (which included a reminder to refrain from illicit substance and/or alcohol use in the 

12 hours prior to testing). 

3.6.1.3.2 Intervention Condition Allocation. Following booking confirmation, participants in 

the CUD group were pseudo-randomly allocated to an intervention condition (i.e., either MBI, active-

placebo, or passive-placebo). This was facilitated by an unblinded study co-ordinator (AC or PH). 

Group allocation was stratified by age and sex.  

 

3.6.2 Data Collection 

This section provides an overview of the components of the data collection process, namely 

the two face-to-face data collection sessions (baseline and follow-up) and the brief intervention, see 

Figure 3.6.  
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Figure 3.6. Overview of face-to-face sessions and intervention period  
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Note: Data collected prior to this point        constitutes Study 2 (CUD vs controls), data collected 

across entire graphic constitutes Study 3 (pre-to-post intervention comparison). Measures written in 

pink were used for both Study 2 and Study 3 aims, measured written in blue were used for Study 3 

aims only.  

5FMQ = Five-Facet Mindfulness Questionnaire; AUDIT = Alcohol Use Disorder Identification Test; 

BDI-II= Beck Depression Inventory; COVID SS = COVID-19 Stress Scale; CUDIT-R = Cannabis 

Use Disorder Identification Test – Revised; CWS = Cannabis Withdrawal Scale; FTND = Fagerström 

Test for Nicotine Dependence; MCQ = Marijuana Craving Questionnaire; MRI = Magnetic 

Resonance Imaging; PSS = Perceived Stress Scale; SCID-5-RV = Structured Clinical Interview for 

DSM-5 Disorders; STAI = State-Trait Anxiety Inventory; T1w = T1 weighted; WASI-II = Wechsler 

Abbreviated Scale of Intelligence – Second Edition.  

 

3.6.2.1 Overview of Face-to-Face Session Procedures  

Both the CUD group and controls attended the baseline session, which lasted ~6 hours for 

people in the CUD group and ~5 hours for controls, as controls were not required to spend the final 

hour on the intervention. The CUD group also completed a ~2-week intervention whereby they were 

required to complete daily tasks; the specific requirements of the daily tasks were determined by the 

intervention condition of the participant. Participants within the CUD group also attended a follow-up 

session (~3.5 hours), approximately two weeks after the baseline session.  

3.6.2.1.1 Tester Blinding Procedures. At each session, testing was run by both an unblinded 

tester and by a blinded tester. The unblinded tester was aware of the group allocation (i.e., MBI, 

active placebo, passive placebo) of each participant in the CUD group and administered their 

intervention-related components. The unblinded tester assisted with technical aspects of the MRI 

scanning relating to the administration of fMRI tasks, without interacting with the participant. The 

unblinded tester debriefed with and compensated the participants in the CUD group at the completion 

of the follow-up session. Finally, the unblinded tester monitored intervention compliance across the 

~2-week intervention period.  

The blinded tester was blinded to the intervention condition allocation of each participant in 

the CUD group. The blinded tester administered all remaining aspects of testing but importantly was 

not involved with intervention components. Specifically, the blinded tester oversaw initial informed 
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consent (follow-up informed consent was overseen by the unblinded tester as a part of the 

intervention administration), fMRI data acquisition, structured interviews relating to cannabis use, and 

cognitive testing. The blinded tester also oversaw questionnaires (delivered online via Qualtrics) 

covering the following domains: (i) demographic information, (ii) substance use and related problems, 

and (iii) mental health and wellbeing measures. The conclusion of the baseline session (debrief and 

reimbursement) for the controls was overseen by the blinded tester. 

An overview is next provided of the baseline and follow-up session, detailing the order of 

events and the measures completed. The baseline and follow-up sessions followed a specific order, for 

which comprehensive checklists were utilised, please see Appendix 10. Specific information relating 

to the measures within this section is subsequently expanded below. 

3.6.2.2 The Baseline Session  

Upon arrival participants were provided with the informed consent form and the participant 

information letter (PIL; please see Appendices 6 & 8) in hardcopy format. The points on the consent 

form were discussed and participants were given the opportunity to ask questions prior to signing.  

Participants completed the first phase of structured interviews and questionnaires (including 

the MRI Safety screen, education history, SCID-5-RV, MCQ, and STAI. Participants were then 

briefed on the MRI process, and completed the scan. Following the scan, participants completed the 

second phase of structured interviews and questionnaires, as well as cognitive testing (including the 

WASI-II, 30-day TLFB, CUI, sociodemographic questions, CUDIT-R, AUDIT, FTND, BDI-II, PSS, 

COVID SS, Marijuana Ladder, CWS, and 5FMQ.  

Participants in the control group were then able to debrief and receive reimbursement. 

Participants in the CUD group were instead taken through the requirements of their daily ‘at-home’ 

questionnaire, and if applicable, listened to the first audio recording of their intervention (MBI and 

active-placebo). 
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3.6.2.3 The Follow-up Session 

Participants in the CUD group returned following ~2-weeks for their follow up session. They 

commenced by again providing informed consent, before listening to the final audio recording of their 

intervention (if applicable) and responding to the final administration of their daily questionnaire.  

 Participants then completed the first phase of questionnaires (a repeat of the MCQ and STAI), 

before again completing the MRI scan, which following identical procedures as the baseline session. 

Following the scan, participants completed the second phase of structured interviews and 

questionnaires. They included the TLFB, covering the intervention period, and the CUDIT-R, BDI-II, 

PSS, COVID SS, CWS, and 5FMQ. Participants were then able to debrief and receive reimbursement.  

 

3.6.3 Overview of the ~Two-Week Intervention  

 All participants in the CUD group completed a ~two-week intervention in one of three 

groups: MBI, active placebo, or passive placebo. The initial administration was completed at the final 

stage of the baseline session, participants then autonomously completed the intervention each day 

between their two sessions, and finally, participants again completed the intervention at the initial 

stage of the follow-up session. The completion of the intervention during each session was supervised 

by the unblinded tester.  

Briefly, both the MBI and active placebo intervention conditions involved a combination of 

listening to a 7-minute audio track once per day and completion of a daily questionnaire; the passive 

placebo group completed the same daily questionnaire, without an audio track. The audio track and 

daily questionnaire were accessed remotely via a Qualtrics link, participants used their own personal 

device (typically a smart phone).  

3.6.3.1 Monitoring Intervention Compliance 

Daily intervention compliance was monitored by an unblinded tester, who was able to 

determine remotely if the participant had opened the Qualtrics link each day. SMS reminders were 

sent to participants who missed one day and again after two days. After missing three consecutive 

days, a phone call to participants was made to ascertain if they were experiencing any issues in 

completing or accessing the task(s) and assistance provided if required. 
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3.6.3.2 Daily Questionnaire  

 A daily questionnaire (~3-minutes) was used to collect information on behavioural variables 

across the intervention period to aid data interpretation, and was completed by participants in all three 

intervention conditions. All cannabis users were asked to provide daily estimates of their cannabis use 

(number of occasions and quantity), and instances of dangerous use (i.e., “have you been able to 

suspend your cannabis use to be ‘safer’ or to aid performance?”). All cannabis users were also asked 

each day to rate the intensity of their cannabis cravings and urges, their ability to “step back and be 

aware of cravings/urges without being taken over by them”, their mental state, their levels of 

relaxation-tension and nervousness/stress, and judgement of thoughts as “good or bad”. For 

participants in the MBI and active placebo group, their daily questionnaire also contained items on 

intervention compliance (e.g., “Since the last time you completed this questionnaire, have you 

listened to the audio track?”; “When you felt the urges or craving to smoke cannabis, have you 

practiced the strategy you have been listening to on the audio track?”). 

3.6.3.3 Audio Instructions for the MBI and Active Placebo Relaxation Intervention 

The MBI group listened to a 7-minute mindfulness track and the active placebo group listened 

to a time-matched relaxation track. Both the MBI and the active placebo tracks were previously 

validated in an alcohol use intervention (Kamboj et al., 2017) and adapted for cannabis. The scripts 

were read and recorded by an experienced voice artist/actor, who has previously recorded guided 

meditations for the prominent digit meditation program, Smiling Mind (www.smilingmind.com.au). 

Please see Appendix 11 for a copy of the complete MBI and active placebo scripts.  

3.6.3.3.1 MBI, Mindfulness Script. The MBI group were told that “noticing, paying attention 

to, and accepting” their thoughts and physical sensations, could increase their ability to experience 

cannabis cravings without acting on them. It was emphasized that the aim was not to simply relax, but 

to be alert and attentive. Participants were guided through “open monitoring” of experience and 

particularly through “aware[ness] of feelings and bodily sensations” and experiencing “craving in a 

different way”, in order to highlight ‘craving’ as a temporary event in the body.  

3.6.3.3.2 Active Placebo, Relaxation Script. The active placebo group was told that cannabis 

craving intensity can be reduced by “softening the muscles…and calming and unwinding the 
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mind…releasing tension in your body” and that relaxation enables transformation of sensations into 

more calming, less unpleasant experiences. Participants were instructed to pay attention to their 

breath, to facilitate the release of tension. It was emphasized that this is a way of managing craving or 

urges to smoke cannabis.  

3.6.3.3.3 Passive Placebo, No Script. Participants in the passive placebo group did not listen 

to any scripted recordings. Instead, this group only completed a daily questionnaire, to minimize 

discernment of allocation to the passive placebo group.  

 

3.7 Statistical Analysis 

 All details relating to the statistical analyses of the behavioural data and brain behaviour 

correlations are contained within the Methods section of the relevant chapter. Specifically, for the 

cross-sectional Study 2 the statistical analyses performed to examine descriptive variables, fMRI 

group comparisons and brain behaviour correlations are outlined in Chapter 4, section 4.3.4 Statistical 

Analyses and 4.3.5.8 Brain Behaviour Correlations. Further, for Study 3 the group comparisons and 

group-by-time-interactions effects on descriptive variables and fMRI data, and brain behaviour 

correlations, are outlined in Chapter 5, section 5.3.5 Statistical Analyses and 5.3.6.8 Brain Behaviour 

Correlations. 

 

3.8 Neuroimaging Data Acquisition and Processing  

The protocol outlined below was administered identically for the baseline and follow-up 

session. All participants were scanned using the same group of experienced radiographers at the 

Monash Biomedical Imaging facility in Clayton, Victoria. The total MRI scanning time included 

additional MRI tasks not relevant to this PhD and was approximately 45 minutes. Table 3.1 provides a 

full list of the scan sequences administered to all participants.   
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Table 3.1. Total MRI data acquisition sequence, in order 

Scan Duration (minutes) 

Localiser Scan ~0.5 

T1-weighted Anatomical Scan ~6 

Resting-State Scan ~8 

Cue Reactivity Task* ~9  

Gradient Field Mapping* (completed during MIDT practice) ~0.2  

Monetary Incentive Delay Task (MIDT)*  ~12  

* Scans not required for this PhD 

 

3.8.1 MRI Task Setup 

Prior to the MRI, participants were briefed on what to expect and remember during the scan. 

This included information regarding the noise in the scanner and the importance of remaining still 

during scans and not moving between MRI acquisition sequences to ensure high image quality. 

Participants removed metal items prior to scanner entry (i.e., belt buckle, jewellery). The 

communication process between the tester outside the MRI scanner and the participant inside the MRI 

scanner, was explained. We informed the participants about the presence of the ‘emergency buzzer’, 

should the participant wish to urgently communicate with the tester or to leave the scanner, and 

intercom use during scan to receive task instructions and communicate with tester. A vitamin D 

capsule was placed on participants’ right forehead (i.e., a marker) to create a bright spot in the MRI 

image, enabling clear identification of left vs right hemisphere of the brain on the MR images. 

Prior to entering the scanner, participants were requested to stay awake; the tester checked in 

real-time that participants were awake and kept their eyes open throughout the scan, via an MRI-

compatible camera placed inside the MRI scanner. Once the participant laid inside the scanner, a 

head-coil was placed on top of their head with a mirror attached, so they could view a screen outside 

the machine to visualise the images administered during the fMRI tasks, and also to ease anxiety of 

being in a narrow space.  
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To note, in the event that a participant dozed off or fell asleep during the resting-state scan, 

the MRI scanning was halted. The participant was gently woken up by the blinded tester by and 

removed from the scanner briefly until they reported feeling alert (they were given the opportunity to 

go outdoors, use the bathroom, have a stretch etc.). The participant then returned to the scanner to 

repeat the resting-state scan once they reported feeling fully vigilant. The localiser and T1w 

acquisition were also repeated.  

 

3.8.2 MRI Instructions  

Participants were instructed to keep still during the T1w scan; the radiographer notified the 

participant that the scan would run for approximately 6 minutes. Prior to the resting-state scan 

acquisition, whilst inside the MRI scanner, participants were instructed verbatim by the researcher 

and via written instructions: “The next scan will take about 10 minutes. Keep your eyes open, try not 

to think about anything in particular. Stay relaxed and try to keep your head still”. Through the 

resting-state scan, participants were shown a fixation cross (white cross on black background; see 

Figure 3.7).  

 

Figure 3.7. Image of the fixation cross, displayed on screen to be shown to participant throughout 

resting-state fMRI data acquisition, via an MRI compatible mirror  
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3.8.3 MRI Data Acquisition Parameters  

Participants were scanned on a Siemens Skyra 3 Tesla MRI scanner (Figure 3.8) using a 32-

channel head coil. Appendix 12 overviews in detail the parameters for acquiring the structural MRI 

data and the fMRI data. T1-weighted (T1w) scans were acquired using magnetization-prepared rapid 

gradient-echo (MP-RAGE) sequence, with the following acquisition parameters: TE = 2.07ms, TR = 

2300ms, flip angle = 9, 192 sagittal slices without gap, field of view 256 x 256mm, yielding a 1 x 1 x 

1mm resolution, for a total acquisition time of 5 minutes. Resting-state fMRI scans (189 volumes) 

using T2* weighted Echo Planar Imaging (EPI) were acquired over 8 minutes, using the following 

parameters: TR = 2500ms, TE = 30ms, flip angle = 90, field of view = 192mm, matrix = 64, voxel 

size 3mm3, 44 slices without gap, and a total acquisition time of 480 seconds. Slice based acceleration 

Generalised Autocalibrating Partially Parallel Acquisitions (GRAPPA) = 2 was applied. The Siemens 

system includes an additional two ‘dummy scans’ at the beginning of the acquisition to allow the 

magnetization to stabilise to a steady state. These two scans were not collected for any data analysis.  

 

Figure 3.8. Siemens Skyra 3 Tesla MRI scanner located at Monash Biomedical Imaging facility, 

Clayton, Victoria, Australia 

 

Image retrieved from https://www.monash.edu/researchinfrastructure/mbi/facilities/human/3t-mri  
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3.8.4 MRI Data Handling 

 The raw MRI data acquired for each participant, were directly exported from the scanner to 

Monash Biomedical Imaging-XNAT (XNAT website, private server), where it was stored and backed 

up in Digital Imaging and Communications in Medicine (DICOM) format. MRI data in raw format 

(i.e., DICOM) were downloaded from the XNAT server and converted into Brain Imaging Data 

Structure (BIDS) format using dcm2niix (v1.0.20201102) for further analysis. All MRI data 

processing and analysis were performed on a cloud-based cluster-computational platform, MASSIVE 

(massive.org.au; Goscinski et al., 2014). The pre- and post-processing was conducted using CONN 

toolbox 20.b (www.nitrc.org/projects/conn, RRID:SCR_009550; Whitfield-Gabrieli & Nieto-

Castanon, 2012), based on SPM12 on Matlab (2018a.r7487), which was pre-installed on MASSIVE.  

 

3.8.5 MRI Data Pre-Processing 

All raw MRI data were imported in BIDS format, then underwent a standard pre-processing 

using CONN toolbox 20.b, including 1) slice timing with interleaved slice order; 2) realignment and 

generation of motion parameters; 3) ARtifact-detection Tools (ART)-based outlier detection with 

intermediate settings (default 97th percentile in normative sample); 4) co-registered fMRI data with 

T1w images; 5) segmentations of T1w images; 6) normalising T1w images to Montreal Neurological 

Institute (MNI) space (standard space), and normalising fMRI to MNI space with the same 

parameters; 7) smoothing with 6mm kernel, and 8) temporal bandpass filtering (0.008-0.09). Default 

CONN toolbox 20.b pre-processing steps also include a combination of aCompCor, scrubbing, and 

motion correction. fMRI was then resampled at 2x2x2mm isotropic. Quality Assurance (QA) reports 

were generated and manually reviewed. Stringent criteria for detecting motion outliers, as outlined by 

Parkes et al. (2018), was followed, whereby limits of >0.25mm mean framewise displacement (mFD) 

and >5mm maximum framewise displacement were set; no participants violated these criteria.  

 

3.9 Neuroimaging Data Analysis  

 The methods and techniques of the neuroimaging data analysis are described below, 

specifically relating to each empirical experiment. 
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3.9.1 Study 2 

3.9.1.1 Connectome Analysis 

The connectome matrix (132 x 132) for each scan was generated using the default Harvard-

Oxford parcellation (132 cortical and subcortical regions; Desikan et al., 2006) using CONN toolbox 

20.b (conn/rois/atlas.nii), with method of bivariate correlation and haemodynamic response function 

(HRF) weightings. Figure 3.9 shows an example of a connectome matrix from a single subject within 

the sample, selected at random. These connectome matrices were fed into the graphic analysis using a 

General Linear Model (GLM) model using group as a factor (between subjects, two-group t-test), 

with the contrast CUD < controls. Covariates were age, sex, alcohol standard drinks/past 30 days and 

number of cigarettes/past 30 days, and BDI-II depression symptom scores. We corrected the results 

using the multiple comparison error method termed cluster-level false discovery rate (FDR), with 

Benjamini-Hochberg p-corrected < 0.05, and using a multi-voxel pattern analysis (MVPA) omnibus 

test (i.e., the current model versus the null model; Norman et al., 2006).  

 

Figure 3.9. Connectome matrix (132 x 132) of a single subject, selected at random from the sample  
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3.9.1.2 Seed-Based Functional Connectivity 

Brain regions selected as seeds were also referred to as regions of interest (ROIs). They were 

based on prior knowledge outlined in Chapter 4. Table 3.2 overviews the seeds examined and their 

coordinates in Montreal Neurological Institute (MNI) stereotaxic space. The location of the seeds was 

determined by the default Harvard-Oxford atlas. 

Seed-based functional connectivity maps were generated using CONN toolbox 20.b. Briefly, 

a bivariate correlation coefficient was calculated between the timeseries of each seed and that of each 

other voxel in the whole brain, controlling for nuisance factors such as the six realignment parameters 

and six first order temporal derivatives, motion parameters, global signal, and signal from white 

matter, cerebral spinal fluid, and whole brain. The mean values within the seeds (i.e., mean rsFC 

values for the seed to cluster) were extracted using CONN toolbox 20.b for further brain behaviour 

correlation analyses. 

 

Table 3.2. Overview of seeds examined and coordinates in MNI stereotaxic space, for each Study  

Study 2 Study 3 Seeds chosen as ROIs Hemisphere MNI Coordinates 

yes yes Nucleus Accumbens 
Left -11, 9, -7 

Right 11, 9, -7 

yes yes Putamen  
Left -28, -3, 7 

Right 28, -3, 7 

yes yes Pallidum 
Left -18, -7, 1 

Right 18, -7, 1 

yes - Caudate 
Left -16, 2, 18 

Right 16, 2, 18 

yes yes Hippocampus 
Left -27, -18, -16 

Right 27, -18, -16 

yes - Amygdala 
Left -22, -4, -15 

Right 22, -4, -15 

yes - Precentral Gyrus  
Left -38, -12, 55 

Right 38, -12, 55 

yes - Anterior Cingulate Cortex - 0, 33, -7 

 

Note: MNI coordinates are taken from the rough centre of the mass, seeds are anatomic in shape,  

ROI = region of interest. 

 

 



 113 

 3.9.1.2.1 MRI Data Post-Processing. The group effect of the seed-based connectivity map 

was analysed using the same GLM model and contrasts as described above in section 3.9.1.1 

Connectome Analysis. The seed-based connectivity map was generated using the same GLM model 

and contrasts as described above in section 3.8.1.1 Connectome Analysis. An FDR correction for 

multiple comparisons was applied. A Benjamini-Hochberg procedure was additionally applied to 

alpha values to decrease the FDR following the examination of multiple ROIs (Benjamini & 

Hochberg, 1995). The mean values within the ROIs (i.e., mean rsFC values for the seed to cluster) 

were extracted using CONN toolbox 20.b for further brain behaviour correlation analyses, for those 

seeds which survived the two multiple comparison corrections. 

 

3.9.2 Study 3 

3.9.2.1 Connectome Analysis  

The connectome matrix (132 x 132; see example Figure 3.9 above) for each scan were 

generated using the default Harvard-Oxford parcellation on CONN toolbox 20.b, with method of 

bivariate correlation and HRF weightings. Then, these connectome matrices were fed into the graphic 

analysis using a longitudinal design. For the longitudinal design, the two timepoints were input as 

different sessions to set up the within subject contrast (follow-up – baseline). Intervention groups 

were set up as a three-level factor (i.e., MBI, active placebo, passive placebo). Three t-contrasts were 

selected between all combinations of two intervention types (i.e., MBI vs active placebo; MBI vs 

passive placebo; active placebo vs passive placebo). We applied a multiple comparison error 

correction, specifically a cluster-level FDR correction, with p-corrected < 0.05, using an MVPA 

omnibus test. 

3.9.2.2 Seed-Based Functional Connectivity  

ROIs were selected as seeds based on prior knowledge, as overviewed in Table 3.2 with their 

coordinates in MNI stereotaxic space. The seeds were determined by the default Harvard-Oxford atlas 

within CONN toolbox 20.b. Seed-based functional connectivity maps were generated using CONN 

toolbox 20.b. Briefly, a bivariate correlation coefficient was calculated between the timeseries of each 

seed and the that of each other voxel in the whole brain, controlling for nuisance factors such as 
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motions parameters, global signal, signal from white matter, and signal from cerebral spinal fluid. The 

seed-based rsFC maps for the four seeds were used for further post-processing. 

3.9.2.2.1 MRI Data Post-Processing. Post-processing (statistical analysis) was conducted 

using CONN toolbox 20.b. The longitudinal design (i.e., follow-up – baseline) and contrasts (i.e., 

MBI vs active placebo; MBI vs passive placebo; active placebo vs passive placebo) was set up 

following the same parameters described above (section 3.9.2.1 Connectome Analysis). To control for 

multiple comparison errors, we applied a cluster level FDR correction (p-corrected < 0.05), with an 

initial default threshold (p<0.001). Next, for each of the four independent seeds, we applied a further 

Benjamini-Hochberg multiple comparison error correction, with a threshold of p < 0.05 (equivalent to 

p-FDR corrected < 0.001). Group-by-time interaction effects on the rsFC values between the seeds 

and the rest of the brain, were carried out for those seeds which survived the two multiple comparison 

corrections. The mean values within the ROIs (i.e., mean rsFC values for the seed to cluster) were 

extracted using CONN toolbox 20.b for further brain behaviour correlation analyses.
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CHAPTER 4: 

Study 2: The First Empirical Experiment 
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Chapter Guide  

 This chapter contains the first of the two empirical experiments included within this PhD, 

which result from the data collection detailed in the General Methods (Chapter 3). The primary aim 

of this first empirical experiment, which constitutes the current chapter, is to map the neurobiological 

differences between people with a moderate-to-severe Cannabis Use Disorder (CUD) who have tried 

to quit or reduce their cannabis use within the past two years, and controls. Neurobiology was 

measured via resting-state functional connectivity (rsFC), quantified using functional Magnetic 

Resonance Imaging (fMRI). The secondary aim of this empirical experiment is to explore how 

identified group differences in rsFC correlate with metrics of cannabis exposure and related problems 

i.e., Cannabis Use Disorders Identification Test – Revised (CUDIT-R) scores, age of first and of 

regular use onset, hours since last use, and frequency, duration, and dosage of cannabis use. 

Importantly, this paper aims to address important limitations identified in this field of research, as 

outlined in the published Systematic Literature Review (Chapter 2) and Thesis Introduction and 

Overview (Chapter 1). 

 This empirical experiment has been prepared with publication in mind. Therefore, sections of 

this study, in particular the Methods, are detailed succinctly where possible to adhere to word limits as 

per academic publishing standards. The examiners will be directed within this chapter where 

applicable back to the General Methods (Chapter 3) for a more comprehensive overview of 

methodologies, should they wish to revise specific details.  
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4.1 Abstract  

Rationale: Cannabis Use Disorder (CUD) is experienced by 22 million people worldwide and can be 

associated with adverse psychosocial and health outcomes, particularly in those experiencing more 

severe forms of CUD. Such outcomes have been (partly) ascribed to neurobiological changes within 

the addiction neurocircuitry, corroborated by emerging functional neuroimaging (fMRI) evidence in 

regular cannabis users that measures brain function using resting-state functional connectivity (rsFC). 

However, no fMRI study to date has investigated rsFC in people with a diagnosis of CUD. 

Objectives: We aimed to use fMRI and compare for the first time rsFC between people with a 

moderate-to-severe CUD who had tried to quit or reduce their use within the last two years, and 

controls. Regions which were previously shown to have altered rsFC in regular cannabis users, 

ascribed to neuroscientific theories of addiction and cognitive processes altered in cannabis users, and 

dense in cannabinoid receptors type 1 (CB1R), were selected as regions-of-interest (ROIs). 

Secondarily, this study aimed to explore how identified rsFC differences would be associated with 

metrics of cannabis exposure and related problems (i.e., Cannabis Use Disorders Identification Test – 

Revised [CUDIT-R] scores, age of first and regular use onset, hours since last use, and frequency, 

duration, and dosage of use).  

Methods: 107 participants (65 with a CUD, 42 controls) aged 18-to-56 years underwent 

comprehensive fMRI scanning, as well as substance use, mental health, and cognitive testing. We 

explored group differences by generating seed-based connectivity maps, controlling for age, sex, 

alcohol and nicotine dose, and depression scores in the GLM. Regions displaying altered rsFC were 

then correlated with metrics of cannabis exposure and related problems.  

Results: CUD vs controls showed greater frontostriatal, occipito-striatal, and occipito-parietal-striatal 

rsFC, and lower occipito-hippocampal rsFC. Correlations were found between altered pallidum-

occipital rsFC with frequency of cannabis use, altered pallidum-occipital/occipito-parietal rsFC with 

CUD symptom scores, and altered putamen-occipito-parietal rsFC with the age of first and of regular 

cannabis use onset. 

Discussion: In the first study to utilize rsFC in people with a moderate-to-severe CUD vs controls, 

established rsFC alterations were largely consistent with hypotheses. Frontostriatal hyperconnectivity 
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supports the notion that CUD affects the addiction neurocircuitry akin to other SUDs, and such 

alterations may underlie (or predate) early onset, compulsive cannabis use and altered salience 

processing, characteristic of CUD. Given the growing rates of CUD and increasing access to high 

potency and addictive cannabis products, more research is required to confirm which people who use 

cannabis are most vulnerable to rsFC alterations and how to mitigate neurobehavioral problems 

established in those experiencing severe forms of CUD.  

 

 

Keywords: functional magnetic resonance imaging, fMRI, resting-state functional connectivity, rsFC, 

seed-based connectivity, brain, cannabis, cannabis use disorder, CUD 
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4.2 Introduction 

 Cannabis Use Disorder (CUD) is experienced by 22 million people worldwide (Degenhardt et 

al., 2018). CUD is characterised by an inability to voluntarily cease consumption of cannabis, despite 

an underlying desire to do so, and/or in the face of related physical or psychological harms (American 

Psychiatric Association [APA], 2013; World Health Organisation [WHO], 2016). Such harms can 

include risk-taking behaviours (e.g., driving or operating machinery while intoxicated; Australian 

Institute of Health and Welfare, 2020), greater symptoms and prevalence of mental health disorders 

e.g., mood disorders (Gibbs et al., 2015; Gobbi et al., 2019; Lev-Ran et al., 2014; Twomey, 2017) and 

psychotic disorders (Curran et al., 2019; Kuepper et al., 2011; Large et al., 2011; Marconi et al., 2016; 

Rössler et al., 2012; Schoeler et al., 2016; Wright et al., 2021), as well as with reduced cognitive 

performance (e.g., executive function, attention, learning and memory, and psychomotor skills; 

Figueiredo et al., 2020; Grant et al., 2003; Lorenzetti et al., 2020; Lovell et al., 2020; Schreiner & 

Dunn, 2012). The psychosocial problems associated with CUD have been (partly) ascribed to 

neurobiological changes within the addiction neurocircuitry (Bloomfield et al., 2019; Koob & 

Volkow, 2010, 2016; Zehra et al., 2018). 

Emerging evidence from functional neuroimaging (fMRI) research has shown that people 

who regularly use cannabis have altered brain function during rest, without performing any 

cognitively demanding tasks (Thomson et al., 2022 [Chapter 2]). Such function is measured via 

resting-state functional connectivity (rsFC), a proxy of brain integrity without cognitive confounds 

(Smitha et al., 2017), which measures correlations between the spontaneous fluctuations of the blood 

oxygen level dependent (BOLD) signal of two or more brain regions (Greicius et al., 2009; Smitha et 

al., 2017; van de Ven et al., 2004). Specifically, regular cannabis users vs controls, show greater rsFC 

in brain pathways within the addiction neurocircuitry (Koob & Volkow, 2010; Volkow et al., 2016), 

including fronto-frontal (e.g., anterior cingulate cortex [ACC], prefrontal gyrus [PFG], orbitofrontal 

gyrus [OFC]), fronto-temporal (e.g., OFC, ACC and hippocampus, amygdala), and frontostriatal 

region pairings (e.g., PFC, frontal pole, and nucleus accumbens [NAc], putamen, pallidum, caudate; 

Thomson et al., 2022 [Chapter 2]). Furthermore, rsFC alterations in cannabis users were shown to be 
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associated with varying measures of cannabis exposure (i.e., age of use onset and regular use 

duration; Thomson et al., 2022 [Chapter 2]).  

The extant body of evidence on rsFC differences in regular cannabis users compared to 

controls is limited by methodological issues which preclude the mapping of which neurocircuitry is 

affected in cannabis users. First, no fMRI rsFC study to date has measured if participants endorsed a 

CUD using the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5; APA, 

2013); while problems with cannabis use have been measured inconsistently (i.e., a third of studies 

measured cannabis dependence with diagnostic tools; Thomson et al., 2022 [Chapter 2]). Notably, 

problems with substance use are posited to be underscored by neuroadaptations in the pathways with 

reportedly different rsFC in cannabis users (Koob & Volkow, 2010; Volkow et al., 2016), and may 

drive neurobiological changes in cannabis users (Lorenzetti et al., 2016). Importantly, due to the 

unknown CUD status of participants, it is unclear if rsFC alterations shown in cannabis users thus far, 

are driven by a subgroup of cannabis users who endorse a CUD (Rossetti et al., 2021). Also, while it 

is known that more severe CUDs drive worse clinical and cognitive outcomes and costs to treatment 

services (Foster et al., 2018; van der Pol et al., 2013), there is a lack of neuroimaging studies on 

severe CUDs. Thus, the pathophysiology underlying severe forms of CUDs that represent the greatest 

burden of the disease in relation to cannabis use, remains unknown and neurobiological targets for 

treatment are yet to be identified. 

Second, the literature to date has inconsistently controlled for a number of variables which 

could independently influence brain function (e.g., age and sex) and that are entrenched with CUD 

(e.g., high levels of alcohol and nicotine exposure, greater symptoms of depression./anxiety; Thomson 

et al., 2022 [Chapter 2]. Therefore, it is unclear if rsFC findings in cannabis users are (partly) driven 

by the demographic characteristics, alcohol/alcohol exposure or mental health comorbidities. Third, 

only few studies measured metrics of cannabis exposure and related problems, and explored their 

correlation with rsFC. Thus, whether cannabis exposure and related problems drive rsFC changes 

remain unconfirmed. Finally, the literature consists of small sample sizes (i.e., n < 25 in half of the 

examined samples; Thomson et al., 2022 [Chapter 2]), and may be therefore underpowered to detect 

subtle rsFC alterations in cannabis users. 
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This study sought to overcome the limitations of the literature to date in a general community 

sample of 107 people (35 female) aged 18-56 years. This sample was comprised of 65 people who 

met diagnosis of moderate-to-severe CUD and who had recently tried to cut down or quit cannabis, 

and 42 controls. 

The primary aim was to compare groups by rsFC, accounting for age, sex, alcohol and 

nicotine exposure, and depression symptom scores. It was hypothesized that people with a CUD 

compared to controls would show different rsFC involving key regions of interest (ROIs). The 

selected ROIs were: striatal regions (i.e., NAc, putamen, pallidum, caudate), medial temporal regions 

(i.e., hippocampus, amygdala), and key cortical regions (i.e., ACC, and precentral gyrus). 

Importantly, the ROIs were selected on the basis of: (i) shown to have altered rsFC in regular 

cannabis users (Thomson et al., 2022 [Chapter 2]), (ii) being core components of the addiction 

neurocircuitry as per prominent neuroscientific theories of addiction (Koob & Volkow, 2010; Volkow 

et al., 2016), (iii) being implicated in cognitive processes altered in cannabis users (e.g. executive 

function, reward processing, inhibition, attention; Bloomfield et al., 2019); and (iv) being dense in 

cannabinoid receptors type 1 (CB1R), to which delta-9-tetrahydrocannabinol (THC), the main 

psychoactive compound of cannabis (Radwan et al., 2017) binds to, to exert its effects (Glass et al., 

1997; Herkenham et al., 1991; Julian et al., 2003; Zou & Kumar, 2018).  

The secondary aim was to explore how rsFC differences identified in the CUD group vs 

controls would be associated with metrics of cannabis exposure and related problems (e.g., CUDIT-R 

scores, hours since last use, days/past 30 days, grams/past 30 days, age of first and of regular use 

onset, duration of regular use; Blanco-Hinojo et al., 2017; Filbey et al., 2014; Wetherill et al., 2015).  

 

4.3 Method 

This study was nested within a larger, pre-registered project 

(https://doi.org/10.1186/ISRCTN76056942; registration ID: ISRCTN76056942) and was approved by 

the Australian Catholic University Human Research and Ethics Committee (HREC:2019-71H).  
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4.3.1 Sample Inclusion and Exclusion Criteria 

Unless otherwise specified, inclusion and exclusion criteria were confirmed by participant 

self-report and the use of a comprehensive online screening survey followed by a detailed screening 

over the phone. 

4.3.1.1 Inclusion Criteria 

Inclusion criteria for all participants were: (1) age between 18 years and 55 years; (2) having 

normal-to-corrected vision; (3) fluency in English; and (4) ability to attend testing sessions in person.  

For people with a CUD only: (1) use of cannabis on a daily or almost daily basis for ≥12 

months; (2) attempt to quit or to reduce cannabis use at least once within the past 24 months; and (3) 

have a diagnosis of moderate-to-severe CUD, confirmed by the endorsement of ≥ 4 CUD symptoms 

from the DSM-5 (APA, 2013), measured using the Structured Clinical Interview of DSM-5 – research 

version (SCID-5-RV; First et al., 2015). See Chapter 1: Thesis Introduction and Overview, Figure 

1.9, page 20 for DSM-5 CUD diagnostic criteria. 

4.3.1.2 Exclusion Criteria  

Exclusion criteria for all participants were: (1) MRI contraindications, measured using the 

Monash Biomedical Imaging Magnetic Resonance Imaging (MRI) Screening and Information Form; 

(2) unwillingness to refrain from any illicit substance and/or alcohol use in the 12 hours before testing 

(confirmed upon arrival at session); (3) current use of prescription medication that affects the central 

nervous system except anti-depressants and anxiolytics, due elevated depression/anxiety levels in 

CUD; (4) history of any diagnosed psychiatric disorders, with the exception for depression and 

anxiety disorders due to the high comorbidity with CUD, or current suicidal ideation, as confirmed 

using The MINI International Neuropsychiatric Interview 7.0.2 (MINI; Lecrubier et al., 1998; 

Lecrubier et al., 1997; Sheehan et al., 2015; Sheehan et al., 1998); (5) history of any neurological 

disorders or major medical conditions (e.g., epilepsy, stroke, migraine, etc.); (6) history of acquired or 

traumatic brain injury or loss of consciousness > 5 minutes; (7) full scale intelligence quotient (FSIQ) 

estimate score < 70, confirmed using the Wechsler Abbreviated Scale of Intelligence – second edition 

(WASI-II; Wechsler, 2011); (8) current pregnancy and/or breastfeeding; (9) history of significant and 

regular mindfulness practice, defined as regular engagement in mindfulness practices over any 
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extended period of time; or (10) significant dependence on alcohol, confirmed by a score > 19 on the 

Alcohol Use Disorders Identification Test (AUDIT; Babor et al., 2018). 

For people with a CUD only, exclusion criteria were: (1) significant exposure to substances 

other than cannabis or tobacco, as per >50 occasions of use over a 2-year period in the past 10 years; 

or (2) or use of any illicit drug other than cannabis in the four weeks prior to testing. 

For controls only, exclusion criteria were: (1) significant exposure to substances other than 

tobacco, as per >50 occasions of use over a 2-year period in the past 10; (2) use of any illicit drug in 

the four weeks prior to testing; (3) use of cannabis at any stage in the 12 months prior to testing; or (4) 

>50 lifetime uses of cannabis. 

 

4.3.2 Procedure 

People were recruited from the Greater Melbourne Metropolitan area, via community-based 

flyers and online advertisements on various platforms (e.g., Google, Gumtree, Facebook, Instagram, 

Reddit, Tik Tok, Beat Online Magazine). Members of the community who were interested in the 

study were directed to (i) an online screening survey to determine their eligibility against inclusion 

and exclusion criteria (~30-minutes, 9,045 respondents), followed by (ii) a phone screener to confirm 

eligibility of potentially suitable participants (lasting ~10 minutes to ~1 hour; 450 prospective people 

with a CUD and 800 prospective controls were called). A detailed list of the tools used for the online 

and telephone screening is outlined in the study pre-registration 

(https://doi.org/10.1186/ISRCTN76056942; registration ID: ISRCTN76056942), and in Chapter 3: 

General Methods, section 3.5.1 Online Screening and 3.5.2 Phone Screening. Eligible participants 

then attended face-to-face data collection at Monash Biomedical Imaging facility, Clayton, Victoria, 

Australia. 

The testing session lasted approximately 5-6 hours (including the collection of measures 

beyond the scope of this study). Participants provided written informed consent and completed an 

assessment battery to profile socio-demographic data, substance use, mental health, and cognition, 

comprising questionnaires, face-to-face semi-structured interviews, standardised cognitive testing, as 

well as MRI scanning. 
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At the end of testing, participants were offered the opportunity to debrief and receive 

reimbursement in the form of a Coles Myer voucher to the value of AUD$100 for controls, and of 

AUD$150 for people with a CUD, as they underwent additional testing to address research questions 

beyond the scope of this study as described in Chapter 3: General Methods and Chapter 5: Study 3. 

All participants were also offered a picture from a single frame from their T1-weighted (T1w) scan. 

All questionnaires used for participants’ screening and face-to-face testing were administered 

via Qualtrics Software, version 2019-2022 (Qualtrics, Provo, UT). 

 

4.3.3 Face-to-Face Assessment 

4.3.3.1 Sociodemographic Data and Handedness 

We measured participants’ data on age, sex, and years of education using a standard 

demographic proforma. Handedness was ascertained using the Edinburgh Handedness Inventory – 

Short Form (EHI-SF; Veale, 2014).  

4.3.3.2 Full Scale Intelligence Quotient 

The WASI-II (Wechsler, 2011) was used to estimate participants’ FSIQ, derived from the 

administration of the Vocabulary and Matrix Reasoning subtests.  

4.3.3.3 Substance Exposure and Related Problems 

The SCID-5-RV for DSM-5 (First et al., 2015) is a structured interview, which required 

participants to respond ‘yes’ or ‘no’ to 11-items (with additional probing if necessary) to determine 

the number of CUD symptoms the participants endorsed. A score of 4-5 indicates moderate CUD, and 

a score of 6+ indicated severe CUD. 

The Timeline Follow Back (TLFB) methodology (Sobell & Sobell, 1992) is a structured 

interview, used to gather information on substance use over the past 30 days (e.g., cannabis, alcohol, 

nicotine, and other). We measured the number of days/past 30 days in which each substance was used 

(i.e., for cannabis, alcohol, nicotine) and the quantity of substance used/past 30 days (i.e., grams of 

cannabis, standard drinks of alcohol, number of cigarettes), as well as the number of hours since 

participants’ last used cannabis. 
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The Cannabis Use Semi-Structured Interview (CUI; Cuttler & Spradlin, 2017) was used to 

gather information on participants’ cannabis use over their lifetime. We extracted the age of first 

cannabis use, age of regular cannabis use (defined as onset of at least monthly use), and the duration 

of regular cannabis use. 

Substance use and related problems were quantified for cannabis, alcohol, and nicotine, using 

the Cannabis Use Disorders Identification Test – Revised (CUDIT-R; Adamson et al., 2010), the 

AUDIT (Babor et al., 2018) and the Fagerström Test for Nicotine Dependence (FTND; Fagerström et 

al., 2012). Scores greater than 8 on the CUDIT-R indicate hazardous use and scores of 12 or more 

indicated a possible CUD. Scores greater than 19 on the AUDIT indicate Alcohol Use Disorder.  

4.3.3.4 Mental Health  

The Beck Depression Inventory – second edition (BDI-II; Beck et al., 1996), a standardised 

measure of mood with diagnostic ranges, was used to quantify participant’s experiences of depression 

over the past fortnight. The State-Trait Anxiety Index – Y Form, ‘state’ sub-scale (STAI-Y; 

Spielberger et al., 1983) was used to measure state anxiety in the moments preceding the MRI 

acquisition. The Perceived Stress Scale (PSS) – 10 items (Cohen et al., 1983) was used to quantify 

participant’s perception of their stress over the past fortnight. The COVID Stress Scale (Taylor et al., 

2020) was used to measure of COVID-related worries over the past week. It contains 5 subscales (i.e., 

COVID danger and contamination, COVID socioeconomic consequences, COVID xenophobia, 

COVID traumatic stress, and COVID compulsive checking), summed to measure a specific ‘COVID 

Stress Syndrome’. 

 

4.3.4 Statistical Analyses  

4.3.4.1 Sample Characteristics  

We compared groups by sociodemographic data, IQ, substance use and related problems, and 

mental health symptom scores. We achieved this using Chi-squares for categorical variables (i.e., sex 

and handedness). We ran Mann-Whitney U for comparing groups for non-normally distributed data 

(i.e., age, years of education, depression scores, state anxiety scores, COVID stress scores, and 

alcohol/nicotine use and related problems). We performed independent samples t-tests for comparing 
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groups by normally distributed data (i.e., WASI-II FSIQ and perceived stress). All analyses were run 

using SPSS version 28. 

 

4.3.5 Neuroimaging Data Acquisition and Processing 

4.3.5.1 MRI Task Setup 

Prior to entering the scanner participants were requested to stay awake; the tester checked in 

real-time that participants kept their eyes open throughout the scan, via an MRI-compatible camera 

placed inside the MRI scanner. 

4.3.5.2 rsFC fMRI Task Instructions 

Inside the MRI scanner, and prior to the resting-state scan acquisition, participants were 

instructed verbatim by the researcher and via written instructions: “The next scan will take about 10 

minutes. Keep your eyes open, try not to think about anything in particular. Stay relaxed and try to 

keep your head still”. Through the resting-state scan, participants were shown a fixation cross (white 

cross on black background) via a mirror placed inside the MRI scanner.  

4.3.5.3 MRI Data Acquisition Parameters  

Participants were scanned using the same group of experienced radiographers at the Monash 

Biomedical Imaging facility in Clayton, Victoria. Participants were scanned on a Siemens Skyra 3 

Tesla MRI scanner using a 32-channel head coil. T1-weighted (T1w) scans were acquired using the 

following acquisition parameters: TE = 2.07ms, TR = 2300ms, flip angle = 9, 192 sagittal slices 

without gap, field of view 256 x 256mm, yielding a 1 x 1 x 1mm resolution, with a total acquisition 

time of 5 minutes. Resting-state scans (189 volumes) were acquired over 8 minutes, using the 

following parameters: TR = 2500ms, TE = 30ms, flip angle = 90, field of view = 192mm, matrix = 

64, voxel size 3 x 3 x 3mm3, 44 slices without gap, and a total acquisition time of 480 seconds.  

4.3.5.4 MRI Data Handling 

 All MRI data were directly exported from the scanner to Monash Biomedical Imaging-XNAT 

(XNAT website, private server), where it was stored and backed up in Digital Imaging and 

Communications in Medicine (DICOM) format. Raw format (i.e., DICOM) data were downloaded 
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from the XNAT server and converted into Brain Imaging Data Structure (BIDS) format using 

dcm2niix (v1.0.20201102) for further analysis. All imaging data processing and analysis were 

performed on a cloud-based cluster-computational platform, MASSIVE (massive.org.au; Goscinski et 

al., 2014). The pre- and post-processing was conducted using CONN toolbox 20.b 

(www.nitrc.org/projects/conn, RRID:SCR_009550; Whitfield-Gabrieli & Nieto-Castanon, 2012), 

based on SPM12 on Matlab (2018a.r7487), which was pre-installed on MASSIVE.  

4.3.5.5 MRI Data Pre-Processing 

All validated data were imported in BIDS format, then underwent a standard pre-processing 

using CONN toolbox 20.b, including: 1) slice timing with interleaved slice order; 2) realignment and 

generation of motion parameters; 3) ARtifact-detection Tools (ART)-based outlier detection with 

intermediate settings (default 97th percentile in normative sample) ; 4) co-registered fMRI data with 

T1w images; 5) segmentations of T1w images; 6) normalising T1w images to Montreal Neurological 

Institute (MNI) space (standard space) and normalising fMRI to MNI space with the same parameters; 

and 7) smoothing with 6mm kernel. fMRI was then resampled to 2x2x2mm isotropic voxels. Quality 

Assurance reports were generated and manually reviewed by authors HT and CS. Stringent criteria for 

detecting motion outliers, as outlined by Parkes et al. (2018), was followed, whereby limits of 

>0.25mm mean framewise displacement (mFD) and >5mm maximum framewise displacement were 

set; no participants violated these criteria.  

4.3.5.6 Functional MRI Data Analysis 

4.3.5.6.1 Connectome Analysis. The connectome matrix (132 x 132) for each scan were 

generated using the same Harvard-Oxford parcellation using CONN toolbox 20.b, with method of 

bivariate correlation and haemodynamic response function (HRF) weightings. Figure 4.1 shows an 

example of a connectome matrix from a single subject within the sample, selected at random. Then, 

these connectome matrices were fed into the graphic analysis using a General Linear Model (GLM) 

model using group as a factor, with the contrast CUD < controls. Covariates were age, sex, alcohol 

standard drinks/past 30 days and number of cigarettes/past 30 days, and BDI-II depression symptom 

scores. Multiple comparison error correction (cluster-level FDR correction, p-corrected < 0.05, multi-

voxel pattern analysis (MVPA) omnibus test) was applied.  
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Figure 4.1. Connectome matrix (132 x 132) of a single subject, selected at random from the sample 

  

 

4.3.5.6.2 Seed-Based Functional Connectivity. Brain regions selected as seeds (regions-of-

interest; ROIs) based on prior knowledge, were determined by the default Harvard-Oxford atlas (132 

cortical and subcortical regions; Desikan et al., 2006) within CONN toolbox 20.b (conn/rois/atlas.nii). 

Table 4.1 overviews the seeds examined and their coordinates in Montreal Neurological Institute 

(MNI) stereotaxic space.  

Seed-based functional connectivity maps were generated using CONN toolbox 20.b. Briefly, a 

bivariate correlation coefficient was calculated between the timeseries of each ROI and the that of 

each other voxel in the brain, controlling for nuisance factors such as motions parameters, global 

signal, signal from white matter, and signal from cerebral spinal fluid. The seed-based rsFC maps for 

the four seeds were used for further post-processing. 
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Table 4.1. Overview of seeds examined and coordinates in MNI stereotaxic space 

Seeds Hemisphere MNI Coordinates 

Nucleus Accumbens 
Left -11, 9, -7 

Right 11, 9, -7 

Putamen  
Left -28, -3, 7 

Right 28, -3, 7 

Pallidum 
Left -18, -7, 1 

Right 18, -7, 1 

Caudate 
Left -16, 2, 18 

Right 16, 2, 18 

Hippocampus 
Left -27, -18, -16 

Right 27, -18, -16 

Amygdala 
Left -22, -4, -15 

Right 22, -4, -15 

Precentral Gyrus  
Left -38, -12, 55 

Right 38, -12, 55 

Anterior Cingulate Cortex - 0, 33, -7 

 

Note: MNI coordinates are taken from the rough centre of the mass, seeds are anatomic in shape  

 

4.3.5.7 MRI Data Post-Processing 

A seed-based connectivity map was generated using the same GLM model and contrasts as 

described above in section 4.3.4.6.1. A False Discovery Rate (FDR) correction for multiple 

comparisons was applied. A Benjamini-Hochberg procedure was additionally applied to alpha values 

to decrease the false discovery rate following the examination of multiple ROIs (Benjamini & 

Hochberg, 1995). 

4.3.5.8 Brain-Behaviour Correlations 

We ran Spearman’s rank-order correlations between the rsFC BOLD series values that 

differed significantly between people with a CUD and controls (i.e., beta values extracted via the 

CONN toolbox 20.b) and metrics of cannabis exposure and related problems. The metrics included: 

age of first cannabis use, age of regular cannabis use, duration of regular cannabis use, use days/past 

30 days, total grams/past 30 days, CUDIT-R scores, and hours since last cannabis use. Correlations 

were run using SPSS (version 28). 
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4.4 Results  

4.4.1 Sociodemographic, FSIQ, Substance Exposure and Related Problems, and Mental Health 

Characteristics 

Sample characteristics are presented in Table 4.2. The sample included 107 people aged a 

median of 25 years, range 18-56 (35 female). Of these, 65 were people with a CUD (19 females) with 

a median age of 25 years (range: 18-56 years), and 42 controls (16 females) with a median age of 25 

years (range: 18-55 years). This sample was determined to be of adequate size to ensure a high level 

of power for this study; please see Chapter 3: General Methods, section 3.4.5 for details. 
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 Table 4.2. Sample characteristics and group differences for sociodemographic data, FSIQ, substance use and related problems, and mental health 

Characteristic CUD Controls Group difference 

mean (SD) or median [range] Zz / tt / χx
 df p-value 

Total n [Female] 65 [19] 42 [16] 0.91x 1 .340 

Age, years 25 [18-56] 24.5 [18-55] -0.21z  .835 

Education, years + 15 [10-23] 16 [7-25] -0.80z .426 

FSIQ ** +++ 107 (10) 107 (13) -0.80t 
60 .426a 

Handedness n [right] ++ 65 [61] 39 [36] 0.09x 1 .762 

Depression * 9.5 [1-46] 3.5 [0-37] -4.02z <.001 

State Anxiety  31 [20-60] 29 [20-53] -1.73z .084 

Perceived Stress * 16 (8) 13 (7)  1.66t 
104 .101 

COVID Stress **** ++++ 5 [0-88] 8 [0-43] -0.80z .428 

Alcohol days/past 30 days * 3.5 [0-29] 2 [0-25] -3.04z .002 

Standard drinks/past 30 days * 13.5 [0-207] 3 [0-81] -3.19z .001 

AUDIT * 6 [0-17] 2 [0-13] -4.837z <.001 

Nicotine use days/past 30 days * 0 [0-30] - - - 

Cigarettes/past 30 days *** 0 [0-600] - - - 

FTND * 0 [0-6] -  - - 

Cannabis Exposure and Related Problems      

DSM-5 CUD symptoms, n 7 [4-11] - - - 

CUDIT-R *  14.5 [7-30] - - - 

Days/past 30 days, n * 27.5 [13-30] - - - 

Grams/past 30 days, grams * 20.5 [1-83] - - - 

Age first use, years ** 16.5 [13-32] - - - 

Age regular use, years * 18 [14-32] - - - 

Duration of use, years * 5 [1-42] - - - 

Abstinence, hours * 16.5 [12-73] - - - 

AUDIT = Alcohol Use Disorder Identification Test; CUD = Cannabis Use Disorder; CUDIT-r = Cannabis Use Disorder Identification Test-Revised; df = 

degrees of freedom; DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, fifth edition; FTND = Fagerström Test for Nicotine Dependence; FSIQ 

= Full Scale Intelligence Quotient; n = sample size; SD = standard deviation; zMann-Whitney U, tIndependent samples t test, xChi-square; aHomogeneity of 

variance not assumed; Note: Medians and ranges which significantly differ are shaded yellow. 

Sample size: cannabis users *n=64, **n=63, ***n=61, ****n=50; controls +n=40, ++n=39, +++n=38, ++++n=27
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Groups were matched by sex and age. The CUD group and controls had non-significant 

differences for years of education, FSIQ scores, handedness, as well as for several mental health 

symptom scores: state anxiety, perceived stress and COVID stress. 

The CUD group had significantly higher scores than controls, for depression symptoms and 

alcohol use metrics: alcohol use days/past 30 days, standard drinks/past 30 days, and AUDIT scores. 

There were 33 of 65 people with a CUD who did not use nicotine over the past 30-days; no controls 

reported past 30-day nicotine use. The remaining 32 of 65 people with a CUD reported using nicotine 

use within the past 30 days; this subset of participants scored a median of 1 on the FTND indicating 

‘very low’ nicotine dependence.  

4.4.1.1 Level of Cannabis Exposure and Related Problems 

All people in the CUD group met the criteria for a moderate-to-severe CUD and most of them 

had a severe CUD; corroborated by a median number of CUD symptoms endorsed = 7 (range: 4-11) 

and a median score of 14.5 (range: 7-30) on the CUDIT-R. They used a median of 20 grams of 

cannabis in the past 30 days (range: 1-83), over a median of 27 days (range: 13-30). This 

approximately equated to 0.75 cannabis grams/day.  

The median age of first cannabis use was 17 (range: 13-32), and for regular use was 18 

(range: 14-32). All people with a CUD reported to have attempted to cut down or reduce their 

cannabis use over the past 2 years, used cannabis at least monthly for a median duration of 5 years 

(range: 1-40), and at least 4 days per week for 12 months (as per inclusion criteria). The CUD group 

were abstinent from cannabis for a median of 16 hours before testing (range: 12-73 hours). 

4.4.2 Group Differences in Resting-State Functional Connectivity 

4.4.2.1 Connectome Analysis 

 The connectome analysis did not yield any significant group differences in rsFC. 

4.4.2.2 Seed-Based Functional Connectivity 

As shown in Table 4.3 and Figures 4.2-4.6, the CUD group compared to controls had 

different rsFC in – NAc (Figure 4.2), putamen (Figure 4.3), pallidum (Figures 4.4 & 4.5), and 

hippocampus (Figure 4.6) seeds – accounting for age, sex, past month standard drinks and cigarettes, 

and depression symptom scores, and using FDR and Benjamini-Hochberg corrections.
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 Table 4.3. Overview of significant group differences (CUD < controls) in resting-state functional connectivity of a priori seeds, accounting for age, sex, past 

30 days alcohol and nicotine dose, and depression scores, with Benjamini-Hochberg correction 

Figure Seed Cluster (specific regions) Peak (x,y,z) K Size p-FDR B-H adjusted α 

Greater rsFC:      

Figure 4.2 right NAc bilateral frontal pole & left SFG 2, 62, 26 318 <.0001 .0024 

Figure 4.3 left Putamen right superior lateral occipital cortex & superior parietal lobule 30, -56, 56 140 .0061 .0167 

Figure 4.4 d.i left Pallidum  right superior lateral occipital cortex & occipital pole 24, 80, 22 808 <.0001 .0071 

             d.ii  right intracalcarine cortex & lingual gyrus 4, -83, 4 178 .0008 .0095 

              d.iii  left intracalcarine cortex & lingual gyrus,  -20, -72, 00 164 .0009 .0119 

              d.iv  right superior lateral occipital cortex & superior parietal lobule 28, -56, 56 122 .0039 .0143 

Figure 4.5 right Pallidum right superior lateral occipital cortex & occipital pole 34, -72, 24 333 <.0001 .0048 

       

Lower rsFC:      

Figure 4.6 right Hippocampus  left superior lateral occipital cortex & occipital pole -16, -88, 18 122 .0097 .0190 

 

B-H = Benjamini-Hochberg; FDR = false discovery rate; K = number of voxels; NAc = nucleus accumbens; SFG = superior frontal gyrus 
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Figure 4.2. Overview of greater resting-state functional connectivity 

between the right NAc seed and the bilateral frontal pole/left SFG cluster, 

in people with a Cannabis Use Disorder than controls  

Figure 4.3. Overview of greater resting-state functional connectivity 

between the left putamen and right superior lateral occipital cortex/superior 

cluster, in people with a Cannabis Use Disorder than controls  

a. interior sagittal view, right hemisphere 

b. anterior view, bilateral hemispheres 

c. superior view, bilateral hemispheres  

d. histogram overview of beta values, in people with Cannabis Use Disorder and controls 

 

CUD = Cannabis Use Disorder   

a. exterior sagittal view, right hemisphere 

b. posterior view, bilateral hemispheres 

c. superior view, bilateral hemispheres  

d. histogram overview of beta values, in people with Cannabis Use Disorder and controls 
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Figure 4.4. Overview of lower resting-state functional connectivity between the left pallidum and occipital/occipito-parietal clusters in people 

with a Cannabis Use Disorder than controls  

a. exterior sagittal view, right hemisphere 

b. posterior view, bilateral hemispheres 

c. superior view, bilateral hemispheres  

d. histogram overview of beta values, in people with Cannabis Use Disorder and controls:  

     d.i.   left pallidum and right superior lateral occipital cortex/occipital pole cluster;  

     d.ii.  right intracalcarine cortex/lingual gyrus cluster;  

     d.iii. left intracalcarine cortex/lingual gyrus pairing; and  

     d.iv. right superior lateral occipital cortex/superior parietal lobule cluster, 
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Figure 4.5. Overview of greater resting-state functional connectivity between 

the right pallidum and right superior lateral occipital cortex/occipital pole 

cluster, in people with a Cannabis Use Disorder than controls  

Figure 4.6. Overview of lower resting-state functional connectivity between 

the right hippocampus – left superior lateral occipital cortex/occipital pole 

cluster, in people with a Cannabis Use Disorder than controls  

a. exterior sagittal view, right hemisphere 

b. posterior view, bilateral hemispheres 

c. superior view, bilateral hemispheres  

d. histogram overview of beta values, in people with Cannabis Use Disorder and controls 

 

CUD = Cannabis Use Disorder  

a. interior sagittal view, left hemisphere  

b. posterior view, bilateral hemispheres  

c. superior view, bilateral hemispheres 

d. histogram overview of beta values, in people with Cannabis Use Disorder and controls 
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The CUD group had higher rsFC between the following region pairings: the right NAc and a 

frontal cluster (Figure 4.2), the left putamen and an occipito-parietal cluster (Figure 4.3), the left 

pallidum and three occipital clusters (Figure 4.4; d.i, d.ii, and d.iii) and one occipito-parietal cluster 

(Figure 4. 4; d.iv), and the right pallidum and an occipital cluster (Figure 4.5), than controls. The 

CUD group also had lower rsFC between the right hippocampus and an occipital cluster than controls 

(Figure 4.6). There was no group difference in rsFC using the other seeds (i.e., ACC, caudate, 

amygdala, and precentral gyrus). 

 

4.4.3 Brain-Behaviour Correlations 

Table 4.4 overviews significant correlations between rsFC pairs altered in people with a CUD 

than controls, and cannabis exposure and related problems. We found that greater putamen-occipito-

parietal rsFC correlated with an earlier age of first cannabis use onset (p < .05) and an earlier age of 

regular cannabis use onset (p < .05). Furthermore, greater pallidum-occipital rsFC correlated with 

lower CUDIT-R scores, and less cannabis use days/past month. (p < .001 – p < .05). Finally, greater 

pallidum-occipito-parietal rsFC also correlated with lower CUDIT-R scores (p < .001).  
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Table 4.4. Correlation between resting-state functional connectivity pairs showing group differences (rsFC beta values) and metrics of cannabis exposure 

and related problems, within the CUD group 

Seed region 

 

Cluster region/s 

 

Grams,  

past 30 days 

Days used,  

past 30 days 

CUDIT-R Duration, 

regular use 

Age,  

first use 

Age,  

regular use 

Abstinence 

hours 

rs p rs p rs p rs p rs p rs p rs p 

right NAc frontal  .02 .905 .07 .582 .12 .378 .07 .591 .04 .737 .12 .347 -.08 .520 

left Putamen Occipito-parietal .03 .836 -.19 .143 -.19 .141 .12 .355 -.29 .025 -.29 .022 .22 .082 

left Pallidum  occipital .10 .429 -.17 .181 -.41 .001 .05 .678 -.17 .185 -.09 .495 .18 .178 

 occipital -.04 .786 -.27 .037 -.45 <.001 -.02 .853 -.16 .235 -.09 .475 .18 .163 

 occipital -.15 .246 -.35 .006 -.28 .028 -.13 .302 -.07 .621 .03 .844 .05 .706 

 Occipito-parietal -.02 .856 -.12 .364 -.40 .001 .18 .171 -.03 .802 -.10 .470 .22 .090 

right Pallidum occipital -.06 .665 -.19 .160 -.17 .181 -.20 .133 .15 .269 .13 .309 .18 .155 

right Hippocampus occipital .15 .253 .16 .231 <.01 .986 .17 .187 -.18 .166 -.13 .318 -.15 .239 

CUDIT-R = Cannabis Use Disorder Identification Test-Revised; NAc = nucleus accumbens; rs = Spearman’s Rho 

Note: significant moderate (rs: 0.40 – 0.69) correlations are shaded orange, significant weak (rs <0.39) correlations are shaded green
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4.5 Discussion 

To our knowledge, this is the first fMRI study examining the rsFC of people who meet criteria 

for a CUD, specifically a moderate-to-severe CUD with attempt to cut down or reduce use in the past 

2 years. As hypothesized, people with a CUD vs controls showed significantly different 

(predominantly greater) rsFC, controlling for age, sex, past 30 days alcohol and nicotine dose, and 

depression scores. It has been suggested that increases in rsFC during a non-intoxicated state may 

reflect adaptive processes (i.e., allostatic/compensatory) which follow rsFC ‘interruptions’ commonly 

observed during acute cannabis intoxication (Ertl et al., 2023). In people with a CUD compared to 

controls, rsFC was greater between NAc-frontal regions, putamen-occipito-parietal regions (which 

correlated with an earlier age of first and of regular cannabis use), and pallidum-occipital/occipito-

parietal regions (which correlated with CUDIT-R scores and days of cannabis use/past 30 days); rsFC 

was lower between hippocampus-occipital regions. Notably region pairings with altered rsFC are part 

of reward and incentive pathways implicated in prominent neuroscientific theories of addiction 

(Berridge & Robinson, 2016; Koob & Volkow, 2010; Volkow et al., 2016) and with known 

alterations in regular cannabis users (Thomson et al., 2022 [Chapter 2]). This is the first time altered 

rsFC has been reported between these specific region pairs. Associations between increased rsFC and 

earlier age of use onset were partly in keeping with past research which demonstrated increased rsFC 

between the bilateral OFC correlated with earlier age of use onset (Filbey et al., 2014).  

We reported greater NAc-frontal rsFC in people with a CUD. The finding may reflect increased 

engagement of salience pathways underlying sensitivity to THC exposure (Berridge & Robinson, 

2016). Indeed, THC affects dopamine synthesis within the NAc (Bossong et al., 2009; Pierce & 

Kumaresan, 2006), which might subsequently affect the function of NAc and interconnected frontal 

pathways implicated in salience processing. This may play a key role in cannabinoid reinforcement 

(Lupica et al., 2004; Tanda & Goldberg, 2003), whereby projections from the NAc to the PFC are 

thought to mediate experiences of ‘wanting’ and urges to use cannabis (Berridge & Robinson, 2016). 

In line with this notion, the NAc plays a key role in the predictive value of rewarding stimuli 

(Knutson & Gibbs, 2007), whilst frontal regions have been linked to a loss of control over substance 

use (George & Koob, 2010). Therefore, these regions may be implicated in more severe forms of 



  141 

CUD, where a loss of control over cannabis use can be a key feature. Overall, our finding of greater 

frontostriatal connectivity in people with more severe forms of CUD are in keeping with the fMRI 

literature in regular cannabis users (for a review, see Thomson et al., [2022] [Chapter 2]). 

Specifically, the literature reports frontostriatal rsFC alterations in current cannabis users (Blanco-

Hinojo et al., 2017) as well as abstinent cannabis users compared to controls (Zhou et al., 2018; 

Zimmermann et al., 2018) . Taken together, the findings suggest that frontostriatal rsFC alterations are 

associated with CUD, even though it is unclear if they predate or follow CUD (or both); further these 

rsFC alterations may persist following abstinence from cannabis. Finally, alterations to frontostriatal 

rsFC reported herein, have also been observed with exposure to other substances/other SUDs, 

including cocaine (Hu et al., 2015; Zhang & Li, 2018), nicotine (Hong et al., 2009; Hong et al., 2010), 

opioids (McConnell et al., 2020; Wang et al., 2021), stimulants (Wang et al., 2019), and 

polysubstance use (Motzkin et al., 2014). Therefore, CUD may affect the addiction neurocircuitry, in 

a similar fashion to other SUDs (Berridge & Robinson, 2016; Koob & Volkow, 2010; Volkow et al., 

2016; Zehra et al., 2018). 

We found greater striatal-occipital rsFC in the CUD group vs controls, comprising putamen-

occipito-parietal, pallidum-occipital, and pallidum-occipito-parietal region pairings, in correlation 

with severity of cannabis dependence (CUDIT-R scores) and frequency of cannabis use. Interestingly, 

both the putamen and pallidum have been implicated in cognitive processes reportedly altered in 

regular cannabis users, e.g., habit formation (Grahn et al., 2008; Yin & Knowlton, 2006), the 

automation of behaviour (Everitt & Robbins, 2005) and compulsive substance use (Everitt & 

Robbins, 2005). Furthermore, occipital regions have been shown to underlie attentional control 

(Beffara et al., 2022; Gilbert & Li, 2013), particularly when processing and directing attention toward 

salient information (Kim et al., 2021). Previous task-based fMRI research (Sehl et al., 2021) has 

demonstrated that greater activation in striatal regions (including both the putamen and the pallidum) 

emerged in cannabis users with greater severity of cannabis-related problems, frequency of use and/or 

earlier age of onset. Task-based fMRI studies have also detected decreased activity in the putamen 

and in occipital regions, in long-term cannabis users (Blest-Hopley et al., 2018). Therefore, greater 

putamen/pallidum-occipital/occipito-parietal rsFC, may underlie habitual cannabis use and altered 
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salience processing observed in CUD. rsFC between these regions may reflect habituation of brain 

pathways to compulsive cannabis use that can characterise CUD (Everitt & Robbins, 2005), but this 

notion is not supported by the lack of their association with cannabis dosage and duration. 

An alternative interpretation of changes in putamen-occipito-parietal rsFC is that they may 

reflect an effect of cannabis exposure on neurodevelopmental processes within these pathways, or a 

pre-existing vulnerability to commence cannabis use. Indeed, greater putamen-occipito-parietal rsFC 

significantly correlated both with an earlier age of first and of regular cannabis use onset; participants 

with a CUD were exposed to cannabis for the first time during youth: they tried cannabis for the first 

time at a median age of 16, and started consuming cannabis regularly at a median age of 18. The 

correlations are in keeping with previous work which has demonstrated a correlation between earlier 

age of use onset with increased rsFC (in frontal pairings; Filbey et al., 2014); and with evidence that 

adolescent cannabis users have demonstrated increased putamen activation during task-based fMRI 

(Blest-Hopley et al., 2018). Taken together, cannabis exposure during youth may change 

neurodevelopment (Blest-Hopley, Colizzi, et al., 2020), via altering endocannabinoid signalling that 

regulates brain maturation (Galve-Roperh et al., 2009). Consistently, cannabis use during adolescence 

may be associated with adverse neurobiological outcomes persisting into adulthood, as shown for 

cognition and mental health (e.g., risk of psychosis and heightened mental health symptom scores; 

Blest-Hopley, Colizzi, et al., 2020; Lawn, Mokrysz, et al., 2022; Lubman et al., 2015). It should be 

noted that emerging evidence examining rsFC in both adults and adolescents compared to age 

matched controls (Ertl et al., 2023), failed to demonstrate that adolescents are more vulnerable than 

adults to the putatively harmful impacts of chronic cannabis use on rsFC. It is possible however that 

this study was under-powered to detect significant findings. It is also possible that the discrepancy in 

results stems from differences in the characteristics of their sample, whereby Ertl et al., (2023) 

examined current adolescents, and adults who commenced using cannabis in adulthood, rather than 

adults with an earlier age of onset. Future research could compare rsFC alterations, as well as 

associated behavioural outcomes, between adolescent (i.e., aged 10-17) and adult (i.e., aged 18+) 

onset cannabis users, in order to explore the differing impacts of THC exposure across stages of 

development (Lawn, Fernandez-Vinson, et al., 2022; Lawn, Mokrysz, et al., 2022). Additionally, 
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longitudinal research monitoring neurobiological changes predating and following the onset of 

cannabis use and of CUD over time is required to increase understanding of the time course of rsFC 

alterations detected herein. 

We found that the CUD group showed lower hippocampus-occipital rsFC than controls. The 

rsFC differences were not significantly correlated with metrics of cannabis exposure or related 

problems, and it remains unclear which variables may drive the group difference. Interestingly, the 

hippocampus is implicated in learning, memory and stress processes (Clark et al., 2019; Corkin, 2002; 

Howland & Wang, 2008; Maguire et al., 2016), the alteration of which has been documented in 

cannabis users (Lorenzetti et al., 2021; Scott, 2023; Scott et al., 2018). Meanwhile, occipital regions 

have been implicated in salience processing also shown to be different in cannabis users (Berridge & 

Robinson, 2016). Task-based fMRI research, has shown increased hippocampal activation for regular 

cannabis users during cue-reactivity (Goldman et al., 2013; Sehl et al., 2021), thought to reflect 

memory of prior substance use (Franklin et al., 2007). In contrast, hippocampal hypoactivation has 

been established during tasks of hippocampus-dependent associative memory in regular cannabis 

users compared to controls (Carey et al., 2015; Jager et al., 2007), associated with poorer memory 

performance. It has been theorised that hypoactivation of the hippocampus may result from CB1R-

mediated disruption of hippocampal plasticity (Blest-Hopley, Giampietro, et al., 2020), or to cannabis 

exposure-associated cerebrovascular or structural changes (Jager et al., 2007). In further support of 

this, reductions in hippocampal volume in regular cannabis users have been well established 

(Lorenzetti et al., 2019), potentially due to the neuroadaptations from chronic exposure to THC (Chan 

et al., 1998; Landfield et al., 1988). Therefore, different hippocampus-occipital rsFC may reflect 

altered BOLD signal of the hippocampus and interconnected occipital regions implicated in salience 

processing. To identify the specific neurobiological mechanisms underlying the rsFC changes 

identified in the sample examined in this experiment, multimodal neuroimaging research is required 

to explore if and how rsFC differences occur in parallel to structural alterations of the same pathways 

– such as volumes as examined by t1-weighted MRI, structural connectivity measured with diffusion-

weighted imaging, and metabolites as examined by Magnetic resonance Spectroscopy. 
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4.5.1 Strengths of the Current Study 

There were a number of strengths relating to the research aims, as well as to the study design 

and methodologies undertaken in the current study. First, to our knowledge, this is the first fMRI 

study to examine rsFC in current cannabis users with a diagnosis of moderate-to-severe CUD. 

Therefore the study findings extend upon: (i) previous knowledge on the neurobiology of people who 

use regularly cannabis with unknown status regarding problems with use (Thomson et al., 2022 

[Chapter 2]); (ii) existing theories of addiction (Berridge & Robinson, 2016; Koob & Volkow, 2010; 

Volkow et al., 2016), which are largely based on substances other than cannabis and on outdated 

diagnostic systems, which have shown lack of consistency with the DSM-5 e.g., DSM-IV (Livne et 

al., 2021); and (iii) knowledge of neural underpinnings of moderate-to-severe CUD, therefore relating 

to the cannabis using population shown most to be impacted by negative outcomes associated with 

their use (Foster et al., 2018; van der Pol et al., 2013). 

Second, we used robust methodologies to minimise the influence of confounding variables on 

rsFC. Specifically, the CUD and control groups did not significantly differ in the majority of 

measured sociodemographic and mental health-related variables (i.e., years of education, FSIQ, 

handedness, and scores of state anxiety, perceived stress, and COVID specific stress). Variables that 

did significantly differ between groups (i.e., past 30 days alcohol and nicotine exposure, and 

depression scores) or that exert a major influence on brain function (i.e., age and sex), were controlled 

for in all rsFC analyses and therefore, their influence on the results was minimised. Additionally, we 

asked participants to abstain from cannabis use for 12 hours prior to scanning; and participants’ 

duration of abstinence from cannabis did not correlate with rsFC alterations in the CUD group. 

Therefore, it was unlikely that acute effects of cannabis (i.e., intoxication) confounded results. 

Finally, as per methodological standards of neuroimaging research in substance using populations, we 

thoroughly screened for significant use of other substances (other than alcohol and/or nicotine), 

comorbid diagnosis of psychiatric disorders (other than depression or anxiety), and central nervous 

system altering medications. Given the heterogenous rates of depression, anxiety, alcohol use, and 

nicotine use levels within the sample examined herein, and their elevated levels in the examined CUD 

group, the examined sample and therefore findings are likely representative of cannabis using 
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populations in the general community where these mental health and substance use variables are 

elevated (Onaemo et al., 2021; Stinson et al., 2006). Furthermore, given that we systematically 

accounted for confounders, our results may be specific to populations with more severe forms of CUD 

with comorbid depression and anxiety disorders. 

 

4.5.2 Limitations and Future Directions  

The results from this study should be considered in light of some methodological limitations, 

detailed in this section. First and foremost, the cross-sectional study design prevented establishing 

whether rsFC changes predated or followed cannabis use, or the development of moderate-to-severe 

CUD. Longitudinal neuroimaging studies are required to unpack the time course of rsFC in youth who 

will vs will not go on to develop a CUD. Second, although the sample size in the current study 

provided adequate power, it has been suggested that sample sizes of N⪆2,000 may be required to 

secure reproducibility and identify stabilised behavioural phenotypes (Marek et al., 2020; Marek et 

al., 2022). It would therefore be ideal to aim to validate the current findings in larger, multi-site 

neuroimaging studies and neuroimaging consortia data sets that confer increased power to detect the 

effects detected in this study, to confirm generalisability of our findings. At present, such datasets are 

yet to exist, as current consortia are largely based on normative samples, where the prevalence of 

cannabis use tends to be low and even lower for cannabis-used related problems that are seldom 

assessed, or the datasets from multi-site studies – such as the ENIGMA Addiction Working Group - 

conducted using now outdated diagnostic systems (i.e., prior to DSM-5) and with poor 

characterisation of substances use. In future, these limitations could be addressed in multi-site 

consortia such as the ENIGMA Addiction may collate additional datasets comprising cannabis with 

CUD assessed with the DSM-5, or other initiatives such as the Adolescent Brain Cognitive 

Development (ABCD) study (https://abcdstudy.org/), for which data collection is currently underway. 

The ABCD study commenced in 2015, and follows ~10,000 adolescents aged 9-10 years, who 

complete cognitive and behavioural assessment, and fMRI every two years, for ten years. Therefore, 

the ABCD study may provide data useful to clarify with precision the rsFC correlates of CUD. 
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Meanwhile, robust neuroimaging studies with targeted samples with a CUD such as the current 

experiment, are required to pave the way to advance the understanding of the neurobiology of CUD. 

Third, our study did not integrate measures of cannabinoids in the cannabis used by 

participants, or objective measures of cannabinoids or cannabinoid metabolites from specimens (e.g., 

blood plasma, urine). Various cannabinoids have previously been shown to affect rsFC in a distinct 

fashion (Lorenzetti et al., 2022), and sometimes in an opposite fashion (Wall et al., 2022; Wall et al., 

2019). Specifically, acutely administered THC has been shown to disrupt key brain networks, whilst 

acute CBD administration restores disruption to other key networks. Future studies are required 

examining how rsFC is affected in people with a CUD during acute intoxication and while non-

intoxicated. To note, within the current study, urine samples were collected from all participants, 

however due to time delays out of researcher’s control for urinalysis, the results were unable to be 

included here in the thesis at this stage, but results from urine toxicology analyses will be reported 

and examined in relation to rsFC in the manuscript that will be prepared for publication from this 

study. Hence, the contribution of cannabinoids or of cannabis potency (i.e., the level of THC) to 

residual rsFC alterations reported in the CUD group examined in this experiment, remains to be 

elucidated.  

Fourth, the cannabis use estimates included in this study relied exclusively on self-report 

measures. Self-reported substance use is subject to underreporting biases (Khalili et al., 2021), 

memory fallibility, or gaps in the knowledge of participants relating to their cannabis supply (i.e., 

participants may be unaware of the strength of their cannabis supply or the specific amount that they 

consume via any given method or over time periods). The use of the TLFB (Sobell & Sobell, 1992) 

enabled us to somewhat mitigate this shortcoming, as it utilized a memory aid to improve the validity 

and accuracy of the data collected (i.e., calendar with personally relevant events to the participant 

inputted to aid memory). Future research could implement methodologies to mitigate such biases, for 

example a ‘roll a joint’ paradigm (Casajuana et al., 2017; Hindocha et al., 2017), to extrapolate typical 

volume of cannabis use more accurately. Also Ecological Momentary Assessment (EMA) could be 

incorporated over a set period to provide a real-world estimate of cannabis use patterns. Ideally, self-
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report measures (including the ecologically valid TLFB), could be integrated with a ‘roll a joint’ 

paradigm and EMA reporting to maximise accuracy in future research.  

 

4.5.3 Clinical Implications 

This research contributes to the understanding of how changes in rsFC are related to moderate-

to-severe CUD, and how these changes may impact, or be impacted by, cannabis exposure and related 

behaviours; thus, there are a number of clinical implications of these results. First, region pairings 

shown in this study to display altered rsFC in the CUD group, could be utilized as neural treatment 

targets in intervention for people with a moderate-to-severe CUD aiming to reduce, or gain increased 

control over, their cannabis use. Specifically, this could be applied via implementation of 

interventions thought to target neurobiological mechanisms associated with substance use disorders 

i.e., Mindfulness Based Interventions (Kirlic et al., 2021; Witkiewitz et al., 2013), neuromodulation 

tools (e.g., neurofeedback) or others (Martz et al., 2020) Future research is warranted to fully 

understand how rsFC changes in people with a CUD can be mitigated. Second, the correlations 

established between rsFC alterations and age of first or regular use, could ultimately provide valuable 

information about brain development and maturation via identifying pathways vulnerable to 

adolescent cannabis use or, or pre-disposing adolescents to commence using cannabis. Third, patterns 

of rsFC alterations identified here may contribute to the mapping of biomarkers for CUD, or to the 

identification of at-risk populations. This would prove especially useful if rsFC alterations were 

indeed shown to predate the onset of CUD development, through longitudinal investigation. 

 

4.5.4 Conclusions  

In the first fMRI study to examine rsFC in selected ROIs people with a moderate-to-severe 

CUD vs controls, with a focus on ROIs implicated in neuroscientific theories of addiction (Koob & 

Volkow, 2010), high in CB1 receptors (Glass et al., 1997) and known to differ between cannabis users 

with unknown CUD status and controls (Thomson et al., 2022 [Chapter 2]). We demonstrated largely 

greater rsFC between the NAc, putamen, pallidum, and with clusters in frontal, occipital, and parietal 

regions, and lower hippocampus-occipito-parietal rsFC. The frontostriatal rsFC alterations associated 
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with CUD may result from neuroadaptations of dopaminergic pathways postulated to occur across 

SUDs, though longitudinal neuroimaging studies are required to confirm if they predated or follow 

CUD (or both). Further, greater striatal-occipital rsFC may underlie habitual cannabis use and altered 

salience processing observed in CUD, particularly in those who commence using cannabis earlier in 

youth. Finally, lower hippocampus-occipital rsFC was in line with task-based fMRI studies and may 

reflect CB1R-mediated disruption of hippocampal plasticity, or to cannabis associated cerebrovascular 

or structural changes. Future multimodal longitudinal neuroimaging research in larger samples is 

required to elucidate the nature and mechanism of rsFC alterations in CUD in order to pave the way 

for preventative interventions in youth and adults with a CUD. Given the growing rates of CUD and 

increasing access to high potency and addictive cannabis products, more research is required to 

confirm which people who use cannabis are most vulnerable to rsFC alterations and how to mitigate 

neurobehavioral problems established in those experiencing severe forms of CUD.  
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Chapter Guide 

 This chapter contains the second of the two empirical studies included within this PhD, which 

results from the data collection process detailed within the General Methods (Chapter 3) and from the 

sample assessed in the first empirical experiment where brain dysfunction between specific regions 

was shown (Chapter 4). This second empirical experiment has two key aims. The primary aim was to 

map how a brief Mindfulness Based Intervention (MBI) targeting cannabis cravings, compared to 

active and passive placebo-controlled conditions, mitigates brain dysfunction shown in people with a 

Cannabis Use Disorder (CUD) who tried to cut down/reduce use, which was documented in the first 

empirical experiment. This was achieved via utilisation of functional Magnetic Resonance Imaging 

(fMRI) tools to measure intervention-group-by-time effects on resting-state functional connectivity 

(rsFC) between a priori regions-of-interest (ROIs) shown to have different rsFC in CUD compared to 

controls. The secondary aim was to explore how group-by-time effects were associated with metrics 

of cannabis exposure, related problems, and mindfulness levels. To this end, correlations were run 

between change in rsFC over time (pre-to-post MBI or active placebo or passive placebo), with 

behavioural variables which also changed pre-to-post interventions i.e., change in cannabis dose and 

frequency, cannabis withdrawal, COVID specific stress, and mindfulness levels. 

This empirical experiment has been prepared with publication in mind. Therefore, sections of 

this study, in particular the Methods, are detailed succinctly where possible to adhere to word limits as 

per academic publishing standards. The examiners will be directed within this chapter where 

applicable back to the General Methods (Chapter 3) for a more comprehensive overview of 

methodologies, should they wish to revise specific details. 

The sample size of the participant group used in this study was ultimately smaller (N=56) 

than originally intended (N=90). As noted in the General Methods (Chapter 3: 3.4.1 A Word on the 

Impact of COVID-19), this sample size reduction was largely due to COVID-19 related disruptions 

throughout our data collection period.  
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5.1 Abstract  

Rationale: Cannabis Use Disorder (CUD) is experienced by 22 million people worldwide. 

Worryingly, CUD can be associated with continued use despite attempts to quit, and the experience of 

significant adverse outcomes including craving and brain dysfunction while unintoxicated, ‘at rest’, 

and without performing cognitive tasks – measured with resting-state functional connectivity (rsFC) 

functional neuroimaging. Research on how to reduce altered brain function in CUD is lacking. 

Emerging evidence shows that mindfulness-based interventions (MBIs) can reduce cravings in 

cannabis users and brain dysfunction in substance use disorders (SUDs). Yet, no study has tested how 

MBIs affect brain dysfunction in CUD, and no fMRI studies in SUD – including CUD – used robust 

active and passive placebo conditions to isolate effects specific to MBI.  

Objectives: We aimed to map how a brief MBI compared to active and passive placebo control 

interventions, mitigated rsFC in a priori regions of interest (ROIs) known to be altered in CUD, high 

in cannabinoid receptors, and implicated in neuroscientific theories of addiction. We explored if rsFC 

changes pre-to-post MBI, active or passive placebo, were associated with those in cannabis exposure, 

related problems, and mindfulness levels. 

Methods: 56 people (14 females) with a CUD who tried to cut down or quit cannabis, underwent 

comprehensive fMRI, substance use, cognitive, and mental health assessment pre-to-post an MBI 

(n=19); active placebo control (i.e., relaxation, n=18); or passive placebo control (i.e., daily 

monitoring of cannabis, n=19). We examined group-by-time effects on rsFC. We then correlated 

region pairings that drove group-by-time effects, with changes pre-to-post intervention in cannabis 

grams, use days and withdrawal, COVID-specific-stress, and perceived mindfulness/self-awareness.  

Results: There were group-by-time effects on rsFC observed for the putamen, pallidum, and the 

hippocampus seeds with various brain clusters. Putamen-frontal pole rsFC decreased pre-to-post MBI; 

it increased pre-to-post active placebo, in correlation with decreased cannabis grams, and it also 

increased pre-to-post passive placebo in correlation with decreased cannabis use days. Putamen-SFG 

rsFC decreased pre-to-post MBI and increased pre-to-post active placebo. Hippocampus-anterior 

cingulate rsFC increased pre-to-post MBI, in correlation with more cannabis use days, and decreased 

pre-to-post passive placebo. Pallidum-anterior superior temporal gyrus rsFC decreased pre-to-post 
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active placebo and increased pre-to-post passive placebo. Further, putamen-cerebellum/brainstem 

rsFC increased pre-to-post active placebo and decreased pre-to-post passive placebo. 

Discussion: As hypothesised, brief MBI (vs active and passive placebo) altered rsFC in ROIs – 

putamen-frontal pole – of the addiction neurocircuitry, high in cannabinoid receptors, and known to 

be altered in this group individuals with a moderate-to-severe CUD. Thus, a brief MBI, relaxation 

intervention, and daily monitoring intervention could affect selected putamen-frontal pole/STG and 

hippocampus-ACC pathways dysfunctional in CUD, in differing directions; and additional pathways 

are selectively affected specifically by relaxation and by daily monitoring of cannabis use (e.g., 

putamen-cerebellum/brainstem and pallidum-aSTG).Future research with larger samples of 

individuals with a CUD, who endorse motivation to change use and adhere to intervention 

requirements, is required to further expand on how brief MBI mitigate brain dysfunction in CUD. 

 

Keywords: functional magnetic resonance imaging, fMRI, resting-state functional connectivity, rsFC, 

seed-based connectivity, brain, cannabis, cannabis use disorder, CUD, substance use intervention, 

mindfulness 
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5.2 Introduction 

Cannabis Use Disorder (CUD) is endorsed by approximately 22 million people worldwide 

(Degenhardt et al., 2018). Rates of ‘disordered’ cannabis use have increased, from 10% of regular 

users endorsing cannabis dependency in the early 90s (Anthony et al., 1997), to 18-26% of regular 

users now estimated to meet criteria of CUD (Leung et al., 2020). Concurrently, the demand for 

effective treatments for CUDs have also risen (Manthey et al., 2021; United Nations Office on Drugs 

and Crime [UNODC], 2019; World Health Organisation [WHO], 2016). Specifically, based on 22 

countries with available data, treatment entries per 100,000 adults went from went from 27 entries in 

2010, to 35 entries in 2019, representing a statistically significant increase in 10 countries (Manthey et 

al., 2021). A number of psychosocial treatments have been shown to reduce cannabis use and related 

problems, however this treatment effect is seldom maintained over time (Gates et al., 2016), and 

pharmacotherapies have proven to be ineffective (Bahji et al., 2021; Kondo et al., 2020; Nielsen et al., 

2019). Furthermore, the limited effectiveness of treatments can be compounded by the fact that only 

8% of adults with a CUD receive a CUD-specific treatment (Wu et al., 2017). These statistics 

underscore the urgent need to find interventions that can target the core pathophysiology of CUD and 

the adverse outcomes. 

Worryingly, the adverse outcomes of CUD and heavy cannabis use constitute a significant 

burden of the disease on treatment services, with AUD$714million spent annually in Australia on 

healthcare costs (Whetton et al., 2020). Adverse outcomes of CUD are associated with a number of 

negative psychosocial and health outcomes (Foster et al., 2018; Hall & Degenhardt, 2014; van der Pol 

et al., 2013; Volkow et al., 2014). They can include: mental ill health - such as mood disorders, 

anxiety disorders (Gibbs et al., 2015; Gobbi et al., 2019; Leadbeater et al., 2019; Lev-Ran et al., 2014; 

Twomey, 2017) and psychotic disorders (Kuepper et al., 2011; Leadbeater et al., 2019; Rössler et al., 

2012; Wright et al., 2021), reduced cognitive abilities (Figueiredo et al., 2020; Grant et al., 2003; 

Lovell et al., 2020; Schreiner & Dunn, 2012), and neurobiological alterations within the addiction 

neurocircuitry (Thomson et al., 2022 [Chapter 2]). 

Importantly, neurobiological alterations have been observed while people who use cannabis 

are non-intoxicated using ‘resting-state functional connectivity’ (rsFC); a functional Magnetic 
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Resonance Imaging modality collected while participants are not performing any cognitively 

demanding tasks (e.g., ‘at rest’, watching a fixation cross while letting one’s mind wander; Thomson 

et al., 2022 [Chapter 2]; Thomson et al., in preparation [Chapter 4]). Importantly, neurobiological 

alterations in people who suffer from addiction have been (partly) ascribed to the adverse 

psychosocial outcomes they experience; and implicated in prominent theories of addiction (Koob & 

Volkow, 2010; Volkow et al., 2016; Zehra et al., 2018). However, it remains unclear how brain 

dysfunction in CUD can be reduced. Indeed, interventions aimed a targeting aberrant neurobiology in 

CUD are largely unexplored (Verdejo-Garcia et al., 2019). 

In recent years, mindfulness-based interventions (MBI) have been developed to address 

substance use disorders (SUDs). MBIs foster “awareness through paying attention on purpose, in the 

present moment, and non-judgmentally, to the unfolding of experiences moment by moment” (Kabat-

Zinn, 1991). MBIs can include treatments targeting aspects of SUDs, with a range of durations, from 

single sessions that target cravings (e.g., urge surfing), to one or a few weeks (Kamboj et al., 2017; 

Serfaty et al., 2018), and a few months (Korecki et al., 2020). Emerging evidence shows that MBIs 

can reduce SUDs and related problems. For example, the literature to date including meta-analyses 

show that MBIs can reduce substance cravings and frequency of use, while reducing mental ill health 

(i.e., depression, stress; Cavicchioli et al., 2018; Chiesa & Serretti, 2014; Korecki et al., 2020; Li et 

al., 2017; Ramadas et al., 2021). Preliminary evidence has also shown that MBI can reduce the 

frequency of cannabis use, for up to 3 months post intervention in regular cannabis users (de Dios et 

al., 2012). Thus, MBIs have shown promise for reducing substance use and related problems in SUD 

populations. 

Emerging fMRI evidence also show that MBIs can target brain dysfunction in SUD (Garland 

et al., 2014; Lorenzetti et al., under review). For instance, MBIs have been shown to increase rsFC 

between cortical regions underlying cognitive control, implicated within the addiction neurocircuitry 

(e.g., anterior cingulate cortex [ACC]-orbitofrontal cortex [OFC]) in people with nicotine 

dependence, as a function of smoking reduction pre-to-post MBI (Froeliger et al., 2017). Further, 

MBIs have been shown to reduce rsFC between cortical regions shown to be dysfunctional in CUD, 

that are implicated in inhibitory control (e.g., superior frontal gyrus [SFG]) and in interoception (e.g., 
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default mode network [DMN]) in people with opioid dependence, in correlation with increased 

mindfulness (Fahmy et al., 2019). Overall, this early evidence suggests that MBIs can reduce brain 

dysfunction in SUD, and such changes may underlie substance use reduction and increase in 

mindfulness levels. 

While emerging evidence shows that MBIs may target brain dysfunction in SUDs, 

methodological limitations of the literature to date preclude the understanding of the mechanisms of 

MBIs targeting SUDs including CUDs. First, the evidence relies on a few studies of limited SUDs 

with distinct psychopharmacological signatures (e.g., nicotine and opioids), therefore the findings 

cannot be generalised across distinct SUDs and the neurobiology of MBIs in CUD is unknown. 

Second, the extant fMRI studies of MBI comprised small sample sizes (e.g., 13-28; Fahmy et al., 

2019; Froeliger et al., 2017), and therefore may have been underpowered to detect subtle changes in 

rsFC pre-to-post MBI. Third, the evidence lacks control groups (e.g., either active- or passive-placebo 

or both), which prevents the disentangling of MBI-specific effects from expectancy and general 

treatment effects. Fourth, the requirements for attendance of the MBIs might not have made it feasible 

to engage people with SUDs from the general community who can have limited cognitive resources to 

organise highly structured interventions over time, or people with work commitments or parental 

responsibilities. For example, one study required the attendance of 16 sessions over a month and 

targeted inpatients (Fahmy et al., 2019), and another study required 10 weekly 2-hour face-to-face 

sessions (Froeliger et al., 2017). Such interventions, while effective, might not be feasible for people 

with a CUD, who seek self-reliance and informal treatment settings (van der Pol et al., 2013). These 

limitations highlight a need for research examining rsFC in individuals with a CUD pre-to-post MBIs 

compared to control conditions, that are feasible to deliver to map the underlying neurobiological 

changes and their link to behavioural changes (e.g., lower dosage, lower stress, greater mindfulness).  

The primary aim of this study is to examine for the first time how a brief MBI previously 

shown to reduce alcohol consumption (Kamboj et al., 2017) reduced brain dysfunction – measured 

with rsFC fMRI – in people with a current moderate-to-severe CUD, who had tried to cut down or 

quit their use in the previous 2 years. We used a robust double-blind, active and passive placebo-

controlled intervention. In detail, the 56 participants were allocated in a pseudo-randomised order 
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stratified on age and sex, to one of three interventions: (i) a brief MBI adapted to target cannabis 

cravings (n = 19), (ii) an active placebo (relaxation) intervention adapted to cannabis cravings and 

matched to the MBI by number of words, complexity, and all components but mindfulness (n = 18), 

(iii) a passive placebo control group with daily monitoring of cannabis use, a component which was 

also embedded in both MBI and active placebo (n = 19). 

We hypothesised that MBI vs active and passive placebo, would change rsFC between a 

priori brain regions of the addiction neurocircuitry (Koob & Volkow, 2010), high in cannabinoid 

receptors type 1 (CB1R; Glass et al., 1997) and with demonstrated altered rsFC in this sample of 

people with CUD vs controls (Thomson et al., in preparation [Chapter 4]). The regions-of-interest 

(ROIs) were: the nucleus accumbens (NAc), the hippocampus, the pallidum, and the putamen. 

We secondarily aimed to explore if changes in rsFC pre-to-post MBI were associated with 

changes in metrics of cannabis exposure (e.g., grams, use days) and related problems (e.g., 

withdrawal), as well as psychological measures (e.g., COVID-related-stress, and mindfulness levels). 

 

5.3 Method 

 This study was nested within a larger, pre-registered study 

(https://doi.org/10.1186/ISRCTN76056942; registration ID: ISRCTN76056942). The Australian 

Catholic University Human Research and Ethics Committee approved the study protocols (HREC 

number 2019-71H).  

 

5.3.1 Sample Inclusion and Exclusion Criteria 

Unless otherwise specified, inclusion and exclusion criteria were confirmed by participant 

self-report and the use of a comprehensive online screening survey followed by a detailed screening 

over the phone. 

5.3.1.1 Inclusion Criteria  

Inclusion criteria were: (1) age between 18 years and 55 years; (2) normal-to-corrected 

vision; (3) fluency in English; (4) ability to attend sessions; (5) use of cannabis on a daily or almost 

daily basis for ≥12 months; (6) attempt to quit or reduce their cannabis use at least once within the 
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past 24 months; and (7) diagnosis of moderate-to-severe CUD, confirmed by the endorsement of ≥ 4 

CUD symptoms from the DSM-5 (American Psychiatric Association [APA], 2013), measured using 

the Structured Clinical Interview of DSM-5 – research version (SCID-5-RV; First et al., 2015). See 

Chapter 1: Thesis Introduction and Overview, Figure 1.0, page 20 for DSM-5 CUD diagnostic 

criteria. 

5.3.1.2 Exclusion Criteria 

Exclusion criteria were: (1) Magnetic Resonance Imaging (MRI) contraindications, measured 

using the Monash Biomedical Imaging MRI Screening and Information Form; (2) unwillingness to 

refrain from any illicit substance and/or alcohol use in the 12 hours before testing (confirmed upon 

arrival at session); (3) current use of prescription medication that affects the central nervous system 

(CNS) except anti-depressants and anxiolytics, due elevated depression/anxiety levels in CUD; (4) 

history of any diagnosed psychiatric disorders, with the exception of depression and anxiety disorders 

due to the high comorbidity with CUD, or current suicidal ideation, as confirmed using The MINI 

International Neuropsychiatric Interview 7.0.2 (MINI; Lecrubier et al., 1998; Lecrubier et al., 1997; 

Sheehan et al., 2015; Sheehan et al., 1998); (5) history of any neurological disorders or major medical 

conditions (e.g., epilepsy, stroke, migraine, etc.); (6) history of acquired or traumatic brain injury or 

loss of consciousness > 5 minutes; (7) full scale intelligence quotient (FSIQ) estimate score < 70, 

confirmed using the Wechsler Abbreviated Scale of Intelligence – second edition (WASI-II; 

Wechsler, 2011); (8) current pregnancy and/or breastfeeding; (9) history of significant and regular 

mindfulness practice, defined as regular engagement in mindfulness practices over any extended 

period of time; (10) significant dependence on alcohol, confirmed by a score > 19 on the Alcohol Use 

Disorders Identification Test (AUDIT; Babor et al., 2018); (11) significant exposure to substances 

other than cannabis or tobacco, as per >50 occasions of use over a 2-year period in the past 10 years; 

or (12) or use of any illicit drug other than cannabis in the four weeks prior to testing. 

 

5.3.2 Procedure 

Please refer to Figure 5.1 for a brief overview of the participant flow through data collection, 

as well as the measures administered at each stage, and intervention components. 
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Figure 5.1. Protocol testing flowchart with assessment tools measures and intervention components 

 

5FMQ = Five-Facet Mindfulness Questionnaire; AUDIT = Alcohol Use Disorder Identification Test; 

BDI-II = Beck Depression Inventory – II; COVID SS = COVID Stress Scale; CUDIT-R = Cannabis 

Use Disorder Identification Test – Revised; CUI = Cannabis Use Interview; CWS = Cannabis 

Withdrawal Scale; FTND = Fagerström Test Of Nicotine Dependence; MCQ-SF = Marijuana Craving 

Questionnaire – Short Form; MINI = The MINI International Neuropsychiatric Interview 7.0.2; ML = 

Marijuana Ladder; MRI = Magnetic Resonance Imaging; PIL = Participant Information Letter; PSS = 

Perceived Stress Scale; SCID-5-RV = Structured Clinical Interview of DSM-5 – Research Version; 

STAI-Y = State Trait Anxiety Inventory – Y form; TLFB = Timeline Follow Back; WASI-II = 

Wechsler Abbreviated Scale Of Intelligence – Second Edition 

 

5.3.1.2 Recruitment  

All participants were recruited from the Greater Melbourne Metropolitan area, using flyers 

displayed in public locations and online (e.g., Google, Gumtree, Facebook, Instagram, Reddit, Tik 

Tok, Beat Online Magazine). The flyers displayed a summary of key inclusion and exclusion criteria. 

5.3.2.2 Screening  

Members of the community who were interested in the study were directed to (i) an online 

screening survey to determine their eligibility against inclusion and exclusion criteria (~30-minutes, 

Screening

ONLINE
- Background & demographics

- Age
- Sex

- English fluency
- Pregnancy/breastfeeding

- Medical & medication hx

- Mental health hx
- Cannabis use hx

- Education hx
- Mindfulness hx

- Monash MRI Safety Form

- MINI – screen 
- MINI – cannabis use subscale

- AUDIT

PHONE
Confirmation of online screen 

responses, including identity
Provision of study details

Assessment scheduling

Baseline Assessment

ARRIVAL
PIL and Informed Consent 

Socio Demographics 
SCID-5-RV

MRI
T1w and Resting-State Scan 

POST-MRI
WASI-II
Semi-structured interviews:

- TLFB & CUI
Questionnaires (BDI-II, STAI-Y, 

PSS, COVID SS,  ML, AUDIT, 

FTND, CUDIT-R, MCQ-SF, CWS, 
5FMQ)

INTERVENTION
7-minute audio recording 

OR no audio, as per group

Daily Questionnaire 

MBI

MINDFULNESS SCRIPT
7-minute audio recording

Daily Questionnaire

Active Placebo

RELAXATION SCRIPT
7-minute audio recording

Daily Questionnaire

Passive Placebo

NO SCRIPT
n/a audio recording

Daily Questionnaire

Follow-Up Assessment

ARRIVAL
Informed Consent 

INTERVENTION
7-minute audio recording 

OR no audio, as per group
Daily Questionnaire

MRI
T1w and Resting-State Scan 

POST-MRI
Semi-structured interview:
- TLFB

Questionnaires (BDI-II, STAI-Y, 

PSS, COVID SS, CUDIT, MCQ-SF, 
CWS, 5FMQ)

~6 hours ~4 hours~2 weeks
(online daily)

~30min + ~30 min
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9,045 respondents), followed by (ii) a phone screener to confirm eligibility of potentially suitable 

participants (lasting ~10 minutes to ~1 hour; 450 prospective people with a CUD and 800 prospective 

controls were called). A detailed list of the tools used for the online and telephone screening is 

outlined in the study pre-registration (https://doi.org/10.1186/ISRCTN76056942; registration ID: 

ISRCTN76056942), and in Chapter 3: General Methods, section 3.5.1 Online Screening and 3.5.2 

Phone Screening.  

5.3.2.3 Intervention Group Allocation  

Following confirmation of eligibility, the study-coordinator pseudo-randomly allocated 

participants to an intervention group (MBI OR active placebo OR passive placebo), stratified by age 

and sex. Years of education, alcohol dependency scores (using the AUDIT; Babor et al., 2018) and 

cannabis dosage/frequency at baseline across intervention groups were also monitored while 

recruiting. 

5.3.2.4 Blinding Procedure  

The study was supported by an unblinded study coordinator (i.e., responsible for pseudo-

randomization process of participants to intervention groups and consequently aware of specific 

participant allocations), unblinded testers (i.e., responsible for intervention administration, compliance 

monitoring, and data collection relating to the intervention), and blinded testers (i.e., responsible for 

all remaining data collection including neuroimaging acquisition, cognitive testing, semi-structured 

interviews, and questionnaire administration). Participants were blind to their respective intervention 

allocation and to the study aims. 

5.3.2.5 Overview of Structure for Data Collection 

 Face-to-face data collection sessions at baseline and at follow-up ~2 weeks later were 

completed at Monash Biomedical Imaging facility, Clayton, Victoria, Australia.  

5.3.2.5.1 Baseline. Participants first attended a baseline session (see Chapter 3: General 

Methods for detailed procedure), at which data was largely collected by a blinded tester. The testing 

session lasted approximately 5-6 hours (including the collection of measures beyond the scope of this 

study). Participants provided written informed consent and completed an assessment battery to profile 

socio-demographic data, substance use, mental health, and cognition, comprising questionnaires, face-
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to-face semi-structured interviews, standardised cognitive testing, as well as MRI scanning. 

Additionally, at the conclusion of the baseline session, an unblinded tester guided participants through 

their respective intervention component (~45-minutes), including the initial administration of the 

intervention audio instructions if applicable (i.e., for the MBI or active placebo group). 

5.3.2.5.2 Intervention. Participants then completed the specific daily tasks (audio track 

containing intervention instructions, if applicable, and brief questions to monitor cannabis use and 

cravings) required for their respective intervention (5-15 minutes per day) over a 2-week period. See 

section 5.3.4 below for details. Some duration variability between baseline and follow-up was 

permitted to accommodate participant scheduling requirements. 

5.3.2.5.3 Follow-up. The follow-up session lasted ~4-hours. It started with the administration 

of the intervention including audio instructions (as applicable) with an unblinded tester upon arrival. 

Participants then completed the follow-up session battery with a blinded tester, which largely 

replicated the baseline session. At the completion of the follow-up session, participants were given the 

opportunity to debrief and received reimbursement in the form of a Coles Myer voucher, to the value 

of AUD$150. All participants were also offered a picture from a single frame from their T1-weighted 

(T1w) scan. 

 

5.3.3 Face-To-Face Assessment Tools 

All questionnaires used for participants’ screening and face-to-face testing were administered via 

Qualtrics Software, version 2019-2022 (Qualtrics, Provo, UT). 

5.3.3.1 Overview of Tools Administered at Baseline Face-to-Face Testing Only  

5.3.3.1.1 Sociodemographic Data and Handedness. We measured participants’ data on age, 

sex, and years of education using a standard demographic proforma. Handedness was ascertained 

using the Edinburgh Handedness Inventory – Short Form (EHI-SF; Veale, 2014).  

5.3.3.1.2 Full Scale Intelligence Quotient Testing. The WASI-II (Wechsler, 2011) was used to 

estimate participants’ FSIQ, derived from the administration of the Vocabulary and Matrix Reasoning 

subtests. 
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5.3.3.1.3 Substance Exposure and Related Problems. The SCID-5-RV (First et al., 2015) is a 

structured interview, which required participants to respond ‘yes’ or ‘no’ to 11-items (with additional 

probing if necessary) to determine the number of DSM-5 CUD items the participant endorsed. A 

score of 4-5 indicated moderate CUD, and a score of 6+ indicated severe CUD. 

The Timeline Follow Back (TLFB; Sobell & Sobell, 1992) is a structured interview, used to 

gather information on substance use over the past 30 days (e.g., cannabis, alcohol, nicotine, and 

other). We measured the number of days/past 30 days in which each substance was used (i.e., for 

cannabis, alcohol, nicotine) and the quantity of substance used/past 30 days (i.e., grams of cannabis, 

standard drinks of alcohol, number of cigarettes), as well as the number of hours since participants’ 

last used cannabis. 

The Cannabis Use Semi-Structured Interview (CUI; Cuttler & Spradlin, 2017) was used to 

gather information on participants’ cannabis use over their lifetime. We extracted the age of first 

cannabis use, age of regular cannabis use (defined as onset of at least monthly use), and the duration 

of regular cannabis use. 

The Marijuana Ladder (Slavet et al., 2006) was administered to provide an indication of 

participant’s motivation to stop cannabis use / readiness to change. Participants selected where they 

sat on a scale ranging from 0 (No thought about quitting, I cannot live without cannabis) to 9 (I have 

changed my cannabis use, but I still worry about slipping back, so I need to keep working on the 

changes I have made). Scores of 0-2 correspond with the pre-contemplation stage, 3-5 with the 

contemplation stage, 6-7 with the preparation stage, 8 with the action stage, and 9 with the 

maintenance stage.  

Substance use-related problems were quantified for alcohol and nicotine, via the AUDIT 

(Babor et al., 2018) and the Fagerström Test for Nicotine Dependence (FTND), respectively 

(Fagerström et al., 2012).  
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5.3.3.2 Overview of Tools Administered at Both Baseline and Follow-Up Face-to-Face Testing  

5.3.3.2.1 Substance Exposure and Related Problems. The TLFB (Sobell & Sobell, 1992) was 

administered at follow-up following the same procedure as described above (section 5.3.4.1.3.3), to 

determine the number of days cannabis was used on and the number of grams of cannabis consumed 

per day, across the participants’ intervention period, as well as hours since last cannabis use. This 

therefore meant that the period of time recorded varied across participants, according to their 

respective intervention duration (i.e., 14-day target with some variability to accommodate participant 

schedules). 

To directly compare cannabis use in the lead up to each session (i.e., pre-baseline compared 

to pre-follow-up), additional measures of ‘cannabis days’ and ‘cannabis dose’ were derived using the 

already collected data from the TLFB at baseline. For each participant, the total grams of cannabis 

consumed and the number of days on which cannabis was consumed on pre-baseline were calculated 

across a time interval which matched the participant’s intervention duration. These variables are 

referred to as ‘cannabis days – intervention duration’ and ‘cannabis dose – intervention duration’, to 

differentiate from ‘number of days used, and the number of grams of cannabis consumed per day over 

the past 30 days’ collected at baseline. 

 CUD-related problems were quantified using the Cannabis Use Disorders Identification Test 

– Revised (CUDIT-R; Adamson et al., 2010). Scores greater than 8 indicated hazardous use and scores 

of 12 or more indicated a possible CUD. 

The Marijuana Craving Questionnaire – Short-Form (MCQ-SF; Heishman et al., 2009) was 

administered to obtain an indication of the magnitude of cravings for cannabis experienced by the 

participant in the moment of questionnaire administration. It contained 12-items, with higher scores 

indicating greater cravings. The Cannabis Withdrawal Scale (Allsop et al., 2011) was administered to 

monitor participant’s experiences of cannabis withdrawal over the past 24-hours. It contained 19-

items, with higher scores indicating greater withdrawal.  

The Beck Depression Inventory – second edition (BDI-II; Beck et al., 1996), a standardised 

measure of mood with diagnostic ranges, was used to quantify participant’s experiences of depression 

over the past fortnight. The State-Trait Anxiety Index – Y Form, (STAI-Y) ‘state’ sub-scale 
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(Spielberger et al., 1983) is a commonly used measure of state anxiety. It provided a measure of 

feelings of anxiety in the moments preceding the MRI acquisition. The Perceived Stress Scale – 10 

items (PSS; Cohen et al., 1983) is a widely used measure to quantify participant’s perception of their 

stress over the past fortnight. It contained 5 subscales (i.e., COVID danger and contamination, 

COVID socioeconomic consequences, COVID xenophobia, COVID traumatic stress, and COVID 

compulsive checking), summed to measure a specific ‘COVID Stress Syndrome’. 

Participants completed the 5FMQ (Baer et al., 2008) to provide a measure of their perceived 

mindfulness and self-awareness. The five subscales (observation, description, aware actions, non-

judgemental inner experience, and non-reactivity) were summed to provide a total score, whereby 

higher scores indicate greater mindfulness/self-awareness.  

 

5.3.4 Intervention 

The intervention daily online tasks (e.g., brief questionnaire to monitor cannabis use and 

cravings, and audio track where applicable) were carried out by participants over a ~2-week between 

the baseline and the follow-up face-to-face testing session. Additionally, the initial and final daily 

online tasks were completed under unblinded supervision at the completion of the baseline and 

commencement of the follow-up session. For the passive placebo group, this consisted of completing 

a daily questionnaire only; for the MBI and active placebo group this included the daily questionnaire 

in addition to listening to 7-minutes of audio instructions. The daily questionnaire (and audio 

instructions if applicable) were accessed online via Qualtrics link. 

5.3.4.1 Monitoring Intervention Compliance 

Daily compliance of completion of the daily tasks (daily questionnaire and audio instructions 

if applicable) was monitored by an unblinded tester, who was able to determine remotely if the 

participant had opened their Qualtrics link each day. If participants missed one day or two days, an 

SMS reminder was sent. If participants missed a third consecutive day, a phone call was placed to 

participants was made to ascertain if they were experiencing any issues in completing or accessing the 

task(s) and assistance provided if required. A binary measure of intervention compliance was created 

by determining whether or not the participant had accessed the task each day. 
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5.3.4.2 Audio Instructions for MBI and Active Placebo Interventions 

 The two sets of audio instructions were matched for time and cadence. The scripts were near 

identical but for the alteration of key words to tailor the interventions. 

5.3.4.2.1 MBI Script. The MBI group were told that “noticing, paying attention to, and 

accepting” their thoughts and physical sensations, could increase their ability to experience cannabis 

cravings without acting on them. It was emphasized that the aim was not to simply relax, but to be 

alert and attentive. Participants were guided through “open monitoring” of experience and particularly 

through “aware[ness] of feelings and bodily sensations” and experiencing “craving in a different 

way”. To reduce expectancy effects relating to the increasing popularity and public discussion of 

complementary medicine approaches, no mention of the term “mindfulness” (or “relaxation”) was 

made in any experimental or recruitment material.  

5.3.4.2.2 Active Placebo, Relaxation Script. The active placebo group was told that cannabis 

craving intensity can be reduced by “softening the muscles…and calming and unwinding the 

mind…releasing tension in your body” and that relaxation enables transformation of sensations into 

more calming, less unpleasant experiences. Participants were instructed to pay attention to their 

breath, to facilitate the release of tension. It was emphasized that this is a way of managing craving or 

urges to smoke cannabis.  

5.3.4.2.3 Passive Placebo, No Script. Participants in the passive placebo group did not listen 

to any scripted recordings. Instead, this group only completed a daily questionnaire, to minimize 

discernment of allocation to the passive placebo group.  

5.3.4.3 Daily Questionnaire, In All Intervention Groups 

 All participants completed a daily questionnaire (~3 minutes), that collected information on 

cannabis exposure and related variables across the intervention period to aid data interpretation. All 

cannabis users were asked to provide daily estimates of their cannabis use (number of occasions and 

quantity), and instances of dangerous use (i.e., “have you been able to suspend your cannabis use to 

be ‘safer’ or to aid performance?”). All cannabis users were also asked each day to rate the intensity 

of their cannabis cravings and urges, their ability to “step back and be aware of cravings/urges 

without being taken over by them”, their mental state, their levels of relaxation-tension and 
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nervousness/stress, and judgement of thoughts as “good or bad”. For participants in the MBI and 

active placebo group, their daily questionnaire also contained items on intervention compliance (e.g., 

“Since the last time you completed this questionnaire, have you listened to the audio track?”; “When 

you felt the urges or craving to smoke cannabis, have you practiced the strategy you have been 

listening to on the audio track?”).  

 

5.3.5 Statistical Analyses  

5.3.5.1 Behavioural Data: Group Differences at Baseline 

 We used a series of Chi-squares to compare sex and handedness between the intervention 

groups at baseline (i.e., MBI vs active placebo vs passive placebo). We performed a series of 

Kruskal-Wallis tests to compare groups for non-normally distributed scalar variables, i.e., age, years 

of education, all substance use variables, and intervention duration. Finally, we ran a series of 

ANOVAs for normally distributed scalar data, i.e., WASI-II FSIQ, motivation to change, and 

intervention compliance measured as the proportion of days out of the total intervention on which the 

participant accessed their respective daily task. 

5.3.5.2 Behavioural Data: Effect of Group, Effect of Time, and Effect of Group-by-Time 

 Effects of group, effects of time and effects of group-by-time were analysed using a linear 

mixed-effect model. Sample characteristics examined included cannabis days – intervention duration, 

cannabis dose – intervention duration, CUD-related problems (CUDIT-R), withdrawal (CWS), and 

craving (MCQ-SF), abstinence from cannabis pre-session (hours), mental health symptom scores (i.e., 

depression [BDI], state anxiety [STAI-Y], perceived stress [PSS], and COVID-specific stress 

[COVID Stress Scale]), and measure of mindfulness (5FMQ). The timepoint (baseline and follow-up) 

and the intervention group were entered into the model as fixed factors, with the participant entered as 

a random factor to account for natural heterogeneity in the responses of different individuals. 

5.3.5.3 Sample Characteristics: Post Hoc Pairwise Comparison  

 Post hoc pairwise comparisons were completed on variables at baseline and follow-up which 

showed either a significant (state anxiety) or a trend (perceived stress) effect of group in the linear 



  167 

mixed-effects model. Mann Whitney U pairwise comparisons for non-normally distributed data were 

used.  

 

5.3.6 Neuroimaging 

5.3.6.1 fMRI Resting-State Task Setup  

Prior to entering the scanner participants were requested to stay awake; the tester checked in 

real-time that participants kept their eyes open throughout the scan, via an MRI-compatible camera 

placed inside the MRI scanner.  

5.3.6.2 fMRI Resting-State Task Instructions 

Inside the scanner, prior to the resting-state scan acquisition, participants were instructed 

verbatim “the next scan will take about 10 minutes. Keep your eyes open, try not to think about 

anything in particular. Stay relaxed and try to keep your head still”. Through the resting-state scan, 

participants were shown a fixation cross (white cross on black background) via a mirror placed inside 

the MRI scanner.  

5.3.6.3 MRI Acquisition Parameters  

Participants were scanned using the same group of experienced radiographers at Monash 

Biomedical Imaging at baseline and follow-up. Participants were scanned on a Siemens Skyra 3 Tesla 

MRI scanner using a 32-channel head coil. T1-weighted (T1w) scans were acquired using the 

following acquisition parameters: TE = 2.07ms, TR = 2300ms, flip angle = 9, 192 sagittal slices 

without gap, field of view 256 x 256mm, yielding a 1 x 1 x 1mm resolution, with a total acquisition 

time of 5 minutes. Resting-state scans (189 volumes) were acquired over 8 minutes, using the 

following parameters: TR = 2500ms, TE = 30ms, flip angle = 90, field of view = 192mm, matrix = 

64, voxel size 3 x 3 x 3mm3, 44 slices without gap, and a total acquisition time of 480 seconds.  

5.3.6.4 MRI Data Handling 

All MRI data were directly exported from the scanner to Monash Biomedical Imaging-XNAT 

(XNAT website, private server), where it was stored and backed up in Digital Imaging and 

Communications in Medicine (DICOM) format. Raw format (i.e., DICOM) data were downloaded 
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from the XNAT server and converted into Brain Imaging Data Structure (BIDS) format using 

dcm2niix (v1.0.20201102) for further analysis. All imaging data processing and analysis were 

performed on a cloud-based cluster-computational platform, MASSIVE (massive.org.au; Goscinski et 

al., 2014). The pre- and post-processing was conducted using CONN toolbox 20.b 

(www.nitrc.org/projects/conn, RRID:SCR_009550; Whitfield-Gabrieli & Nieto-Castanon, 2012), 

based on SPM12 on Matlab (2018a.r7487), which was pre-installed on MASSIVE. 

5.3.6.5 MRI Data Pre-Processing 

All validated data were imported in BIDS format, then underwent a standard pre-processing 

pipeline using CONN toolbox 20.b, including 1) slice timing with interleaved slice order, 2) 

realignment and generation of motion parameters, 3) ARtifact-detection Tools (ART)-based outlier 

detection with intermediate settings (default 97th percentile in normative sample), 4) co-registered 

fMRI data with T1w images, 5) segmentations of T1w images, 6) normalising T1w images to 

Montreal Neurological Institute (MNI) space (standard space), and normalising fMRI to MNI space 

with the same parameters, and 7) smoothing with 6mm kernel. fMRI was then resampled at 2x2x2mm 

isotropic. Quality Assurance (QA) reports were generated and manually reviewed by authors HT and 

CS. Stringent criteria for detecting motion outliers, as outlined by Parkes et al. (2018), was followed, 

whereby limits of >0.25mm mean framewise displacement (mFD) and >5mm maximum framewise 

displacement were set; no participants violated these criteria.  

5.3.6.6 functional MRI Data Analysis of Intervention-Group-by-Time Effects 

 5.3.6.6.1 Connectome Analysis. The connectome matrix (132 x 132) for each scan were 

generated using the default Harvard-Oxford atlas (132 cortical and subcortical regions; Desikan et al., 

2006) within the CONN toolbox 20.b (conn/rois/atlas.nii), with method of bivariate correlation and 

haemodynamic response function (HRF) weightings. See Figure 5.2 for an example of a connectome 

matrix from a single subject within the sample, selected at random. Then, these connectome matrices 

were fed into the graphic analysis using a General Liner Model (GLM) using a group-by-time design: 

the two timepoints were input as different sessions to set up the within subject contrast (follow-up – 

baseline). The intervention groups were set up as a three-level factor (i.e., MBI, active placebo, 

passive placebo). Three t-contrasts were selected between all combinations of two intervention types 
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(MBI vs active placebo; MBI vs passive placebo; active placebo vs passive placebo). We used 

multiple comparison error correction, specifically using a cluster-level FDR correction, p-corrected < 

0.05, multi-voxel pattern analysis (MVPA) omnibus test. 

 

Figure 5.2. Connectome matrix (132 x 132) of a single subject, selected at random from the sample  

 

 

5.3.6.6.2 Seed-Based Functional Connectivity Analysis. Brain regions selected as seeds 

(ROIs) based on prior knowledge, were determined by the default Harvard-Oxford atlas within the 

CONN toolbox 20.b. See Table 5.1 for an overview of the seeds examined and their coordinates in 

Montreal Neurological Institute (MNI) stereotaxic space. Seed-based functional connectivity maps 

were generated using CONN toolbox 20.b. Briefly, a bivariate correlation coefficient was calculated 

between the timeseries of each ROI and the that of each other voxel in the brain, controlling for 
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nuisance factors such as motions parameters, global signal, signal from white matter, and signal from 

cerebral spinal fluid. The seed-based rsFC maps for the four seeds were used for post-processing. 

 

Table 5.1. Overview of seeds examined and coordinates in MNI stereotaxic space 

Seeds Hemisphere MNI Coordinates 

Putamen  
Left -28, -3, 7 

Right 28, -3, 7 

Nucleus Accumbens 
Left -11, 9, -7 

Right 11, 9, -7 

Pallidum 
Left -18, -7, 1 

Right 18, -7, 1 

Hippocampus 
Left -27, -18, -16 

Right 27, -18, -16 

Note: MNI coordinates are taken from the rough centre of the mass, seeds are anatomic in shape  

 

5.3.6.7 MRI Data Post-Processing 

Post-processing statistical analyses of fMRI data were conducted using CONN toolbox 20.b. 

For the group-by-time design, the same GLM with t-contrasts were used, as applied for the 

Connectome Analysis. Briefly, a group-by-time design: the two timepoints were input as different 

sessions to set up the within subject contrast (follow-up – baseline). The intervention groups were set 

up as a three-level factor (i.e., MBI, active placebo, passive placebo). Three t-contrasts were selected 

between all combinations of two intervention types (MBI vs active placebo; MBI vs passive placebo; 

active placebo vs passive placebo. To control for multiple comparison errors across voxels, we 

applied a cluster level False Discovery Rate (FDR) correction (p-corrected < 0.05), with an initial 

default threshold (p<0.001). Next, among the four independent seeds, we applied a further 

conservative Benjamini-Hochberg multiple comparison error correction, with a threshold of p < 0.05 

(equivalent to p-FDR corrected < 0.001). rsFC group-by-time interaction effects were defined for 

those seeds which survived the two multiple comparison corrections. We extracted the mean values 

within the ROIs (i.e., mean rsFC beta values for the seed to cluster) using CONN toolbox 20.b for 

further brain behaviour correlation analyses. 
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5.3.6.8 Brain Behaviour Correlations 

We ran Pearson’s correlations between the BOLD series values that displayed a group-by-

time interaction effect (i.e., rsFC beta values extracted via the CONN toolbox 20.2) and metrics of 

cannabis exposure, related problems, and mindfulness levels, which significantly changed over time, 

within each intervention group. For rsFC pairings showing a group-by-time interaction effect a 

‘change in rsFC’ was calculated by subtracting the mean rsFC beta value within the ROI for each 

participant at baseline from their value at follow-up. Similarly, for metrics of cannabis exposure, 

related problems, and mindfulness levels which changed over time in the linear-mixed-effects model, 

a ‘change’ measure was calculated by subtracting the value at baseline from the value at follow-up 

(i.e., change in: cannabis days – intervention duration, cannabis dose – intervention duration, 

cannabis withdrawal, COVID-specific stress, and 5FMQ mindfulness). Correlations were run using 

SPSS (version 28). 

 

5.4 Results 

5.4.1 Sample Characteristics  

5.4.1.1 Baseline 

The total sample included 56 cannabis users (14 females), aged a median of 25 years (range: 

18-51). Of these, 19 participants (5 female) were allocated to the MBI, 18 participants (4 female) to 

the active placebo group, and 19 participants (5 female) to the passive placebo group. This sample 

was determined to be of adequate size to ensure a high level of power for this study; please see 

Chapter 3: General Methods, section 3.4.5 for details. 

Table 5.2 overviews the characteristics of all three groups at baseline. Groups were matched 

by age and sex. Additionally, at baseline the groups were not significantly different for handedness, 

FSIQ, years of education and substance exposure and related problems (p > .05). The intervention 

compliance (percentage of days completed out of total intervention per participant) was significantly 

different between MBI and passive placebo, with MBI having lower compliance than the passive 

placebo group.
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Table 5.2. Sample Characteristics measured at baseline only 

Variable MBI Active placebo Passive Placebo Group Differences 

 Mean (SD) or median [range] χ χ / H H / F F p 

Total n [female] 19 [5] 18 [4] 19 [5] 0.11 χ .947 

Age 26 [20-44] 25.5 [18-51] 23 [18-36] 1.32 H .517 

Handedness n [right] 19 [18] 18 [17] 19 [17] 0.47 χ .789 

FSIQ 110 (11) n=18 106 (8) 105 (9) n=18 1.36 F .266 

Education, years 13.5 [11-21] 15.5 [13-19] 16 [12-23] 5.56 H .062 

Alcohol           days, past 30 days 4 [0-22] 3 [0-12] 5 [1-29] 4.60 H .101 

                        standard drinks, past 30 days 16 [0-207] 5 [0-119] 23 [3-201] 5.02 H .081 

                        AUDIT  6 [0-17] 5 [1-12] 7 [2-17] 4.20 H .123 

Nicotine          days, past 30 days 0 [0-30] 0 [0-30] 0 [0-30] 1.73 H .421 

                        cigarettes, past 30 days 0 [0-262] n=18 0 [0-200] 0.5 [0-580] n=17 0.63 H .728 

                        FTND 0 [0-6] 0 [0-5] 0 [0-5] 0.70 H .705 

Cannabis         age at first use, years 17 [13-32] 15 [14-21] 16.5 [14-21] 1.85 H .396 

                        age at regular use, years 18 [15-32] 18 [15-26] 19 [14-26] 2.18 H .336 

                        duration regular use, years 5 [1-29] 7 [3-35] 4.5 [1-16] 3.15 H .207 

                        use days, past 30 days 28 [13-30] 27 [14-30] 26 [14-29] 1.96 H .375 

                        grams, past 30 days 24 [3-76] 21 [5-81] 18 [1-59] 0.76 H .684 

                        motivation to change  5 (2) 5 (2) 6 (2) 0.30 F .750 

                        N CUD symptoms 7 [4-9] 7 [4-11] 8 [4-11] 0.01 H .997 

Intervention    duration, days 15 [11-33] 15 [14-29] 15 [10-32] 2.95 H .228 

                        % completed 60 (19) 68 (23) 83 (15) 6.70 F .003 

AUDIT = Alcohol Use Disorder Identification Test; F = ANOVA; FTND = Fagerström Test Of Nicotine Dependence; FSIQ = full scale intelligence quotient; H = 

Kruskal Wallis; n = group size; SD = standard deviation; χ = Chi-square. Note: Means and standard deviations which significantly differ are shaded pink. 
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5.4.1.2 Sample Characteristics: Effect of Group, Time, and Group-by-Time 

 Table 5.3 overviews sample characteristics at baseline and follow-up, as well as the effects of 

group, effects of time, and effects of group-by-time. There was an effect of intervention group on 

anxiety and stress scores. Post-hoc pair-wise comparisons revealed that group effects were driven by 

significantly higher anxiety at follow-up in both the MBI and active placebo groups than the passive 

placebo group; perceived stress was trend-level greater at follow-up in MBI than passive placebo. 

There were significant effects of time on cannabis days – intervention duration, cannabis dose – 

intervention duration, COVID-specific stress scores, and 5FMQ mindfulness, which decreased from 

pre-to-post intervention in all groups, and on cannabis withdrawal, which increased pre-to-post 

intervention in all groups. There was no group-by-time effect on any variables. 
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Table 5.3. Sample characteristics measured at baseline and at follow-up 

Variable  
MBI Active placebo Passive Placebo  Group  Time Group-by-Time 

Median [range] F (df) p F (df) p F (df) p 

Cannabis   use days  

                  (intervention duration) 

BL 15 [5-23] 15 [9-21] n=16 13 [0-18] n=17 
1.35 (2) .268 7.87 (1) .007 0.29 (2) .751 

FU 14 [2-22] 13 [6-26] 13 [1-15] 

                  dose, grams 

                  (intervention duration) 

BL 6 [2-59] n=18 16 [2-74] n=16 12 [0-21] n=16 
1.64 (2) .204 8.51 (1) .005 0.41 (2) .665 

FU 10 [2-65] 7 [1-75] 6 [1-20] 

                 CUDIT-R 
BL 14 [8-26] 15 [12-30] 16 [7-27] 

0.71 (2) .496 2.54 (1) .117 0.49 (2) .614 
FU 14 [5-21] 16 [10-29] 15 [4-29] 

                 abstinence, hours 
BL 16 [13-44] 17 [12-65] 16 [12-44] 

0.58 (2) .566 1.70 (1) .198 0.76 (2) .472 
FU 15 [12-127] 16 [1-91] 18 [12-761] 

                 cravings, MCQ-SF 
BL 27 [18-75] 40 [17-63] 31 [17-70] 

1.21 (2) .305 0.245 (1) 0.623 .038 (2) .687 
FU 35 [15-75] 37 [15-57] 29 [13-68] 

                 withdrawal, CWS 
BL 26 [0-118] 28 [8-91] 14 [1-98] 

1.83 (2) .171 5.22 (1) .026 0.126 (2) .882 
FU 43 [6-91] 31 [8-118] 21 [3-101] 

Depression, BDI-II 
BL 10 [1-27] 10 [2-46] 6 [2-25] 

2.15 (2) .127 0.55 (1) .462 0.47 (2) .630 
FU 9 [0-39] 10 [2-45] 5 [0-33] 

State Anxiety, STAI-Y 
BL 32 [20-60] 32 [21-54] 26 [21-45] 

3.35 (2) .043 1.81 (1) .184 0.61 (2) .546 
FU 34 [21-80] 34 [23-56] 25 [20-49] 

Perceived Stress, PSS 
BL 16 [1-33] 15 [5-33] 12 [4-32] 

2.65 (2) .080 2.60 (1) .113 0.83 (2) .441 
FU 19 [5-36] 17 [9-36] 11 [6-33] 

COVID Stress Scale 
BL 3 [0-88] n=17 8 [1-45] n=12 3 [0-21] n=15 

0.32 (2) .728 8.65 (1) .005 0.30 (2) .739 
FU 2 [0-73] 3 [0-53] 4 [0-16] 

Mindfulness, 5FMQ 
BL 135 [104-173] 124 [94-171] 134 [70-161] 

0.43 (2) .656 4.10 (1) .048 0.32 (2) .731 
FU 131 [104-165] 129 [93-161] 131 [103-141] 
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FMQ = Five Facet Mindfulness Questionnaire; BDI-II = Beck Depression Inventory; CUDIT-R = 

Cannabis Use Disorder Identification Test-Revised; CWS = Cannabis Withdrawal Scale; df = 

degrees of freedom; MCQ-SF = Marijuana Craving Questionnaire – Short Form; PSS = Perceived 

Stress Scale; STAI-Y = State Trait Anxiety Inventory – Y Form; TLFB = Timeline Follow Back  

Note: significant effects of time are shaded orange; significant effects of intervention group are 

shaded green (trend effect light green); medians and ranges which significantly differ at follow up 

only are shaded pink. 

 

5.4.2 Group-by-Time Effects on Resting-State Functional Connectivity 

5.4.2.1 Group-by-Time Effects on the Connectome Analysis  

There were no significant effects of group, time, or group-by-time on connectome analysis. 

5.4.2.2 Group-by-time Effects on Seed-Based Resting-State Functional Connectivity  

Figure 5.3 and Table 5.4 show effects of group-by-time on rsFC, using FDR-corrected p-

value plus conservative Benjamini-Hochberg correction to α values. There were group-by-time effects 

on rsFC observed for the putamen, pallidum, and the hippocampus seeds with various brain clusters 

(expanded below). The NAc seed did not yield significant intervention-group-by-time interactions. 

Visual plots were used to identify the nature of the interaction effects, which are outlined below as a 

function of MBI vs active placebo, MBI vs passive placebo, and passive placebo vs active placebo.
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Figure 5.3. rsFC group-by-time interactions, with accompanying plots. Regions labelled in dark red text/box indicate pairing observed in two contrasts  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACC = anterior cingulate cortex; aSTG = anterior superior temporal gyrus; cerebellum = cerebellum (vermis); hipp = hippocampus; L = left; MBI = Mindfulness 

Based Intervention; R = right; SD = standard deviation; Sup = superior; VS = versus 

Note: Means and standard deviations (orange lines in plots) come from a non-using-control comparison sample, utilised in Chapter 4: Study 2.   
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Table 5.4. Seed-based functional connectivity maps 

 Seed Cluster Cluster Peak (x,y,z) K (voxels) Size p-FDR B-H adjusted α 

A1 Putamen R SFG 04, 14, 56 120 .001 .005 

A2 Putamen L Frontal Pole 02, 66, 12 105 .003 .010 

B1 Putamen L Frontal Pole 46, 52, 08 155 <.001 <.001 

B2 Hippocampus L ACC 12, 18, 34 124 <.001 .002 

C1 Pallidum R aSTG -56, -08, -04 112 .001 .001 

C2 Putamen L Brainstem 04, -46, -28 111 .002 .004 

C3 Putamen R Cerebellum Vermis 00, -48, -28 107 .002 .003 

ACC = Anterior Cingulate Cortex; aSTG = Anterior Superior Temporal Gyrus; B-H = Benjamini-Hochberg; FDR = False Discovery Rate; L = 

Left; K = Cluster Size; R = Right; SFG = Superior Frontal Gyrus 

Note: A1 – C3 refer to pairing labels within Figure 5.3 
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5.4.2.2.1 Changes in rsFC Pre-To-Post MBI vs Pre-To-Post Active Placebo. Figure 5.3A 

shows that putamen-SFG and putamen-frontal pole rsFC decreased pre-to-post MBI and increased 

pre-to-post active placebo.  

5.4.2.2.2 Changes in rsFC Pre-To-Post MBI vs Pre-To-Post Passive Placebo. Figure 5.3B 

shows that putamen-frontal pole rsFC decreased pre-to-post MBI and increased pre-to-post passive 

placebo. In contrast, hippocampus-ACC rsFC increased pre-to-post MBI and decreased pre-to-post 

passive placebo. 

5.4.2.2.3 Changes in rsFC Pre-To-Post Active Placebo vs Pre-To-Post Passive Placebo. 

Figure 5.3C shows that pallidum-anterior superior temporal gyrus (aSTG) rsFC decreased pre-to-post 

active placebo and increased pre-to-post passive placebo. Further, putamen-cerebellum (vermis) and 

putamen-brainstem rsFC increased pre-to-post active placebo and decreased pre-to-post passive 

placebo.  

5.4.2.3 Brain Behaviour Correlations  

 Correlations between the change in rsFC and the change in cannabis exposure and related 

variables (i.e., behavioural variables which displayed a main effect of time) are displayed in Tables 

5.5, 5.6, and 5.7.  

5.4.2.3.1 MBI Group. Increased hippocampus-ACC rsFC pre-to-post MBI significantly 

correlated with more cannabis use days pre-to-post MBI (Table 5.5).  

5.4.2.3.2 Active Placebo Group. Increased putamen-frontal pole rsFC pre-to-post active 

placebo correlated with decreased cannabis grams pre-to-post active placebo (Table 5.6).  

5.4.2.3.3 Passive Placebo Group. Increased putamen-frontal pole rsFC pre-to-post passive 

placebo correlated with less cannabis use days pre-to-post passive placebo (Table 5.7). 
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Table 5.5. Overview of correlations between change in rsFC and changes in cannabis use, withdrawal, perceived stress, 

and mindfulness, within the MBI group 

Contrast rsFC 

n=18  

cannabis, 

grams 

 

cannabis,  

days 

  

withdrawal, 

CWS 

n=17 

COVID stress 

 

 

5FMQ 

 

 Seed Cluster r p r p r p r p r p 

MBI vs AP A1 Putamen R SFG -.145 .565 .073 .768 .238 .326 .006 .983 -.227 .349 

MBI vs AP A2 Putamen L 
Frontal 

Pole 
-.196 .435 -.229 .345 -.075 .760 .076 .772 -.192 .430 

MBI vs PP B1 Putamen L 
Frontal 

Pole 
-.090 .721 .059 .811 .386 .103 -.369 .145 .031 .898 

MBI vs PP B2 Hippocampus L  ACC -.131 .604 .629 .004 .358 .132 .439 .078 .007 .977 

 = Change Pre-To-Post Intervention; 5FMQ = Five Facet Mindfulness Questionnaire; ACC = Anterior Cingulate 

Cortex; AP = Active Placebo; CWS = Cannabis Withdrawal Scale; L = Left; MBI = Mindfulness Based Intervention; 

PP = Passive Placebo; R = Right; rsFC = Resting-State Functional Connectivity; SFG = Superior Frontal Gyrus  

Note: significant strong positive correlations are shaded red; A1 – B2 refer to pairing labels within Figure 5.3. 

 

 

 

Table 5.6. Overview of correlations between change in rsFC and changes in cannabis use, withdrawal, perceived 

stress, and mindfulness, within the active placebo group 

Contrast rsFC 

n=16  

cannabis,  

grams 

n=16  

cannabis,  

days 

 

withdrawal,  

CWS 

n=17  

COVID stress 

 

 

5FMQ 

 

 Seed Cluster r p r p r p r p r p 

MBI vs AP A1 Putamen R SFG .065 .810 .098 .718 .002 .994 .121 .707 -.153 .546 

MBI vs AP A2 Putamen L Frontal Pole -.573 .020 -.477 .061 .178 .479 -.363 .246 -.240 .338 

AP vs PP C1 Pallidum R aSTG .405 .120 .260 .331 -.100 .693 -.187 .561 -.026 .919 

AP vs PP C2 Putamen R Cerebellum -.053 .847 .270 .313 .176 .485 -.252 .429 -.152 .547 

AP vs PP C3 Putamen L Brainstem .189 .484 .249 .353 .030 .906 -.388 .213 -.147 .560 

 = Change Pre-To-Post Intervention; 5FMQ = Five Facet Mindfulness Questionnaire; aSTG = Anterior Superior 

Temporal Gyrus; CWS = Cannabis Withdrawal Scale; AP = Active Placebo; L = Left; MBI = Mindfulness Based 

Intervention; PP = Passive Placebo Group; R = Right; rsFC = Resting-State Functional Connectivity 

Note: significant strong negative correlations are shaded blue; A1 – C3 refer to pairing labels within Figure 5.3. 
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Table 5.7. Overview of correlations between change in rsFC and changes in cannabis use, withdrawal, perceived 

stress, and mindfulness, within the passive placebo group 

Contrast  rsFC 

n=16 

cannabis,  

grams 

n=17 

cannabis,  

days  

 

withdrawal,  

CWS 

n=17  

COVID stress 

 

5FMQ 

 Seed Cluster r p r p r p r p r p 

MBI vs PP B1 Putamen L Frontal Pole -.050 .855 -.517 .034 .321 .181 -.001 .998 .096 .696 

MBI vs PP B2 Hippocampus L ACC .193 .474 .105 .688 -.118 .629 -.388 .153 -.263 .277 

AP vs PP C1 Pallidum R aSTG .189 .483 -.164 .530 .016 .949 .111 .695 .413 .079 

AP vs PP C2 Putamen R Cerebellum -.020 .940 .294 .252 .272 .260 .100 .723 -.340 .155 

AP vs PP C3 Putamen L Brainstem -.028 .917 .201 .438 .377 .112 -.043 .878 -.285 .237 

 = Change Pre-To-Post Intervention; 5FMQ = Five Facet Mindfulness Questionnaire; ACC = Anterior Cingulate 

Cortex; AP = Active Placebo; aSTG = Anterior Superior Temporal Gyrus; CWS = Cannabis Withdrawal Scale; L = 

Left; MBI = Mindfulness Based Intervention; PP = Passive Placebo Group; R = Right; rsFC = Resting-State 

Functional Connectivity 

Note: significant strong negative correlations are shaded blue; B1 – C3 refer to pairing labels within Figure 5.3.  

 

5.5 Discussion 

In the first fMRI study to examine how a brief MBI changes brain dysfunction in CUD, we 

reported significant rsFC changes in three ROIs: the putamen, pallidum, and hippocampus. Putamen-

frontal pole rsFC decreased pre-to-post MBI; it increased pre-to-post active placebo, in correlation 

with decreased cannabis grams, and it also increased pre-to-post passive placebo in correlation with 

decreased cannabis use days. Putamen-SFG rsFC decreased pre-to-post MBI and increased pre-to-

post active placebo. Hippocampus-ACC rsFC increased pre-to-post MBI, in correlation with more 

cannabis use days, and decreased pre-to-post passive placebo. Pallidum-anterior superior temporal 

gyrus rsFC decreased pre-to-post active placebo and increased pre-to-post passive placebo. Further, 

putamen-cerebellum/brainstem rsFC increased pre-to-post active placebo and decreased pre-to-post 

passive placebo. The findings provide tentative evidence that MBI, relaxation intervention, and daily 

monitoring intervention could affect selected putamen-frontal pole/STG and hippocampus-ACC 

pathways dysfunctional in CUD, in differing directions; and additional pathways are selectively 
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affected specifically by relaxation and by daily monitoring of cannabis use (e.g., putamen-

cerebellum/brainstem and pallidum-aSTG). 

We found that putamen-frontal pole rsFC decreased pre-to-post MBI. Notably, this effect 

emerged in contrast to both active and passive placebo, therefore suggesting MBI-specific decreases 

within this pathway. Both regions have been implicated in cognitive processes implicated in addiction 

and CUD. The putamen has been implicated in habit formation and compulsive substance use (Ersche 

et al., 2021; Yin & Knowlton, 2006), while the frontal pole has been ascribed to cognitive control 

(Goldstein & Volkow, 2002; Hanlon et al., 2018; Orr et al., 2015). Of note, MBI has been associated 

with changes in the function of the putamen in cigarette smokers (Froeliger et al., 2017) and in 

normative samples (Santarnecchi et al., 2021). Additionally, increased putamen volume has been 

established in individuals experienced with MBI, compared to non-mindfulness practicing controls 

(Chiesa & Serretti, 2010). Thus, the putamen may be a promising target for MBI in SUDs including 

CUD, possibly via attenuating reward prediction signals to salient stimuli such as cannabis-related 

stimuli (Kirk & Montague, 2015). Also, the frontal pole has been suggested as a target for the 

treatment of SUDs (Clinical TMS Society, 2023). Prefrontal regions are thought to be involved in a 

feedback loop with the putamen to regulate behaviour. Consequently, putamen-frontal pole rsFC 

changes pre-to-post MBI may underlie a transition from compulsive to regulated substance use via 

increasing cognitive control over people’s own cannabis use, via engaging inhibitory PFC pathways 

over striatal pathways implicated in habit formation such as reduced cannabis dosage (Koob & 

Volkow, 2010). However, there were no correlations between the decrease in putamen-frontal pole 

rsFC pre-to-post MBI with reduced cannabis use and the behavioural relevance of the brain functional 

changes is to be elucidated.  

We reported decrease in putamen-SFG rsFC pre-to-post MBI (vs active placebo). 

Importantly, frontostriatal dysfunction has been consistently associated with SUDs, including CUD 

(Bloomfield et al., 2019; Thomson et al., in preparation [Chapter 4]), opioid use disorder (Ma et al., 

2010), nicotine use disorder (Hong et al., 2009), and alcohol use disorder (Sullivan & Pfefferbaum, 

2019). Frontostriatal alterations have been thought to contribute to impaired reward processing 

demonstrated in CUD (Bloomfield et al., 2019). Hence, frontostriatal alterations (putamen-frontal 
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pole/SFG) shown pre-to-post MBI support the notion that MBI may ‘reverse, repair, or compensate 

for’ neuroadaptive changes associated with addiction neurocircuitry (Kirlic et al., 2021; Witkiewitz et 

al., 2013) and contribute to restoration of natural reward processes among individuals with an SUD 

(Garland et al., 2014). Future work is required to establish the precise mechanism whereby 

frontostriatal dysfunction is targeted by MBI.  

Interestingly, putamen-frontal pole rsFC changed pre-to-post active and passive placebo, in 

an opposite direction than the MBI. Putamen-frontal pole rsFC increased pre-to-post active 

(relaxation) and passive (daily monitoring) placebo, and the change in rsFC correlated with decreased 

cannabis dosage and frequency pre-to-post intervention, respectively. The findings suggested that 

changes observed in active and passive placebo groups are linked to changes in cannabis exposure. It 

remains unclear if decreased cannabis exposure caused rsFC changes, or of if brain changes in these 

interventions drove reduced cannabis exposure. To our knowledge, this is the first time rsFC 

alterations have been demonstrated pre-to-post relaxation-based intervention (active placebo) and 

daily monitoring of substance use (passive placebo) in any SUD. This finding suggests that these 

interventions may influence the addiction neurocircuitry in CUD in their own right, as well as changes 

to cannabis exposure. While relaxation and daily monitoring of substance use may represent viable 

alternative intervention options, the specific mechanisms driving rsFC changes in these interventions 

are yet to be clarified. Importantly, future findings reporting changes of putamen-frontal pole rsFC 

should be interpreted with caution as this pathway might be targeted by multiple interventions 

entailing separate cognitive processes and mechanisms. 

We found increased hippocampus-ACC rsFC pre-to-post MBI (vs active placebo), as a 

function of increased cannabis use days pre-to-post MBI. Interestingly, ACC-cortical connectivity 

was previously reported to increase pre-to-post MBI in cigarette smokers, in correlation with 

decreased cigarette smoking (Froeliger et al., 2017). Therefore, MBI may affect how ACC connects 

with cortical and sub-cortical regions. Interestingly, the ACC plays a key role in reward processing 

(Rolls, 2019), and emotion-regulation (Ichikawa et al., 2011; Posner et al., 2007). Following MBI, the 

ACC showed altered activity during reward processing and cue reactivity, linked to improved self-

control and reduced craving (Froeliger et al., 2017; Westbrook et al., 2013). The hippocampus is 
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known to be critical to learning, memory and stress (Clark et al., 2019; Corkin, 2002; Maguire et al., 

2016). Further, alterations to hippocampus-ACC rsFC have been established in SUDs (i.e., cocaine 

dependence), and are thought underlie altered reward processing in SUD (Gu et al., 2010). 

Additionally, functional connectivity strengthening between the hippocampus and ventromedial PFC 

(vmPFC; on which the ACC sits) has previously been linked to successful inhibition of a conditioned 

fear response (Milad et al., 2007). Both the ACC and hippocampus regions have also been implicated 

in mindfulness practice (Chiesa & Serretti, 2010; Lu et al., 2014; Tang et al., 2015), further 

demonstrating their potential to be targeted by MBI in people with SUD. It has been theorised that 

MBI may act on a network of regions, including the hippocampus and ACC, to enhance fear 

extinction (Tang et al., 2015). It may be therefore possible, that strengthening of rsFC between these 

same regions (hippocampus and ACC), may facilitate the extinguishing of habitual substance use, 

however future research is required to investigate this further. 

We found that active placebo intervention increased putamen-brainstem/cerebellum rsFC (vs 

passive placebo). It has been theorised that processes of relaxation establish parasympathetic 

dominance (Luberto et al., 2020), which includes reduced heart rate and respiration rate (Luberto et 

al., 2020). Of interest, the putamen is known to underlie habit formation (Balleine & O'Doherty, 

2010; Yin et al., 2004), while the brainstem underlies respiratory processes (Dutschmann & Dick, 

2012; Holstege, 2014) and the cerebellum is involved with craving for substances including cannabis 

(Moreno-Rius, 2019; Moreno-Rius & Miquel, 2017). Thus, increased putamen-brainstem/cerebellum 

rsFC pre-to-post active placebo relaxation intervention may reflect a coupling between putamen-

related habitual cannabis use in CUD, with relaxation-related breath changes implicated by the 

brainstem, as well as experiences of craving mediated by the cerebellum. Further fMRI research is 

required to confirm how relaxation-based interventions affect brain function. 

Finally, we found that the active placebo (relaxation) intervention reduced pallidum-aSTG 

rsFC (vs passive placebo). Previously, rsFC alterations between striatal-temporal regions have been 

implicated in low mood (Ma et al., 2012). Notably, the pallidum is implicated in inhibitory control 

(Aron, 2007) and the direction of attention (Klaassen et al., 2021); whilst the aSTG is known to 

contribute to increased severity mood-related symptomology (Kang et al., 2022). Relaxation-based 
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techniques have proven useful in reducing symptoms of depression and anxiety (Klainin-Yobas et al., 

2015), which have shown to be highly comorbid in populations who experience CUD (Onaemo et al., 

2021). Thus, the relaxation intervention might have targeted neural pathways implicated in low mood 

and elevated anxiety within this sample, which can affect neurobiology independently of interaction 

with CUD (Kaiser et al., 2016; Northoff, 2020; Rabany et al., 2017). Future work is required to 

confirm how relaxation-based interventions can change brain dysfunction in people with a CUD, with 

entrenched mood disorders.  

 

5.5.1 Limitations and Future Directions 

 The results of this study should be interpreted considering the following limitations. First, the 

included sample size (N=56) was much smaller than recently published recommendations examining 

power to detect group differences in single site rsFC fMRI studies (Marek et al., 2020; Marek et al., 

2022). It was reported that to secure reproducibility and identify stabilised behavioural phenotypes, 

sample sizes of N⪆2,000 would be advisable (Marek et al., 2020; Marek et al., 2022). It was however 

acknowledged that comparatively ‘small’ neuroimaging samples may remain necessary when 

examining clinical conditions or in longitudinal studies, and those authors suggested that 

measurement reliability and effect sizes may still be adequate (Marek et al., 2022). It should however 

be acknowledged that sample size recommendations provided by Marek et al., 2022 have come under 

some recent scrutiny (Makowski et al., 2023; Spisak et al., 2023). It has been posited that brain-

behaviour correlations are adequately replicable in much smaller samples, consisting of as low as 20 

(Spisak et a., 2023) or 42 (Makowski et al., 2023) participants. Indeed, the current study was 

adequately powered to detect group differences, as evidenced by both significant findings and power 

analysis (see Chapter 4: General Methods, 3.4.5 Power Analysis). Our sample size was larger than 

similar published studies (N=13; Froeliger et al., 2017; N=28; Fahmy et al., 2019) and median 

neuroimaging sample sizes more broadly (median N=25; Poldrack et al., 2017; Szucs & Ioannidis, 

2020). The sample size was also largely consistently with research suggesting that sample size be 

dictated by scan length. For example, it has been posited that 40 participants would be required for a 

14-minute scan and 100 participants for a 7-minute scan (Termenon et al., 2016). To note, sample 
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sizes within the current study were hindered by the targeting of a difficult to recruit population, in 

conjunction with coinciding COVID-19 restrictions spanning the data collection period. Future 

research should recruit larger sample sizes to reproduce and confirm these effects, or use more 

powerful MRI scanners (i.e., 7-Tesla), which can reliably detect signal in smaller samples (Willems & 

Henke, 2021).  

A second limitation of this study was participants’ low level of motivation to change reported 

by participants, who largely endorsed being in the ‘contemplation’ stage, or in preliminary stages of 

the ‘preparation’ stage. This meant that most participants ultimately reported being not yet ready, or 

almost ready to change their use. Motivation/readiness to change predicts successful behavioural 

change in substance using populations (Myers et al., 2016), and may outweigh treatment adherence as 

a facilitator of change (Collins et al., 2012). Therefore, heterogeneous level of motivation to change 

might have somehow affected neurobiological changes over time. To note however, it was a study 

eligibility requirement that participants had actively attempted to quit or reduce their cannabis use 

within the past 24-months, and participants significantly reduced their cannabis dose and frequency, 

in relation to brain functional changes. This may indicate that the intervention process might have 

been sufficient to detect neurobehavioral changes. Future research should replicate the findings in a 

sample with a strong intention to implement change (i.e., a score of ≥7 on the Marijuana Ladder; 

Slavet et al., 2006), to determine if detected changes may become more robust.  

A third limitation of the study was the level of intervention compliance in the MBI and active 

placebo intervention groups (intervention was completed on ~66% of days, on average across these 

groups) and was significantly lower for the MBI than the passive placebo group (83% completion on 

average). Reduced intervention compliance could be driven by reduced motivation to change (Brocato 

& Wagner, 2008; Clair et al., 2011; Hiller et al., 2002; Longshore & Teruya, 2006; McMurran & 

Ward, 2010). Considering the exclusion criterion that participants have little-to-no lifetime experience 

with any mindfulness-related practices, it is feasible that the resultant eligible population may have an 

inadvertent aversion to mindfulness-related practices. Inclusion of mindfulness averse participants 

may partially account for an unexpected reduction in 5FMQ mindfulness observed over time across 

groups (i.e., participants may disengage with strategies) and may also further contribute to low 
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compliance. Furthermore, poor adherence to treatment/intervention has been shown to limit treatment 

effectiveness (Hansen et al., 2002; Harris et al., 2010; McMurran & Ward, 2010). Therefore, low 

intervention compliance may have undermined the detection of addition rsFC changes, which are 

subtle in nature. With that in mind however, rsFC alterations established within this study, may reflect 

a ‘real world’ effect of intervention related changes, as ‘perfect’ compliance with intervention for 

SUDs is unlikely to be achieved in day-to-day life (Herbeck et al., 2005). Future research could 

consider an additional layer of reimbursement that is contingent upon high intervention compliance. 

Additional research is warranted to measure how rsFC changes pre-to-post MBI in mindfulness-naïve 

participants vs mindfulness-experienced participants, and measure level of mindfulness experience in 

their samples, to untangle how baseline levels of mindfulness affect rsFC changes when MBIs are 

administered in CUD. 

A final limitation of the study was the use of a daily questionnaire across all intervention 

groups, which required self-report of cannabis use daily. This meant that self-monitoring of cannabis 

dosage was required in the passive placebo group to ensure that any effect pre-to-post MBI and active 

placebo relaxation were due to the interventions themselves, not the self-monitoring component. 

However, self-monitoring alone has previously been shown to decrease substance use (Gass et al., 

2021). Therefore, self-monitoring in the passive placebo group may have acted as an ‘active 

intervention’ and might have contributed to the rsFC changes in the passive placebo condition. Future 

research that uses daily monitoring of substance use as passive placebo, should consider the 

introduction of a ‘waitlist control’ to unpack the effects of daily monitoring. Yet in our study, all 3 

conditions included daily monitoring of cannabis use, and the effects of MBI accounted for those due 

to daily monitoring. 

 

5.5.2 Strengths of the Current Study  

A number of strengths emerged in the first study to investigate the neurobiological correlates 

of a brief, cost effective, and remotely delivered MBI in a population with moderate-to-severe CUD. 

First, the study followed a robust double-blinding design. The double-blinding process removed 

expectancy effects of treatment outcomes on rsFC from both the participants and the researchers 
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conducting data collection and analyses. Second, the pseudo-randomised allocation to one of three 

interventions ensured that the participants within each group did not significantly differ on key 

demographic variables (i.e., age, sex), known to influence neurobiology. Furthermore, the groups did 

not differ on other additional variables (e.g., demographics, cannabis, alcohol, and nicotine use 

variables, mental health symptom scores, or subjective mindfulness). Therefore, the influence of 

confounders on rsFC changes might have been minimised. Third, the inclusion of both an active 

placebo control group and passive placebo control group enabled us to detect MBI-specific changes 

from general treatment effects or the effects of participation in a study. 

 

5.5.3 Clinical Implications 

This study reported intervention-group-by-time interactions on rsFC, which may indicate that 

over time brief MBI may ultimately affect behavioural change. Foremost, hippocampus-ACC rsFC 

changes pre-to-post MBI were a function of change to number of cannabis use days. Furthermore, 

evidence has suggested that there may exist a temporal ordering of top-down and bottom-up brain 

changes following MBI, i.e., emergence of change in regions associated with cognitive control (top 

down) and cravings (bottom up) may occur in a sequence (Witkiewitz et al., 2013). Therefore, 

neurobiological changes may continue to evolve and further reductions in associated behaviours i.e., 

substance use and/or symptoms of cravings, may emerge following the onset of rsFC alterations; and 

were thus not yet detectable immediately post-MBI. Future research should include a long-term (i.e., 

1-, 3- & 6-months post intervention) follow-up to monitor for continued or sustained behavioural 

change (i.e., continued reduction/abstinence from substance).  

Additionally, decreased frontostriatal rsFC pre-to-post MBI, as well as increased 

hippocampus-frontal rsFC pre-to-post MBI – correlated with reduced cannabis frequency – adds 

support to the notion that MBI may be an effective tool for the targeting of neuroadaptive changes 

associated with addiction (Kirlic et al., 2021; Witkiewitz et al., 2013). Meanwhile, rsFC pre-to-post 

active and passive placebo also correlated with a reduction in dosage/frequency. Thus, the utility of 

relaxation and daily monitoring interventions to mitigate brain dysfunction and cannabis exposure in 

CUD should be further investigated. 
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5.5.4 Conclusion 

In conclusion, the findings from this study confirmed our hypothesis that a brief MBI (vs 

active and passive placebo) changed rsFC in ROIs of the addiction neurocircuitry, high in CB1R, and 

known to be altered in this group individuals with a moderate-to-severe CUD. Specifically, MBI 

increased rsFC in frontostriatal pathways implicated in habituation and inhibitory control (e.g., 

putamen-frontal pole/SFG), and in association with changes in cannabis exposure (e.g., frequency of 

use). Also, active placebo relaxation intervention affected rsFC in partly overlapping neural pathways 

implicated in respiratory control and craving (i.e., putamen-brainstem/cerebellum) and may be an 

effective intervention to mitigate brain dysfunction, in correlation with cannabis dosage. Meanwhile, 

passive placebo including monitoring of daily cannabis use also affected rsFC in frontostriatal 

pathways. Together, the findings suggest that MBI, relaxation intervention, and daily monitoring 

intervention affect distinct putamen-frontal pole/STG and hippocampus-ACC pathways dysfunctional 

in CUD, in differing directions. Additional pathways are selectively affected specifically by relaxation 

and by daily monitoring of cannabis use. Future research with larger samples of individuals with a 

CUD, who endorse high motivation to change use, is required to further expand on rsFC changes over 

time. Overall, findings suggest that MBI may be a promising intervention for individuals with CUD, 

by targeting altered neurocircuitry associated with addiction. Observed changes provide insight into 

the neural mechanisms underlying MBI, as well as relaxation- and self-monitoring-based intervention, 

in CUD. 
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CHAPTER 6: 

General Discussion 
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Chapter Guide 

 The overarching aims of this thesis were threefold. The first aim was to systematically review 

the fMRI literature on the neural correlates of regular cannabis use, using resting-state functional 

connectivity (rsFC; Chapter 2: Systematic Literature Review). The review was published in the 

journal Psychopharmacology in 2022. The second aim was to identify if people with a Cannabis Use 

Disorder (CUD) showed different rsFC than controls, via utilising a purposefully collected novel 

dataset (Chapter 4: Study 2). The third aim was to explore how altered rsFC in CUD participants 

from Study 2, was mitigated using a ~two-week Mindfulness Based Intervention (MBI; compared to 

active and passive placebo control interventions) with an active and passive placebo controlled design 

(Chapter 5: Study 3). 

The following chapter will review the findings of the three separate studies, then detail the 

contributions that the thesis has made to the understanding of neural correlates of (i) regular cannabis 

use, (ii) CUD, and (iii) brief MBI in CUD. Strengths of the research and clinical implications of the 

findings will be discussed. Limitations and future directions will be outlined before a concluding 

statement on the thesis.  

Taken together, the findings from all three studies within this thesis make a significant 

contribution to the understanding of neural mechanisms involved with CUD, and the development of 

potential neurobiological targets for the treatment of CUD. 
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6.1 Summary of Aims and Main Findings 

6.1.1 Study 1: Systematic Literature Review 

6.1.1.1 Study Aims  

 The primary aim of the systematic literature review (SLR) was to summarise the findings to 

date on resting-state functional connectivity (rsFC) differences between non-intoxicated people who 

regularly use cannabis and controls. ‘Regular cannabis use’ was defined as per the inclusion/exclusion 

criteria of the reviewed studies. The targeting of ‘regular’ cannabis users who were non-intoxicated at 

the time of rsFC functional Magnetic Resonance Imaging (fMRI) acquisition, was to measure the 

‘residual’ chronic effects of cannabis on the brain.  

The secondary aim of the SLR was to systematically synthesise the evidence to date on the 

associations between rsFC in people who regularly use cannabis and cannabis use levels (e.g., 

duration, dosage), cognitive performance (e.g., executive function), and mental health symptoms (e.g., 

depression). The summarised findings helped to shed light on whether specific subgroups of people 

who regularly use cannabis are more vulnerable to greater alterations of rsFC. 

6.1.1.2 Key Study Findings  

To our knowledge, this was the first SLR to be published, on the evidence to date from rsFC 

fMRI studies comparing people who regularly use cannabis and controls. The reviewed literature 

comprised of 21 studies, published between 2013 and 2019. The most consistent finding was that 

people who regularly use cannabis compared to controls had greater positive rsFC between 

frontostriatal, fronto-frontal, and frontotemporal pairings; followed by lower positive rsFC in partially 

overlapping pairings (frontostriatal). Similar pairings (frontostriatal, fronto-frontal, frontotemporal) 

were preliminarily associated with varying measures of cannabis exposure, and with mental health 

symptom scores, and cognitive outcomes (verbal recall and impulsivity). 

Higher positive rsFC in people who regularly use cannabis compared to controls, was 

reported in ~40% of the studies between frontostriatal, fronto-frontal, and frontotemporal pairings. 

Interestingly, the location of the reviewed rsFC group differences was partially overlapping with that 

reported by studies comparing people who regularly use cannabis and controls during cognitive task-

based fMRI (e.g., temporal, frontal, and striatal activation; Blest-Hopley et al., 2018; Yanes et al., 
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2018); and also examined with structural MRI (e.g., lower volume of the orbitofrontal cortex, and 

hippocampus regions; Lorenzetti et al., 2019). Together, the findings from the literature to date show 

that regular cannabis use is associated with rsFC alterations within regions of the addiction 

neurocircuitry e.g., PFC, striatum, amygdala, and basal ganglia. 

 

6.1.2 Study 2: Comparing rsFC in People with a Cannabis Use Disorder vs Controls 

6.1.2.1 Study Aims  

The second study of the thesis was designed to address the limitations uncovered across the 

SLR (Chapter 2: Study 1), such as small sample sizes, the lack of assessment of whether cannabis 

users endorsed a Cannabis Use Disorder (CUD) and lack of accounting for confounders.  

The primary aim was to compare rsFC for the first time between 65 people with a diagnosis 

of moderate-to-severe CUD and who had recently tried to cut down or quit cannabis, and 42 controls, 

accounting for age, sex, and variables that differed between the two groups (i.e., alcohol and nicotine 

exposure, and depression symptom scores).  

The secondary aim was to explore how rsFC differences identified between people with a 

CUD and controls would be associated with metrics of cannabis exposure and related problems. The 

metrics included: severity of CUD, age of first and regular use onset, hours since last use, and the 

duration of use in years, frequency (number of days on which cannabis was used in the past 30 days), 

and cannabis dosage (total number of grams used across the past 30 days).  

6.1.2.2 Key Study Findings  

 To our knowledge, this was the first study that examined rsFC in individuals who met criteria 

for a CUD. As hypothesised, significant alterations in rsFC in the CUD group compared to controls 

were observed, controlling for age, sex, past 30 days alcohol and nicotine dose, and depression scores 

in the GLM. While the SLR uncovered rsFC alterations in widespread brain pathways, Study 2 

implicated only frontostriatal and occipito-striatal pathways. Specifically, in people with a CUD 

compared to controls, rsFC was greater between NAc-frontal regions, putamen-occipito-parietal 

regions, and pallidum-occipital/occipito-parietal regions. Greater putamen-occipito-parietal rsFC 

correlated with an earlier age of first and of regular cannabis use, and greater pallidum-
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occipital/occipito-parietal rsFC correlated with severity of CUD and days of cannabis use/past 30 

days. Further, rsFC was lower between hippocampus-occipital regions. 

 

6.1.3 Study 3: Pre-to-Post Brief Intervention  

6.1.3.1 Study Aims  

The third study was designed to use a brief Mindfulness-Based Intervention (MBI) to mitigate 

altered rsFC shown in Study 2, in individuals with a moderate-to-severe CUD, who have attempted to 

quit or reduce their cannabis use within the past 24-months. 

The primary aim of study 3 was to examine for the first time how a brief MBI previously 

shown to reduce alcohol consumption (Kamboj et al., 2017) affected rsFC in people with a moderate-

to-severe CUD. A robust double-blind, active and passive placebo-controlled design was utilised. In 

detail, the 56 participants were allocated in a pseudo-randomised order stratified on age and sex, to 

one of three interventions: (i) a brief MBI adapted to target cannabis cravings (n = 19), (ii) an active 

placebo (relaxation) intervention adapted to cannabis cravings and matched to the MBI by number of 

words, complexity, and all components but mindfulness (n = 18), (iii) a passive placebo control group 

with daily monitoring of cannabis use, a component which was also embedded in both MBI and 

active placebo (n = 19).  

The secondary aim was to explore if changes in rsFC pre-to-post MBI were associated with 

changes in cannabis exposure, related variables, and psychological measures, pre-to-post MBI.  

6.1.3.2 Key Study Findings  

 To the best of our knowledge, this was the first fMRI study to examine how a brief MBI 

mitigates altered rsFC in CUD. We reported significant rsFC changes in three ROIs that showed 

alterations in the CUD sample as shown in Study 2: the putamen, pallidum, and hippocampus. Pre-to-

post MBI, putamen-frontal pole rsFC decreased (vs active and passive placebo); putamen- superior 

frontal gyrus (SFG) rsFC decreased (vs active placebo); and hippocampus-ACC rsFC increased (vs 

passive placebo), which correlated with increased frequency of cannabis use. Pre-to-post active 

placebo (vs MBI), participants showed increased putamen-frontal pole rsFC, in correlation with lower 

cannabis grams; and increased putamen-SFG rsFC. Also pre-to-post active placebo, pallidum-aSTG 
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rsFC decreased, and putamen-cerebellum/brainstem rsFC increased (vs passive placebo). Third, pre-

to-post passive placebo, putamen-frontal pole rsFC increased (vs MBI) which correlated with 

decreased cannabis use days; putamen-SFG rsFC and putamen-cerebellum/brainstem rsFC both 

decreased (vs MBI and vs active placebo respectively) while pallidum-aSTG rsFC increased (vs 

active placebo).  

 

6.2 Strengths of the Research  

6.2.1 Novelty 

6.2.1.1 Novelty of Study 1: Systematic Literature Review 

 This SLR was the first to collate the growing body of evidence to date which has examined 

the rsFC of people who regularly use cannabis in comparison to controls. Previously published 

reviews examining residual effects of cannabis use using fMRI have either included task-based fMRI 

research only (Blest-Hopley et al., 2018), or included rsFC but within a much broader scope 

(Bloomfield et al., 2019). For instance, Bloomfield et al. (2019) reported on structural, functional, and 

pharmacological neuroimaging modalities, focusing on adolescence and adults, as well as acute 

intoxication effects, and subsequently included only 4 of the 21 papers integrated in Study 1. 

Study 1 provided the first comprehensive synthesis of the literature and revealed emerging 

patterns of rsFC alterations in regular cannabis users in pathways that had not yet become evident in 

individual studies alone or narrative reviews. Similarly, the literature shows preliminary trends for 

associations between changes in rsFC and level of cannabis use, mood, and cognitive performance. 

This SLR therefore advanced our understanding of the impact of regular cannabis use on rsFC, and 

provided insight necessary when developing a framework for the two thesis experiments. Specifically, 

the SLR identified methodological limitations of the literature, which enabled the identification of 

broad and specific future directions for the field, and which were addressed by the first experiment of 

the thesis. Importantly, no study yet had included a measure of whether their cannabis using 

participants met the diagnostic criteria for a CUD, as per the Diagnostic and Statistical Manual of 

Mental Disorders, fifth edition (DSM-5; American Psychiatric Association [APA], 2013). Two thirds 

of studies within the SLR did not utilise any DSM edition diagnostic criteria relating to cannabis use. 
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The remaining one third of the studies reported participants’ degree of ‘cannabis dependence’, as 

measured by the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV). A 

notable change between the two editions, was the inclusion of a criterion relating to experiences of 

‘withdrawal’ within the DSM-5. Of relevance, withdrawal is associated with increased functional 

impairment in SUDs (Katz et al., 2014). Furthermore, the DSM-5 introduced a dimensional approach 

(i.e., degrees of severity) rather than a categorical approach employed by the DSM-IV (i.e., 

dependence present; yes or no). Thus, the fourth and fifth edition of the DSM lack full agreement 

(Livne et al., 2021), and that the evidence in the published literature on cannabis dependence does not 

translate to the new diagnostic criteria for a CUD.  

6.2.1.2 Novelty of Study 2: Cannabis Use Disorder vs Controls 

 A key novelty of Study 2 was the inclusion of people with a CUD. In addition, we included 

people who tried to cut down or quit their cannabis use and were on the more severe end of the CUD 

spectrum. This was also novel and important because more severe forms of CUD are associated with 

more severe negative psychosocial outcomes. Many of the negative outcomes associated with regular 

cannabis use (e.g., increased antisocial behaviour, use of other illicit substances, legal trouble, 

unemployment, and mood disorders [depression and anxiety]) have been shown to be significantly 

worse for people who regularly use who do meet diagnostic criteria for CUD than for people who 

regularly use who do not (Foster et al., 2018; van der Pol et al., 2013). It is thought that cannabis users 

who experience a CUD may drive the neurobiological changes reported in cannabis using samples 

where problematic cannabis use is unknown (Lorenzetti et al., 2016). In mapping the neural correlates 

of CUD using rsFC, this study advanced the understanding of the specific neurobiological outcomes 

experienced by individuals who are most impacted by cannabis use. Therefore, this study paves the 

way to identify neurobiological targets for the treatment of more severe forms of CUD. Additionally, 

this study has extended upon the SLR and confirms that alterations occur in selected pathways in 

regular cannabis users with unknown CUD levels (i.e., frontostriatal, occipito-striatal, and occipito-

hippocampal). Perhaps, alteration of such pathways in regular cannabis users were driven by people 

with a more severe CUD, and other pathways reportedly altered in regular cannabis users in the SLR 

might reflect the effect of moderators or confounders.  
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6.2.1.3 Novelty of Study 3: Pre-to-Post Brief Intervention 

 This was the first fMRI study to date which explored how a brief MBI that targets cannabis 

cravings, impacts rsFC in individuals with a CUD, with a focus on ROIs (i) implicated in the 

addiction neurocircuitry, (ii) high in CB1R and (iii) with known alterations in this sample compared to 

controls. Further, the study explored how rsFC changes pre-to-post MBI correlate with those in 

cannabis use behaviour, mindfulness and stress. Pre-to-post MBI, rsFC decreased between the 

putamen and the frontal pole/SFG; and increased between the hippocampus and the ACC. Further, 

ACC-hippocampus rsFC correlated with increased frequency of cannabis use pre-to-post MBI. Thus, 

a brief MBI may target altered rsFC in CUD in regions of the addiction neurocircuitry, adding to 

similar results in samples who use substances other than cannabis (Garland et al., 2014; Lorenzetti et 

al., under review). This thesis shows for the first time that MBI can change rsFC in CUD, and extends 

upon the literature to date that examines substances other than cannabis. Specifically, changes in 

frontostriatal rsFC were noted in people with a CUD examined herein, but also in opiate users and 

nicotine users examined in previous work. Thus, selected pathways may be targeted by MBI across 

different SUDs. 

 To our knowledge, this was also the first study to explore neural correlates of relaxation-

based (active placebo condition) and daily-monitoring-based (passive placebo condition) intervention 

in people with a moderate-to-severe CUD. The rsFC changes observed pre-to-post active and passive 

placebo, also correlated with a reduction in cannabis dosage/frequency. Thus, the mechanisms 

underlying rsFC changes pre-to-post relaxation- and daily monitoring-based interventions should be 

further investigated using multimodal MRI studies and psychophysiological measures (e.g., 

respiration) that may confound or confirm the specificity of the changes. 

 

6.2.2 Accounting for Confounds 

The study designs applied both in Study 2 and Study 3 were robust to account for the 

influence of many confounding variables on rsFC changes.  
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6.2.2.1 Confounds Accounted For, Within Study 2: Cannabis Use Disorder vs Controls  

 A number of methodologies were implemented in the first experiment to account for 

confounds. First, participants were subject to a thorough inclusion and exclusion criteria in order to 

screen for confounders including: significant use of other substances (other than alcohol and/or 

nicotine); comorbid diagnosis of psychiatric disorders other than depression or anxiety which are 

known to be highly comorbid with CUD (Onaemo et al., 2021); and exposure to medications that 

affect the central nervous system. The high level of depression and anxiety symptoms, alcohol use, 

and nicotine use within the CUD sample examined herein, was noted in previous samples of people 

who regularly use cannabis compared to controls (Chye et al., 2017; Koenders et al., 2017; Lorenzetti 

et al., 2021; Rossetti et al., 2021). Therefore, the sample of people with a CUD examined herein, may 

have represented cannabis using populations with entrenched nicotine/alcohol use and mental health 

problems. Furthermore, the characteristics of the cannabis using group examined in Study 2 were 

monitored throughout the recruitment phase, in order to concurrently target controls which best 

matched our clinical sample. This enabled to obtain non-significant group differences for several 

variables, therefore further mitigating the contributions from additional confounding variables i.e., 

age, sex, and years of education. Similarly, the two groups were non-significantly different on full 

scale intelligence quotient (FSIQ) estimate, handedness, and scores on measures of anxiety, stress, 

and COVID-specific stress. Variables that we were significantly different between groups (i.e., 

depression scores, and alcohol and nicotine use) were controlled for in all analyses of rsFC data. 

Therefore, given that the experiments systematically accounted for the influence of confounding 

variables, our results may represent a ‘true’ effect of CUD with entrenched depression/anxiety 

comorbidity, and heterogenous rates of alcohol and nicotine use. 

6.2.2.2 Confounds Accounted For, Within Study 3: Pre-to-Post Brief Intervention 

 This study was the first of its kind to investigate the neurobiological correlates of a brief, cost 

effective, and remotely delivered MBI in a population with moderate-to-severe CUD. The thoroughly 

screened group of cannabis users with a CUD involved in Study 2, also formed the sample for Study 

3. Inclusion and exclusion selection criteria applied which specifically related to Study 3 was 
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exclusion of participants with past mindfulness-related experience. This was to minimise the 

confounding influence of pre-existing mindfulness levels on rsFC changes pre-to-post MBI.  

The study used a robust double-blinding design, that required managing significant logistical 

challenges through the project. The double-blinding process was used to mitigate expectancy effects 

on rsFC outcomes from both researchers collecting data from participants and analysing the data, and 

from included participants. Second, the pseudo-randomised allocation to one of three interventions 

ensured that the participants within each group did not significantly differ on stratified variables 

known to influence neurobiology (i.e., age, sex). Furthermore, the groups did not differ on other 

measured variables, including demographics, cannabis, alcohol and nicotine use, mental health 

symptom scores, or subjective mindfulness level. Thus, study 3 examined the impact of intervention 

condition on rsFC, while minimising the influence of confounders. Third, the inclusion of both an 

active placebo control group and passive placebo control group enabled us to detect MBI-specific 

changes, whilst mitigating possible confounding variables i.e., we were able to parse apart effects 

which are MBI specific vs effects of intervention engagement vs placebo effects. 

 

6.2.3 Statistical Power  

 A strength of both Study 2 and Study 3 was the adequate degree of statistical power afforded 

by size of the two samples. As demonstrated in the General Methods (Chapter 3: 3.4.5 Power 

Analysis) both studies were sufficiently powered to detected between- and within-group differences. 

This was further evidenced by the survival of the rsFC alterations reported in both studies against the 

employed strict thresholding criteria - including False Discovery Rate and Benjamini-Hochberg 

correction. It should still be acknowledged that the sample sizes lacked the power of multi-site 

neuroimaging studies and consortia data sets and were consequently less likely to secure 

reproducibility and identify stabilised behavioural phenotypes (Marek et al., 2020; Marek et al., 

2022). It has been acknowledged however, that comparatively ‘small’ neuroimaging samples may 

remain necessary when examining clinical conditions or in longitudinal studies, and measurement 

reliability and effect sizes may still be adequate (Marek et al., 2022). Furthermore, it has more 

recently been posited that brain-behaviour correlations are adequately replicable in samples of as few 
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as 20 (Spisak et a., 2023) or 42 (Makowski et al., 2023) participants. Indeed, our sample across both 

studies were largely consistent with research suggesting that sample size be dictated by scan length 

(i.e., 40 participants for a 14-minute scan and 100 participants for a 7-minute scan; Termenon et al., 

2016). Our sample was also larger than median neuroimaging sample sizes more broadly (median 

N=25; Poldrack et al., 2017; Szucs & Ioannidis, 2020), and larger than similar published studies 

(Fahmy et al., 2019; Froeliger et al., 2017; Thomson et al., 2022 [Chapter 2]) and therefore 

represented an advancement in this field. 

 

6.2.4 Risk of Bias 

 An additional strength of this thesis was the implementation of ‘Risk of Bias’ measures across 

the three included studies. This enabled identification of potential sources of bias, both from the field 

of literature within the SLR, and within our own research. The National Institute of Health (NIH), 

National Heart, Lung and Blood Institute’s ‘Quality Assessment Tool for Observational Cohort and 

Cross-Sectional Studies’ (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools) 

was utilised for all studies within the SLR. The purpose of the risk of bias within the SLR was to 

provide a background upon which to interpret the included study findings, i.e., no studies within the 

SLR produced misleading and/or false results.  

 The same NIH Quality Assessment Tool was also utilised for Study 2, whilst the Cochrane 

Collaboration’s Tool for Assessing Risk of Bias in Randomised Trials was utilised for Study 3 

(Higgins et al., 2011), both detailed below.  

6.2.4.1 Risk of Bias Assessment in Study 2: Cannabis Use Disorder vs Controls  

The NIH Quality Assessment Tool provided 14 criteria on which to score cross-sectional 

research. Of the 14 criteria, 2 were deemed not applicable due to their relevance only to longitudinal 

studies. Of the remaining 12 criteria, only one point was lost due to the lack of blinding of the testers 

to the participants ‘CUD’ or ‘control’ status. Due to the volume of data collection relating specifically 

to cannabis use, this was unavoidable. The remaining criteria were adequately passed, resulting in a 

‘Good’ quality rating for Study 2 (11 scored out of 12). 

6.2.4.2 Risk of Bias Assessment in Study 3: Pre-to-Post Brief Intervention 



  200 

The Cochran Collaboration’s Tool for Assessing Risk of Bias in Randomised Trials provided 

6 domains, on which the risk of bias could be scored as either low, unclear, or high. In all 6 domains, 

the evaluated risk was considered to be ‘Low’. This was due to several items: (i) the clear reporting of 

the pseudorandomisation-with-stratification process resulting in well matched samples (mitigating 

risk of confounding variable; Sella et al., 2021); (ii) the inclusion of and effective use of the active 

and passive placebo conditions; (iii) the high retention rate of participants; and (iv) the clear detailing 

of methods and results. In addition, the ‘gold standard’ double-blinding procedure further contributed 

to the ‘Low’ risk rating (Evans et al., 2021). Findings from Study 3, specifically the group-by-time-

interaction effects observed on rsFC for all three intervention conditions, highlighted the importance 

of highly controlled experimental designs in order to parse apart variables contributing to the results. 

 

6.2.5 Pre-Scan Abstinence  

A final strength of the two empirical experiments within this thesis (Study 2 and 3) was the 

requirement for participants to abstain from cannabis for at least 12 hours prior to the baseline and 

follow-up session. This this time period enabled us to measure the ‘residual’ effects of chronic 

cannabis use on rsFC, without the confounding contribution from acute intoxication which typically 

peak within 10 minutes and taper off within 2-3 hours (when smoked; Grotenhermen, 2003).  

The abstinence prior to each session across Study 2 and Study 3 was a median of 16 hours. It 

has been demonstrated that following the cessation of regular/heavy cannabis use, cannabis 

withdrawal can occur following 24-to-48 hours, and can last between 1-to-2 weeks (Budney et al., 

2003; Davis et al., 2016). Therefore, participants in the examined sample were scanned after acute 

intoxication effects of cannabis had worn off, but before symptoms of withdrawal had commenced. 

Therefore, the influence of withdrawal on brain and behaviour was mitigated. Indeed, symptoms of 

cannabis withdrawal can include irritability and anxiety, as well as physiological symptoms such as 

decreased appetite and sleep disturbance (Curran et al., 2016; Gates et al., 2016).  

 



  201 

6.3 Key Implications Resulting from the Three Studies 

6.3.1 Implications for Prominent Neuroscientific Theories of Addiction  

 The findings from this thesis significantly contribute to the broader field of research 

examining the neurobiology of SUDs, in so far as uncovered rsFC alterations support the validation of 

prominent neuroscientific theories of addiction. Specifically, this relates to both the ‘three-stage’ 

model first proposed by Koob and Volkow (2010), and the ‘incentive-sensitization’ theory proposed 

by Berridge and Robinson (2016). Additionally, the findings herein further support that these theories 

may partly apply to CUD, suggesting partially overlapping neurocircuitry with other SUDs. Finally, 

the findings support the notion that a brief psychological intervention has the potential to act upon 

neurocircuitry thought to underlie these theories.  

6.3.1.1 Findings in relation to the ‘Three-Stage’ Model of Addiction by Koob and Volkow (2010) 

The neuroscientific theory of addiction developed by Koob and Volkow (2010) postulates 

that drug addiction is a “chronically relapsing disorder”, driven by neural changes underlying three 

stages: (i) the binge/intoxication stage (with associated changes to the mesocorticolimbic 

dopaminergic reward pathway, and includes alterations to the basal ganglia, pallidum, putamen, and 

NAc), (ii) the withdrawal/negative affect stage (with associated changes to the extended amygdala, 

also including the NAc), and (iii) the preoccupation/anticipation stage (with associated changes in the 

PFC; Koob & Volkow, 2016; Volkow, Koob, et al., 2016; Volkow et al., 2019). The findings from 

this thesis suggest that the neurobiological alterations reported to underlie each respective stage may 

pervasively impact addiction related neural circuitry, detectable during ‘resting-state’ i.e., when the 

participant is not currently engaged in any of the three stages.  

Primarily, the findings on frontostriatal hyperconnectivity from both the SLR (Study 1) and 

the first empirical experiment (Study 2) suggest that CUD is associated with hyperactivity of the 

mesocorticolimbic dopaminergic reward pathway (e.g., increased NAc-frontal pole rsFC), which 

underlies the binge/intoxication stage (Zehra et al., 2018). To note, the mesocorticolimbic dopamine 

pathway is comprised of the PFC, the NAc and the ventral tegmental area (Volkow & Morales, 2015; 

Wise, 1996). The experiments also identified altered rsFC in CUD vs controls, in other regions also 

implicated within distinct stages of addiction, including preoccupation/anticipation (i.e., frontal pole), 
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and withdrawal/negative affect (i.e., pallidum and putamen). The mechanisms underlying increased 

NAc-frontal pole rsFC are unclear. Perhaps, chronically repeated neurobiological alterations of these 

pathways during cannabis intoxication, may result over time into compensatory neuroadaptations that 

persist through resting-state. In alterative, rsFC alterations of this pathway may exist pre-dating the 

onset of cannabis use or CUD (or both). Of interest, findings from the second empirical experiment 

(i.e., increased frontostriatal rsFC pre-to-post brief MBI) suggest that a brief MBI to restore 

alterations within the neurocircuitry of binge/intoxication. 

Future research should examine rsFC in CUD in relation to the three stages of addiction – 

binge/intoxication, withdrawal/negative affect, and preoccupation/anticipation – as per Koob and 

Volkow’s (2010) ‘three-stage’ addiction model.  

6.3.1.2 Findings in relation to ‘Incentive-Sensitization’ Theory by Berridge and Robinson (2016) 

 The ‘incentive-sensitization’ neuroscientific theory of addiction proposed by Berridge & 

Robinson (2016) postulates that addiction is driven by attribution of excessive motivational value to 

substances (i.e., greater incentive salience). It is theorised that repeated exposure to a substance 

activates the mesocorticolimbic dopamine system, involved in reward processing. Over time, an 

individual would assign greater value to a substance which is activating the dopamine system, whilst 

disregarding other, ‘naturally’ rewarding, stimuli.  

 Greater NAc-frontal pole rsFC observed in people with a CUD may therefore reflect 

increased engagement of the mesocorticolimbic salience pathway, underlying sensitivity to THC 

exposure. THC has been shown to affect dopamine synthesis within the NAc (Bossong et al., 2009; 

Pierce & Kumaresan, 2006), which might subsequently affect the function of NAc and interconnected 

frontal pathways implicated in salience processing. This may play a key role in cannabinoid 

reinforcement (Lupica et al., 2004; Tanda & Goldberg, 2003), whereby projections from the NAc to 

the PFC are thought to mediate experiences of ‘wanting’ and urges to use cannabis (Berridge & 

Robinson, 2016). In line with this notion, the NAc plays a key role in the predictive value of 

rewarding stimuli (Knutson & Gibbs, 2007), whilst frontal regions have been linked to a loss of 

control over substance use (George & Koob, 2010).  
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Further research is required to elucidate the role of occipital regions in the neurobiology of 

CUD. Perhaps, occipital-striatal changes in CUD reflect habituation of reward and attentional 

pathways to reflect higher incentive salience towards rewarding stimuli people are regularly exposed 

to such as cannabis in people with a CUD. Occipital regions are not traditionally implicated in either 

the ‘incentive salience’ model (Berridge & Robinson, 2016) or the ‘three-stage’ model (Koob & 

Volkow, 2016; Volkow, Koob, et al., 2016; Volkow et al., 2019), and may therefore represent 

alterations to neurocircuitry unique to individuals with a CUD.  

 

6.3.2 Implications for Neuroscientific Theories of Mindfulness  

 As proposed by Garland et al. (2014), mindfulness practice and MBIs may regulate the 

brain’s reward system by promoting greater awareness of internal experiences. Furthermore, MBIs 

may disrupt neural ‘habit loops’ underlying SUDs (Brewer et al., 2013), and replace habitual 

reactions with adaptive responses (Houlihan & Brewer, 2016). It has been suggested that MBIs may 

promote self-control/decision making to mitigate risk of substance relapse, by acting upon the PFC. 

MBIs also may enable conscious awareness of substance seeking thoughts and behaviours, via 

enhanced connectivity of a cortico-thalamic loop (including the PFC, ACC, and thalamus; Garland et 

al., 2014). Specifically, MBI is postulated to increase awareness of changes to body state and 

associated drive to use substances, and to disrupt ‘unregulated craving’, via affecting the function of 

the hippocampus, which underlies associative memory processes, and of the thalamus, which acts to 

relay information between striatal and cortical structures, (Garland et al., 2014). 

 The findings from the current thesis partly support the above notions, in that MBI changed 

rsFC in (partly) overlapping regions i.e., the putamen-frontal pole/SFG, and the hippocampus-ACC as 

a function of change to cannabis use pre-to-post MBI. Thus, MBI may affect rsFC alterations in SUD, 

in pathways implicated in cognitive and inhibitory control (Fahmy et al., 2019; Froeliger et al., 2017). 

Overall, MBI may contribute to the ‘reversal, reparation, or compensation for’ altered addition 

neurocircuitry (Kirlic et al., 2021; Witkiewitz et al., 2013), though future research is necessary to 

confirm this notion.  
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6.3.3 Contribution to Advancing Interventions Targeting rsFC in CUD  

6.3.3.1 Contribution of Examining a Mindfulness-Based Intervention  

As covered in the section above, the research comprising Study 3 (Chapter 5) adds to the 

growing field of research supporting the utility of MBIs in targeting functional brain pathways 

implicated in addiction and reward processing (Kirlic et al., 2021; Lorenzetti et al., under review; 

Witkiewitz et al., 2013), and extends the theory that MBIs may restore natural reward processes 

among individuals with an SUD (Garland et al., 2014). Brief MBIs may facilitate an increase in 

control over cannabis use, by acting on a frontostriatal pairing thought to underlie the transition 

between compulsive and regulated use/abstinence (Koob & Volkow, 2010). Furthermore, brief MBIs 

may enhance inhibitory control over- or extinguish habitual substance use, by strengthening rsFC 

between regions previously shown to underlie inhibition, self- and emotion- regulation, and reward 

processing (i.e., the hippocampus and ACC; Gu et al., 2010; Ichikawa et al., 2011; Milad et al., 2007; 

Posner et al., 2007; Rolls, 2019). Whilst there were no behavioural changes reported specific to the 

MBI, behavioural change may require a longer period of time than the ~two weeks used in this study, 

to be detected via rsFC fMRI.  

As mentioned above, these findings having meaningful implications for those who provide 

health care support for people with a CUD. Of note, the brief MBI utilised here was delivered online 

and would be cost effective to administer, straight forward to roll out, adaptable to the routine of 

individuals who are using it, and not requiring of perfect adherence to be effective. The 

implementation of this brief MBI or similar, should be considered for individuals with a CUD who 

are treatment seeking.  

6.3.3.2 Contribution of Examining a Relaxation-Based Intervention 

 To date, there are no known published interventions which specifically examine 

neurobiological underpinnings of relaxation-based strategies for SUDs. Group-by-time interaction 

effects showed that the brief active placebo intervention (consisting of relaxation strategies) affected 

frontostriatal, hindbrain-striatal (i.e., putamen-brainstem and putamen-cerebellum), and temporo-

striatal pathways also implicated in SUDs. Frontostriatal rsFC increased pre-to-post active placebo 

relaxation intervention, as a function of reduced cannabis dose over the intervention period. It is not 
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yet understood what mechanisms might be driving this change. Hindbrain-striatal rsFC changes were 

thought to be linked to the relaxation strategies, as implicated brain regions (brainstem and 

cerebellum) are involved with respiration and cravings (Dutschmann & Dick, 2012; Holstege, 2014; 

Moreno-Rius, 2019; Moreno-Rius & Miquel, 2017). Future work is required to confirm how 

relaxation-based interventions can change brain dysfunction in people with a CUD. 

6.3.3.3 Contribution of Examining Interventions Including Self-Monitoring of Substance Use  

 Participants with a CUD across all three conditions completed a daily practice of ‘self-

monitoring’ which included daily reporting of cannabis use over the intervention period. This was 

employed (i) to ensure that changes observed within the MBI and active placebo condition were not 

attributable to the daily monitoring component, (ii) to reduce the likelihood that individuals within the 

passive placebo group would be able to discern their ‘control group’ status, and (iii) to collect data 

relating to cannabis use patterns of participants across the intervention. This is the first study that 

examined neurobiological correlates of self-monitoring-based intervention for SUD. Individuals 

within the passive placebo condition demonstrated a correlation between increased frontostriatal rsFC 

with decreased frequency of cannabis use. Thus, the process of self-monitoring substance use alone 

may have acted as an ‘active intervention’ and may additionally target CUD-associated neural 

pathways in a way that is unique, as opposed to when it is used in combination with MBI or active 

placebo. At present, there is no known neuroimaging research which examines brain changes 

associated with daily monitoring in the context of SUD, and therefore future research is required to 

expand this finding.  

The presence of self-monitoring across all three conditions may therefore contribute to the 

observed reduction in cannabis use across participants overall, via the process of ‘assessment 

reactivity’. Assessment reactivity refers to the process of behavioural change that occurs due to self-

monitoring (Nelson & Hayes, 1981). It is thought that daily monitoring may impact substance use due 

to increased participant awareness of use (Moos, 2008). Daily monitoring has been shown to be 

effective in the reduction of substance use (primarily alcohol and nicotine use; Gass et al., 2021), and 

indeed in the reduction of cannabis use (Buu et al., 2020; Isaacs et al., 2021). The results of the 

current study therefore provide further support for the utility of self-monitoring (a low-cost and 
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widely accessible intervention), both to support behavioural change and target neural alterations 

associated with CUD. In order to mitigate the effects of assessment-reactivity, future research could 

consider the introduction of a ‘waitlist control’ group.  

 

6.3.4 Contribution to Addressing Gaps in the Existing Field, and A Call for Evidence  

 Across the completion of this thesis, there were two major limitations uncovered in the 

existing field of literature, which were addressed during completion of this thesis: (i) a lack of 

replication of extant studies, and (ii) a lack of research implementing diagnostic criteria from the 

current version of the DSM (the DSM-5). Hence, a call for evidence to further address these 

limitations is provided here, with justification.  

6.3.4.1 Replication of Findings Between Studies of rsFC in People Who Use Cannabis 

Limitations uncovered across the course of the SLR related to the highly heterogenous nature 

of the rsFC methodologies applied, which made the integration of rsFC alterations challenging and 

which precluded the completion of a meta-analysis. The current thesis aimed to further the work 

within the field of rsFC research in people who regularly use cannabis, by selecting commonly 

implicated brain regions as seeds in a priori hypothesis based analysis. A possible contributing factor 

to the application of heterogenous rsFC methodologies may be the phenomenon of ‘publication bias’. 

Publication bias is a pitfall of academia, whereby significant findings are more likely to be published 

than null findings (Dickersin, 1997). Thus, a priori planned methodologies may be altered after 

researchers uncover they result in a null finding (Miyakawa, 2020), and this may result into reduced 

replication of studies methodologies/results and high heterogeneity in methods used and results.  

In order to facilitate the replication of findings in studies examining rsFC in people who 

regularly use cannabis, the following recommendations are made. First, it is recommended that a 

coordinated approach is undertaken by researchers in the field, whereby a portion of the literature is 

dedicated to the formulation of a priori driven hypotheses intended to expand upon previously 

established findings by replicating similar methodological approaches e.g., seed-to-whole brain 

analyses which select previously implicated brain regions as seeds. Second, it is advised that future 

research report planned fMRI analyses in advance, i.e., pre-registration, which encourages 
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transparency and re-producibility in research, whilst reducing publication bias (van 't Veer & Giner-

Sorolla, 2016). Third, research should subsequently report any attempted rsFC methodologies 

regardless of significance within their manuscripts so that the reader can observe when a replication 

attempt has been unsuccessful (see Chapter 4: section 4.4.2.1 Connectome Analysis and Chapter 5: 

section 5.4.2.1 Group-by-Time Effects on the Connectome Analysis for an example). Fourth, raw data 

should be made available alongside published manuscripts to increase transparency (Gorgolewski & 

Poldrack, 2016; Miyakawa, 2020; Poldrack & Gorgolewski, 2014). The provision of raw data may 

additionally further facilitate the development of multi-site and consortia data sets in fMRI research 

(Breeze et al., 2012; Poldrack & Gorgolewski, 2014; Poline et al., 2012). We plan to share the data 

from this study once the main analyses on rsFC have been tested. 

6.3.4.2 Updated CUD Criteria; Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition  

 Study 2 is the first rsFC study to apply the up-to-date diagnostic criteria for CUD, as 

published within the DSM-5 (APA, 2013). Future work is required to replicate the findings to 

corroborate their robustness. The studies herein extend upon previous research examining people who 

use regularly cannabis with unknown status regarding problems with use (Thomson et al., 2022 

[Chapter 2]) and further the knowledge of neural underpinnings of moderate-to-severe CUD, which 

therefore relates to cannabis using population shown most to be impacted by negative outcomes 

associated with their use (Foster et al., 2018; van der Pol et al., 2013). In order to improve the 

generalisability of findings across populations with CUD, and to explore moderators which may 

exacerbate rsFC alterations in CUD, future research is required (please see below for details outlining 

directions for future research, in section 6.4.1.2 Lack of Power to Examine Sub-Groups of People with 

CUD). 

 

6.3.5 Contribution to Raising Public Awareness Towards Possible Consequences of Cannabis Use 

The findings of this thesis contribute to the extensive body of research demonstrating adverse 

outcomes associated with cannabis use (Foster et al., 2018; Hall & Degenhardt, 2009; Lev-Ran et al., 

2014; Solowij & Battisti, 2008; van der Pol et al., 2013; Volkow et al., 2014; Volkow, Swanson, et 

al., 2016). Building upon established risks of cannabis use, findings from Study 1 (SLR) and Study 2 
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(first empirical experiment), demonstrate that cannabis acts on brain circuits involved in the reward 

system, similarly to other drugs of abuse (Zehra et al., 2018). It is advised that public awareness be 

raised via population-based mass media campaign, previously demonstrated to reach a target audience 

and raise awareness of links between substance use and associated negative outcomes (Dixon et al., 

2015). This could provide the public with a balanced narrative i.e., that risks exist alongside medicinal 

benefits (Hall, 2020). A population-based mass media campaign could be targeted at increasing 

knowledge regarding (i) the commonalities between cannabis and other substances established within 

this thesis (i.e., frontostriatal alterations), and (i) negative psychosocial health outcomes of cannabis 

use more broadly. This increased awareness may enable people to be better informed when making 

decisions. As the legal status of cannabis continues to evolve in modern society, it will be essential for 

policy makers to be aware of the associated risks of use, to mitigate the risk that people using 

cannabis develop a CUD, and to support those who do. To this end, both policy makers directing 

health support funding, and those who provide support to people with a CUD, should be made aware 

of potential interventions which are able to target the neurobiological alterations demonstrated in 

individuals with a CUD (detailed in the next section). 

 

6.4 Limitations and Future Directions  

 The results of this thesis must be interpreted alongside a number of limitations outlined 

below, alongside suggestions for future research which could address them.  

 

6.4.1 Limitations of Study 2: CUD vs Controls 

6.4.1.1 Limitations of A Cross Sectional Study Design 

 The results discussed in Study 2 relied upon a cross-sectional study design. The use of a 

cross-sectional study design prevented the ability to make conclusions regarding the direction or 

existence of causal relationships between moderate-to-severe CUD and rsFC changes. Additionally, 

we were unable to determine if rsFC changes predated or followed the development of a CUD. The 

implication of this being that it remains unclear if the identified rsFC changes are the result of 

exposure to cannabis use or are pre-existing and predispose an individual to the development of a 



  209 

CUD. Longitudinal fMRI studies are required to track rsFC changes predating and following the onset 

of CUD and monitor how they change with the continuation of CUD and changes of cannabis use 

levels. 

 

6.4.1.2 Lack of Power to Examine Sub-Groups of People with CUD 

Although the sample size of Study 2 was adequately powered to detect between group 

differences (CUD vs controls), the sample size did not provide adequate power to further divide the 

CUD group into various subgroups, to explore the impact of moderating variables such as sex. 

Furthermore, CUD is known to have comorbidities (expanded below), which increases difficulty in 

pinpointing specific factors influencing rsFC alterations. Future research, utilising a larger sample of 

people with a CUD, is required to explore which moderators exacerbate rsFC alterations in CUD. 

Possible outstanding moderators of rsFC alterations in CUD include: 

▪ Sex: Neurobiological alterations have been shown to differ as a function of sex, in populations 

who use cannabis (Calakos et al., 2017; Hammond et al., 2022; Rosseti et al., 2021) as well as in 

SUDs more broadly (Cornish & Prasad, 2021), and which should therefore be further explored in 

CUD. 

▪ Psychiatric Disorders: Individuals with comorbid substances use disorder and psychiatric 

disorders have been shown to display unique neurobiological alterations to individuals who 

endorse substance use disorders without psychiatric comorbidity (Balhara et al., 2017). Given the 

high rates of comorbid CUD with psychiatric illness (Hasin & Walsh, 2020), future research is 

required exploring how such comorbidities may interact with established rsFC alterations.  

▪ Age of Use Onset: As established within this study, increased rsFC between the putamen and 

occipito-parietal regions was observed as a function of age of first and regular cannabis use. 

Furthermore, evidence has shown that exposure to cannabis during key neurodevelopmental 

periods such as adolescence may result in changes to corticolimbic circuitry (Meyer et al., 2018). 

Distinct patterns of neurobiological alterations have been observed when examining both adults 

and adolescents who use cannabis (Blest-Hopley et al., 2018), and hence, how the neurobiology 

of ‘adult onset’ versus ‘adolescent onset’ cannabis use differs, should be further explored.  
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6.4.1.3 Reduced Generalisability of CUD Sample to the Population Who Use Cannabis  

 An additional limitation related to the enforcement of strict exclusion criteria during the 

recruitment period. This may have inadvertently generated a sample who are less representative of 

people with a CUD or people who regularly use cannabis. Key exclusion criteria which may have 

reduced the generalizability of the findings were: (i) history of diagnosed psychiatric disorder, (ii) 

history of mindfulness practice, and (iii) current suicidal ideation. Regular cannabis use is known to 

be highly comorbid with psychosis and schizophrenia (Hasin & Walsh, 2020; Hunt et al., 2018), and 

with suicidal ideation (Borges et al., 2016; van Ours et al., 2013). Furthermore, we observed that 

history of mindfulness practice was one of the most often violated exclusion criteria throughout 

recruitment. Thus, the subsequent exclusion of these participants may have reduced the 

generalizability of the findings. Despite this limitation, the sample utilised in the current thesis was 

largely consistent with samples utilised in the field of research. Future research should incorporate in 

their samples, cannabis use participants who endorse psychiatric disorders, suicidality, and history of 

mindfulness practice to increase generalizability and understand how these variables may influence 

rsFC changes. 

 It was beyond the scope of this thesis to examine neural correlates of regular cannabis use, in 

individuals who do not meet moderate-to-severe CUD diagnostic criteria. Therefore, the impact 

‘cumulative THC exposure’ versus ‘behavioural changes that accompany CUD’ remains hitherto 

unexplored. Given the commonality of identified rsFC differences between individuals with a CUD 

and individuals with other SUDs who do not ingest cannabis, it seems likely that there may be a 

common factor beyond the effect of various substances on dopamine pathways (i.e., an SUD-related 

behavioural change) eliciting disturbance to frontostriatal pathways. Although it has been established 

that negative behavioural outcomes associated with regular cannabis use are significantly worse for 

regular users who do meet diagnostic criteria for CUD than for regular users who do not (Foster et al., 

2018; van der Pol et al., 2013), how these two groups differ neurobiologically remains unclear. To 

understand this, future research utilising rsFC could compare two groups, who are differing on CUD 

status but matched for key variables including cannabis use duration, frequency, and dose.  
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6.4.1.4 Inability to Determine Cannabinoid Contributions to rsFC Alterations 

 A key limitation of the study was the lack of inclusion of an objective measure of 

cannabinoids in users’ typical cannabis supply (THC vs cannabidiol [CBD] vs other 

phytocannabinoids). Thus, the relative contributions from varying cannabis strains/strengths to the 

observed rsFC changes is unclear. Recent work examining rsFC following acute administration of 

THC and CBD has demonstrated that acute THC and CBD have differing (Lorenzetti et al., 2022), 

and sometimes opposing effects on rsFC (Wall et al., 2022; Wall et al., 2019). The collection of 

cannabis samples for determining cannabinoid profiles of participants’ typical cannabis supply was 

beyond the scope of this project. Future research should look to extend this work further to residual 

rsFC, to aid in the interpretation of the uncovered rsFC differences.  

 The current study was also limited by the lack of biological metrics of cannabinoid exposure 

including cannabis metabolites from participants’ specimens (e.g., levels of 11-nor-9-carboxy-

tetrahydrocannabinol (THC-COOH). Following ingestion, THC is initially metabolized into a 

psychoactive metabolite (11-hydroxy-tetrahydrocannabinol; 11-OH-THC), and shortly thereafter 

(within hours) into the non-psychoactive metabolite THC-COOH (Huestis et al., 1992). THC-COOH 

is detectable in urine for up to a month following abstinence in people who regularly use cannabis 

(Bergamaschi et al., 2013), and it provides a measure of recent cannabis use. Levels of THC-COOH 

have previously been shown to correlate with degree of cannabis dependency (DSM-IV; Curran et al., 

2019). To note, during data collection process for the larger project within which this PhD sits, urine 

samples were taken from participants in order to monitor their THC-COOH levels, but analyses on 

this data could not be completed on time for its inclusion here. The future planned publications 

resulting from this thesis (Study 2 and 3) will incorporate the urinalysis results in a later manuscript 

revision – both as a correlation within rsFC outcomes in Study 2, and to check if intervention 

conditions are matched (and if not then entered as a covariate) in Study 3.  

  

6.4.2 Limitations of Study 3: Pre-to-Post Brief Intervention  

6.4.2.1 Low Sample Size  
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The sample collected for Study 3 was ultimately smaller than originally planned, due to 

COVID-19 related disruption during the recruitment and data collection phase, as detailed within the 

General Methods (Chapter 3: 3.4.1 A Word on the Impact of COVID-19). Therefore Study 3 

possessed less statistical power than originally intended, which may have reduced our ability to detect 

neurobiological changes which are subtle in nature. Nevertheless, the current study was adequately 

powered to detect group-by-time interactions. Additionally, our sample size was larger than similar 

published studies (N = 13; Froeliger et al., 2017; N = 28; Fahmy et al., 2019). Regardless, future 

research should recruit larger sample sizes to reproduce and confirm these effects, or use more 

powerful MRI scanners (i.e., 7-Tesla [7T]), which can reliably detect signal in smaller samples 

(Willems & Henke, 2021). 

 

6.4.3 Functional Magnetic Resonance Imaging Methodologies  

 The application of a priori hypothesis driven approach for seed selection (i.e., within the 

seed-to-whole-brain analysis), limited the ability of this study to discover results which may be 

unexpected. To this end, data driven approaches, including machine learning approaches and multi-

variance analysis, or whole brain analysis including independent components analysis (ICA) and 

connectome (graph theory) analysis may be used to examine rsFC in CUD. There is an array of data 

driven approaches available for the analysis of rsFC. For a review of these approaches, please see 

Chapter 2: Systematic Literature Review, Figure 2.3 (page 51) 

To note however, the rigorous process for the a priori hypothesis driven seed selection within 

this study ensured the seed selection was justified and relevant to the research (i.e., seeds are selected 

based upon established findings), this method also provided an opportunity to replicate past findings 

and answer specific research questions (Poldrack et al., 2011). 

6.4.3.1 A Novel rsFC Analysis Approach: Dynamic Causal Modelling  

 The traditional rsFC analyses utilised within this study, which relied on the non-causal 

establishment of relationships between spatially distinct brain regions, were limited in the ability to 

enable the inference of how the data were caused or generated, or the understanding of an underlying 

level of neuronal interaction (Frassle et al., 2021). Furthermore, traditional rsFC analyses are not 
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directional and do not capture asymmetries in reciprocal connections (Frassle et al., 2021). One such 

method that has been developed, which may give the ability to infer causal relationships between 

brain region connectivity utilising fMRI data, is Dynamic Causal Modelling (DCM; David et al., 

2008; Friston, 2009). DMC provides a measure of ‘Effective Connectivity’ (EC) which measures the 

causal effect that one region’s activity has on another (Friston, 1994). At present, there exists only a 

small field of research which has utilised DCM in people who regularly use cannabis (Ma et al., 2021) 

and people with a CUD (Ma et al., 2020). In order to expand upon the knowledge gained from the 

present thesis and deepen the understanding of the relationship between brain regions displaying 

altered rsFC, future research could incorporate DCM; ideally utilising a sample of people with CUD 

and seed selection based on the findings of the research within this thesis.  

 

6.5 Summary and Conclusions  

 Together, the findings from this thesis make a significant contribution to the understanding of 

neural mechanisms of CUD by demonstrating for the first time, increased rsFC between frontostriatal 

regions and occipito-parietal/occipital-striatal regions, and decreased rsFC between occipito-parietal-

hippocampal regions. Additionally, this research contributed to the development of potential 

treatment targets for CUD, by demonstrating decreased frontostriatal and increased fronto-

hippocampal rsFC pre-to-post brief MBI.  

This thesis involved the completion of three studies. The initial study was the first systematic 

integration of the existing fMRI studies which have examined rsFC in people who regularly use 

cannabis. The results of the SLR, along with prominent neuroscientific theory of addiction and the 

location of CB1R, were used to inform the neural targets of Study 2. Subsequently, the results of 

Study 2 were used to inform the neural targets of Study 3. The aims and the key findings of Study 2 

and Study 3 (the two empirical experiments) were:  

 

6.5.1 Aims of Study 2: Cannabis Use Disorders vs Controls  

- Aim 1: To compare rsFC for the first time between people with a diagnosis of moderate-to-

severe CUD and who had recently tried to cut down or quit cannabis and non-cannabis-using 
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controls, whilst accounting for age, sex, and variables that differed between the two groups (i.e., 

alcohol and nicotine exposure, and depression symptom scores). 

- Aim 2: To explore how rsFC differences identified in the CUD group vs controls would be 

associated with cannabis use exposure and related behaviours. 

- Key Findings: In people with a CUD compared to controls, rsFC was greater between NAc-

frontal regions, putamen-occipito-parietal regions (which correlated with an earlier age of first 

and of regular cannabis use), and pallidum-occipital/occipito-parietal regions (which correlated 

with severity of CUD and days of cannabis use/past 30 days); rsFC was lower between 

hippocampus-occipital regions. 

 

6.5.2 Aims of Study 3: Pre-to-Post Brief Intervention  

- Aims 1: To examine for the first time how a brief MBI reduced brain dysfunction – measured 

with rsFC fMRI – in people with a current moderate-to-severe CUD, who had tried to cut down 

or quit their use in the previous 2 years, compared to active and passive placebo control 

intervention conditions.  

- Aim 2: To explore if changes in rsFC pre-to-post MBI were associated with changes in cannabis 

exposure (e.g., grams, use days) and cannabis-use related problems (e.g., withdrawal), as well as 

psychological measures (e.g., COVID-related-stress, and mindfulness levels). 

- Key Findings: Pre-to-post MBI, putamen-frontal pole rsFC decreased (vs active and passive 

placebo); putamen-SFG rsFC decreased (vs active placebo); and hippocampus-ACC rsFC 

increased (vs passive placebo), which correlated with increased frequency of cannabis use. Pre-

to-post active placebo (vs MBI), participants showed increased putamen-frontal pole rsFC, in 

correlation with lower cannabis grams; and increased putamen-SFG rsFC. Also pre-to-post active 

placebo, pallidum-aSTG rsFC decreased, and putamen-cerebellum/brainstem rsFC increased (vs 

passive placebo). Third, pre-to-post passive placebo, putamen-frontal pole rsFC increased (vs 

MBI) which correlated with decreased cannabis use days; putamen-SFG rsFC and putamen-
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cerebellum/brainstem rsFC both decreased (vs MBI and vs active placebo respectively) while 

pallidum-aSTG rsFC increased (vs active placebo). 

 

6.5.3 Concluding Statements  

 In conclusion, this thesis provides significant advances in the understanding of the 

neurobiology of CUD. Specifically, the research within this thesis uncovered rsFC alterations in 

people who regularly use cannabis (Study 1), and then (partly) replicated these findings in 

overlapping and novel altered rsFC pairings, in a sample of people with CUD compared to controls 

(Study 2). The group differences in CUD implicated pathways previously reported in other SUDs as 

per prominent neuroscientific theories of addiction. Thus, CUD may affect key brain circuits involved 

in the reward system similar to other SUDs. Importantly, this thesis also demonstrated that brief MBI 

may target identified rsFC alterations and additional novel rsFC pairings. It was thought that brief 

MBI may target altered neurocircuitry known to be established in CUD and thought to underlie 

addiction-related cognitive processes (i.e., frontostriatal rsFC). Furthermore, MBI may facilitate 

extinguishing of habitual substance use, via strengthening of key regions previously shown to underlie 

cognitive inhibition (i.e., hippocampus-ACC). 

 Taking into consideration the novelty of the research, future research is warranted to replicate 

the findings established herein and to expand the thesis findings in a larger sample size, in vulnerable 

CUD populations with psychiatric comorbidities, and including a measure of both cannabis 

metabolites (i.e., THC-COOH) and cannabinoid profiles of user supplies. Furthermore, future 

research may further explore the neurobiological correlates brief interventions (with a focus on 

mindfulness-based, but also including relaxation-based, and self-monitoring-based), in samples who 

are motivated to change their cannabis use, and adherent to the intervention protocols. Finally, future 

research could look to expand upon findings by collaborating in multi-site neuroimaging data 

collection and utilising novel rsFC data analyses approaches, such as DCM, or more powerful MRI 

scanners (i.e., 7T). 

 Whilst the neural correlates of both CUD and brief MBI as treatment for CUD require further 

exploration, this thesis makes an important contribution to a growing foundation of knowledge. The 
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findings herein will serve to inform future neuroimaging research, both in understanding potential 

neurobiological vulnerabilities of CUD, and informing the identification of neurobiological targets for 

the treatment of CUD in vulnerable people. 

 

 

 

 

 

~ FIN ~
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Appendices 

Appendix 1. Permission to Reprint Diagnostic Criteria for Cannabis Use Disorder 
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Appendix 2. PROSPERO Registration Document 

 

2020 CRD420220181355 

 

 
 

Systematic review 

  

1. * Review title. 
  
Give the working title of the review, for example the one used for obtaining funding. Ideally the title 

should state succinctly the interventions or exposures being reviewed and the associated health or 

social problems. Where appropriate, the title should use the PI(E)COS structure to contain 

information on the Participants, Intervention (or Exposure) and Comparison groups, the Outcomes to 

be measured and Study designs to be included. 

A systematic review of resting-state functional connectivity differences between cannabis users 

compared to controls  

2. Original language title. 

For reviews in languages other than English, this field should be used to enter the title in the language 

of the review. This will be displayed together with the English language title.  

3. * Anticipated or actual start date.  

Give the date when the systematic review commenced, or is expected to commence. 

  
11/03/2020  

4. * Anticipated completion date. 

Give the date by which the review is expected to be completed. 

 
18/12/2020  

5. * Stage of review at time of this submission. 

Indicate the stage of progress of the review by ticking the relevant Started and Completed boxes. 

Additional information may be added in the free text box provided. 
Please note: Reviews that have progressed beyond the point of completing data extraction at the 

time of initial registration are not eligible for inclusion in PROSPERO. Should evidence of incorrect 

status and/or completion date being supplied at the time of submission come to light, the content of 

the PROSPERO record will be removed leaving only the title and named contact details and a 

statement that inaccuracies in the stage of the review date had been identified. 
This field should be updated when any amendments are made to a published record and on 

completion and publication of the review. If this field was pre-populated from the initial screening 

questions then you are not able to edit it until the record is published. 
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The review has not yet started: No 
Review stage Started Completed 

Preliminary searches Yes No 

Piloting of the study selection process Yes No 

Formal screening of search results against eligibility criteria No No 

Data extraction No No 

Risk of bias (quality) assessment No No 

Data analysis 
No No 

Provide any other relevant information about the stage of the review here (e.g. Funded proposal, 

protocol not yet finalised). 

  

6. * Named contact. 
 
The named contact acts as the guarantor for the accuracy of the information presented in the 

register record. 

  
Hannah Thomson 

Email salutation (e.g. "Dr Smith" or "Joanne") for correspondence:  
Hannah  

7. * Named contact email. 

Give the electronic mail address of the named contact.  

  
hannah.thomson@myacu.edu.au 

8. Named contact address 
Give the full postal address for the named contact. 

 

9. Named contact phone number. 
Give the telephone number for the named contact, including international dialling code. 
 

10. * Organisational affiliation of the review. 
Full title of the organisational affiliations for this review and website address if available. This field 

may be completed as 'None' if the review is not affiliated to any organisation. 

  
Australian Catholic University 

Organisation web address: 
 

11. * Review team members and their organisational affiliations. 
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Give the personal details and the organisational affiliations of each member of the review team. 

Affiliation refers to groups or organisations to which review team members belong. NOTE: email and 

country are now mandatory fields for each person. 

  
Miss Hannah Thomson. Australian Catholic University 
Dr Valentina Lorenzetti. Australian Catholic University 
Dr Izelle Labuschagne. Australian Catholic University 
Ms Alexandra Gorelik. Australian Catholic University Ms Hannah Sehl. Australian Catholic University  

 

12. * Funding sources/sponsors. 

Give details of the individuals, organizations, groups or other legal entities who take responsibility for 

initiating, managing, sponsoring and/or financing the review. Include any unique identification 

numbers assigned to the review by the individuals or bodies listed. Not applicable 

Grant number(s)  

13. * Conflicts of interest. 

List any conditions that could lead to actual or perceived undue influence on judgements concerning 

the main topic investigated in the review. 

  
None 

14. Collaborators. 

  
Give the name and affiliation of any individuals or organisations who are working on the review but 

who are not listed as review team members. NOTE: email and country are now mandatory fields 

for each person. 
  

15. * Review question. 

  
State the question(s) to be addressed by the review, clearly and precisely. Review questions may be 

specific or broad. It may be appropriate to break very broad questions down into a series of related 

more specific questions. Questions may be framed or refined using PI(E)COS where relevant. 

Cannabis is currently the most commonly used and arguably the most frequently debated illicit drug 

in Australia and globally, with about 188 million people worldwide reporting use (United Nations 

Office on Drugs and Crime, 2019). Heavy cannabis use is associated with adverse psychosocial and 

mental health outcomes (APA, 2013). Emerging evidence shows that cannabis users versus controls 

have different restingstate functional connectivity, particularly between prefrontal and striatal 

pathways implicated in inhibitory control, craving and reward processing, all of which are altered in 

addiction (Weinstein, Livny & Weizman, 2016). No study to date however has systematically 

synthesised the literature of differences between restingstate functional connectivity in cannabis 

users compared to controls, and the association between functional connectivity differences, and 

behavioural outcomes (e.g. cannabis use, psychopathology symptom scores, and cognitive 

performance) and cannabinoid levels from toxicology analysis (e.g. THC, CBD). This systematic 
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review aims to synthesise the current body of literature examining resting-state functional 

connectivity in cannabis users compared to controls, to determine whether different patterns of 

functional connectivity exist between groups (i.e. strength, direction, and location). Furthermore, we 

aim to explore whether there is an association between differences in functional connectivity and 

cannabis use (e.g. frequency of use, severity of craving), psychopathology symptom scores (e.g. 

depression, anxiety and psychosis), cognitive performance (e.g. attentional bias, impulsivity and 

working memory) and cannabinoid levels from toxicology analysis (e.g. THC, CBD). 

Note: If the resultant studies uncovered during the systematic review permit, data will be extracted for 

meta-analysis. 

16. * Searches. 

  
State the sources that will be searched. Give the search dates, and any restrictions (e.g. language or 

publication period). Do NOT enter the full search strategy (it may be provided as a link or 

attachment.) The following electronic databases will be searched: CINAHL, MEDLINE, PubMed, 

PsycINFO, Scopus, Web of Science, Embase, and Cochranes. The reference lists of eligible studies 

will also be searched. Search terms include: (cannabis OR marijuana OR hashish OR THC OR 

tetrahydrocannabinol) AND (“resting state” OR “resting-state” OR “at rest” OR resting) AND 

(“connect*” OR “funct*”) AND ("Magnetic Resonance 

Imaging" OR MRI OR "functional Magnetic Resonance Imaging" OR fMRI OR BOLD OR "Blood 

Oxygen Level Dependent") Databases searches were conducted on 11/03/2020. Duplicates will be 

removed.  

 

17. URL to search strategy. 

Give a link to a published pdf/word document detailing either the search strategy or an example of a 

search strategy for a specific database if available (including the keywords that will be used in the 

search strategies), or upload your search strategy.Do NOT provide links to your search results. 

    

Alternatively, upload your search strategy to CRD in pdf format. Please note that by doing so you are 

consenting to the file being made publicly accessible. 

   
Do not make this file publicly available until the review is complete  

 

18. * Condition or domain being studied. 

Give a short description of the disease, condition or healthcare domain being studied. This could 

include health and wellbeing outcomes. 
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This systematic review will cover two domains: (1) to identify resting-state functional connectivity 

differences in cannabis users compared to controls, and (2) to explore for cannabis users, whether 

there is an association between altered functional connectivity and levels of cannabis use (e.g. 

frequency of use, severity of craving), psychopathology symptom scores (e.g. depression, anxiety and 

psychosis), cognitive performance (e.g. attentional bias, impulsivity and working memory), and 

cannabinoid levels from toxicology analysis (e.g. THC, CBD).  

 

19. * Participants/population. 

Give summary criteria for the participants or populations being studied by the review. The preferred 

format includes details of both inclusion and exclusion criteria. 

(1)The targeted be regular cannabis users (as defined in each study), participants will: 

(2) of any age.Participants will be excluded if they:(1) meet diagnostic criteria for substance use 

disorders 

(2)other than Cannabis Use Disorder and/or Tobacco Us meet diagnostic criteria for severe mental 

health, neurological or neurodevelopmental disorders (e.g. Dis rder, 

Attention Deficit Hyperactive Disorder, Schizophrenia, Post Traumatic Stress Disorder, Multiple 

Sclerosis). 

 
20. * Intervention(s), exposure(s). 
  
Give full and clear descriptions or definitions of the nature of the interventions or the exposures to be 

reviewed. None  

 

21. * Comparator(s)/control. 

Where relevant, give details of the alternatives against which the main subject/topic of the review will 

be compared (e.g. another intervention or a non-exposed control group). The preferred format includes 

details of both inclusion and exclusion criteria. controls  

 

22. * Types of study to be included. 

Give details of the types of study (study designs) eligible for inclusion in the review. If there are no 

restrictions on the types of study design eligible for inclusion, or certain study types are excluded, 

this should be stated. The preferred format includes details of both inclusion and exclusion criteria. 

Studies will be included if they meet the following eligibility criteria: 

(1) use human participants, include regular cannabis using participants (as defined in each study) 
compared to controls,  

(2) measure functional connectivity using resting-state fMRI,  

(3) are written in English, and 

(4) are peer reviewed.  
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Studies will be excluded that: 

(1) measure brain integrity using imaging techniques other than fMRI (e.g. EEG, CT, PET, SPECT, 

structural neuroimaging), 

(2) are non-peer reviewed, non-published, or non-empirical studies (e.g. dissertations, corrigendums, 

editorials, single case-reports, book chapters, conference abstracts only),  

(3) are reviews or meta-analyses of the literature, and 

(4) examine a primary drug of use other than cannabis (e.g. cocaine, methamphetamines).  

23. Context. 

Give summary details of the setting and other relevant characteristics which help define the inclusion 

or exclusion criteria. 

 
24. * Main outcome(s). 
  
Give the pre-specified main (most important) outcomes of the review, including details of how the 

outcome is defined and measured and when these measurement are made, if these are part of the 

review inclusion criteria. 

Identification of differences in resting-state functional connectivity between cannabis users and 

controls. 

* Measures of effect  
  
Please specify the effect measure(s) for you main outcome(s) e.g. relative risks, odds ratios, risk 

difference, and/or 'number needed to treat. 

Differences between groups (cannabis users versus controls) in resting-state functional connectivity 

(strength, location and direction).  

25. * Additional outcome(s).  

List the pre-specified additional outcomes of the review, with a similar level of detail to that required 

for main outcomes. Where there are no additional outcomes please state ‘None’ or ‘Not applicable’ 

as appropriate to the review 

In cannabis users, associations between altered functional connectivity and levels of cannabis use 

(e.g. frequency of use, severity of craving), psychopathology symptom scores (e.g. depression, 

anxiety and psychosis), cognitive performance (e.g. attentional bias, impulsivity and working 

memory), and cannabinoid levels from toxicology analysis (e.g. THC, CBD). 

* Measures of effect  
  
Please specify the effect measure(s) for you additional outcome(s) e.g. relative risks, odds ratios, 

risk difference, and/or 'number needed to treat. 
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The direction (e.g., positive or negative) and the strength of the associations (e.g., Pearson's R, 

Spearman's rho, regression coefficient) between altered functional connectivity and levels of cannabis 

use (e.g. frequency of use, severity of craving), psychopathology symptom scores (e.g. depression, 

anxiety and psychosis), cognitive performance (e.g. attentional bias, impulsivity and working memory), 

and cannabinoid levels from toxicology analysis (e.g. THC, CBD) within the cannabis using group.  

26. * Data extraction (selection and coding). 

Describe how studies will be selected for inclusion. State what data will be extracted or obtained. 

State how this will be done and recorded. 

Study selection will follow PRISMA guidelines (Moher, Liberati, Tetzlaff, & Altman, 2009). To 

determine which studies will be included, two reviewers (blinded to each other’s decisions) will 

screen the titles and abstracts and then the resultant full-text articles that have not been excluded. 

Any discrepancies during the review process will be resolved through discussion between the two 

reviewers under the supervision of a senior staff member. Inter-rater reliability will be calculated. 

The data which will be extracted from the selected papers is outlined below, grouped by the categories; 

study characteristics, participant characteristics, MRI related variables, and results. 

Study characteristics - First author. 

- Year of publication. 

- Recruitment strategy. 

Participant characteristics 

- Sample size 

- Age 

- Sex 

- Handedness 

- Cannabis use (e.g., dosage, duration, age of onset, frequency/occasions, abstinence duration) 

- Cannabis use disorder/dependence (e.g., tool used, presence/absence, level) 

- Cannabinoid level (e.g., THC, CBD) and specimen (e.g., urine, saliva, hair, breath) 

- Other substance use (e.g., tobacco, alcohol) 

- Psychopathology levels (e.g., symptom scores for depression, anxiety, psychosis) 

- Recruitment location and strategy 

- Treatment status 

MRI related variables: 

- Scanner strength and brand 
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- Head coil (number of channels) 

- fMRI data acquisition protocol 

- fMRI task characteristics (e.g. duration, eyes open or closed) 

- Functional connectivity analysis method (e.g., whole brain, ROI-based, seed-based, details of 

relevant regions)  

- Thresholding 

Results: 

- Group differences in patterns of brain function (location, direction) 

- Brain-behaviour associations within cannabis users (location, direction) 
One individual will extract data (by recording it in an excel spreadsheet) and a second individual 

(trained member of the research team) will quality check the extracted data. Any disagreements 

between individual judgements will be resolved via discussion. In cases of missing data, study 

investigators will be contacted for unreported data or additional details. 

Meta-analysis: Strength (e.g., Beta/t), location (e.g., ROI/seed based, voxel coordinates, nodes and 

edges, low frequency spontaneous fluctuations), and direction.  

 

27. * Risk of bias (quality) assessment. 

Describe the method of assessing risk of bias or quality assessment. State which characteristics of 
the studies will be assessed and any formal risk of bias tools that will be used. 
In observation of PRISMA guidelines, we will use the Cochrane Collaboration’s tool for examining 

study bias.  

This tool assesses bias (high risk, low risk, or unclear risk) across seven domains which will be 

conducted where applicable. Assessment will be done at both study and outcome levels. One 

individual will assess risk of bias and a second individual (trained member of the research team) will 

review outcomes. Any disagreements between individual judgements will be resolved via discussion.  

28. * Strategy for data synthesis. 

Provide details of the planned synthesis including a rationale for the methods selected. This must 
not be generic text but should be specific to your review and describe how the proposed analysis 
will be applied to your data. 
As part of the systematic review, a summary of the findings from all included studies will be 

presented in tables and/or figures. Data extracted and measures of effect (as listed above) will be 

reported for the main and secondary outcomes. 
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Results will be meta-analysed if there is enough power (i.e., a sufficient number of studies) using 

relevant toolboxes e.g. the Matlab toolbox; multilevel kernel density analysis (MKDA) toolbox 

(http://wagerlab.colorado.edu).  

 

29. * Analysis of subgroups or subsets. 

State any planned investigation of ‘subgroups’. Be clear and specific about which type of study or 
participant will be included in each group or covariate investigated. State the planned analytic 
approach. Subject to data availability, sub-analyses will be performed on associations between 
resting state functional connectivity and key variables (e.g., sex, age, cannabis use levels, hours of 
abstinence).  
 

30. * Type and method of review. 

Select the type of review and the review method from the lists below. Select the health area(s) of 
interest for your review.  
  

Type of review 
Cost effectiveness 

No 

Diagnostic  
No 

Epidemiologic  
No 

Individual patient data (IPD) meta-analysis  
No 

Intervention  
No 

Meta-analysis  
Yes 

Methodology  
No 

Narrative synthesis  
No 

Network meta-analysis  
No 

Pre-clinical  
No 

Prevention  
No 

Prognostic  
No 

Prospective meta-analysis (PMA)  
No 

Review of reviews  

http://wagerlab.colorado.edu/
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No 

Service delivery  
No 

Synthesis of qualitative studies  
No 

Systematic review  
Yes 

Other  
No 

  

  

Health area of review  

Alcohol/substance misuse/abuse  
Yes 

Blood and immune system  
No 

Cancer  
No 

Cardiovascular  
No 

Care of the elderly  
No 

Child health  
No 

Complementary therapies 

  
No 

COVID-19  
No 

Crime and justice  
No 

Dental  
No 

Digestive system  
No 

Ear, nose and throat  
No 

Education  
No 

Endocrine and metabolic disorders  
No 

Eye disorders  
No 

General interest  
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No 

Genetics  
No 

Health inequalities/health equity  
No 

Infections and infestations  
No 

International development  
No 

Mental health and behavioural conditions  
No 

Musculoskeletal  
No 

Neurological  
No 

Nursing  
No 

Obstetrics and gynaecology  
No 

Oral health  
No 

Palliative care  
No 

Perioperative care  
No 

Physiotherapy  
No 

Pregnancy and childbirth  
No 

Public health (including social determinants of health)  
No 

Rehabilitation No Respiratory disorders  
No 

Service delivery  
No 

Skin disorders  
No 

Social care  
No 

Surgery  
No 

Tropical Medicine  
No 

Urological  
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No 

Wounds, injuries and accidents  
No 

Violence and abuse  
No 

31. Language. 
  
Select each language individually to add it to the list below, use the bin icon  to remove any added in 

error. 
 
English 

  
There is not an English language summary  

32. * Country. 

Select the country in which the review is being carried out from the drop down list. For multi-national 

collaborations select all the countries involved.  
 
Australia 

33. Other registration details. 
 
Give the name of any organisation where the systematic review title or protocol is registered (such as 

with The Campbell Collaboration, or The Joanna Briggs Institute) together with any unique 

identification number assigned. (N.B. Registration details for Cochrane protocols will be automatically 

entered). If extracted data will be stored and made available through a repository such as the 

Systematic Review Data Repository (SRDR), details and a link should be included here. If none, leave 

blank.  

 

34. Reference and/or URL for published protocol. 

 
Give the citation and link for the published protocol, if there is one 

   
Give the link to the published protocol.  

   
Alternatively, upload your published protocol to CRD in pdf format. Please note that by doing so you 

are consenting to the file being made publicly accessible. 

  
No I do not make this file publicly available until the review is complete 

  
Please note that the information required in the PROSPERO registration form must be completed in 

full even if access to a protocol is given. 

35. Dissemination plans. 
  
Give brief details of plans for communicating essential messages from the review to the appropriate 

audiences. 

Do you intend to publish the review on completion? 

  
Yes  



  

 

 

291 

 

36. Keywords. 

Give words or phrases that best describe the review. Separate keywords with a semicolon or new 

line. Keywords will help users find the review in the Register (the words do not appear in the public 

record but are included in searches). Be as specific and precise as possible. Avoid acronyms and 

abbreviations unless these are in wide use. 

  
cannabis; marijuana; resting state; functional connectivity; mri; fmri; magnetic resonance imaging; 

functional magnetic resonance imaging  

 

37. Details of any existing review of the same topic by the same authors. 

Give details of earlier versions of the systematic review if an update of an existing review is being 

registered, including full bibliographic reference if possible.  

 

38. * Current review status. 

Review status should be updated when the review is completed and when it is published. For 

newregistrations the review must be Ongoing. Please provide anticipated publication date 

  
Review_Ongoing  

 

39. Any additional information. 

Provide any other information the review team feel is relevant to the registration of the review. 

  

40. Details of final report/publication(s) or preprints if available. 
  
This field should be left empty until details of the completed review are available OR you have a link 

to a preprint.  

   
Give the link to the published review. 
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Appendix 3. Authorship Statement of Contribution by Others 

 

The following statement of contribution is made regarding Chapter 2: Systematic Literature Review 

(Study 1) of this thesis, which was published as: 

 

Thomson, H., Labuschagne, I., Greenwood, L. M., Robinson, E., Sehl, H., Suo, C., & Lorenzetti, V. 

(2022). Is resting-state functional connectivity altered in regular cannabis users? A systematic 

review of the literature. Psychopharmacology (Berl), 239(5), 1191-1209. 

https://doi.org/10.1007/s00213-021-05938-0  

 

 

First author: Hannah Thomson 

I acknowledge that my contribution to the above paper is 70%.  

Extent of contribution: H.T. was involved in the conceptualisation of the work, performed literature 

searches, article screening, data extraction and checking, synthesised the data for reporting, wrote 

manuscript drafts, and finalised the manuscript for publication. 

Signature:

Date: 27/02/2023 

 

 

 

Second author: Izelle Labuschagne  

I acknowledge that my contribution to the above paper is 5%.  

Extent of contribution: I.L. provided feedback on manuscript drafts. 

Signature:  

Date: 18/02/2023 

 

 

 

Third author: Lisa Greenwood  

I acknowledge that my contribution to the above paper is 4%.  

Extent of contribution: L.G. provided feedback on manuscript drafts. 

Signature:  

Date: 19/02/2023 

 

 

 

Fourth author: Emily Robinson  

I acknowledge that my contribution to the above paper is 3%.  

Extent of contribution: E.R. contributed to the synthesis of data and its subsequent visual 

representation in a figure.  

Signature:  

Date: 19/02/2023  



  

 

 

293 

Fifth author: Hannah Sehl 

I acknowledge that my contribution to the above paper is 3%.  

Extent of contribution: H.S. performed re-screening of search results to ensure accuracy of 

included/excluded articles. 

Signature:

Date: 21/02/2023 

 

 

 

Sixth author: Chao Suo 

I acknowledge that my contribution to the above paper is 5%.  

Extent of contribution: C.S. provided feedback on manuscript drafts, assisted with the synthesis of 

rsFC results and its subsequent visual representation in a figure.  

 

 

Signature: 

Date: 17/02/2023 

 

 

 

Last author: Valentina Lorenzetti  

I acknowledge that my contribution to the above paper is 10%.  

Extent of contribution: V.L. contributed significantly to the conceptualisation of the work, 

discussion of ideas and revisions, data analysis and provided comments and edits on all manuscript 

drafts. 

Signature:  

Date: 12/02/2023 
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Appendix 4. ISRCTN Registration 

 

Study Information  

 

Submission date: 28/04/2020 

 

Registration date: 12/05/2020 

 

Last edited: 26/04/2022 

 

ISRCTN 
Mapping short-term brain changes in cannabis users: An fMRI study 

 
HYPOTHESES 
Brain function will be assessed during rest, and during fMRI tasks including (i) a cue reactivity fMRI 
task that involves exposure to cannabis pictures and carefully matched neutral pictures (Cousijn, 
Goudriaan, Ridderinkhof, van den Brink, Veltman, & Wiers, 2013), (ii) a monetary incentive delay fMRI 
task (van Hell, Vink, Ossewaarde, Jager, Kahn & Ramsey, 2010), and (iii) an avoidance learning fMRI 
task (Kim, Shimojo, & O’Doherty, 2006). 
 
It is hypothesized that: 

1. People with a moderate-to-severe cannabis use disorder (CUD) compared to non-cannabis 
using controls, will show altered structure (e.g. volumes and thickness) and function (e.g. 
activity and connectivity) within brain pathways ascribed to addiction-relevant cognitive 
processes, including:  
1.1 reward processing (e.g. striatum, orbitofrontal cortex),  
1.2 stress/negative affect (e.g. amygdala),  
1.3 cognitive control (e.g. parietal cortex, dorsolateral prefrontal cortex, cerebellum),  
1.4 learning and memory (e.g. hippocampus), and  
1.5 interoception (e.g. insula). 

2. Brain function will change in brain pathways regions implicated in: 
2.1 reward processing, cognitive control and interoception, pre-to-post a brief ~2-week 

mindfulness-based intervention, which targets cannabis craving compared to no 
intervention, as shown in early work examining normative samples (Fox et al., 2016; 
Reese, Zielinski, & Veilleux, 2015).  

2.2 stress and interoception, pre-to-post a brief, ~2-week active placebo-controlled 
relaxation intervention, compared to no intervention, as shown by emerging work 
investigating normative samples (Sevinc et al., 2018). 

3. We will explore the association between changes in measures of brain integrity and level of 
cannabis use severity, psychopathology symptom scores (e.g. depression, anxiety and 
psychotic-like experiences) and cognitive performance (e.g. attentional bias, impulsivity and 
working memory). 

 
DOUBLE-BLIND PROCEDURE 
The study includes “blinded” and “unblinded” testers, with distinct roles described below. 

1. Selected researchers will administer face-to-face clinical and cognitive assessment, and MRI 
to the participant, without knowing which intervention condition cannabis users have been 
allocated to. These researchers will be referred to as “blinded” testers.  

2. Selected researchers will be unblinded to each CUD participant’s allocation to the three 
intervention conditions. These will be referred to as “unblinded” testers. 
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Unblinded testers will not administer any testing other than the intervention. Specifically, 
“unblinded” testers will:  

1.1 allocate CUD participants to one of the three distinct intervention conditions in a 
pseudo-randomised fashion. This is to ensure group matching for age and sex across 
all three intervention conditions and the non-using control group, and for the 
number of CUD symptoms at baseline across the three intervention conditions. 

1.2 administer the intervention at baseline and follow up face-to-face assessments. 
1.3 administer scales immediately before and after the intervention at baseline and 

follow up face-to-face assessments, to monitor its effectiveness. 
1.4 give participants information and material relevant to the online practice of the 

intervention. 
1.5 monitor the participant’s completion of the online daily intervention for the 2-week 

intervention period (e.g. VAS scales and/or audio tracks). 
1.6 communicate with the participants about any issues during the intervention period. 
1.7 debrief the participants on the intervention. 

 
INTERVENTION  
1. INTERVENTION CONDITIONS 
There will be three intervention conditions, all of which will be accessible via online weblinks in 
Qualtrics: 

1.1 A 2-week mindfulness-based intervention, consisting of a guided mindfulness audio track and 
VAS scales (e.g. stress, anxiety, substance use levels on the day of completion; see 
OUTCOMES section 2 below for detailed explanation of measures). 

1.2 A 2-week active placebo-controlled relaxation-based intervention, consisting of a guided 
relaxation audio track and VAS scales (e.g. stress, anxiety, substance use levels on the day of 
completion). 

1.3 A 2-week passive placebo no intervention consisting of VAS scales only (e.g. stress, anxiety, 
substance use levels on the day of completion). 

Note: Non-cannabis using controls will not be administered an intervention. This group will undergo 
only the baseline face-to-face assessment, which will be identical to that of cannabis users. 
 
2. ADMINISTRATION OF THE INTERVENTION  
The allocated intervention (i.e. VAS scales and/or audio tracks) will be administered in three different 
phases outlined below. 
 

2.1 PHASE I (BASELINE FACE-TO-FACE ASSESSMENT) 
The first delivery of the intervention will occur at the end of the baseline face-to-face 
assessment. An unblinded tester will run this component of the assessment, which will 
include: 
2.1.1 VAS and Toronto Scale (administered pre- and post-intervention), and the 

Credibility/Manipulation Check (administered post-intervention). See OUTCOMES 
section 2 below for detailed explanation of measures.  

2.1.2 Audio track with the content of the intervention. The unblinded tester will start the 
track (i.e. press play) so the participant will hear the audio track via headphones 
connected to a laptop. 

2.1.3 The first audio track will encapsulate 4 parts: 
2.1.3.1. Part 1: A 30-second introduction. This explains the aim of the intervention. This 

part is identical for both the mindfulness and the relaxation intervention 
conditions; 

2.1.3.2. Part 2: A 3-minute explanation of the psychological strategy that they will be 
asked to practice; 
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2.1.3.3. Part 3: A 4-minute preliminary experiential practice; 
2.1.3.4. Part 4: The 7-minute “main” track that encapsulates the intervention that the 

participant will be asked to practice daily (either mindfulness or relaxation). The 
word ‘mindfulness’ will not be mentioned in either intervention to minimise 
expectancy effects. 

2.1.4 During the first delivery of the intervention at baseline face-to-face testing, 
assessment of credibility and expectance will be run using The Credibility/Expectancy 
Questionnaire (CEQ; Devilly & Borkovec, 2000). These are described in detail in the 
section ‘Secondary Outcome Measures – Mindfulness and Interventions Measures’. 

2.1.5 At the conclusion of the first delivery of the intervention, an unblinded tester will: 
2.1.5.1 SMS the participant with the online web-link to access the intervention in order 

to complete it at home 
2.1.5.2 give the participant a USB stick with back-up files necessary to practice the 

intervention (i.e. VAS scales in a word document, and/or MP4 audio tracks), to 
facilitate compliance of people with limited access to online data. 

 
2.2 PHASE 2 (ONLINE, OFF-SITE DAILY INTERVENTION) 
The participant will be required to practice the intervention (using the online link or the USB 
files) daily offsite for ~2-weeks, between the baseline and the follow up face-to-face testing. 

 
The allocated intervention will consist of the VAS scales (the sole component in the “no 
intervention condition”), followed by 7-minute long audio tracks (i.e. described in bullet-point 
2.1.4 above) for either the mindfulness or relaxation intervention condition. 

 
An unblinded tester will measure compliance via monitoring the participant’s daily completion of 
the intervention, through the study’s online Qualtrics server.  

 
2.3 PHASE 3 (FOLLOW UP FACE-TO-FACE ASSESSMENT) 
The final delivery of the intervention will occur at the start of the follow up face-to-face 
assessment (immediately after informed consent). This is in order to boost the ~2-week 
intervention effect on the outcomes of interest at follow up. An unblinded tester will run this 
component of the assessment, which will include: 
2.3.1 VAS and Toronto Scale (administered pre- and post-intervention). See OUTCOMES 

section 2 below for detailed explanation of measures 
2.3.2 Audio track with the content of the intervention. The unblinded tester will start the track 

(i.e. press play) so the participant will hear the audio track via headphones connected to 
a laptop. The intervention will be the 7-minute track as used across the previous 2-weeks 
and at baseline (see 2.1.3.4).  

Audio-tracks containing the interventions will be made available to all participants after the 
completion of the study.   

 
3. INTERVENTION SCRIPTS 

3.1 The scripts used for the mindfulness and relaxation intervention conditions have the 
following characteristics: 

3.1.1 They do not contain the word ‘mindfulness’, to mitigate expectancy effects 
3.1.2 They rely on already establish scripts used for delivering a similar intervention in 

hazardous drinkers, which was published by Co-Investigators Prof Sunjeev Kamboj and 
Dr Tom Freeman (PMID: 29016995).  

3.1.3 They are delivered on high-quality audio tracks, which were read and recorded by 
Tamblyn Lord, who is a qualified mindfulness instructor with >20 years of experience, is 
the voice of the Smiling Mind application, and is a career voice artist/actor.  
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3.1.4 They are matched by the following parameters: length (15 minutes for the first delivery 
at baseline, and 7-minutes for  subsequent deliveries during the intervention and at 
follow up), number of smoking- and craving-related words, language complexity 
(Flesch-Kincaid grade level 8), key words relating to craving and cannabis, sequence of 
components and readability scores. 

3.1.5 They are matched by number of words for the mindfulness intervention i.e. 1,779 
words. These include 946 words for the baseline assessment audio track and 833 words 
for subsequent at home intervention and follow up assessment audio tracks. 

3.1.6 They are matched by number of words for the relaxation intervention: 1,783 words. 
These include 949 words for the baseline assessment audio tracks and 834 words for 
subsequent at home intervention and follow up assessment audio tracks. 

 
3.2 Example phrases used for the interventions: 

3.2.1 Relaxation script: During the explanation of the intervention, the participant is 
instructed that craving intensity can be reduced by “softening the muscles...and 
calming and unwinding the mind…releasing tension in your body” and that relaxation 
enables transformation of sensations into more calming, less unpleasant experiences. It 
is also emphasized that this is a way of gaining control over craving. 

3.2.2 Mindfulness script:  By contrast, instructions for the mindfulness script did not include 
any mention of reduced “craving or of controlling, transforming, or regulating internal 
experience. It was clarified that the aim was not to simply relax, but to be alert and 
attentive. The emphasis was on “open monitoring” of experience and particularly on 
“aware[ness] of feelings and bodily sensations” and to “experience craving in a 
different way.” The participant was told that by noticing bodily sensations they could 
“experience them as temporary events in the body,” helping the participant to 
“tolerate [bodily sensations] without acting on them.” To minimize expectancy effects 
relating to the increasing popularity and public discussion of complementary medicine 
approaches, there was no mention of the term “mindfulness” (or “relaxation”) in any 
experimental or recruitment material. 

 
 
OUTCOMES 
The study outcomes have been grouped as (1) primary outcome measures, and (2) secondary 
outcome measures. These are described below. 
 
1. Primary outcome measures 
Structural and functional brain outcomes will be measured using Magnetic Resonance Imaging (MRI) 
at baseline and follow up. 
1.1 Brain structure will be measured by assessing the volumes and thickness of the hypothesised 

brain regions of interest (see HYPOTHESES section 1.1-1.5 above for details). 
1.2 Brain function will be measured while performing a number of fMRI tasks outlined below: 

1.2.1 A Cue reactivity fMRI task (10 minutes) will be run to examine brain function when the 
participant views cannabis-related pictures versus matched neutral pictures.  
There are two versions of this task, which are identical in procedure but contain different 
pictures (matched for picture complexity, object size, colours, and brightness) in order to 
minimise the confounding impact of memory and recognition on cue reactivity. The two 
task versions are delivered in counter balanced order at baseline and follow up 
assessment, via pseudorandomised procedure.  

1.2.2 A Monetary Incentive Delay fMRI task (15 minutes) will be run to investigate brain 
function while:  
1.2.2.1 anticipation (vs receipt) of monetary outcomes; 
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1.2.2.2 anticipation of monetary outcomes (vs neutral outcomes); 
1.2.2.3 receipt (vs anticipation) of monetary outcomes; 
1.2.2.4 receipt of neutral outcomes (vs monetary outcomes) 

1.2.3 An Avoidance Learning fMRI task (15 minutes) will be run to measure brain function 
while: 
1.2.3.1 anticipating rewards and losses,  
1.2.3.2 learning to avoid losses and obtain rewards. 

1.2.4 A resting state fMRI task (10 minutes) will be run to investigate functional connectivity 
during rest (eyes open, while looking at a fixation cross). 
 

2. Secondary outcome measures 
Measures on substance use and related problems, mood and personality, mindfulness and wellbeing 
(e.g. sleep, physical activity) will be used as descriptive variables, covariates, or moderators to 
interpret the study results. These are grouped in pattern of administration and key domains below. 
 
2.1  REPEATED MEASURES OF CRAVING, ANXIETY AND OTHER PSYCHOLOGICAL STATES 

THROUGHOUT THE FACE-TO-FACE BASELINE AND FOLLOW UP ASSESSMENTS. 
These measures are delivered online via Qualtrics 

2.1.1  Changes to cannabis craving, relaxation, tension, and mindful attention level: 
2.1.1.1  The Visual Analogue Scale (VAS) will be used to measure on a 1-to-10 point 

scale current levels of cannabis craving, relaxation, tension, and mindful 
attention. 
The number of VAS administrations will vary according to which group the 
participant is allocation to. Cannabis users allocated to the mindfulness or 
relaxation intervention group will complete five administrations of the VAS (I-
V outlined below), cannabis users allocated to the no-intervention group will 
complete four administrations of the VAS (I-IV outlined below), and non-using 
controls will complete three administrations of the VAS (I-III outlined below).  
(I) immediately pre-MRI scan, 
(II) during the MRI scan, immediately before the cue reactivity fMRI task (see 
1.2.1 above), 
(III) during the MRI scan, immediately after the cue post cue reactivity fMRI 
task, 
(IV) immediately before the delivery of the audio intervention, 
(V) immediately after the delivery of the audio intervention. 

2.1.1.2  A single item from the VAS will be used to measure on a 1-to-10 point scale 
the participant’s current level of cannabis craving.  
This will be administered twice: 
(I) immediately pre-attentional bias dot probe task (see 2.4.1.1 below) 
(II) immediately post-attentional bias dot probe task  

 
2.1.2  Changes to state anxiety and cannabis craving symptom scores pre-to-post the MRI 

scan: 
2.1.2.1  The Marijuana Craving Questionnaire (MCQ; Heishman et al., 2009). It has 

45-items rated on a seven-point Likert-type scale ranging from "strongly 
disagree" to "strongly agree." 

               The items relate to four distinct constructs: (1) compulsivity e.g. inability to 
control marijuana use; (2) emotionality, e.g. use of marijuana in anticipation 
of relief from withdrawal or negative mood; (3) expectancy, e.g. anticipation 
of positive outcomes from using marijuana; and (4) purposefulness, e.g. 
intention and planning to use marijuana for positive outcomes.  
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2.1.2.2  The State Anxiety Subscale of the Spielberger State-Trait Anxiety Inventory 
(STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). It has 20 items 
rated on a 4-point scale (e.g., from 1 = “Almost Never” to 4 = “Almost 
Always”). 

 
2.1.3 Changes to state mindfulness levels before and after the mindfulness and relaxation 

audio interventions: 
NOTE: Not completed by cannabis users allocated to the no intervention group or 
non-using controls.  
2.1.3.1  The Toronto Mindfulness Scale (TMS; Lau et al., 2006). It has 42-items rated 

on a 5-point scale Likert scale from 0 = “Not At All” to 4 = “Very Much”. It 
measures "state-like" experiences during meditation. 

2.1.3.2 State Mindfulness Scale (SMS; Tanay & Bernstein, 2013). It has 23-items 
rated on a 5-point Likert scale ranging from 1 = “Not At All” to 5 = “Very 
Well”.  It measures state mindfulness of both mind and body. 

 
2.2 SUBSTANCE USE AND RELATED PROBLEMS 
2.2.1 Semi-structured interviews (online and printed), administered at baseline only: 

2.2.1.1 The Structured Clinical Interview for DSM-5 Research Version (SCID-5-RV). The SCID-5-RV 
(First, Williams, Karg, & Spitzer, 2015) is an 11-item semi-structured interview that 
measures cannabis dependence according to specific DSM-5 criteria for CUD. This will be 
used to confirm a diagnosis of moderate-to-severe CUD in cannabis users. 

2.2.1.2 Cannabis Use Interview (CUI) measures lifetime cannabis exposure. The CUI is adapted 
from the Daily Sessions, Frequency, Age of Onset, and Quantity of Cannabis Use 
Inventory (Cuttler & Spradlin, 2017). It has been previously utilised for the testing of 
cannabis users in research settings (Solowij et al., 2011). 
 

2.2.2 Self-report online questionnaires (exception of the TLFB, completed face-to-face), administered 
at baseline and follow up: 

2.2.2.1 The Timeline Follow Back (TLFB; Sobell & Sobell, 1992). The TLFB is administered in a 
paper- calendar-based format. It is a researcher administered semi structured interview, 
to gather retrospective estimates of number of days of substance use and quantity of 
use over the previous 30 days (at baseline testing) or ~ 2-weeks (at follow up testing). 
We will additionally collect information about the type, amount and strength of the 
cannabis use.  

2.2.2.2 The Cannabis Withdrawal Scale (CWS; Allsop, Norberg, Copeland, Fu, & Budney, 2011). It 
has 19-items rated on a 10-point scale from ‘Not at all’ to ‘Extremely’. The CWS is used in 
clinical and research settings to measure how cannabis withdrawal symptoms affect daily 
activities.  

2.2.2.3 The Cannabis Use Identification Test-Revised (CUDIT-R; Adamson et al., 2010). It has 8-
items rated on a 5-point Likert scale. It is a screening tool as it has diagnostic cut-offs for 
the DSM-5 CUD severity, validated with clinical and normative samples. 

2.2.2.4 The Obsessive Compulsive Drug Use Scale – Cannabis (OCDUS; Dekker et al., 2012). It has 
12-items rated on a 5-point Likert scale. It measures compulsive cannabis use. 

2.2.2.5 Fagerström Test for Nicotine Dependence (FTND; Fagerstrom, Russ, Yu, Yunis, & Foulds, 
2012). It has 8-items rated on yes/no and Liker scales. It measures the severity of 
physical dependence to nicotine related to cigarette smoking. 

2.2.2.6 One item on cannabis use to sleep i.e. “In the past two weeks have you used cannabis to 
help you sleep?”. 
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2.2.3 Self-report online questionnaires, administered at baseline only: 
2.2.3.1 The Marijuana Motives Questionnaire (MMQ; Lee, Neighbors, Hendershot, & Grossbard, 

2009). It assesses motivation of marijuana use and related consequences. It has 25-items 
rated on a 4-point Likert scale from ‘Never/Almost never’ to ‘Almost always/Always’.  

2.2.3.2 The Alcohol Use Disorders Identification Test (AUDIT; Babor, Higgins-Biddle, Saunders, & 
Monteiro, 2001). It has 10-items. The AUDIT is screening tool developed by the World 
Health Organization. It assesses alcohol use and the level of hazardous drinking.   

2.2.3.3 The Credibility/Expectancy Questionnaire (CEQ; Devilly & Borkovec, 2000). It has 6-items 
rated on a Likert scale. It measures: the momentary belief that the received therapy will 
help to reduce anxiety; what the participant thinks will happen and what the participant 
feels will happens a result of the intervention.  

 
2.3 MINDFULNESS AND INTERVENTION-RELATED MEASURES 
These include self-report online questionnaires, administered both at baseline and follow up 
assessment: 

2.3.1 The Five Facet Mindfulness Questionnaire (5FMQ; Baer et al., 2008). This scale has 39-
items, rated on a 5-point Likert scale. Items relate to 5 factors: (1) observing (2) 
describing (3) acting with awareness (4) non-judging of inner experience (5) non-
reactivity to inner experience.  

2.3.2 Motivation to Stop Scale (MSS; Kotz, Brown, & West 2013). It has 1-item, which is rated 
on a 7-point Likert scale, which reflects desire and intention to stop substance use.  

2.3.3 The Credibility/Manipulation Check (CMC; Kamboj et al., 2017). It has 9 intervention 
specific items, which assess the participant’s compliance to the intervention and 
comprehension of the intervention.  

2.3.4 Debrief / task feedback.  
It consists of 19 open and closed questions regarding the participants experience 
completing the daily tasks and if applicable, audio tracks.  
NOTE: This is completed at follow up only.  

 
2.4 COGNITIVE PERFORMANCE MEASURES 

2.4.1  Cognitive performance will be assessed via computerised cognitive tasks (administered 
at baseline and follow up): 

2.4.1.1 A ‘dot probe’ task (Morgan et al., 2010), will be used to measure attentional bias 
towards cannabis-related pictures and pictures matched for composition. There are 
two identical versions of this task, delivered in counter balanced order at baseline and 
follow up assessment, via pseudorandomised procedure. The two task versions are 
identical in procedure, but contain different pictures (matched for picture complexity, 
object size, colours, and brightness) to minimise the confounding impact of memory 
and recognition on attentional bias.  

2.4.1.2 A ‘2, 3, & 4-N-back task’ (Jaeggi et al., 2010), will be run to assess working memory. 
Participants are shown a sequence of visual stimulus on a computer and must 
respond each time the current stimulus is identical to the one presented ‘n’ positions 
back in the sequence 

2.4.1.3 A ‘Go/No-Go task’ (Fillmore, Rush, & Hays, 2006), will be run to test response 
inhibition. Participants are shown cues on a computer; the cues provide preliminary 
information regarding the type of target (i.e. go or stop) that is likely to follow. The 
cues have a high probability of signalling the correct target, to which the participant 
must response. The response time and accuracy of the participant is measured. 

2.4.2 IQ, will be assessed at baseline only 
2.4.2.1 The Wechsler Abbreviated Scales of Intelligence, 2nd edition (WASI-II; Wechsler, 2011) 

is a short form standardised measure of intellectual ability. It provides an estimate of 
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full-scale IQ using the two-subtest administration consisting of the Vocabulary and 
Matrix Reasoning subtests. 

 
2.5 MENTAL HEALTH AND WELLBEING MEASURES 

2.5.1 Self-report online questionnaires, administered at baseline only: 
2.5.1.1 The 36 Item Short Form Survey Instrument (SF-36; Ware, Sherbourne, & Davies, 

1992). Items are rated on yes/no and Likert scale responses. It is a set of generic, 
coherent, and easily administered items measuring quality-of-life. It is widely utilised 
by managed care organizations and by Medicare for routine monitoring and 
assessment of care outcomes in adult patients. 

2.5.1.2 Community Assessment of Psychic Experiences (CAPE) (Stefanis et al., 2002). It has 42 
items rating the frequency (rated on a 4-point scale:  Never, Sometimes, Often, 
Nearly Always) and distress (rated on a 4-point scale:  Not distressed, A bit distressed, 
Quite distressed, Very distressed) of positive and negative psychotic symptoms.  

 
2.5.2 Self-report online questionnaires, administered at baseline and follow up: 

2.5.2.1 The Emotion Regulation Questionnaire (ERQ; Gross & John, 2003). It has 10-items 
rated on a 7-point Likert-type scale ranging from 1 (strongly disagree) to 7 (strongly 
agree). It measures the tendency to regulate emotions via Cognitive Reappraisal and 
Expressive Suppression. 

2.5.2.2 Beck’s Depression Inventory – 2nd edition (BDI-II; Beck et al., 1996). It has 21-items 
rated on a 4-point Likert scale. It measures the severity of depression and its total 
score has diagnostic cut-offs, i.e.  0–13: minimal depression, 14–19: mild depression, 
20–28: moderate depression, 29–63: severe depression.  

2.5.2.3 The Confidence Ladder (CL; Slavet et al., 2006). This visual scale measures 
motivation/readiness to change. It has 11 rungs and 5 statements represent stages of 
change, rated on a scale from 0 (least motivated) to 10 (most motivated). 

2.5.2.4 The Apathy Evaluation Scale (AES; Marin, Biedrzycki, & Firinciogullari, 1991). It has 18 
items rated on a 3-point Likert scale ranging from 1 (not at all) to 3 (somewhat a lot). 
It provides global measure of apathy.  

2.5.2.5 The Perceived Stress Scale (PSS; Cohen, Kamarck, & Mermelstein, 1983). It has 10 
items rated on a 5-point Likert scale ranging from 0 (never) to 4 (very often). It 
measures how unpredictable, uncontrollable, stressful and overloaded respondents 
find their lives.  

2.5.2.6 International Physical Activity Questionnaire (short form) (IPAQ; Craig et al., 2003). It 
has 9 items measuring the frequency and duration of vigorous activity, moderate 
activity, walking, and sitting over the previous seven days.  

2.5.2.7 Urgency-Premeditation-Perseverance-Sensation Seeking-Positive Urgency – Short 
Form (S-UPPS-P; Cyders, Littlefield, Coffey, & Karyadi, 2014). It has 20 items, rated on 
a 4-point Likert scale ranging from (1) agree strongly to (4) disagree strongly. It 
measures 5 distinct domains of impulsivity i.e., Negative Urgency, (lack of) 
Premeditation, (lack of) Perseverance, Sensation Seeking, and Positive Urgency).  Two 
more second order factors can be extracted i.e. Emotion Based Rash Action (Positive 
& Negative Urgency) and Deficits in Conscientiousness (Premeditation and 
Perseverance).  

 
PARTICIPANT ELIGIBILITY 
Target number of participants 
We aim to recruit N = 120 participants, including: n = 90 moderate-to-severe cannabis users who have 
tried to cut down or quit in the past 24 months and n= 30 non-cannabis using controls. 
1. Participant inclusion criteria 
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1.1 Inclusion criteria for all participants are: 
1.1.1 Aged 18 to 55 years 
1.1.2 Normal-to-corrected vision 
1.1.3 Fluent in English 
1.1.4 Meeting safety criteria for MRI scan 

1.2 Inclusion criteria for cannabis users are: 
1.2.1 Daily/almost daily (>3 days per week) cannabis use for >12 months  
1.2.2 CUD 4+ DSM-5 symptoms 
1.2.3 Tried to quit/reduce cannabis use at least once within the past 24 months 

2. Participant exclusion criteria 
2.1 Exclusion criteria for all participants are: 

2.1.1 Any illicit substance and alcohol use for 12 hours before assessment (confirmed by 
self- report) 

2.1.2 Currently using prescription medication that affect the central nervous system 
2.1.3 Current or past diagnosed psychiatric disorders 
2.1.4 Any current severe psychiatric diagnosis, excepting diagnoses of depression or 

anxiety  
2.1.5 History of any neurological disorders 
2.1.6 History of acquired or traumatic brain injury 
2.1.7 Currently pregnant 
2.1.8 Suicidality 

2.2 Exclusion criteria for cannabis users are: 
2.2.1 Significant use or dependence on alcohol and any illicit substances other than 

cannabis 
2.2.2 Illicit drug use past 4 weeks (other than cannabis) 

2.3 Exclusion criteria for non-cannabis using controls are: 
2.3.1 Significant use or dependence on alcohol and any illicit substances  
2.3.2 Illicit drug use past 4 weeks 

 
3. Selection process 

Study advertisement (printed and online flyers) will direct all people interested in participating in 
the study to an online screening survey. All potential participants will undergo a selection process 
to determine their eligibility against our study inclusion and exclusion criteria.  
This includes a ~ 25-minute online screening survey (detailed in section 3.1), which will be followed 
up by a phone call to determine study inclusion (explained in section 3.2) and if possible schedule 
session (described in section 3.3). 
3.1 Online screening survey 
3.1.1 Socio-demographic, medical and handedness data 

3.1.1.1 Demographic data (e.g. age, date of birth, English fluency, sex, education, income) 
3.1.1.2 Pregnancy/breastfeeding status (yes/no) 
3.1.1.3 Previous experience with psychological strategies such as Mindfulness, Tai Chi, 

Meditation, Progressive Muscle Relaxation, Mindfulness, Yoga, other 
3.1.1.4 Lifetime prescription medication (yes/no, type and details)  
3.1.1.5 Lifetime personal diagnoses of mental health related problem or psychopathology 

(yes/no, type and details) 
3.1.1.6 Lifetime diagnoses of mental health disorders in family members (yes/no, type and 

details) 
3.1.1.7 Previously seen psychologist/psychiatrist/counsellor or other related therapy type 

(yes/no, type and details) 
3.1.1.8 MRI safety Screening Questionnaire (provided by the testing facility Monash 

Biomedical Imaging Centre) & information regarding the MRI scanning process 
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3.1.1.9 Edinburgh Handedness Inventory – Short Form (EHI-SF; Veale, 2014). It comprises 
four tasks (writing, throwing, teeth brushing, using a spoon) and asks the participant 
to rate their preferred hand (i.e., ‘always right’, ‘usually right’, ‘both equally’, 
‘usually left’, ‘always left’) for carrying out each task. 

3.1.2 Substance Use data: 
3.1.2.1 Cannabis Use Identification Test – Revised (CUDIT-R; Adamson et al., 2010). It has 8-

items rated on a 5-point Likert scale.  It is a screening tool as it has diagnostic cut-
offs for the DSM-5 CUD severity, validated with clinical and normative samples. 

3.1.2.2 Severity of Dependence Scale (SDS; Gossop et al., 1995). It is a 5-item measure of 
cannabis dependency. 

3.1.2.3 Alcohol Use Identification Test (AUDIT; Babor, Higgins-Biddle, Saunders, & Monteiro, 
2001). It has 10-items. This screening tool has been developed by the World Health 
Organization to assess hazardous drinking.   

3.1.3.4 Substance Use History (SUH; adapted from Sobell, Kwan, & Soball, 1995). It is 
adapted from the Drug History Questionnaire, and contains up to 96 questions 
depending on the number of substances endorsed.  

3.1.3 Mental health data: 
3.1.3.1 Mini International Neuropsychiatric Interview 6.0.0 Screen (Lecrubier Sheehan, 

Hergueta, & Weiller, 1998). It is a standardised measure which includes 24 
questions to screen for the 17 most common psychiatric disorders based on DSM-5 
criteria. Twelve questions assess the presence of CUD and its severity based on how 
many criteria apply (1-3 = mild; 4-5 = moderate; 6-11 = severe). 

3.1.3.2 Depression, Anxiety, and Stress Scale (DASS; Lovibond & Lovibond 1995). It is a 21-
item questionnaire that measures depression, anxiety, and stress. Responses are 
given via a 5-point Likert scale ranging from 0 (did not apply to me at all) to 4 
(applied to me very much, or most of the time).  

3.1.3.3 Motivation to Stop Scale (MSS; Kotz, Brown, & West 2013). It has 1 item, which is 
rated on a 7-point Likert scale, which reflects desire and intention to stop substance 
use.  

 
3.2 Eligibility of selected participants will be confirmed via a phone call. Any queries about 

participants’ eligibility will be resolved via a discussion with the study CI and the research 
team. 

3.3 All eligible participants will be contacted by phone to schedule an assessment time.  
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PLAIN ENGLISH SUMMARY 
Background and Aims 
Cannabis is currently the most commonly used and arguably the most frequently debated illicit drug 
globally, with about 188 million people worldwide reporting use. A significant portion of cannabis users 
smoke daily-to-weekly and endorse Cannabis Use Disorder (CUD; as defined by the Diagnostic and 
Statistical Manual, fifth edition). 
 
Heavy cannabis use is associated with adverse psychosocial and mental health outcomes. This includes 
cannabis dependence, reduced performance at work, school and some cognitive tasks, engaging in risk-
taking behaviour (e.g. smoking while driving), and higher symptoms of mood, anxiety, and psychotic 
disorders. Worryingly, only ~36% of those experiencing problems with cannabis use seek treatment, 
and many of those who receive treatment for CUD fail to reduce their use or to quit. Emerging evidence 
suggests that mindfulness-based strategies that target core features of CUD – such as the experience 
of craving and withdrawal – may mitigate brain, mental health and cognitive harms associated with 
CUD. 
 
The first aim of this multimodal MRI study is to map how brain, cognitive performance and mental 
health differs between people with a CUD (moderate-to-severe) compared to non-using controls. The 
second aim of this study is to examine how brain, cognitive performance and mental health harms in 
people with a CUD are mitigated pre-to-post a brief 2-week mindfulness intervention, versus a 2-week 
active placebo-controlled relaxation intervention and a 2-week no intervention period. The intervention 
has been successfully tested in hazardous drinkers by Co-Investigators Professor Kamboj and Dr 
Freeman (please see PMID: 29016995). 
 
Finally, this study will explore how brain alterations in CUD are associated with the level of cannabis use 
(e.g. dosage, duration of use), psychopathology symptom scores (e.g. depression, anxiety and 
psychosis), and cognitive performance (e.g. attentional bias, impulsivity and working memory).  
 
Hypotheses 
It is hypothesized that: 

4. People with a moderate-to-severe cannabis use disorder (CUD) compared to non-cannabis 
using controls, will show altered structure (e.g. volumes and thickness) and function (e.g. 
activity and connectivity) within brain pathways ascribed to addiction-relevant cognitive 
processes, including:  
1.1 reward processing (e.g. striatum, orbitofrontal cortex),   
1.2 stress/negative affect (e.g. amygdala),   
1.3 cognitive control (e.g. parietal cortex, dorsolateral prefrontal cortex, cerebellum),   
1.4 learning and memory (e.g. hippocampus), and   
1.5 interoception (e.g. insula). 

5. Brain function will change in brain pathways regions implicated in: 
2.3 reward processing, cognitive control and interoception, pre-to-post a brief ~2-week 

mindfulness-based intervention, which targets cannabis craving compared to no 
intervention, as shown in early work examining normative samples (Fox et al., 2016; Reese, 
Zielinski, & Veilleux, 2015).  

2.4 stress and interoception, pre-to-post a brief, ~2-week active placebo-controlled relaxation 
intervention, compared to no intervention, as shown by emerging work investigating 
normative samples (Sevinc et al., 2018). 

6. We will explore the association between changes in measures of brain integrity and level of 
cannabis use severity, psychopathology symptom scores (e.g. depression, anxiety and 
psychotic-like experiences) and cognitive performance (e.g. attentional bias, impulsivity and 
working memory). 
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Research design 
A pseudorandomised, double-blind, placebo-controlled design will be used. Ninety frequent cannabis 
users will be assessed at baseline and 2-week follow up and will be divided into three groups to be 
allocated to either a 2-week daily mindfulness intervention and brief questionnaires (n = 30), a 2-week 
daily active placebo controlled relaxation and brief questionnaires (n = 30) and 2-week no intervention 
period with daily brief questionnaires (n=30). Thirty non-cannabis using controls will be assessed at 
baseline only for comparative purposes. 
 
Who can participate? 
We will recruit 120 participants aged 18-to-55 years from the general community, including 90 frequent 
cannabis users and 30 non-using controls.  
 
What does the study involve? 
Participation includes:  

• an online screening questionnaire (~25 minutes) in order to confirm eligibility,  

• a phone conversation to further confirm the participant’s eligibility and details and schedule 
assessments,  

• two near-identical face-to-face 4-to-5-hour assessments at baseline and ~2-week follow up, 
comprising psychological questionnaires, computer tasks and a 1-hour MRI scan,  

• between baseline and follow up, the participant completes a daily intervention (or no 
intervention depending on group allocation) and brief questionnaire.  

• non-cannabis using control participants will complete the baseline assessment only (no 
intervention).  
 

What are the possible benefits and risks of participating? 
Possible benefits from participating include a potential reduction in cravings for cannabis use and 
improved mood. The research is considered to be low risk.  
 
Where is the study run from?  
Assessments will be run at the Monash Biomedical Imaging facility (MBI). The participant will complete 
the intervention online, at a location convenient for them.  
 
When is the study starting and how long is it expected to run for?   
The approximate start date for the trial is November 2019, data collection is expected to conclude 
December 2020. The approximate duration of the trial will be 13 months.  
 
Who is funding the study?  
The Healthy Brain and Mind Research Centre, Neuroscience of Addiction and Mental health group, 
within the Australian Catholic University.   
 
Who is the main contact?   
Dr Valentina Lorenzetti (Valentina.Lorenzetti@gmail.com) 
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OVERALL STRUCTURE OF THE ASSESSMENT AND INTERVENTION PROTOCOL 
1. THREE MAIN PHASES 
The testing protocol comprises three main phases: 

I.1 Face-to-face baseline assessment, ~4 hours (here on referred to as ‘baseline assessment’) 
I.2 ~2-week daily off-site, online intervention, ~10-15 minutes daily 
I.3 Face-to-face follow up assessment, ~3 hours (~2-weeks post baseline) (here on referred to as 

‘follow up assessment’) 
 
2. ROLES OF BLINDED AND UNBLINDED TESTERS 

Both blinded and unblinded testers will be present at the start of the two (baseline and follow up) 
assessments and will drive distinct part of the assessment. Specifically:  

2.1 A blinded tester will run all experimental procedures and assessments of socio-demographic 
variables, substance use, mental health and cognitive performance.  

2.2 An unblinded tester will administer all information specifically pertaining to the intervention 
(the intervention itself and pre-to-post intervention related scales). 

2.3 An unblinded tester will be responsible for debrief at baseline and at follow up with queries 
on intervention and obtaining consent at follow up. 

2.4 An unblinded tester will be responsible for daily monitoring of the online tasks/intervention 
(e.g. VAS scales and/or audio tracks) and SMS reminders if these are missed, as well as 
communicating with the participant about any issues during the intervention period. 

2.5 During the MRI scan: 
2.5.1 A blinded tester will interact with the participant and read scripts relating to the delivery 

of the assessment 
2.5.2 An unblinded tester will support the running of the technical aspects of the MRI that do 

not require direct interaction with the participant (e.g. open and save relevant fMRI task 
files and logs, to ensure timely completion of the MRI).    
 

3. OVERVIEW OF BASELINE FACE-TO-FACE ASSESSMENT  
3.1.  First, at the start of the baseline assessment, a blinded tester will ask the participant to review 

and clarify all study details explained in the Participant Information Letter and to provide 
written informed consent to participate in the study. 

3.2.  Second, a blinded tester will ask the participant to provide a urine sample to confirm the 
presence and absence of THC metabolites in cannabis users and non-users, respectively, and 
the absence of any other drug metabolites. 

3.3.  Then, a blinded tester will administer to the participant a battery of validated cognitive tasks 
(to assess IQ, attentional bias, working memory, disinhibition), semi-structured interviews and 
self-report questionnaires (relating to mindfulness, substance use, and mental health); as well 
as an MRI scan to measure brain structure and function. 

3.4.  Finally, an unblinded tester will administer the intervention (i.e. press play on the intervention 
audio track and/or provision of VAS scales and debrief the participant). Non-cannabis using 
controls will be reimbursed and debriefed for their participation at this stage. 

 
4. OVERVIEW OF THE ~2-WEEK OFF-SITE INTERVENTION PERIOD  

4.1 Online delivery of the daily tasks  
The ~2-week intervention will be run off-site, during the period between baseline and follow up 
assessment. The participant will be able to practice the intervention tasks via either an online 
link or via relevant files on the USB, both of which will be provided at the end of baseline 
testing by an unblinded tester.   
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4.2 Content of the daily tasks 
Daily tasks will be given to the three CUD groups and will differ based on the intervention 
condition: 
4.2.1 Those allocated to any intervention condition, will complete: 

4.2.1.1 a 1-point VAS scale to indicate the levels of: craving for cannabis, relaxation, 
tension, and mindful attention. 

4.2.1.2 a short questionnaire to indicate compliance, risk behaviour, mood, cravings, and 
cannabis use level.  

4.2.2 Those allocated to the mindfulness and relaxation groups, will: 
4.2.2.1 listen to the 7-minute audio track with the allocated intervention  
4.2.2.2 complete a short questionnaire to indicate if they practiced the psychological 

strategy explained during the audio track, when they experience cannabis craving 
in moments other than during the audio track.  

 
4.3 Monitoring of participants’ compliance to daily tasks 
An unblinded tester will monitor the participant’s completion of daily tasks through Qualtrics and 
send reminders if the participant does not complete the tasks. Reminders will be provided as 
follows: 

4.3.1 A SMS reminder, after the participant does not complete their tasks for one day 
4.3.2 A SMS reminder, after the participant does not complete their tasks for two days 
4.3.3 Phone call the participant to confirm if they are experiencing any issues to do the 

daily tasks, if the participant does not complete their tasks for > two consecutive days.  
4.3.4 daily (either SMS or phone) reminders from an unblinded tester if the participant 

remains non-compliant.  
 
Regardless of the level of compliance, the follow up assessment will take place. The amount of 
intervention completed (e.g. total number of days or total number of minutes practiced) may be 
used as predictors of the outcomes of interest.  

 
5. OVERVIEW OF THE FOLLOW UP FACE-TO-FACE ASSESSMENT  
The follow up assessment takes place ~2-weeks after the baseline assessment. These assessments are 
identical, with some exceptions. Specifically, at follow up: 

5.1. The intervention is administered at the start of the assessment after participant’ written 
informed consent is provided. This is to boost the effect that the 2-week intervention might 
have on the outcomes of interest. 

5.2. The debrief includes additional questions about their experience of the intervention (e.g. if 
the participant found it useful and when they practiced it). 

5.3. “Trait” variables already assessed at baseline will be not be measured, as these are unlikely 
to change over time (e.g. socio-demographic data, menstrual cycle details for females, 
CAPE, CUI, AUDIT, MMQ, CUD module of the SCID-5-RV, and SF-36). 

5.4. The WASI testing of IQ will not be administered, as this is already measured at baseline.  
5.5. Measures that are irrelevant are not administered (i.e. the planning session for the two-

week intervention period).  
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Appendix 5. Ethics Approval 

From: Res Ethics <Res.Ethics@acu.edu.au> 

Subject: 2019-71H Ethics application approved! 

 

Date: 9 June 2019 at 8:27:12 pm GMT-7 

 

To: Valentina Lorenzetti <Valentina.Lorenzetti@acu.edu.au> 

Cc: Bernardo Jarrin <Bernardo.Jarrin@acu.edu.au>, Res Ethics <Res.Ethics@acu.edu.au> 

 

Dear Applicant, 

 

Chief Investigator: Dr Valentina Lorenzetti 

Co-Investigators: Dr Izelle Labuschagne, Prof Valerie Curran, Ms Hannah Sehl, Assoc. Prof. Gill 

Terrett, Professor Peter Rendell, Dr Tom Freeman 

Ethics Register Number: 2019-71H 

Project Title: Mapping short term brain changes in cannabis use: An fMRI study 

Date Approved: 10/06/2019 

End Date: 30/04/2022 

 

This is to certify that the above application has been reviewed by the Australian Catholic University 

Human Research Ethics Committee (ACU HREC). The application has been approved for the period 

given above.  

 

Continued approval of this research project is contingent upon the submission of an annual progress 

report which is due on/before each anniversary of the project approval. A final report is due upon 

completion of the project. A report proforma can be downloaded from the ACU Research Ethics 

website. 
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Researchers are responsible for ensuring that all conditions of approval are adhered to and that any 

modifications to the protocol, including changes to personnel, are approved prior to implementation. 

In addition, the ACU HREC must be notified of any reportable matters including, but not limited to, 

incidents, complaints and unexpected issues. 

 

Researchers are also responsible for ensuring that they adhere to the requirements of the National 

Statement on Ethical Conduct in Human Research, the Australian Code for the Responsible Conduct 

of Research and the University’s Research Code of Conduct. 

 

Any queries relating to this application should be directed to the Ethics Secretariat 

(res.ethics@acu.edu.au). Please quote your ethics approval number in all communications with us. 

 

If you require a formal approval certificate in addition to this email, please respond via reply email 

and one will be issued. 

 

We wish you every success with your research. 

 

Kind regards, 

Kylie Pashley 

on behalf of ACU HREC Chair, Assoc Prof. Michael Baker 

Senior Research Ethics Officer | Office of the Deputy Vice Chancellor (Research) 

Australian Catholic University 

T: +61 2 9739 2646 E: 

res.ethics@acu.edu.au 

 

THIS IS AN AUTOMATICALLY GENERATED RESEARCHMASTER EMAIL 
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Appendix 6. Participant Consent Form 

 

People with a CUD 

CONSENT FORM 

  

TITLE OF PROJECT: Mapping short-term brain changes in cannabis users: An fMRI study 

APPLICATION NUMBER: 2019-71H 

(NAME OF) PRINCIPAL INVESTIGATOR (or SUPERVISOR): Senior Lecturer Valentina 

Lorenzetti  

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Professor Peter Rendell 

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Associate Professor Gill Terrett  

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Dr Izelle Labuschagne 

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Professor Valerie Helen Curran  

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Dr Tom Freeman 

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Professor Sunjeev Kamboj 

(NAME OF) MASTER/PhD RESEARCH STUDENT: Miss Hannah Sehl, Miss Hannah Thomson, 

Miss Marianna Gabriela Quinones Valera 

 

 

I ................................................... (the participant) have read (or, where appropriate, have had read 

to me) and understood the information provided in the Letter to Participants. Any questions I asked, 

have been answered to my satisfaction. 

I agree to participate in the activities as outlined in the information letter. The study involves 

participating in two 4.5 - 5.5 hour assessment sessions at the Monash Biomedical Imaging facility, 
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two weeks apart. Activities include providing urine, questionnaires on mental health, wellbeing and 

substance use, two MRI scans, and brief daily activities for 2 weeks. 

I understand that 

- I will be allocated to one of three research conditions and neither I nor the researcher will 

know which group I have been allocated too. 

- Each assessment session involves: questions about my background, past and present use 

of any drugs; brief computer tasks and short questionnaires about my history and current 

general physical health, mental health and cognitive function, brief tasks in a MRI scanner, 

and providing urine samples. 

- Every day during the two-weeks between the testing sessions, I will be required to 

complete a brief 3-4 minute daily online questionnaire about cannabis use and measures of 

wellbeing. I may also be asked to listen to a brief 7-minute audio recording each day. 

- I can withdraw from participating in the study at any time without any adverse 

consequences for the relationship with the study investigators. 

- I agree that research data collected for the study may be published or may be provided to 

other researchers in a form that does not identify me in any way. 

- I have been informed that my responses to the questionnaires will be initially stored online 

on servers managed by Qualtrics, subsequently stored on internal servers at Australian 

Catholic University and will be destroyed ten years after the publication of the findings 

relative to this study. 

- I agree to participate in this activity realizing that information gathered will remain 

confidential and secure except when it is required by law, and or failure to disclose the 

information would place myself or others at risk. 

 

I realise that I can withdraw my consent to participate in the study at any time (without adverse 

consequences). Unless otherwise requested by me, data collected prior to withdrawing, will be 
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included in the group dataset for aggregated data analysis. If I withdraw after the completion of 

data analysis, my data will be retained within the dataset. 

I freely agree for my data to be used in future studies that are 

an extension of or closely related to the present project.  

Please 

tick:  

Yes    No    

I give permission to be contacted again for future studies.  

Please 

tick:  

Yes    No    

Would you like to hear about the outcomes of this study?  

Please 

tick:  

Yes    No    

If you have ticked YES to either of the above please provide your contact details 

below:  

  

Email:    

  

NAME OF PARTICIPANT: ……………………………………………………………………… 

 

SIGNATURE: ...........................................................................................DATE: ........................... 

 

SIGNATURE OF PRINCIPAL INVESTIGATOR (or SUPERVISOR): DATE: ………………... 

 

SIGNATURE OF STUDENT RESEARCHER: ………………………DATE: ......................… 

  

Phone:  

Date of birth:  

Handedness (left, right, ambidextrous): 
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Controls  

CONSENT FORM 

  

TITLE OF PROJECT: Mapping short-term brain changes in cannabis users: An fMRI study 

APPLICATION NUMBER: 2019-71H 

(NAME OF) PRINCIPAL INVESTIGATOR (or SUPERVISOR): Senior Lecturer Valentina 

Lorenzetti  

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Professor Peter Rendell 

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Associate Professor Gill Terrett  

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Dr Izelle Labuschagne 

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Professor Valerie Helen Curran  

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Dr Tom Freeman 

(NAME OF) CO-INVESTIGATOR (or SUPERVISOR): Professor Sunjeev Kamboj 

(NAME OF) MASTER/PhD RESEARCH STUDENT: Miss Hannah Sehl, Miss Hannah Thomson, 

Miss Marianna Gabriela Quinones Valera 

  

  

I ................................................... (the participant) have read (or, where appropriate, have had read 

to me) and understood the information provided in the Letter to Participants. Any questions I asked, 

have been answered to my satisfaction. 

I agree to participate in the activities as outlined in the information letter. The study involves 

participating in one 4 – 4.5 hour assessment session at the Monash Biomedical Imaging facility. 

Activities include providing urine, questionnaires on mental health, wellbeing and substance use, 

and an MRI scan. 

I understand that 
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• The assessment session involves: questions about my background, past and present 

use of any drugs; brief computer tasks and short questionnaires about my history 

and current general physical health, mental health and cognitive function, brief 

tasks in a MRI scanner, and providing urine samples. 

• I can withdraw from participating in the study at any time without any adverse 

consequences for the relationship with the study investigators. 

• I agree that research data collected for the study may be published or may be 

provided to other researchers in a form that does not identify me in any way. 

• I have been informed that my responses to the questionnaires will be initially 

stored online on servers managed by Qualtrics, subsequently stored on internal 

servers at Australian Catholic University and will be destroyed ten years after the 

publication of the findings relative to this study. 

• I agree to participate in this activity realizing that information gathered will remain 

confidential and secure except when it is required by law, and or failure to disclose 

the information would place myself or others at risk. 

  

I realise that I can withdraw my consent to participate in the study at any time (without adverse 

consequences). Unless otherwise requested by me, data collected prior to withdrawing, will be 

included in the group dataset for aggregated data analysis. If I withdraw after the completion of 

data analysis, my data will be retained within the dataset. 

  

  

  

  



  

 

 

315 

I freely agree for my data to be used in future studies that are 

an extension of or closely related to the present project.  

Please 

tick:  

Yes    No    

I give permission to be contacted again for future studies.  

Please 

tick:  

Yes    No    

Would you like to hear about the outcomes of this study?  

Please 

tick:  

Yes    No    

If you have ticked YES to either of the above please provide your contact details below:  

  

Email:    

  

  

  

NAME OF PARTICIPANT: ……………………………………………………………………… 

 

SIGNATURE: .............................................................................................DATE: ........................... 

 

SIGNATURE OF PRINCIPAL INVESTIGATOR (or SUPERVISOR):   DATE: ……………... 

 

SIGNATURE OF STUDENT RESEARCHER: …………………………DATE: ......................… 

  

Phone:  

Date of birth:  

Handedness (left, right, ambidextrous): 
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Appendix 7. Telephone Screen Script 

 

Group  Cannabis   Screening Number __________ 

  □ Control  Initials _______ 
   (person making screening decision) 
Date ___ /___ /___ (online screening decision) 

   □ Male  

  Age ______ □ Female 

 

Booked 

NOTE: COVID-related changes highlighted in green 

Telephone Screen Script 

Brain-Cann Cannabis Group | Project ID: 2019-71H 

1st Call Date 

 

_____________ 

Initials 

 

_____________ 

1st SMS 

 

 

Date 

 

_____________ 

Initials 

 

_____________ 

2nd Call Date 

 

_____________ 

Initials 

 

_____________ 

2nd SMS Date 

 

_____________ 

Initials 

 

_____________ 

Notes on red flags:   

 ................................................................................................................................................................  

 ................................................................................................................................................................  

 ................................................................................................................................................................  

 ................................................................................................................................................................  

 ................................................................................................................................................................  

Participant quit smoking? Ask 1) When did you stop smoking? (be as specific as possible, e.g. 

three months ago, in February 2020, etc.) .............................................................................................    

2) How frequently were you smoking for before quitting? (e.g. 3 days/week) .....................................  

3) For how long? (e.g. two years):  .........................................................................................................  

          See additional notes on back page COVID-19  

Please check for COVID-related updates 

and questions before continuing  
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G e n e r a l  T i p s  

NOTE: For participant’s “Yes” answers – respond with “that’s great” or similar that’s natural to you. 

Be familiar with the entire script & study procedures, so that if you’re asked a question you can 

easily respond or know where to find the information (or that you’ll need to find out and call them 

back). Based on required questions, estimate the time for the call (Page 6) and advise participant.  

PRE-FILL pages 7 onwards with available info, so that you can confirm details with the participant 

(e.g., confirm correct/best contact information) and have relevant screening questions/probes for 

more information.   

Have the MRI lab calendar open and ready to use; skim over it in advance and be familiar with 

roughly what’s available/roughly how far in advance you need to book when initiating conversation 

about session times.   

Page ⑦ has space for an estimate of how long it will take to conduct additional screening (e.g., 

where there were responses to the MINI that might impact eligibility).   

Advise participant - Any information you give will be kept strictly confidential and will be 

destroyed upon completion of the study or if you decide not to participate.  

Other notes: 

MRI Safety - MRIs don’t involve radiation & are very safe.  They just use a strong magnetic field to 

take pictures, and are quite noisy (e.g., it is normal to hear knocking/banging sounds etc.).  However, 

people with some kinds of implant or metal in their body, such as a pacemaker, can’t have a scan 

because of that magnetic field.  So, we have to ask specific questions to check, and a radiographer 

will also check these questions on the day of a scan.   

 The MBI address is 770 Blackburn Rd, Clayton.   MBI is also accessible by PT, primarily via bus, 

route 703 (note that the stop may appear as “Telstra Labs” on the bus); Clayton train station is 

~45min walk (Cranbourne/Pakenham lines; Westall station also), but there are multiple connecting 

buses from there and also from Huntingdale station, that go to the Monash Uni campus.  The 

Monash Uni campus bus loop is ~15min walk or take the 703 from there (or Clayton station; or 

Syndal station on the Glen Waverley line).   

PARKING: There is FREE parking available on site, however we require the car registration 

number (for participants and testers) prior to each assessment date.  

Note to Researchers: Car registration numbers must be collected from each participant at time of 

booking and logged in the BrainCann participant booking form, along with blinded and unblinded 

tester car registrations. This information along with duration of parking will be populated and 

emailed to MBI prior to each session,  for entry into online parking system.   

Study contact details are: cannabis@acu.edu.au; .

mailto:cannabis@acu.edu.au
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I N T R O D U C T I O N   

Hello, this is [insert your name]; I’m calling from Australian Catholic University, about 

your interest in participating in a research study.  Am I speaking with …[insert their name]?; 

[CONFIRM CORRECT PERSON].  Thank you for registering your interest in our project and 

completing the online survey.  The purpose of this call is to provide further information 

about the study and if you are interested in taking part, to ask a few more questions, similar 

to those you completed online, to make sure this study is right for you.  

Would you like to know more about the study?  

 IF NO   Is there something that concerns you about the project, or would you like 

to know a little more information before you make up your mind?  

  If Yes  Explore the participant’s concerns and clarify any information 

If still No  Thank the participant for their interest in the study and time 

 IF YES   This information will take a few minutes, is now an okay time?  [If 

applicable:] Or would you like us to call you back at a different time or on a 

different number?   

If NO  Contact participant at mutually convenient time/date. 

If YES  Continue with script: 

 

S T U D Y  D E S C R I P T I O N  

In this study, we are looking at how the brain and behaviour may be affected in those 

using cannabis over time when we use strategies that may help to manage cannabis 

cravings.  Participation involves taking part in two assessments of approximately 2.5 hours 

each and practicing some short activities at home on the days in between them.  You would 

be randomly assigned to one of three groups (1 intervention and 2 control groups).  Neither 

you nor the researcher doing the testing knows which group you are allocated to, although 

all participants will be offered the intervention task at the end of the study.  The 

appointments would be booked at a mutually convenient date and time for you and the 

researcher and take place at Monash Biomedical Imaging on Blackburn Road, Clayton.   
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Is this somewhere you will be able to travel to?   

  IF YES    Continue; Respond “that’s great” or similar.  

  IF UNSURE    Refer to travel info; can offer to discuss and confirm Y/N later. 

  IF NO    Thank them for their time & refer to for INELIGIBLE procedure, page 21. 

 You will be asked to refrain from using any drugs and alcohol during the 12 hours before 

each appointment.  This will be confirmed with a urine sample at the start of each session.  

 Is that something that you will be able to do for us?  [OR] Will you be able to refrain from 

using any drugs and alcohol during the 12 hours before the assessment sessions?   

  IF YES    Continue; Respond “that’s great” or similar.  

  IF NO    Thank them for their time & refer to INELIGIBLE procedure, page 21. 

 We will need to call you  5 or more days before the research session and then send you a 

text message 12-48 hours before your booking, to run through a quick covid-19 check. You 

will also be required to have your temperature taken upon entry into the MRI scanning 

room, this is keeping with hospital policies regarding MRI scan procedures during the covid 

pandemic. Both the researchers and yourself will need to wear a mask during the sessions. 

These requirements are part of Victorian Government and MBI’s standard covid-related 

health and safety regulations.  

  Is that all ok with you? 

  IF YES    Continue; Respond “that’s great” or similar.  

  IF NO    Thank them for their time & refer to INELIGIBLE procedure, page 21. 

 

I’ll now tell you a bit more about what’s involved.  During each session, you will be asked 

to complete questionnaires about your mood, reactions to cannabis-related and other 

pictures, substance use, and do activities like short computer tasks.  You will also undergo a 

MRI scan during each session that will take pictures of your brain.  MRI scans do not involve 

radiation and are very safe.   
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Did the participant endorse items of concern regarding MRI safety in their online screen?  

If YES: Turn to MBI MRI safety questionnaire (page 17). Probe participant about relevant 

endorsed items and administer the MBI MRI safety questionnaire. If participant remains 

eligible after probing and safety questionnaire completion, return to this point in the script 

and continue.  

If NO: Continue from here with the script, ensuring to administer the MBI MRI safety 

questionnaire when it arises in the script (page 17).  

 

 Once the assessments are complete, you will have the opportunity to ask questions and 

debrief.  As compensation for your time, you will receive a $150 Coles-Myer Voucher at the 

completion of your second assessment session.  If you are interested, a high-resolution 

picture of your brain can also be provided to you at the end of the study.  

 In addition, every day for two-weeks between the assessments you will be asked to do 

one or both of the following tasks: 1) answer a 3-minute online questionnaire about your 

mood and substance use; 2) listen to a 7-minute set of audio instructions. You may find the 

audio-instructions helpful for your wellbeing, interesting and enjoyable. Your participation 

will help us gain a better understanding of how some instructions can help the way people 

deal with their daily experiences and which brain pathways are involved in this. 

Is 2 weeks of short tasks something you can commit to?    

  IF YES    Continue; Respond “that’s great” or similar: 

  IF NO    Thank them for their time & refer to INELIGIBLE procedure, page 21. 

To maintain confidentiality, your data from this study will be stored electronically using a 

code so that your information cannot be personally identified.   

 Do you have any questions or concerns about that?   [OR: Would you like to know more 

about that before we go on?]  
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  IF YES    [extra info:] - Electronic data will be stored securely on both online and 

internal ACU servers.  Hardcopy data will also be stored with restricted access at 

ACU’s Melbourne Campus.  Only researchers directly involved in the study will have 

access to the data.  Identifying personal information will also be stored separately 

from participant data files.  Only results of overall group data will be reported, and 

may be published in academically reviewed journals and presented at research 

conferences.  No individual data will be reported or published.  Also, data will be 

destroyed ten years after the publication of the findings related to this study.  

  IF NO   Continue: 

 Some questionnaires include sections asking about the use of substances that are 

unlawful.  We collect this information to help describe participant groups overall, rather 

than individuals.  All efforts are made to ensure the confidentiality of participant 

information; we cannot guarantee, though, that a third party could not use some legal 

process to gain access to the data (for instance a subpoena or search warrant).  This would 

be unlikely. 

 Participation in this study is completely voluntary.  You can withdraw at any stage, even 

after you’ve signed the consent form.  If you withdraw after we’ve started collecting your 

data, we may still use that existing data in the group analysis unless you ask for us not to.  

However, if you withdraw after the data has been analysed, your deidentified data will still 

be included.   

 All MRI scans collected will be analysed for research rather than diagnostic purposes.  

While there are no known risks from MRI scans of the brain used in this study, there are 

occasionally cases where an atypical or significant finding might be made.  For instance, this 

could be a cyst with no adverse impact, or something with possible clinical implications.  If 

researchers become aware of a significant finding during the course of the study, you will be 

notified.  Although this is unlikely, this could have consequences such as affecting your 

ability to work in certain professions, or to obtain health or life insurance.  Please consider 

what knowing about something like this would mean for you.  If you don’t want to know, it 

is suggested that you do not participate.  
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Does this study still sound like something that you would be interested in?   

  IF YES    Respond “that’s great” or similar and continue with script 

  IF NO    Thank them for their time & refer to INELIGIBLE procedure, page 21. 

 

S T U D Y  E L I G I B I L I T Y  

 Now I need to ask you a few questions to ensure that you are eligible for the study. This 

will take about …………………. minutes.  [insert estimate prior to call based on required Qs.] 

Are you in a quiet place where you can talk and answer honestly at the moment? 

  IF YES    Continue with script: 

  IF NO    Offer to call back, & record details in contact information file. 

Advise participant - Any information you give will be kept strictly confidential and will be 

destroyed upon completion of the study or if you decide not to participate.  

 First, I need to confirm some of the personal information you entered 
during the online survey.  It is important that you provide accurate information, 
and [as I’ve said,] any information that you provide will be treated as 
confidential.  If you do not wish to answer questions about your substance use 
or psychiatric history, you may withdraw at any time. 

 D E M O G R A P H I C S  

1. What is your age?       and DOB        

2. Which sex are you, male or female?    Male  / Female  

3. To confirm, you are able to travel to the Monash Biomedical Imaging centre in Clayton, on 

two separate occasions, approximately 2 weeks apart?  Yes  / No  

4. Are you able and willing to take part in a two-week online intervention that takes 

approximately 5-10min a day?  Yes  / No   

a. Do you have a device with an internet connection that you will be able to use for the 

daily activity, like an iPad, laptop, or mobile phone?  [What sort of device?]  __________ 

b. Is it ok for a research team member to potentially contact you via telephone during this 

time? Yes  / No  
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5. What is your current occupation?  Full-time  / Part-time  / Unemployed  

             

6. What is the highest level of education you have completed, or are undertaking?   

              

7. Did you complete any studies overseas? If so, what, for how long, did you complete this 

study? [Gather information briefly for matching purposes]  

_______________________________________________________________________________ 

_______________________________________________________________________________ 

8. How did you hear about our research?  

              

9. What suburb/area do you currently live in?  

________________________________________________________________________ 

10. Will you be driving to MBI and require car parking?  

Yes  No     

11. If yes, so that we can book you a parking spot, can please advise your Car 

registration number? 

_______________________________ 

 

  O T H E R  S P E C I F I C  E X C L U S I O N  C R I T E R I A  ( I F  A P P L I C A B L E )  

  O t h e r  e x p e r i e n c e s  

In the online survey you completed, you indicated that:  

 You’d used some sort of psychological strategy/strategies; please tell me more about:  

Insert questions about psychological strategy practice: 

 

 

 We ask that you don’t take up and new psychological strategy/strategies such as tai chi, 

yoga, meditation, mindfulness, progressive muscle relaxation, etc; in the time between 

now and the end of your assessment/s. 
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 You’d participated in other research studies; please tell me more about that: Insert 

questions about previous study participation:  

 

  I f  c a l l i n g  > 4  w e e k s  a f t e r  o n l i n e  s c r e e n :  

Substance Use 

 Have you used any illicit substance in the past month? Yes  No   If applicable: 

What?              

 

When?              

 

How much?             

 

How often?             

 

  

 

FOLLOW UP SUBSTANCE USE HISTORY  

Duration/ 

other 

questions 

……………

….. 

……………

……………

……………

……………

……………

……………

…………… 

……………

….. 

……………

……………

……………

……………

……………

……………

……………

……………

……. 

……………………………………………………………………………………………………………..……………………

……………………………………………………………………………………………………………………………………

…………………………..………………………………………………………………………………………………………

……………………………………………………………………………..……………………………………………………

………………………………………………………………………………………………………………………………..…

……………………………………………………………………………………………………………………………………

……………………………………………..……………………………………………………………………………………

………………………………………………………………………………..…………………………………………………

…………………………………………………………………………………………………………………………………..

……………………………………………………………………………………………………………………………………

………………………………………………..…………………………………………………………………………………

………………………………………………………………………………………………………..…………………………

………………………………………………..…………………………………………………………………………… 



  

 

 

325 

  

  M E D I C A L   

I now need to ask you some medical questions.   

1. Have you ever had a serious head injury that resulted in trauma to the brain, or 

required surgery, prolonged hospitalisation, or rehabilitation, and may have involved 

prolonged unconsciousness or concussion?  [If person can’t recall head injuries, prompt by 

asking whether they have ever had concussion or been unconscious].  Yes  /   No   If 

applicable:  Please tell me more about that: _____________________________________ 

 _______________________________________________________________________________  

2. Have you ever had any of the following? For confidentiality, please do not tell me or 

elaborate on the particular diagnosis, simply provide a yes or no answer after the list is 

completed.   Fits, convulsions, epileptic seizures; stroke, brain tumour, meningitis, 

encephalitis, multiple sclerosis; Positive for HIV. Again, only state ‘yes’ or ‘no’, please do not 

elaborate.   Yes  /   No  

3. Have you ever had any other serious illness not mentioned in the previous question 

but that you suspect might affect our research question in any way?  Yes  /   No 

  IF YES   What condition?  How long ago was this?  

              

4. The next question follows the current ACU policies around COVID-19, which states 

that everyone those attending this research study must be fully vaccinated due to 

close proximities during testing. Are you fully vaccinated? Yes  /   No 

Duration/ 

other 

questions 

……………

………. 

……………

……………

……………

……………

……………

……………

….. 

……………

……… 

……………

……………

……………

……………

……………

……………

……………...

.......... 
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IF YES   You do not have to send through your proof-of-vaccination, however, a 

member of the research team needs to see this upon arrival at your first testing 

session. Would you be willing to present this certificate at your first testing session? 

This can be when you check into the venue. Yes / No 

 IF NO, explain to participant that we need to site the certificate in order for 

them to participate 

IF NO    Do you intend to get vaccinated? Yes  /   No 

 IF YES    

 Date first dose: Click or tap to enter a date. 

 Date second dose: Click or tap to enter a date. 

  IF NO 

Inform participant that you will not be able to book them due to the current 

ACU policies for this study, but that you can continue screening them to keep 

them in our records in case there are any changes.  

 

VISION 

1. Have you ever had your vision assessed?  

YES  [continue with question 2] NO   [skip to next section] 

2. Do you require glasses or contact lenses?   

YES  [continue with question 3] NO   [skip to next section] 

3. Will you be able to wear contact lenses to the assessment sessions? 

YES  [continue with next section]  

NO  [Marginal eligibility, but continue screening:]  I’ll have to check later whether 

we can access a special set of glasses for you to use during the MRI.  Do you 

know the script for your glasses, or how to find this out?  Record if known:   

Left 
 

 

Right 
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 F E M A L E  P A R T I C I P A N T S  O N L Y   

1. Are you currently breastfeeding?     

  IF NO    Continue [question 2] 

  IF YES    Thank them for their time & refer to INELIGIBLE procedure, page 21. 

2. To the best of your knowledge, are you currently pregnant?  

  IF YES    Thank them for their time & refer to INELIGIBLE procedure, page 21. 

  IF NO     Are you thinking of or trying to get pregnant?  

If Yes  Thank them for their time & refer to INELIGIBLE procedure, page 21. 

If No  Continue with script



  

 

 

328 

M I N I  q u e s t i o n s                            ( t i c k  t h e  i t e m s  y o u  

n e e d  t o  p r o b e )  

I now need to ask some more questions about your survey responses.   

[For each relevant item, prompt and probe by asking “You indicated/reported that…” and 

insert specifics from the relevant question (which are included in grey text for reference).  E.g.:  

“You indicated that you’d been depressed or down, nearly every day, for two weeks.  Can you 

tell me more about that?”]  

Answered Yes to MINI_1: Have you been depressed or down, or felt sad, empty or hopeless most of 

the day, nearly every day, for the past two weeks?   

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_2: In the past two weeks, were you much less interested in most things 

or much less able to enjoy the things you used to enjoy most of the time?   

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_3: In the past month did you think that you would be better off dead or wish 

you were dead? 

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_4: In the past month have you thought about killing yourself, or wanted to be 

dead, or planned to kill yourself, or done anything that you hoped would cause your death?  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_5: Have you ever had a period of time when you were feeling ‘up’ or ‘high’ or 

‘hyper’ or so full of energy or full of yourself that you got into trouble, or that other people 

thought you were not your usual self? (Do not consider times when you were intoxicated on 

drugs or alcohol.)  
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 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_6: Have you ever been persistently irritable, for several days, so that you had 

arguments or verbal or physical fights, or shouted at people outside your family?  

OR   

Have you or others noticed that you have been more irritable or over reacted, compared to other 

people, even in situations that you felt were justified? 

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_7: Have you, on more than one occasion, had spells or attacks when you 

suddenly felt anxious, very frightened, uncomfortable or uneasy, even in situations where most 

people would not feel that way? Did the spells surge to a peak, within 10 minutes of starting? 

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_8: Did any of those spells or attacks come on unexpectedly or occur in an 

unpredictable or unprovoked manner?  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_9: Do you feel anxious or uneasy in places or situations where help might not 

be available, or escape might be difficult: like being in a crowd or enclosed space, standing in a 

line (queue), when you are away from home or alone at home, or when crossing a bridge, 

traveling in a bus, train or car?  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_10: In the past month did you have persistent fear and significant anxiety of 

being watched, being the focus of attention, or of being humiliated or embarrassed or rejected? 

This includes things like speaking in public, eating in public or with others, writing while someone 

watches, or being in social situations. 

 _______________________________________________________________________________  
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 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_11:  In the past month have you been bothered by recurrent thoughts, 

impulses, or images that were unwanted, distasteful, inappropriate, intrusive, or distressing? 

(e.g., the idea that you were dirty, contaminated or had germs, or fear of contaminating 
others, or fear of harming someone even though you didn’t want to, or fearing you would act on 
some impulse, or fear or superstitions that you would be responsible for things going 
wrong, or obsessions with sexual thoughts, images or impulses, or religious obsessions.)  

 
 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_12:  In the past month, did you feel driven to do something repeatedly in 

response to a rigid rule or obsession, like washing or cleaning excessively, counting or checking 

things over and over, or repeating or arranging things, or other superstitious rituals? 

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_13:  Have you ever experienced or witnessed or had to deal with an extremely 

traumatic event that included actual or threatened death or serious injury or sexual violence to 

you or someone else?  

Examples of traumatic events include: Serious accidents, sexual or physical assault, a terrorist 
attack, being held hostage, kidnapping, fire, discovering a body, war, natural disaster, witnessing 
the violent or sudden death or someone close to you, or a life-threatening illness.  

 
 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_14:  During the past month, have you re-experienced the event in an 

unwanted distressing way (such as, dreams, intense recollections, flashbacks or physical 

reactions)?  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  
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Answered Yes to MINI_17:  Have you ever believed that people were spying on you or that someone 

was plotting against you or trying to hurt you?   

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_18:  Have you ever heard things other people couldn’t hear such as voices? 

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_19:  Have you ever had visions when you were awake, or have you ever seen 

things other people couldn’t see? 

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered a BMI <18 to MINI_20-21: 

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_22-23:  In the past 3 months, did you have eating binges or times when you 

ate a very large amount of food within a 2-hour period? In the last 3 months, during these 

binges, did you feel that your eating was out of control? 

 _______________________________________________________________________________  

 _______________________________________________________________________________  

Answered Yes to MINI_24:  Were you excessively anxious or worried about several routine things 

over the past 6 months?  

 _______________________________________________________________________________  

 _______________________________________________________________________________  

 _______________________________________________________________________________  
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(TESTER: this is compulsory to administer to confirm eligibility and that the person is safe to 

be tested. Administer all items and keep a close eye on those flagged during phone screen) 

If applicable:  Before we continue, I just want to confirm some information about your ………  

that you noted in the online survey and other similar items. 

MBI MRI SAFETY QUESTIONNAIRE  

Have you ever had any eye injury caused by metal? ..............................................................NO / YES  
If YES:  
Did you see a doctor at the time? ................................................................... .........................NO / YES  
Did they remove the foreign body? ............................................................... ........... ..............NO / YES  
Did they tell you that they got it all out? ..................................................... ........... .................NO / YES  
Was this the last injury involving metal? .................................................. ........... ....................NO / YES  
 
Are you pregnant, suspect you may be pregnant or breastfeeding?........................................NO / YES  

Do You Have (Or Have You Ever Had):  
A Cardiac Pacemaker/stent/defibrillator/wire............................................................................NO / YES  
Any heart operation or valve replacement............................... ................................................NO / YES  
Any Brain operation ………………………………………………......................………………….NO / YES  
Abdominal Aneurysm repair or IVC filter..................................................................................NO / YES  
Brain Aneurysm Clips..............................................................................................................NO / YES  
Deep Brain Stimulator..............................................................................................................NO / YES  
Brain Shunt Tube ,...................................................................................................................NO / YES  
If YES, is it programmable .......................................................................................................NO / YES  
 

Any Ear operations /cochlear or stapes implants.....................................................................NO / YES  
Implanted drug infusion devices...............................................................................................NO / YES  
Neuro or Bone growth stimulator...............................................................................................NO / YES  
Shrapnel, bullet, gunshot...........................................................................................................NO / YES  
Any stents, vascular, oesophageal or biliary ............................................................................NO / YES  
Any Surgical clips/wire sutures/screws/mesh/prosthesis..........................................................NO / YES  
Joint Replacement or Prosthesis...............................................................................................NO / YES  
 

Do You Have:  
Ocular prosthesis (eye implants)...............................................................................................NO / YES  
A Swan-Ganz Catheter ............................................................................................................NO / YES  
Skin patches ............................................................................................................................NO / YES  
Intrauterine device (IUD)...........................................................................................................NO / YES  
A penile prosthesis ...................................................................................................................NO / YES  
Any other implant, or breast tissue expander ...........................................................................NO / YES  
Tattooes eyelids or tattoos........................................................................................................NO / YES  
Hearing Aid ...............................................................................................................................NO / YES  
Removable dentures.................................................................................................................NO / YES  
Any Piercings or braces that CANNOT be removed.................................................................NO/ YES  
Hair Extensions …………………………………………………………………………………….…NO / YES  
 

 
Have You:          What? / When?  
Had an operation or procedure within the last 8 weeks NO / YES             ..................................  
Had a history of seizures or epilepsy .........................................................................................................NO / YES                                                   

IF YES to any items, check with Richard if the person is eligible for an MRI scan 9905 0100 

[Specific questions from Richard/MBI:] 
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  IF Ok, or eligibility TBC    Return to page 5 and continue with script OR continue from 

this point, as required. 

  IF NOT eligible    Refer to INELIGIBLE procedure script, page 21. 

Inclusion /Exclusion Check List: 

 Aged 18-55 years 

 Normal-to-corrected vision 

 Fluent in English 

 Meet safety criteria for MRI 

 Informed of 12-hour abstinence from illicit substance use and alcohol for ax 

 No current medication that affects the CNS 

 No history of diagnosed psychiatric conditions 

 No neurological disorders 

 No history of ABI 

 Current CUD with 4+ DSM-V symptoms 

 Current daily/almost daily CB use for > 12-months 

 Tried to quit/reduce CB use at least once within the past 24 months 

 No significant use or dependence on alcohol or illicit substances (except CB) 

 No illicit drug use in past 4-weeks (except CB)
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  E L I G I B L E  P A R T I C I P A N T S  

Thank you for your time in answering those questions.  We would like to invite you to 

participate in the study.  [Or similar – affirm interest and be enthusiastic!] 

If necessary, remind:  Both sessions will be held at Monash Biomedical Imaging in Clayton 

and will involve further questions about any current or previous drug use and your 

general physical and mental health.  We will also ask you to complete a few 

questionnaires and some computer tests.  

Inform ppt: when describing assessment length – especially if their assessment runs 

across a main mealtime such as lunch or dinner – that they should eat before they come. 

Let them know that we do have some light snacks, but they are welcome to bring food 

with them 

Would you like to make a time now to participate in the study? 

  IF NO    Is there a good time for me to call you back to make an appointment?  

Record details in Contact Info file.  

  IF YES   We need to find times for two sessions, two weeks apart.  Are there 

particular days or times during the week that suit you?   

[CHECK LAB CALENDAR and discuss potential dates/times accordingly] 

....................................................................................................................................................  

....................................................................................................................................................  

Can we book you in for ………………………………………………? 

Two weeks later is ……………………………… [session 1 date+14 days; CHECK LAB CALENDAR].  

Can we book you in for the second session on …………………….. [date] at  ……………[time]?  

Can we please give you a call you the day before, to remind you about the appointment? 

[confirm best number & record in contact info file] 
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 We would also like to send you a copy of our Participant Information Letter, so you can 

read about the study in full, as well as a map showing you the location of the appointment. 

Can I please confirm the best email address to send this to you?   

 

  IF YES    Thank you.  We will send these out to you in the email today [or as soon as 

possible] so you should receive these shortly.  

  IF NO   Is there something that concerns you about the study or would you like to know a 

little more information?  

 If Yes  Explore the participant’s concerns and clarify any information.  If helpful, 

can offer to have a senior team member call them back.   

If still No  Thank the participant for their interest and the time for the call. 

 

W r a p  U p     

Thank you for your interest in the project and the time you’ve taken to speak with me.  Is 

there anything about the study that you’d like to talk through further?   

We look forward to meeting you [in a few weeks/as applicable].  In the meantime, please 

feel free to get in contact with the team if you have any questions when reading the study 

information.  [Confirm study contact info if needed.]  Thanks again.  Bye!      
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  M A R G I N A L L Y  E L I G I B L E  P A R T I C I P A N T S  

Thank you for your time in answering those questions. [Could insert: “I need to confirm 

some details with my supervisor/the study leader” or similar.]  We will confirm with you in 

the next …………………………………………… if the study is right for you.  Are there particular days 

or times that suit you for us to call you back?   

Can remind if indicated:  Any information will be confidential and will be destroyed if you do 

not participate. 

  Record details in contact info section, page ⑦ 

W r a p  U p     

Thank you for your interest in the project and the time you’ve taken to speak with me.    

We’ll look forward to speaking with you [in a few weeks/as applicable].  In the meantime, 

please feel free to get in contact with the team if you have any questions about the project.  

[Confirm study contact info if needed.]  Thanks again.  Bye!  

 

   I N E L I G I B L E  P A R T I C I P A N T S  

Explain that unfortunately the study has very strict inclusion criteria (do NOT give specific 

reason for participant being ineligible unless it is MRI safety). Thank participant and ask 

whether they would like their name and contact detail recorded for any future studies. 

[confirm this and record details if appropriate on the next page]  

Below are example explanations for ineligibility: 

E.g. Thank-you for your time but unfortunately, due to the requirements of the study, we 

already have enough participants with your characteristics (and/or information that you 

provided suggests that procedures we use in the study, such as the MRI, may compromise 

your safety if you were to participate in this study). This means that this study is not 

appropriate for you at this time. I’d like to thank you for your time and for taking an interest 

in our study.  
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E.g. Unfortunately, we have enough participants with your characteristics this time. This 

does not mean that you won’t be able to take part in other studies at the university later on. 

What this does mean is that due to the specific requirements of the present study and the 

number of people that we need, we have enough people with your characteristics. If you 

are interested in participating in future studies by the same research team, we are able to 

add your name to a participant database and we can notify you about future studies, which 

you may be eligible to participate. 

C o n s e n t  f u t u r e  s t u d i e s ( N / A )     

NB: Consent for future studies is now captured via the online survey screener 

and via the consent form. 

Thanks again.  Bye!  

 

NOTES 
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Appendix 8. Participant Information Letter 

People with a CUD   

PARTICIPANT INFORMATION LETTER 

  

PROJECT TITLE:  Mapping short-term brain changes in cannabis users: An fMRI study   

APPLICATION NUMBER:  2019-71H HREC  

  

PRINCIPAL INVESTIGATOR:  Dr Valentina Lorenzetti   

CO-INVESTIGATOR:  Professor Peter Rendell  

CO-INVESTIGATOR:  Associate Professor Gill Terrett   

CO-INVESTIGATOR:  Dr Izelle Labuschagne  

CO-INVESTIGATOR:  Professor Valerie Helen Curran   

CO-INVESTIGATOR:  Dr Tom Freeman  

CO-INVESTIGATOR:  Professor Sunjeev Kamboj  

STUDENT RESEARCHER:  Ms Hannah Sehl, Ms Hannah Thomson, Ms Marianna Gabriela 

Quinones Valera 

STUDENT’S DEGREE:  Research Higher Degree, Masters of Psychology (Clinical), Doctor of 

Philosophy  

  

Dear Participant,  

  

You are invited to participate in the research project described below.  

  

What is the project about?  

There are over 200 million cannabis users globally. Some scientific findings suggest that using 

cannabis regularly may affect our behaviour, how we think and our brain. This study aims to test how 

our brain and behaviour changes in cannabis users over time and when we use strategies that may 

help manage cannabis craving.  
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Who is undertaking the project?  

This project is being led by Dr Valentina Lorenzetti, an expert in neurocognitive mechanisms of 

addiction and lead of the Neuroscience of Addiction and Mental Health Program. Co-Investigators 

include Prof Rendell, Prof Terrett and Dr Labuschagne - members of the Healthy Brian and Mind 

Research Centre and international experts in Memory, Addiction, and Neuroimaging. Prof Valerie 

Helen Curran, Prof Sunjeev Kamboj and Dr Tom Freeman – world class experts in substance use at 

the Clinical Psychopharmacology Unit, University College London who have led similar studies.  

Are there any risks associated with participating in this project?  

Participants will not be asked to take any illicit substances. Participants with concerns about their 

health and/or regarding substance use should contact their general practitioner or drug use hot line 

such as the 24 hour Direct Line 1800 888 236, mental health help lines such as Lifeline 13 11 26 

Web: www.lifeline.org.au/ and Beyond Blue 1300 22 4636 www.beyondblue.org.au; ACU students 

can contact the university’s counselling services Tel: (03) 9953 3006 | Fax: 03 9953 3195 | Email:  

melbournepsychologyclinic@acu.edu.au | Web: www.acu.edu.au/psychologyclinic; and for those who 

require a psychological referral, Dr Barbara Jones of ACU Melbourne can be contacted. In the event 

of a crime, there is a chance that a court will demand access to the data on illicit substance use. By 

checking the corresponding box in the consent form, participants declare their awareness and consent 

to this risk. It is possible that incidental findings are detected during the brain scan. Knowing about an 

incidental finding may affect your ability to work in certain professions, obtain life or health 

insurance and other aspects of daily living. Please take the time to consider carefully what it would 

mean to you if we told you about an incidental finding in your brain that might, or might not, affect 

you in later life. If you do not want to know, then it is better not to take part.  

What will I be asked to do?  

• You will be asked to refrain from using any drugs and alcohol during the 12 hours before 

each assessment session. Abstinence will be confirmed with a urine sample at the start of 

each session.  

http://www.lifeline.org.au/
http://www.lifeline.org.au/
http://www.acu.edu.au/psychologyclinic%3B
http://www.acu.edu.au/psychologyclinic%3B
http://www.acu.edu.au/psychologyclinic%3B
http://www.acu.edu.au/psychologyclinic%3B
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• You will be randomly allocated to one of 3 groups (1 intervention and 2 control groups). 

Neither you nor the researcher doing the testing knows which group you are allocated to. 

(NB: All participants will be offered the intervention task at the end of the study).  

• Participation involves taking part in two assessments (4.5 - 5.5 hours each) at Monash 

Biomedical Imaging (Address: 762-772 Blackburn Rd, Clayton VIC 3168).  The second 

session is usually shorter than the first one, and you can take breaks as needed during the 

appointments.  Some light refreshments are provided (e.g., tea, coffee, small snacks), or you 

are welcome to bring your own food.    

• The assessments will occur at a mutually convenient dates/times for you and the researcher.  

• Every day for two-weeks between assessments, you will be asked to do one or both of the 

following tasks:   

 i) answer a 3-minute online questionnaire about your mood and substance use; ii) 

listen to a 7-minute audio recording.  

At both assessment sessions, you will be asked to:  

• Provide a urine sample to confirm your regular and recent substance usage. 

• Complete questionnaires about your mood, reactions to cannabis-related and other stimuli 

(pictures), substance use, questions about COVID-related and other stressful events, discuss 

your availability to complete the daily tasks you are assigned, and to perform short computer 

tasks.  

• Undergo a 1-hour MRI scan that will take pictures of your brain so we can map how the 

brain changes over a brief period of time.  Eye-tracking will be used during the scan to check 

that you have your eyes open to attend to the tasks.   

• Debrief with the researcher to address any questions you have.  

 

How much time will the project take?  

Participation involves taking part in two assessments at the Monash Biomedical Imaging at Monash 

University (Clayton campus), two weeks apart. Both assessments will take up to5.5 hours. We will 
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also ask you to practice the instructions in the audio-recording for two weeks between the 

assessments, every day, for about 10 minutes, and provide some information on your mood / 

substance use via an online link. As compensation for your time, you will receive a $150 Coles/Myer 

Voucher at the completion of the second assessment.  

What are the benefits of the research project?  

We will provide you with a high-resolution image of your brain at the end of the study. You may find 

the audio-instructions helpful for your wellbeing, interesting and enjoyable. However, this is not 

certain. Your participation will help us gain a better understanding of how some instructions can help 

the way people deal with their daily experiences and which brain pathways are involved in this.  

Can I withdraw from the study?  

Participation in this study is completely voluntary. You are not under any obligation to participate. If 

you agree to participate and have signed the consent form you can still withdraw from the study at 

any time without adverse consequences. Unless otherwise requested by you, data collected prior to 

you withdrawing, will be included in the group dataset for aggregated data analysis. If you withdraw 

after the completion of data analysis your data will be retained within the dataset.  

Will anyone else know the results of the project?  

To maintain confidentiality your data from this study will be stored electronically using a numeric 

code so that your information cannot be personally identified. Electronic data will be stored online on 

servers managed by Qualtrics, subsequently stored on internal servers at Australian Catholic 

University and will be destroyed ten years after the publication of the findings relative to this study. 

Only researchers directly involved in the study will have access to the data. Some questionnaires 

include questions regarding use of substances some of which are unlawful. This information is 

collected for the purposes of describing sample characteristics. Given 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 (i.e., subpoena or search warrant). All hardcopy and electronic data will be securely 

stored with restricted access at the ACU, Melbourne Campus and consent forms will be stored 

separately from data files. Only results of group (aggregated) data will be reported and may be 
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published in refereed psychological or medical journals and presented at research conferences. No 

individual data will be reported or published.  

Will I be able to find out the results of the project?  

If you are interested in finding out the results of the study, please tick the relevant box on your 

consent form. You will then receive a summary of the outcomes and an image of your brain at the 

end of the study.  

Who do I contact if I have questions about the project?  

If you have any questions or concerns regarding this project, before or after participating, please 

contact the study researcher, via email: cannabis@acu.edu.au or telephone our dedicated research 

line, 0490391342. If leaving a voice message, please provide your name, telephone number and/or 

email address and a convenient time to return your call. Alternatively, you can contact the Principal 

Supervisor, Senior Lecturer Dr Valentina Lorenzetti via email valentina.lorenzetti@acu.edu.au at the 

Australian Catholic University, to discuss your participation or the project in general.  

What if I have a complaint or any concerns?  

The study has been reviewed by the Human Research Ethics Committee at Australian Catholic 

University (review number 2019-71H HREC). If you have any complaints or concerns about the 

conduct of the project, you may write to the Manager of the Human Research Ethics Committee care 

of the Office of the Deputy Vice Chancellor (Research).  

  

Manager, Ethics  

c/o Office of the Deputy Vice Chancellor (Research) Australian Catholic University  

North Sydney Campus PO Box 968  

NORTH SYDNEY, NSW 2059   

Ph.: 02 9739 2519  

Fax: 02 9739 2870  

Email: resethics.manager@acu.edu.au  

Any complaint or concern will be treated in confidence and fully investigated. You will be informed 

of the outcome.  
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I want to participate! How do I sign up?  

If you are willing to participate please sign the attached informed consent form. You should sign both 

copies of the consent form and retain one copy for your records and then contact me on our dedicated 

research phone on 0490391342 or email me at Cannabis@acu.edu.au to book a session. You will 

need to bring the researcher’s copy of the signed consent form to the session before we can start. 

Your support for the research project will be most appreciated.   

 

Yours sincerely,  

 

The research team, 

 

Master Research Students & Principal Investigators   

Neuroscience of Addiction and Mental Health 

Healthy Brain and Mind Research Centre  

School of Behavioural & Health Sciences  

Faculty of Health Sciences 

Australian Catholic University  

115 Victoria Pde, Fitzroy, VIC, 3065  
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Controls   

PARTICIPANT INFORMATION LETTER 
  

PROJECT TITLE: Mapping short-term brain changes in cannabis users: An fMRI study  

APPLICATION NUMBER: 2019-71H HREC  

  

PRINCIPAL INVESTIGATOR: Dr Valentina Lorenzetti  

CO-INVESTIGATOR: Professor Peter Rendell  

CO-INVESTIGATOR: Associate Professor Gill Terrett  

CO-INVESTIGATOR: Dr Izelle Labuschagne  

CO-INVESTIGATOR: Professor Valerie Helen Curran  

CO-INVESTIGATOR: Dr Tom Freeman  

CO-INVESTIGATOR:  Professor Sunjeev Kamboj  

STUDENT RESEARCHER: Ms Hannah Sehl, Ms Hannah Thomson, Ms Marianna Gabriela 

Quinones Valera 

STUDENT’S DEGREE: Research Higher Degree, Masters of Psychology (Clinical), Doctor of 

Philosophy  

  

Dear Participant,  

  

You are invited to participate in the research project described below.  

  

What is the project about?  

There are over 200 million cannabis users globally. Some scientific findings suggest that using cannabis 

regularly may affect our behaviour, how we think and our brain. This study aims to test how our brain 

and behaviour changes in cannabis users over time and when we use strategies that may help manage 

cannabis craving.  

Who is undertaking the project?  
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This project is being led by Dr Valentina Lorenzetti, an expert in neurocognitive mechanisms of 

addiction and lead of the Neuroscience of Addiction and Mental Health Program. Co-Investigators 

include Prof Rendell, Prof Terrett and Dr Labuschagne - members of the Healthy Brian and Mind 

Research Centre and international experts in Memory, Addiction, and Neuroimaging. Prof Valerie 

Helen Curran, Prof Sunjeev Kamboj and Dr Tom Freeman – world class experts in substance use at the 

Clinical Psychopharmacology Unit, University College London who have led similar studies.  

Are there any risks associated with participating in this project?  

Participants will not be asked to take any illicit substances. Participants with concerns about their 

health and/or regarding substance use should contact their general practitioner or drug use hot line 

such as the 24 hour Direct Line 1800 888 236, mental health help lines such as Lifeline 13 11 26 

Web: www.lifeline.org.au/ and Beyond Blue 1300 22 4636 www.beyondblue.org.au; ACU 

students can contact the university’s counselling services Tel: (03) 9953 3006 | Fax: 03 9953 3195 | 

Email:  

melbournepsychologyclinic@acu.edu.au | Web: www.acu.edu.au/psychologyclinic; and for those 

who require a psychological referral, Dr Barbara Jones of ACU Melbourne can be contacted. In the 

event of a crime, there is a chance that a court will demand access to the data on illicit substance use. 

By checking the corresponding box in the consent form, participants declare their awareness and 

consent to this risk. It is possible that incidental findings are detected during the brain scan. Knowing 

about an incidental finding may affect your ability to work in certain professions, obtain life or health 

insurance and other aspects of daily living. Please take the time to consider carefully what it would 

mean to you if we told you about an incidental finding in your brain that might, or might not, affect 

you in later life. If you do not want to know, then it is better not to take part.  

What will I be asked to do?  

• You will be asked to refrain from using any drugs and alcohol during the 12 hours 

before the assessment session. Abstinence will be confirmed with a urine sample at 

the start of the session.  

• Participation involves taking part in one assessment (4 - 4.5 hours) at Monash 

Biomedical Imaging (Address: 762-772 Blackburn Rd, Clayton VIC 3168), and you 

http://www.lifeline.org.au/
http://www.lifeline.org.au/
http://www.acu.edu.au/psychologyclinic%3B
http://www.acu.edu.au/psychologyclinic%3B
http://www.acu.edu.au/psychologyclinic%3B
http://www.acu.edu.au/psychologyclinic%3B
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can take breaks as needed during the appointment.  Some light refreshments are 

provided (e.g., tea, coffee, small snacks), or you are welcome to bring your own food.  

• The assessment will occur at a mutually convenient date/time for you and the 

researcher.  

At the assessment session, you will be asked to:  

• Provide a urine sample to confirm your regular and recent substance usage.  

• Complete questionnaires about your mood, reactions to cannabis-related and other 

stimuli (pictures), substance use, questions about COVID-related and other stressful 

events, and to perform short computer tasks.  

• Undergo a 1-hour MRI scan that will take pictures of your brain so we can map how 

the brain changes over a brief period of time.  Eye-tracking will be used during the 

scan to check that you have your eyes open to attend to the tasks.   

• Debrief with the researcher to address any questions you have.  

  

How much time will the project take?  

Participation involves taking part in one assessment at the Monash Biomedical Imaging at Monash 

University (Clayton campus). The assessment will take up to 4.5 hours. As compensation for your time, 

you will receive a $100 Coles/Myer Voucher at the completion of the assessment.  

What are the benefits of the research project?  

We will provide you with a high-resolution image of your brain at the end of the study. You may find 

the audio-instructions helpful for your wellbeing, interesting and enjoyable. However, this is not 

certain. Your participation will help us gain a better understanding of how some instructions can help 

the way people deal with their daily experiences and which brain pathways are involved in this.  

Can I withdraw from the study?  

Participation in this study is completely voluntary. You are not under any obligation to participate. If 

you agree to participate and have signed the consent form you can still withdraw from the study at any 

time without adverse consequences. Unless otherwise requested by you, data collected prior to you 
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withdrawing, will be included in the group dataset for aggregated data analysis. If you withdraw after 

the completion of data analysis your data will be retained within the dataset.  

Will anyone else know the results of the project?  

To maintain confidentiality your data from this study will be stored electronically using a numeric code 

so that your information cannot be personally identified. Electronic data will be stored online on servers 

managed by Qualtrics, subsequently stored on internal servers at Australian Catholic University and 

will be destroyed ten years after the publication of the findings relative to this study. Only researchers 

directly involved in the study will have access to the data. Some questionnaires include questions 

regarding use of substances some of which are unlawful. This information is collected for the purposes 

of describing sample characteristics. Given 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 (i.e., subpoena 

or search warrant). All hardcopy and electronic data will be securely stored with restricted access at the 

ACU, Melbourne Campus and consent forms will be stored separately from data files. Only results of 

group (aggregated) data will be reported and may be published in refereed psychological or medical 

journals and presented at research conferences. No individual data will be reported or published.  

Will I be able to find out the results of the project?  

If you are interested in finding out the results of the study, please tick the relevant box on your consent 

form. You will then receive a summary of the outcomes and an image of your brain at the end of the 

study.   

 Who do I contact if I have questions about the project?  

If you have any questions or concerns regarding this project, before or after participating, please contact 

the study researcher, via email: cannabis@acu.edu.au or telephone our dedicated research line, 

0490391342. If leaving a voice message, please provide your name, telephone number and/or email 

address and a convenient time to return your call. Alternatively, you can contact the Principal 

Supervisor, Senior Lecturer Dr Valentina Lorenzetti via email valentina.lorenzetti@acu.edu.au at the 

Australian Catholic University, to discuss your participation or the project in general.  
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What if I have a complaint or any concerns?  

The study has been reviewed by the Human Research Ethics Committee at Australian Catholic 

University (review number 2019-71H HREC). If you have any complaints or concerns about the 

conduct of the project, you may write to the Manager of the Human Research Ethics Committee care 

of the Office of the Deputy Vice Chancellor (Research).  

  

Manager, Ethics c/o Office of the 

Deputy Vice Chancellor (Research) 

Australian Catholic University  

North Sydney Campus  

PO Box 968  

NORTH SYDNEY, NSW 2059   

Ph.: 02 9739 2519  

Fax: 02 9739 2870  

Email: resethics.manager@acu.edu.au  

Any complaint or concern will be treated in confidence and fully investigated. You will be informed of 

the outcome.  
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I want to participate! How do I sign up?  

If you are willing to participate please sign the attached informed consent form. You should sign both 

copies of the consent form and retain one copy for your records and then contact me on our dedicated 

research phone on 0490391342 or email me at Cannabis@acu.edu.au to book a session. You will need 

to bring the researcher’s copy of the signed consent form to the session before we can start. Your support 

for the research project will be most appreciated.   

 

Yours sincerely,  

The research team  

 

Master Research Student & Principal Investigators   

Neuroscience of Addiction and Mental Health 

Healthy Brain and Mind Research  

School of Behavioural & Health Sciences 

Faculty of Health Sciences 

Australian Catholic University  

115 Victoria Pde, Fitzroy, VIC, 3065    
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Appendix 9. Map to Locate Scanning Facility 
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Appendix 10. Session Checklist 

 

Baseline Session Checklist 

 

Main Baseline Assessment Checklist (blinded) 
Appt date: …………………………..                                                                                          

Group:  

Appt time: ………………………….. Cue Reactivity fMRI:  A / B 

Next Appt: ………………………….. Attentional Bias:  a / b 
 

Wash hands & sanitize workstations, testing rooms, and laptops used by participants and research 

staff/students. Observe social distancing protocols & avoid close contact with team members. 

Maximal face-to-face time (total) 

Blinded tester & participant: 120min 

Unblinded tester & participant: 60min 

Examiner-led tasks   Computer-led tasks 

Item Time Task 
Y/

N 
Administration 

Time Face-to-

face  
Pag

e 

Introduction 10min 

0.1 5min 
Consent & Covid Tracing 

Record 
 

Face-to-face 

5min 
4 

0.2 5min MRI Screening form  5min 4 

Toxicology - ADHERE TO MBI PROTOCOL FOR URINE SAMPLE 

COLLECTION 

2min 

1.1 5-10min 
Urine Sample **drop off before 

4:30pm** 
 Face-to-face  

2min 
5 

Pre-MRI Tasks                                                                                                                                    ~12-17min 

Baseline Survey – Use Qualtrics Baseline Survey Link 

2.1 3-5min Demographics  Show Link 1min 7 

2.2 10-15min SCID   Face-to-face 10-15min 7 

2.3 2-4min Education  2nd Room  9 

Pre-scan: Use MRI Sandwich Qualtrics Survey Link  Show Link  1min  

Error! 

Refere

nce 

source 

not 

found. 

3-5min 

MCQ (1/2)  2nd Room 

- 

10 

Error! 

Refere

nce 

source 

not 

found. 

STAI-Y (1/2)   10 

Error! 

Refere

nce 

source 

not 

found. 

VAS (1/5)   10 

MRI preparation & stretch 1min  
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Error! 

Refere

nce 

source 

not 

found. 

5min MRI preparation & stretch  Face-to-face 

1min 

11 

Enter MRI: See MRI 

Script 
   

 
 

Post-MRI Tasks    1hr 31min  

Post-scan: Use MRI Sandwich Qualtrics Survey Link (Cont’d)                                

Show Link 

1min 
 

Error! 

Refere

nce 

source 

not 

found. 
3-4min 

MCQ (2/2)  2nd Room  

- 

12 

Error! 

Refere

nce 

source 

not 

found. 

STAI-Y (2/2)   

 

12 

Post-MRI – Part A: Cognition 1hr 

4.1 20-30min WASI (IQ): Use external materials  Face-to-face  20-30min 13 

4.2.1  
Pre-task craving question 

Score:___ 
  

 
14 

4.2.2 10min Attentional Bias Dot Probe   10min 14 

4.2.3  
Post-task craving question 

Score:___ 
  

 
14 

4.5 10min N-back   
 

10min 15 

4.6 10min Go/No-Go   10min 15 

***Planned break*** ENCOURAGE PPTs TO GO OUTSIDE AND SANTISE 

UPON REENTERING MBI 

1min 

 ~ 5-10min 
Show tea/coffee & note Break time: 

_____ 
 Face-to-face  

- 
16 

Post-MRI – Part B: TLFB/CUQ Set-up virtual 

screenshare 

1min 

5.1.1 15-20min Timeline Follow Back – Part 1  2nd Room  - 16 

5.1.2 10-15min Timeline Follow Back – Part 2   - 16 

5.1.3 10-15min CUQ (Cannabis Hx)   - 16 

Post-MRI – Part C: Questionnaires  Show Link 1min  

Baseline Survey Cont’d - Use Qualtrics Baseline Survey 

Link 
  

 
 

5.2 20-35min AUDIT (Alcohol)  2nd Room - 17 

5.3  FNTD (Nicotine)    17 

5.4  CUDIT (Cannabis)    17 

5.5  OCDUS-CAN     17 

5.6  CWS (Withdrawal)    17 

5.7  MMQ (Marijuana Motives)    17 

5.8  Sleep     17 

5.9  CL (Change)    18 

5.10  5F (Thoughts)    18 
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5.11  ERQ (Emotional Regulation)    18 

5.12  PSS (Stress)    18 

5.13  BDI-II (Depression)    18 

5.14  AES (Apathy)    18 

5.15  SF-36 (Health)    19 

5.16  SUPPS-P (Impulsivity)    19 

5.17  CAPE (Psychotic symptoms)    19 

5.18  IPAQ (Physical activity)    19 

5.19  COVID stress scale (COVID)    19 

5.20  MTSS (Cannabis use)    19 

5.21  SMS (Mindfulness)    19 

5.22  COROTRAS (COVID)    20 

Post-MRI – Part D: Planning session 10min 

6.1 5min 
2-week Daily Plan: Use external 

materials 
 Face-to-face  

5min 
20 

6.2 5min Psych Strategy Check   5min 20 

Post-MRI – Part E: Picture rating Show Links 1min 

7.1 5-10min Cue Reactivity   2nd Room - 20 

7.2 5-10min Attentional Bias Dot Probe    21 

 Handover to Un-blind examiner (if cannabis) 

 Intervention (IF CANNABIS) 40-50min 

8.1 40-50min Intervention Sandwich  Face-to-face  - 21 

 Debrief (IF CONTROL) 5-10min 

9.1  Debrief  Face-to-face 2-5min 21 

9.2  Reimbursement (IF CONTROL)   3-5min 21 

 Post-Ax Tasks 

      21 

Notes:  
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Follow-up Session Checklist 

 

Main Follow-Up Assessment Checklist (Blind)  
    
Appt date: …………………………..                                                                                         

Group:  

Appt time: ………………………….. Cue Reactivity fMRI:  A / B  

 

 Attentional Bias:  a / b 
Wash hands & sanitize workstations, testing rooms, and laptops used by participants and research 

staff/students. Observe social distancing protocols & avoid close contact with team members. 

 

Maximal face-to-face time (total) 

Blinded tester & participant: 110min 

Unblinded tester & participant: 52min 

Blinded tester & unblinded tester: 62min 

 

Examiner-led tasks   Computer-led tasks 

 

Task Time Task 
Y/

N 
Administration 

Time Face-to-

face 
Pag

e 

Handover to Blind examiner 

Pre-MRI Tasks  

Pre-scan: Use Qualtrics MRI Sandwich survey 
Show 

Link  
 1min 

1.1.1 3-5min MCQ (1/2)  2nd Room - 3 

1.1.2  STAI-Y (1/2)    3 

1.1.3  VAS (3/5)    3 

MRI preparation & stretch 1min 

1.2  MRI preparation & stretch  Face-to-face 1min 4 

Enter MRI: See MRI script 

Post-MRI Tasks    1hr   

Post-scan: Use MRI Sandwich Qualtrics Survey Link (Cont’d)                                

Show Link 

1min 
 

1.5.1 3-4min MCQ (2/2)  2nd Room - 5 

1.5.2  STAI-Y (2/2)    5 

Post-MRI – Part A: Cognition 30min 

2.1.0 10min 
Pre-task craving question 

Score:______ 
 Face-to-face  

10min 
6 

2.1  Attentional Bias Task   6 

2.1.1  
Pre-task craving question 

Score:______ 
  6 

2.2 10min N-back    10min 6 

2.3 10min Go/No-Go    10min 6 

***Planned Break*** ENCOURAGE PPTs TO GO OUTSIDE AND 

SANTISE UPON REENTERING MBI 

1min 

 
 5-

10min 
Show tea/coffee & note Break time: 

______ 
 Face-to-face  

- 
7 

Post-MRI – Part B: TLFB 15min 

3.1.1 10min Timeline Follow Back – Part 1  Face-to-face 10min 7 
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3.1.2 5min Timeline Follow Back – Part 2   5min 7 

Post-MRI – Part C: Questionnaires Show Link 1min 

Follow-up Survey  - Use Qualtrics Follow-up Survey Link 

3.2 
15-

25min 
FNTD – (Nicotine)  2nd Room 

- 
8 

3.3  CUDIT (Cannabis)    8 

3.4  OCDUS-CAN     8 

3.5  CWS (Withdrawal)    8 

3.6  Sleep     8 

3.7  CL (Change)    8 

3.8  5F (Thoughts)    8 

3.9  ERQ (Emotional Regulation)    9 

3.10  PSS (Stress)    9 

3.11  BDI-II (Depression)    9 

3.13  SUPPS-P (Impulsivity)    9 

Error! 

Reference 

source not 

found. 

 IPAQ (Physical activity)   

 

10 

3.15  COVID stress scale (COVID)    10 

3.16  MTSS (Cannabis use)    10 

3.17  SMS (Mindfulness)    10 

3.18  COROTRAS (COVID)    10 

Post-MRI – Part D: Picture rating Show Links 1min 

4.1 5min Cue Reactivity   2nd Room - 10 

4.2 5min Attentional Bias    11 

Handover back to Un-blind examiner 

Notes: 
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Appendix 11. Audio Scripts for MBI and Active Placebo Groups 

 

 
PART A 

TRACK 1/3 (A & B) 3 MIN 40 SEC 

MBI (Mindfulness) 

TRACK 1_A 

Active Placebo (Relaxation) 

TRACK 1_B 

Introduction about 30 sec 

In this recording you will learn about a strategy for 

managing craving or urges to smoke cannabis. [2 

sec] This strategy can be used whenever you 

experience a difficult feeling, but here we are 

thinking specifically about how to manage craving 

for cannabis. [2 sec] First there will be an 

explanation about what this strategy involves [1 

sec] and then you’ll have a chance to practice it 

briefly before the main task. [3 sec] 

 

In this recording you will learn about a strategy for 

managing craving or urges to smoke cannabis. [2 sec] 

This strategy can be used whenever you experience a 

difficult feeling, but here we are thinking specifically 

about how to manage craving for cannabis. [2 sec] 

First there will be an explanation about what this 

strategy involves [1 sec] and then you’ll have a chance 

to practice it briefly before the main task. [3 sec] 

 

“An explanation of the strategy” [about 3 min] 

 

When we notice a strong desire for something, like a 

favourite food or drink or drug, especially if it’s right 

in front of us, it is often the case that we will simply 

consume it without too much thought. This is a kind 

of automatic response. We do not notice how full or 

hungry we are but just respond to stimuli 

automatically. [2 sec]  

A similar thing can happen with cannabis, leading to 

over-consumption and occasionally, to more serious 

problems related to smoking cannabis. [2 sec] We 

may be responding automatically to external events, 

such as seeing someone smoking cannabis, or we 

may be responding automatically to internal negative 

feelings in our bodies. [3 sec] 

 

When we notice a strong desire for something, like a 

favourite food or drink or drug, especially if it’s right 

in front of us, it is often the case that we will simply 

consume it without too much thought. This is a kind 

of automatic response. We do not notice how full or 

hungry we are but just respond to stimuli 

automatically. [2 sec]  

A similar thing can happen with cannabis, leading to 

over-consumption and occasionally to more serious 

problems related to smoking cannabis. [2 sec] We 

may be responding automatically to external events 

such as seeing someone smoking cannabis, or we 

may be responding automatically to internal negative 

feelings in our bodies. [3 sec] 

 

A craving or urge to smoke cannabis is generally 

experienced as a feeling in the body, that can be 

accompanied by thoughts like “I could really do with 

a smoke right now”. Craving is often related to stress 

and negative feelings, like anxiety. Experiencing 

craving, stress and uncomfortable bodily sensations, 

can lead to automatic smoking. [4 sec]  

 

Being in touch with and aware of your thoughts, 

feelings and bodily sensations - can help you 

experience cravings in a different way. [4 sec] 

 

Noticing your thoughts, and what sensations are 

currently being felt in your body can help you 

experience craving as a temporary event in the 

body. [2 sec] 

 

Paying attention to the exact experiences and 

processes, that are going through your body and 

mind, can help you tolerate your cravings, without 

having to act on them. [2 sec] 

 

A craving or urge to smoke cannabis is generally 

experienced as a feeling in the body, that can be 

accompanied by thoughts like “I could really do with 

a smoke right now”. Craving is often related to stress 

and negative feelings, like anxiety. Experiencing 

craving, stress and uncomfortable bodily sensations, 

can lead to automatic smoking. [4 sec]   

 

Softening the muscles in your body - and calming 

and unwinding your mind - can help you reduce 

your craving. [4 sec] 

 

Releasing tension in your body can help you 

reduce the intensity of your cravings by helping 

you experience them less intensely in the body. [2 

sec] 

 

Easing-up and de-stressing the tense feelings in 

your body, and reaching a state of tranquillity, 

can help you to control the intensity of your 

cravings, reducing the need to act on them. [2 sec] 
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Some people find that noticing, paying attention to, 

and accepting what’s going on inside their minds 

and bodies, without trying to change these 

experiences – can help them experience cravings, 

in a different way – in a way that does not 

automatically lead to smoking. [3 sec] 

 

Some people find that calming and unwinding 

what’s going on inside their minds and releasing 

and easing up the tension from their bodies - can 

help them to reduce their craving levels - in a way 

that does not automatically lead to smoking. [3 sec] 

 

The main benefits of noticing and being aware of 

your thoughts and bodily sensations, are believed 

to lie, in a greater ability to understand that 

unpleasant, thoughts and feelings come and go, like 

clouds in the sky. [2 sec] 

 

You begin to realise that you do not have to get 

caught up in them – you can just allow unpleasant 

thoughts and feelings, to come, to stay for as long as 

they will, and eventually begin to experience them in 

a different way. [1 sec] 

The main benefits of calming down, and de-

stressing your mind and releasing the tension in 

your body, are believed to lie in a greater ability to 

calm and reduce strong, unpleasant, or unwanted 

feelings, sensations and thoughts that arise. [2 sec] 

 

You begin to develop the ability to deliberately 

release tension from your body and to calm down 

your mind, and find, that with practice, these 

unpleasant feelings, sensations, and thoughts will 

gradually change, and decrease, and eventually, they 

may even disappear. [1 sec] 

The key thing is allowing yourself to fully 

experience bodily reactions, and thoughts, without 

trying to get rid of them, and without automatically 

reacting to them. [1 sec] This can be achieved by the 

simple method, of observing your thoughts and 

feelings, with curiosity, without analysing or 

judging them. [3 sec] This leads to greater 

acceptance of difficult experiences and the ability to 

respond to them more purposefully.  

 

The key thing is transforming your bodily reactions, 

emotions, and thoughts, to more calming 

experiences so that they are less unpleasant, so 

you do not have to automatically respond to them. [1 

sec] This can be achieved by the simple method of 

soothing your thoughts, and loosening up, any 

tension from your muscles. [3 sec] This leads to 

difficult thoughts, feelings, and sensations changing 

into less unpleasant ones.  

 

TRACK 2/3 (A & B) 3 MIN 59 SEC 

Strategy practice  

 

Mindfulness  

TRACK_2A                                                       

Relaxation 

TRACK_2B 

 

[1 sec] Let’s see how this approach might work in 

practice.  

 

Start by letting your eyes gently close or fix them on 

the floor in front of you. Take a moment and notice 

the sensations of sitting on the chair. [1 sec] 

Maybe notice the parts of your body in contact 

with the chair. [pause 3 sec] 

 

Notice the sensations in those parts of your body. 

[2 sec] Notice the sensations in your legs and in 

your feet, where they make contact with your shoes, 

and the floor [pause 5 seconds]. Notice sensations in 

other parts of your body. [pause 5 sec] 

 

[1 sec] Let’s see how this approach might work in 

practice.  

 

Start by letting your eyes gently close or fix them on 

the floor in front of you. Take a moment to adopt a 

calm state of mind and a relaxed posture. [1 sec] 

Make sure you are sitting in a comfortable 

position in the chair and relax and unwind your 

mind. [pause 3 sec]  

 

Loosen up any stiffness that you feel in your body. 

[2 sec] Start by releasing tension from the muscles 

in your legs and feet and then ease and soften other 

parts in your body [pause 5 seconds]. 

 

Now imagine that you have cannabis with you: your 

favourite kind of cannabis. Imagine that your 

favourite kind of cannabis is in front of you. 

Concentrate fully on this image, get caught up in it, 

bring it to life as if it’s right in front of you, and give 

it your full attention.  

 

Now imagine that you have cannabis with you: your 

favourite kind of cannabis. Imagine that your 

favourite kind of cannabis is in front of you. 

Concentrate fully on this image, get caught up in it, 

bring it to life as if it’s right in front of you, and give 

it your full attention.  
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Imagine holding the cannabis; it’s as if it’s really 

there. Imagine the smell. Now imagine preparing it 

so you can smoke it. And now imagine getting ready 

to smoke it. Bring it to your lips, and breathe it in [1 

sec], inhaling deeply. Sense how it feels to smoke it, 

feeling it in your chest [pause] and the taste in your 

mouth. Inhale it, and exhale. Immerse yourself in this 

experience and the different sensations [3 sec]. 

 

Imagine holding the cannabis; it’s as if it’s really 

there. Imagine the smell. Now imagine preparing it 

so you can smoke it. And now imagine getting ready 

to smoke it. Bring it to your lips, and breathe it in [1 

sec], inhaling deeply. Sense how it feels to smoke it, 

feeling it in your chest [pause] and the taste in your 

mouth. Inhale it, and exhale. Immerse yourself in this 

experience and the different sensations [3 sec]. 

 

As you keep this image in mind you, may notice 

some craving or urges to smoke. [2 sec] As you 

notice these feelings, focus your attention inward, 

on those feelings. Allow your attention to scan the 

sensations throughout your body. [3 sec] 

 

Notice where in your body you experience the 

craving, or any difficult feeling, and what the 

sensations are like. Notice fully each area in your 

body where you experience the urge and simply tell 

yourself what you are experiencing. For example, 

you might say, “I feel my craving, in my 

abdomen”, or, “I feel my craving, in my chest”.  

 

Focus on the area in your body where you are 

experiencing the craving most strongly. Notice the 

exact sensations in that area. [1 sec] How does it 

feel? Is it hot, cold, tingly, or numb? Perhaps 

there is another word to describe the feeling, that 

you are noticing? [1 sec] Are your muscles tense 

or relaxed? [1 sec] How large an area of your 

body is involved? [1 sec] 

 

Notice the craving sensations, stay with them, and 

describe them to yourself. [pause 5 sec] Notice how 

the sensations change in your body: how they 

change in shape or location, or intensity. [1 sec] 

Do not struggle against the feelings; allow yourself 

to experience them and follow the way they shift 

and change.  [3 sec] 

As you keep this image in mind you, may start 

feeling craving and urges to smoke. [2 sec] As you 

have these feelings, focus on calming your body. 

Allow your body to feel more and more loose and 

at ease. [3 sec] 

 

 

As you experience craving, or any difficult feeling in 

your body, just loosen and untense your muscles 

and allow yourself to relax fully. When you 

experience an urge, simply tell yourself to relax and 

think relaxing thoughts. For example, you might 

say, “I am managing my craving, by relaxing my 

muscles”, or, “I am managing my craving, by 

calming my mind”.    

 

Try to relax the area in your body where you are 

experiencing the craving most strongly. Start by 

taking a few slow deep breaths….. [1 sec] Slowly 

breathe in through your nostrils and breathe out 

from your mouth. [1 sec] As you breathe out, 

release any tension that you may be experiencing. 

[1 sec] Allow the muscles to feel more and more 

loose and relaxed in other parts of your body. [1 

sec] 

 

 

Calm each area where you experience craving, 

[pause 5 sec]. Continue to take slow and deep 

breaths… As you breathe out unwinding your 

mind, and releasing any further tension, felt in 

your body. [1 sec] Allow any feelings, to change to 

more calming and less unpleasant ones. [3 sec]  

The purpose of this exercise is not to make the 

craving go away, but to experience craving, in a 

different way, and learn that these feelings can be 

accepted, and tolerated, rather than acted upon. 

[16 sec silence till the end] 

 

The purpose of this exercise is to reduce the 

craving, and change the unpleasant experience of 

the craving, into a less unpleasant one, through 

releasing tension in the muscles, and calming and 

unwinding the mind. [16 sec silence till the end] 

 

TRACK 3/3 (A & B) 7 MIN 20 SEC 

Main task/main strategy practice  

 

Mindfulness 

TRACK_3A 

Relaxation 

TRACK_3B 

Now we are going to practice the strategy again with 

a bit more detail and depth.  

 

While doing this exercise, your attention will 

probably wander from time to time. In fact, this is 

Now we are going to practice the strategy again with 

a bit more detail and depth. 

 

While doing this exercise, your attention will 

probably wander from time to time. In fact, this is 
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quite normal, and it may happen repeatedly but try 

not to get caught up in these different, unrelated 

thoughts. pause]. Each time you notice your mind 

wandering; take a second to notice this and bring 

yourself back to the present experience of 

thoughts, feelings, and sensations [pause 5 

seconds]. 

 

quite normal, and it may happen repeatedly, but try 

not to get too distracted and continue to calm the 

mind [pause]. Just allow your body to continue to 

be relaxed by softening any tension and by letting 

your mind to continue to unwind and slow down 

[pause 5 seconds].  

 

To start, let your eyes gently close, or fix them on a 

point in front of you. Try to sit in a way that ensures 

that you are awake and alert. The idea is not 

necessarily to become relaxed. The main idea is to 

be awake and attentive to fully notice and focus on 

what you experience in your body and mind. This 

will enable you to learn how to experience craving 

without reacting to it.    

 

To start, let your eyes gently close, or fix them on a 

point in front of you. Try to sit in a way that ensures 

that you are comfortable and tranquil. The main 

idea is to learn how to deliberately become relaxed, 

calm, and at ease. This will enable you to fully 

release tension from your body and unwind your 

mind, so that you can change how you experience 

cravings and reduce the intensity of them.  

 

As before, take a moment now to notice the 

sensation of sitting in the chair [pause]. Start to 

notice where each part of your body touches the 

chair and feel your feet on the ground [pause 5 

seconds].  

 

As before, take a moment now to adopt a calm state 

of mind [pause]. Make sure you sit in a 

comfortable position in the chair and relax any 

tension that you feel in your body [pause 5 

seconds].  

 

Now take a slow and deep breath and direct your 

attention to focus on the physical sensations of 

your breath [pause 5 seconds]. You don't need to do 

anything special with your breathing. Simply notice 

the rise and fall of your chest or abdomen as you 

breathe in through your nose and gently breathe 

out. [pause 5 seconds]. 

As you breathe in notice the cool air coming into 

your nostrils [pause], and the warm air as you breathe 

out. 

 

Now take a slow and deep breath. As you breathe 

in, naturally allow your belly to rise, and to fall, 

as you breathe out, making sure that it feels 

comfortable [pause 5 seconds]. Breathe in through 

your nose and gently breathe out. [pause 5 

seconds.] Feel relaxed and calm through your 

body and mind. Breathe in through your nose and 

gently breathe out. 

 

Feel calm as you breathe in [pause], and feel any 

tension leave as you breathe out. 

Now again, imagine that you have your favourite 

kind of cannabis with you.  Imagine holding the 

cannabis; as if it’s really there. Imagine the smell.. 

Now imagine preparing it so you can smoke it. And 

now imagine that it is ready to smoke, and that now 

you are getting ready to smoke it. Bring it to your 

lips, and breathe it in [1 sec], inhaling deeply. Sense 

how it feels to smoke it, feeling it in your chest 

[pause] and the taste in your mouth. Inhale it, [1 sec] 

and exhale it. Immerse yourself in this experience 

and the different sensations [3 sec]. 

 

Now again, imagine that you have your favourite 

kind of cannabis with you. Imagine holding the 

cannabis; as if it’s really there. Imagine the smell.. 

Now imagine preparing it so you can smoke it. And 

now imagine that it is ready to smoke, and that now 

you are getting ready to smoke it. Bring it to your 

lips, and breathe it in [1 sec], inhaling deeply. Sense 

how it feels to smoke it, feeling it in your chest 

[pause] and the taste in your mouth. Inhale it [1 sec] 

and exhale it. Immerse yourself in this experience 

and the different sensations [3 sec]. 

 

 

Become aware of whatever you are experiencing in 

this moment as you imagine this scene, even if it is 

difficult or unpleasant.  

 

In fact, it is important especially in such moments to 

be open hearted and non-reactive as you notice 

and observe the sensations and thoughts the best 

you can [pause].  

 

Let go of the tendency that we all have to want 

things to be different from how they are right now 

and allow things to be exactly as you find them [5 

seconds pause].  

As you imagine this scene you may experience 

difficult or unpleasant thoughts or sensations. Try to 

wind down your mind and release any tension 

from your body completely.  

 

In fact, it is important especially in such moments to 

ease any stiffness in your muscles and calm any 

thoughts that may be distressing in your mind 

[pause].  

 

If you feel tension, try and release it and make 

yourself feel more at ease and relaxed, in order to 
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 allow things to be less unpleasant.  [5 seconds 

pause]. 

 

Returning to the experience of smoking your 

favourite kind of cannabis - and the different 

sensations - you may start to feel some craving or 

urges to smoke. As you notice these feelings, focus 

your attention inward on those feelings. Allow 

your attention to scan the sensations throughout 

your body. 

 

Notice where in your body you experience the 

craving or any difficult feelings and what the 

sensations are like. Notice fully each area where you 

experience the urge and simply tell yourself what 

you are experiencing. For example, you might say to 

yourself “I feel my craving in my abdomen” or “I 

feel my craving in my chest”.  

 

Focus on one area where you are experiencing the 

craving most vividly. Notice the exact sensations in 

that area. How does it feel? Is it hot, cold, tingly, 

or numb? Perhaps there is another word to 

describe the feeling you are noticing? Are your 

muscles tense or relaxed? How large an area of 

your body is involved?  

 

Notice the sensations, stay with them and describe 

them to yourself. [pause] Notice also how the 

sensations change in your body: how they change 

in shape or location or intensity. Do not struggle 

against the feelings; allow them and follow the 

way they shift and change. 

 

Become aware of any thoughts about craving you 

might be having. Describe them to yourself 

[pause]. Do not try to suppress the thoughts; allow 

them and notice how they come and go. 

 

  

Returning to the experience of smoking your 

favourite kind of cannabis - and the different 

sensations - you may start to feel some craving and 

urges to smoke. As you have these feelings, focus on 

softening your body. Allow your body to feel more 

and more loose and at ease.  

 

As you experience craving, or any difficult feeling in 

your body, just loosen and untense your muscles 

and allow yourself to relax fully. When you 

experience an urge, simply tell yourself to relax and 

think relaxing thoughts. For example, you might 

say, “I am managing my craving, by calming my 

muscles”, or, “I am managing my craving, by 

thinking relaxing thoughts”.    

 

Relax the area where you are experiencing the 

craving most vividly. Take a few slow and deep 

breaths…. As you breathe out, release any tension 

that you may experience. Allow your muscles to 

feel more and more loose and floppy in all the 

parts of your body, paying particular attention to 

the tenser areas.  

 

 

Calm each area where you experience tension and 

difficult feelings. Allow any unpleasant thoughts 

to be calmed down [pause]. Continue to take slow 

and deep breaths… As you breathe out continue 

to unwind your mind and release any further 

tension felt in your body. Allow any thoughts and 

feelings to change to more calming and less 

unpleasant ones [pause]. Allow yourself to soften 

and feel relaxed. Continue to take slow deep 

breaths… With each exhale feel calm and relaxed. 

 

 

Repeat by focusing on each part of your body that 

experiences the craving. Pay attention to and 

describe to yourself the changes that occur in the 

sensations. Notice how the urges come and go.  

 

 

Remember, the purpose of this exercise is not to 

make the craving go away but to experience it in a 

different way and learn that these thoughts and 

feelings can be accepted and tolerated rather than 

acted upon [30 secs]. 

 

Repeat releasing the tension from each part of your 

body that experiences craving. Calm down your 

entire body and let the muscles loosen up 

gradually. Take a few more deep breaths in order 

to reduce the tension.  

 

Remember, the purpose of this exercise is to reduce 

the craving and change the feelings of craving 

into less unpleasant ones, through releasing 

tension all through the muscles in the body and 

calming the mind [30 secs].  

 

And now bring your attention back to the room, 

gently open your eyes if they were closed. Notice 

what you can see, notice what you can hear 

[pause]. 

 

Remember that if or when you experience craving 

or urges to smoke cannabis, you can refrain from it 

by using the strategies you have been taught. 

And now bring your attention back to the room, open 

your eyes if they were closed. You can stretch and 

move the different parts of your body [pause]. 

 

Remember that if or when you experience craving 

or urges to smoke cannabis, you can refrain from it 

by using the strategies you have been taught. 
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Notice and observe your thoughts, feelings, and any 

physical reactions non-judgmentally as they arise. 

Allow them to be there, notice how they come and 

go like clouds in the sky. 

Use slow, deep breaths and release any tension in 

your body as it arises. Allow all your muscles to 

relax and allow your mind to feel calm and at ease. 

 

 

PART B – SCRIPT TO RECORD FOR TAKE HOME AUDIO TRACK  

HOME PRACTICE AUDIO  

 

Main task/main strategy practice  

[exactly as TRACK 3 7 MIN 20 SEC] 

 

 

Mindfulness 

[exactly as TRACK_3A except highlighted intro] 

Relaxation 

[exactly as TRACK_3B except highlighted intro] 
 

   
Welcome back, we are going to practice the strategy 

again. 

 

While doing this exercise, your attention will 

probably wander from time to time. In fact, this is 

quite normal, and it may happen repeatedly but try 

not to get caught up in these different, unrelated 

thoughts. pause]. Each time you notice your mind 

wandering; take a second to notice this and bring 

yourself back to the present experience of 

thoughts, feelings, and sensations [pause 5 

seconds]. 

 

Welcome back, we are going to practice the 

strategy again. 

 

While doing this exercise, your attention will 

probably wander from time to time. In fact, this is 

quite normal, and it may happen repeatedly, but try 

not to get too distracted and continue to calm 

the mind [pause]. Just allow your body to 

continue to be relaxed by softening any tension 

and by letting your mind to continue to unwind 

and slow down [pause 5 seconds].  

 

 

To start, let your eyes gently close, or fix them on a 

point in front of you. Try to sit in a way that ensures 

that you are awake and alert. The idea is not 

necessarily to become relaxed. The main idea is to 

be awake and attentive to fully notice and focus on 

what you experience in your body and mind. This 

will enable you to learn how to experience 

craving without reacting to it.    

 

To start, let your eyes gently close, or fix them on a 

point in front of you. Try to sit in a way that 

ensures that you are comfortable and tranquil. 

The main idea is to learn how to deliberately 

become relaxed, calm, and at ease. This will 

enable you to fully release tension from your 

body and unwind your mind, so that you can 

change how you experience cravings and reduce 

the intensity of them.  

 

 

As before, take a moment now to notice the 

sensation of sitting in the chair [pause]. Start to 

notice where each part of your body touches the 

chair and feel your feet on the ground [pause 5 

seconds].  

 

As before, take a moment now to adopt a calm 

state of mind [pause]. Make sure you sit in a 

comfortable position in the chair and relax any 

tension that you feel in your body [pause 5 

seconds].  

 

 

Now take a slow and deep breath and direct your 

attention to focus on the physical sensations of 

your breath [pause 5 seconds]. You don't need to 

do anything special with your breathing. Simply 

notice the rise and fall of your chest or abdomen 

as you breathe in through your nose and gently 

breathe out. [pause 5 seconds]. 

 

As you breathe in notice the cool air coming into 

your nostrils [pause], and the warm air as you 

breathe out. 

 

Now take a slow and deep breath. As you breathe 

in, naturally allow your belly to rise, and to fall, 

as you breathe out, making sure that it feels 

comfortable [pause 5 seconds]. Breathe in 

through your nose and gently breathe out. [pause 

5 seconds.] Feel relaxed and calm through your 

body and mind. Breathe in through your nose 

and gently breathe out. 

 

Feel calm as you breathe in [pause], and feel any 

tension leave as you breathe out. 

 

Now again, imagine that you have your favourite 

kind of cannabis with you.  Imagine holding the 

cannabis; as if it’s really there. Imagine the smell.. 

Now again, imagine that you have your favourite 

kind of cannabis with you. Imagine holding the 

cannabis; as if it’s really there. Imagine the smell.. 
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Now imagine preparing it so you can smoke it. And 

now imagine that it is ready to smoke, and that now 

you are getting ready to smoke it. Bring it to your 

lips, and breathe it in [1 sec], inhaling deeply. 

Sense how it feels to smoke it, feeling it in your 

chest [pause] and the taste in your mouth. Inhale it, 

[1 sec] and exhale it. Immerse yourself in this 

experience and the different sensations [3 sec]. 

 

Now imagine preparing it so you can smoke it. And 

now imagine that it is ready to smoke, and that now 

you are getting ready to smoke it. Bring it to your 

lips, and breathe it in [1 sec], inhaling deeply. 

Sense how it feels to smoke it, feeling it in your 

chest [pause] and the taste in your mouth. Inhale it 

[1 sec] and exhale it. Immerse yourself in this 

experience and the different sensations [3 sec]. 

 

 

Become aware of whatever you are experiencing in 

this moment as you imagine this scene, even if it is 

difficult or unpleasant.  

 

In fact, it is important especially in such moments 

to be open hearted and non-reactive as you 

notice and observe the sensations and thoughts 

the best you can [pause].  

 

Let go of the tendency that we all have to want 

things to be different from how they are right 

now and allow things to be exactly as you find 

them [5 seconds pause].  

 

As you imagine this scene you may experience 

difficult or unpleasant thoughts or sensations. Try 

to wind down your mind and release any tension 

from your body completely.  

 

In fact, it is important especially in such moments 

to ease any stiffness in your muscles and calm 

any thoughts that may be distressing in your 

mind [pause].  

 

If you feel tension, try and release it and make 

yourself feel more at ease and relaxed, in order 

to allow things to be less unpleasant.  [5 seconds 

pause]. 

 

 

Returning to the experience of smoking your 

favourite kind of cannabis - and the different 

sensations - you may start to feel some craving or 

urges to smoke. As you notice these feelings, focus 

your attention inward on those feelings. Allow 

your attention to scan the sensations throughout 

your body. 

 

Notice where in your body you experience the 

craving or any difficult feelings and what the 

sensations are like. Notice fully each area where 

you experience the urge and simply tell yourself 

what you are experiencing. For example, you 

might say to yourself “I feel my craving in my 

abdomen” or “I feel my craving in my chest”.  

 

Focus on one area where you are experiencing the 

craving most vividly. Notice the exact sensations 

in that area. How does it feel? Is it hot, cold, 

tingly, or numb? Perhaps there is another word 

to describe the feeling you are noticing? Are 

your muscles tense or relaxed? How large an 

area of your body is involved?  

 

Notice the sensations, stay with them and 

describe them to yourself. [pause] Notice also 

how the sensations change in your body: how 

they change in shape or location or intensity. Do 

not struggle against the feelings; allow them and 

follow the way they shift and change. 

 

Become aware of any thoughts about craving you 

might be having. Describe them to yourself 

[pause]. Do not try to suppress the thoughts; 

allow them and notice how they come and go. 

Returning to the experience of smoking your 

favourite kind of cannabis - and the different 

sensations - you may start to feel some craving and 

urges to smoke. As you have these feelings, focus 

on softening your body. Allow your body to feel 

more and more loose and at ease.  

 

As you experience craving, or any difficult feeling 

in your body, just loosen and untense your 

muscles and allow yourself to relax fully. When 

you experience an urge, simply tell yourself to 

relax and think relaxing thoughts. For example, 

you might say, “I am managing my craving, by 

calming my muscles”, or, “I am managing my 

craving, by thinking relaxing thoughts”.    

 

Relax the area where you are experiencing the 

craving most vividly. Take a few slow and deep 

breaths….As you breathe out, release any 

tension that you may experience. Allow your 

muscles to feel more and more loose and floppy 

in all the parts of your body, paying particular 

attention to the tenser areas.  

 

 

Calm each area where you experience tension 

and difficult feelings. Allow any unpleasant 

thoughts to be calmed down [pause]. Continue to 

take slow and deep breaths… As you breathe 

out continue to unwind your mind and release 

any further tension felt in your body. Allow any 

thoughts and feelings to change to more calming 

and less unpleasant ones [pause]. Allow yourself 

to soften and feel relaxed. Continue to take slow 
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deep breaths… With each exhale feel calm and 

relaxed. 

 

 

Repeat by focusing on each part of your body that 

experiences the craving. Pay attention to and 

describe to yourself the changes that occur in the 

sensations. Notice how the urges come and go.  

 

 

Remember, the purpose of this exercise is not to 

make the craving go away but to experience it in 

a different way and learn that these thoughts and 

feelings can be accepted and tolerated rather 

than acted upon [pause 30 secs]. 

 

Repeat releasing the tension from each part of 

your body that experiences craving. Calm down 

your entire body and let the muscles loosen up 

gradually. Take a few more deep breaths in 

order to reduce the tension.  

 

Remember, the purpose of this exercise is to 

reduce the craving and change the feelings of 

craving into less unpleasant ones, through 

releasing tension all through the muscles in the 

body and calming the mind [pause 30 secs].  

 

 

And now bring your attention back to the room, 

gently open your eyes if they were closed. Notice 

what you can see, notice what you can hear 

[pause]. 

 

Remember that if or when you experience craving 

or urges to smoke cannabis, you can refrain from 

it by using the strategies you have been taught. 

 

Notice and observe your thoughts, feelings, and 

any physical reactions non-judgmentally as they 

arise. Allow them to be there, notice how they 

come and go like clouds in the sky. 

 

And now bring your attention back to the room, 

open your eyes if they were closed. You can 

stretch and move the different parts of your 

body [pause]. 

 

Remember that if or when you experience craving 

or urges to smoke cannabis, you can refrain from 

it by using the strategies you have been taught. 

 

Use slow, deep breaths and release any tension in 

your body as it arises. Allow all your muscles to 

relax and allow your mind to feel calm and at 

ease. 
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Appendix 12. MRI Data Acquisition Parameters  
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