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Abstract 

 Over the past two decades, neuroimaging researchers have produced strong evidence in 

support of a network of regions in the human brain which are responsive to socially salient threat 

signals in the form of fearful facial expressions even when such signals are presented outside the 

bounds of conscious awareness. Independent of the exploration of the neural substrate of non-

conscious threat processing, research into the psychopharmacology of cannabis has revealed a 

that the major, non-psychoactive cannabinoid found in cannabis – cannabidiol (CBD) – 

attenuates the normal neural response to consciously presented fearful faces. However, no study 

to date has examined the effect of cannabidiol on the neural processing of fearful faces presented 

below the level of conscious awareness. In the current study, I planned to examine the impact of 

a single, orally administered dose of cannabidiol on the neural response to fearful faces presented 

below the normal threshold for conscious awareness in the context of a double-blind, placebo-

controlled randomized controlled crossover trial in a sample of normal, healthy participants. 

Based on the literature reviewed in Chapters 1, 2, 3, and introduction of Chapter 4, I 

hypothesized that CBD would attenuate the activity of three distinct brain regions previously 

implicated in the processing of fearful faces – the amygdala, anterior cingulate cortex, and 

superior temporal sulcus – while participants view subliminally presented fearful faces. Potential 

implications are discussed at the conclusion of the manuscript. 
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Chapter 1: Brief Overview and Introduction to the Current Research 

 Few naturally occurring molecules have garnered the simultaneous adoration and 

demonization of the human species quite like those from the flower of the cannabis plant. Over 

the past few decades in the United States, however, cannabis and its constituent cannabinoids have 

slowly begun to lose the stigma which was, in my view, inappropriately attributed. The cultural 

shift in perceptions on cannabis can surely be attributed to several things: the counterculture 

movements of the 1960’s, the music of the 1970’s, the pioneering research of people such as 

Bulgarian chemist, and professor of Medicinal Chemistry at Hebrew University of Jerusalem, Dr. 

Raphael Mechoulam – a topic deserving of a much deeper dive than will be offered in the text 

which follows. All this to say, the rich history that surrounds this mysterious plant has led us to a 

moment of great public interest and burgeoning scientific progress in the discovery of the unique 

molecular and psychopharmacological properties it has to offer. Though there are endless 

directions one may take in this line of research, one area serves as the motivation for the current 

project – cannabidiol (CBD) and fear processing. 

In an effort to study the apparent differential effects of the two major cannabinoids of 

cannabis, CBD and tetrahydrocannabinol (THC), Bhattacharyya et al. (2010) found that subjects 

dosed with CBD before viewing fearful faces in a functional magnetic resonance imaging (fMRI) 

procedure had distinct, and moreover, opposite physiological responses than those that were dosed 

with THC. Specifically, the authors found that pretreatment with 600mg of CBD attenuated the 

natural response of the left amygdala to the (consciously attended) visual presentation of fearful 

faces. Subjects that were pretreated with 10mg of THC showed similar, but slightly altered 

responsivity in the left amygdala when compared to placebo. Moreover, the attenuating effect of 

the CBD was also correlated with a physiological index of anxiety/arousal – namely skin 
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conductance response (SCR). Though the evidence (which I will review in more detail in Chapters 

2 and 4) for CBD as an anxiolytic has not been thoroughly demonstrated from a randomized control 

trial perspective, the finding here by Bhattacharyya et al. (2010) does offer some insight into a 

potential neurophysiological mechanism for CBD as an anxiolytic. 

The second source of motivation for the current project comes from research by Liddell et 

al. (2005) on subconscious fear. In their classic study, Liddell and colleagues (2005) demonstrated 

that consciously undetected presentations of fearful faces reliably elicit activity in what has been 

termed a subcortical ‘alarm system’, involving a complex set of pathways between the superior 

colliculus, pulvinar nucleus of the thalamus, amygdala, and locus coeruleus, among others. 

Specifically, fearful faces elicit this subcortical threat response system when fearful faces are 

subconsciously presented via masked presentations below 20 milliseconds (ms) – in this case, 16.7 

ms. This finding is quite important and for several reasons. Principally, as it relates to the present 

research, the finding by Liddell and colleagues (2005) demonstrates that humans need not be 

consciously aware of threats in their environment for their brains to begin a cascade of activity 

which ultimately result in some semblance of fight or flight behavior.  

The two empirical findings in the preceding paragraphs are the principal sources of 

motivation for the project which I outline in Chapter 4. More specifically, to date, no research has 

tested the potential effect of CBD on subconscious threat/fear processing in healthy human 

participants. To adequately explicate the nature of both CBD and anxiety/fear, I provide a review 

of the literature for each in the sections which follow. In Chapter 2, I review the historical and 

contemporary literature on CBD through the exploration of its pharmacology, comparisons with 

the psychoactive THC, documented behavioral/therapeutic effects, and discuss potential barriers 

in the research on CBD as it relates to the issues surrounding dosing. In Chapter 3, I briefly review 
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the historical literature on anxiety, clarify its nature and manifestations amid conceptual 

confusions, modern conceptual frameworks of fear and anxiety, and finally discuss experimental 

procedures which have been designed to manipulate it. Finally, in Chapter 4, I present the current 

research project outlined in the introduction and discuss the major findings and implications, 

limitations, and future directions for the original research. 
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Chapter 2: Historical and Contemporary Accounts of Cannabidiol 

Introduction 

On December 20th, 2018, the President of the United States signed the Agriculture 

Improvement Act of 2018 which, among other programs and changes to the agricultural industry, 

reclassified hemp and derivatives of cannabis with less than 0.3% of the psychoactive delta-9-

tetrahydrocannabinol (THC) from a controlled substance made illegal under the 1970 Controlled 

Substances Act to a highly-regulated, but legal agricultural product (Abernethy, 2019; 

"Agriculture Improvement Act of 2018," 2018). Though the bill is marred with regulatory 

legalese that make the exact legal status of cannabidiol (CBD) and other non-psychoactive 

phytocannabinoids somewhat unclear (Grinspoon, 2018), stores across the country are selling 

CBD products to hopeful consumers who have likely heard anecdotal claims of its anti-

inflammatory, anxiolytic, analgesic, and sleep-promoting properties. In a recent survey 

conducted by Gallup, one in seven U.S. adults claim to use CBD products – 40% of which use it 

for pain (non-specific), 20% for anxiety, and 11% for sleep/insomnia (Brenan, 2019). Given the 

recent legal status change, broad therapeutic claims behind the substance, and apparently 

growing interest among the American public (Leas et al., 2019), much research remains to be 

done.  

Used for thousands of years as a medicine, cannabis is one of the oldest known plants to 

be used for therapeutic properties (Mechoulam, 1986; Pacher, Bátkai, & Kunos, 2006) and today 

remains the most widely trafficked and abused drug on earth, constituting half of all illicit drug 

seizures worldwide according to the World Health Organization (2020). Despite being the most 

widely used psychotropic substance in the United States behind alcohol (NIDA, 2020) a complex 

and tumultuous medical and legal history surrounds cannabis. Before the 1930’s, cannabis was 
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widely used as a patent medicine dating as far back as the mid-1800’s (Bridgeman & Abazia, 

2017). Outside of various minor forms of regulation which required proper labeling by 

pharmacies and drug stores before sale, cannabis was largely legal for sale and use in the United 

States until political pressure from alarmist groups – who worried about the spread of the drug by 

immigrants from Mexico – spurred The 1937 Marijuana Tax Act (Musto, 1972) – a law which 

heavily regulated importation and prohibited the use of cannabis for recreational purposes. 

Early Research on Cannabis 

Compared to other psychoactive drugs like morphine and cocaine, modern research on 

cannabis was rather slow, in large part due to the ignorance surrounding its chemical makeup 

(Mechoulam & Parker, 2013). Though pharmacological research on the constituent cannabinoids 

of the Cannabis sativa plant had begun in the early 1940’s (Pertwee, 2009), the first reported 

isolation of the pure, principle psychoactive component delta-9-tetrahydrocannabinol (THC) was 

not until roughly two decades later in 1964 (Gaoni & Mechoulam, 1964), a year after the 

chemical structure of the non-psychoactive CBD was discovered (Mechoulam & Shvo, 1963). 

Prior to the late 1980’s, very little was known about the precise mechanism of action by 

cannabinoids in the central nervous system and it was assumed that they acted through non-

specific membranous activity (Mechoulam & Parker, 2013). The discovery of cannabinoid 

receptors in the rat brain (Devane et al., 1988) was closely followed by the finding that the 

distribution of these receptor sites were consistent with the known pharmacological properties of 

the psychoactive THC using radiolabeled synthetic THC (Herkenham et al., 1990). The clear 

evidence for the existence of the G-protein coupled cannabinoid receptor activated by 

cannabinoids by Howlett et al. (2002) however, opened the door for extensive research into the 

endocannabinoid system.  
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The Endocannabinoid System 

Spread throughout the central and peripheral nervous systems, the endocannabinoid 

system is comprised of endogenous cannabinoids (i.e., Anandamide and 2-

Arachidonoylglycerol), enzymes which degrade and synthesize these endogenous cannabinoids, 

and the receptor sites at which they bind (i.e., cannabinoid receptor type 1 (CB1) and type 2 

(CB2)) (Freund et al., 2003; Howlett, 2005; Howlett et al., 2002). Much work has been done on 

determination of cannabinoid receptor sites (as well as receptor density at those sites). Utilizing 

an in vitro autoradiographic technique leveraging a radiolabeled synthetic cannabinoid to 

determine the location of receptors to which the specific ligand bind, Herkenham et al. (1991) 

found CB1 receptors throughout many areas of the central nervous system, densely populated in 

motor and cognitive areas which elicit the well-known behavioral/functional alterations produced 

by THC exposure, including the basal ganglia, cerebellum, hippocampus, and cerebral cortex. 

Additionally, CB1 receptors have been located in the peripheral nervous system (Mackie, 2005) 

and tissues, including the liver (Osei-Hyiaman et al., 2005), skeletal muscle (Cavuoto et al., 

2007), and endothelial tissue (Liu et al., 2000). These findings provide some preliminary support 

the anecdotal observations of CBD’s diverse therapeutic effects.  

Early research on CB2 receptors suggested that they were not expressed to a significant 

degree in the central nervous system (Zhang et al., 2014), but largely expressed in the immune 

system (Galiègue et al., 1995; Kaminski et al., 1992; Munro et al., 1993; Schatz et al., 1997), 

showing 10-100 fold higher levels of expression in immune cells than the more centrally situated 

CB1 (Clayton et al., 2002). More recent research, however, has found CB2 receptor expression in 

the central nervous system, specifically within the perivascular microglia (Núñez et al., 2004), 

and small populations of cells in the cerebellum (Ashton et al., 2006), brainstem (Van Sickle et 



 

 
7 

al., 2005), and prefrontal pyramidal neurons (Den Boon et al., 2012). The location of CB2 

receptors coupled with the numerous findings which show these receptors mediating a large 

number of immunosuppressive effects to limit damage caused by inflammatory response in the 

brain (e.g., (Benito et al., 2005; Chung et al., 2016; Croxford & Yamamura, 2005; Ramírez et al., 

2005; Wu et al., 2013), indicate a central role in immune response regardless of their location. In 

fact, in a comprehensive review of lipid signaling through CB2 receptors, Pacher and Mechoulam 

(2011) suggest that this system of receptors may serve a role as part of a larger biological 

protective system within the mammalian body.  

Perhaps the clearest indication of the distinct roles of the two established 

endocannabinoid receptors comes from studies utilizing the gene knockout technique developed 

by geneticist Capecchi (1989) which involves the development of organisms (e.g., mice) with a 

selectively disrupted gene known to express in a specific manner (e.g., encoding certain 

receptors). Using knockout mice with invalidated CB1 receptors, Ledent et al. (1999) 

demonstrated that mutant mice are virtually unresponsive to cannabinoids in typical behavioral 

assessments of cannabinoid exposure in wild-type mice. Further, using CB2 knockout mice, 

Buckley et al. (2000) provided evidence that THC exposure to these mutant mice disrupted 

immunoregulatory mechanisms (i.e., helper T cell activation) while the typical central nervous 

system effects of THC remained the same. Based on the evidence to date, it is fair to say that 

CB1 receptors of the endocannabinoid system mediate the majority of the effects which the 

public attribute to the recreational use of cannabis. 

Major Exogenous Cannabinoids 

THC: Major Findings and Potential Therapeutic Effects 
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THC and Memory. Of the over 105 known cannabinoids (Ahmed et al., 2015), its 

principle psychoactive component, THC, has been the central focus of the majority of cannabis 

research (Russo, 2011). Among the most robust findings, research on the effects of THC 

exposure has clearly demonstrated impairment of various aspects of memory performance (Bolla 

et al., 2002; Darley et al., 1974; Fadda et al., 2004; Hunault et al., 2009; Ilan et al., 2004; Varvel 

et al., 2001). These memory effects appear to be mediated by the relatively high density of CB1 

receptors in the hippocampus (Katona et al., 2000; Matsuda et al., 1993). Elegant examples 

which lend credence to this notion come from use of rodent models of memory. 

Electrophysiological recordings of the rat hippocampus show suppression of long-term 

potentiation following injection of THC, but these effects were blocked in rats which were dosed 

with a cannabinoid antagonist prior to THC injection (Hoffman et al., 2007). Similarly, rats 

dosed with THC into the dorsal (CA1) region of the hippocampus show impaired performance in 

the radial arm maze task, but this effect was fully attenuated in rats who were first injected with a 

CB1 antagonist (Wise et al., 2009). Further, evidence also suggests that the memory deficits 

brought about by exposure of hippocampal neurons to THC may actually be a consequence of 

THC-driven neurotoxicity (Chan et al., 1998). 

 THC and Psychosis. Of course, the story of THC and memory is only a small segment 

of a much larger picture. Other lines of research have focused on another particularly alarming 

symptom associated with the use of cannabis: induction of psychosis or transient psychotic 

states. For instance, data from a double-blind intravenous THC administration in 22 healthy 

controls (i.e., screened for risk factors associated with psychosis) indicate that this potent 

psychoactive molecule is capable of transiently inducing cognitive and behavioral symptoms 

typically associated with schizophrenia and other psychoses such as blunted affect, anxiety, 
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perceptual (e.g., time, body perception) alterations, feelings of unreality, and unusual thought 

content (D'Souza et al., 2004). The research on THC, however, goes well beyond associations 

with psychosis.  

A quite similar comprehensive study of THC and its effect on psychotic symptoms as 

well as cognitive function and subjective-rated affect was conducted by researchers at King’s 

College London. For the experiment, 22 psychiatrically screened healthy males (28 ± 6 years 

old) were recruited for a placebo-controlled, double-blind study whereby synthetic THC 

(Dronabinol, 2.5mg) or a placebo would be injected shortly before a battery of tests. The 

researchers found that, in support of the previously discussed work, the THC-administered group 

scored significantly higher on a clinical positive psychotic symptom measure than baseline at the 

30-minute, post injection mark but scores were no different than placebo by the 80-minute mark. 

Moreover, those who had reported previous exposure to THC were less likely to experience the 

psychotic symptoms. Further, the THC group experienced transient feelings of tense arousal and 

feelings of dysphoria above that of the placebo group. THC also transiently impaired free recall, 

digit span, and reasoning ability while producing no significant differences in verbal fluency 

(Morrison et al., 2009). Interestingly, the authors note that there was no relationship between 

performance on the digit span and reasoning tasks, dissociating the working memory impairment 

from the reasoning ability impairment. Given both the transience of the symptoms and the 

finding that participants with prior experience with THC were less likely to experience psychotic 

symptoms than their cannabis-naïve peers, it seems reasonable to suggest that more research is 

necessary to make strong statements about the causal link between cannabis use and psychotic 

symptoms (Gage et al., 2016).  
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The relationship between psychotic states/symptoms and THC is, frankly, quite unclear 

in terms of causality. Although epidemiological and cohort studies have consistently shown a 

link between cannabis use and psychotic symptoms (Arseneault et al., 2002; Tien & Anthony, 

1990; Zammit et al., 2002) only a small percentage of cannabis users develop these symptoms 

and it is likely that gene-environment mechanisms play a large role in the relationship (Henquet 

et al., 2008). A longitudinal study following individuals from birth through adulthood found 

evidence for such a gene-environment interaction, where those with preexisting genetic 

vulnerabilities were more likely to develop psychoses if they used cannabis compared to their 

peers (Caspi et al., 2005). Furthermore, somewhat recent work has also suggested that higher 

potency (i.e., higher concentrations of THC) cannabis carries a higher risk of psychosis (Di Forti 

et al., 2015) – a rather concerning point, given that the typical cannabis strains of the past are far 

lower in THC concentration than they are today, on average with a reported 212% increase in 

THC content between 1995 and 2015 (Stuyt, 2018). Finally, although some researchers have 

suggested that, in review of the evidence, cannabis does not seem to cause psychotic disorders 

(Ksir & Hart, 2016), the strong epidemiologic evidence of the link is sufficient to warrant public 

health messages on the matter. 

 THC: Therapeutic Evidence. Despite the abundance of literature providing evidence for 

the negative effects of THC exposure, its potential as a therapeutic for various diseases and 

ailments ought not be ignored. In addition to appetite enhancing effects which have been 

leveraged to treat AIDS related wasting disease (Beal et al., 1997), some evidence indicates that 

THC may be efficacious as a therapeutic treatment in human cancers via promotion of 

autophagic death of cancer cells (Salazar et al., 2009; Vara et al., 2011). Another, more brain-

centric, avenue for therapeutic use of this molecule comes from research on the devastating, yet 



 

 
11 

sadly pervasive, neurodegenerative disorder, Alzheimer’s disease (AD). Evidence from various 

methodological approaches ranging from cell cultures, to computational modeling, to clinical 

trials has shown THC or the synthetic version, dronabinol (brand name Marinol), to be useful in 

treating AD (Cao et al., 2014; Defrancesco & Hofer, 2020; Eubanks et al., 2006; Volicer et al., 

1997; Walther et al., 2006). THC and other cannabinoids have been demonstrated to be 

neuroprotective, shielding neurons from damage produced by glutamate toxicity (Hampson et al., 

1998). Though THC may hold yet unknown therapeutic potential on its own, combining it with 

its naturally co-occurring phytocannabinoids could perhaps prove more promising as suggested 

by Mechoulam and Ben-Shabat (1999).  

CBD: Comparisons to THC, Major Findings, and Potential Therapeutic Effects  

CBD Versus THC. Although THC’s psychotropic properties are primarily mediated 

through CB1 receptors in the central nervous system, the other heavily studied exogenous 

cannabinoid CBD exerts is pharmacological impact beyond the CB1 and CB2 receptors 

(Bridgeman & Abazia, 2017). Further, CBD appears to show very low affinity for both CB1 and 

CB2 receptors (Mechoulam et al., 2007), even exhibiting high potency antagonistic properties at 

both receptor sites (Thomas et al., 2009). In fact, relatively large doses of CBD (up to 100mg 

oral and 30mg intravenous) produced no discernable effects typically associated with cannabis 

(Hollister, 1973). Furthermore, early studies of interactions between these molecules indicated 

that, when taken simultaneously, CBD attenuates the anxiety provoked by ingestion of THC 

(Zuardi et al., 1982). This synergistic mechanism widens the scope of possible therapeutic 

applications for THC, given the potent psychoactive properties of THC in its pure form. 

CBD/THC Combination. The combination of THC and CBD has shown promising 

evidence as a potential therapeutic route for cannabinoid administration. For instance, a 
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THC/CBD combination oromucosal spray has demonstrated efficacy in treating muscle 

spasticity, improving gait-related issues (Izquierdo, 2017), and improved aspects of daily living 

(e.g., improvement in ability to stand up; Mallada Frechín, 2018) in patients with multiple 

sclerosis in clinical trials. Although the mechanism for these improvements has likely yet to be 

fully elucidated, very recent evidence in mice models suggest that these patients may see 

symptom improvement as at least a partial consequence of suppression of neuroinflammation by 

THC/CBD combination – an effect not found through use of either cannabinoid on its own (Al-

Ghezi et al., 2019). Additional therapeutic evidence for combination of THC and CBD have been 

found in mice models of both AD (Aso et al., 2015) and Huntington’s Disease (Valdeolivas et 

al., 2012). THC and CBD combination has also shown efficacy in the treatment of seizures. 

Thus, this combination holds promise as a therapeutic agent for several disorders. 

 In a recent study using a preclinical rat model of Focal Impaired Awareness Seizures, the 

most common seizures in human adults and previously thought to be treatment resistant, pure 

THC, pure CBD, and a CBD:THC combination were tested for therapeutic value. To induce 

seizure, the rats in this model are implanted with electrodes into the right basolateral amygdala 

which are then stimulated suprathreshold after a short dosing window following injection. Both 

THC and CBD on their own were sufficient to reduce seizure activity with one important caveat: 

the THC dose required to reduce seizures is also sufficient to induce the well-known and 

therapeutically undesirable psychoactive effects. In step with the notion that these drugs are 

perhaps better therapeutics for certain pathologies when combined, when the dose of CBD was 

administered with a small, non-psychoactive quantity of THC it lowered the effective dose 

required to attenuate both generalized and focal seizures (Fallah & Burnham, 2019), buffering 

against the more harmful psychoactive effects.  
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Whole Plant CBD/THC Combination. Though much less controlled than many of the 

studies discussed above, observational, longitudinal, and cross-sectional studies on whole-plant 

cannabis use and symptom relief offer another avenue to explore synergistic effects of CBD and 

THC – though it should also be noted that the data in the remaining paragraphs of this section are 

clearly subject to confounding influence by the relative concentrations of THC/CBD as well as 

synergistic effects produced by combinations of other phytocannabinoids within the plant 

material. One such study which examined chronic pain patients found that after enrollment into 

New Mexico’s Medical Cannabis program, chronic pain patients were more likely to stop/reduce 

their prescription opioid intake and reported improved quality of life (Vigil et al., 2017). Another 

observational study using a web-based survey to assess Parkinson’s diseases and multiple 

sclerosis patients on a number of dimensions found that cannabis users within the sample 

reported reductions in prescription medication use, lower levels of disability across dimensions 

of mood, memory, and fatigue, and were less likely to be obese than their cannabis-abstinent 

cohort (Kindred et al., 2017).  

Interestingly, despite the well-established finding that the activity of THC at CB1 

receptors mediates psychoses-like symptoms reviewed above, cannabis use (and abuse) among 

people suffering from schizophrenia is much higher than that of the general population (Volkow, 

2009). Data from functional magnetic resonance imaging (fMRI) indicate more pronounced grey 

matter volume loss in schizophrenic patients who used cannabis than patients who had not used 

cannabis after a five year follow-up (Rais et al., 2008), though extrapolation from these findings 

should be carried out with caution due to limited sample size (i.e., N = 19 for cannabis-using 

patients) and the fact that direct causation cannot be addressed in such a study. Still, despite the 

reported increase in positive psychotic symptoms in cannabis-using schizophrenic patients 
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(Dubertret et al., 2006; Grech et al., 2005), other data show that cannabis use in schizophrenic 

patients has apparent benefits. For instance, a clinical evaluation of cannabis-using and non-

using schizophrenic patients found that cannabis showed lower overall scores for negative 

symptoms associated with the disorder, indicating possible cannabis-related attenuation of these 

symptoms (Peralta & Cuesta, 1992) – a finding supported in subsequent work (Bersani et al., 

2002; Compton et al., 2004). Data from observational study of schizophrenic patients also found 

patients who used cannabis reported improved cognitive function, among other improvements 

including increased energy levels and control of symptoms (Costain, 2008). Data from cross-

sectional and longitudinal study of schizophrenic patients agree with these findings, indicating 

cannabis-using patients showed better attention and executive function than did their non-using 

counterparts (Rodríguez-Sánchez et al., 2010). 

Recent evidence points to potential therapeutic use for cannabis in post-traumatic stress 

disorder (PTSD). First, patients with higher scores on a PTSD measure were more likely to self-

medicate with cannabis at a higher frequency than low scorers. Additionally, those with high 

PTSD scores indicated sleep and coping as motives significantly more than those with lower 

scores (Bonn-Miller et al., 2014). Although these data do not speak precisely to efficacy for these 

symptoms, they do indicate a possible therapeutic route for cannabis use in PTSD. Cross-

sectional work examining 80 PTSD patients using the Clinician Administered Posttraumatic 

Scale for the DSM-IV (CAPS) found an over 75% reduction in PTSD symptoms in patients who 

were using cannabis in comparison to non-user patients (Greer et al., 2014). Beyond PTSD, a 

review by Ashton and colleagues (2005) suggested, based on the available data, that in terms of 

their pharmacological profiles, both THC and CBD may be helpful in bipolar disorder. A 

retrospective study in this domain found that although bipolar patients with a history of cannabis 
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use disorder (CUD) also had higher incidences of psychosis than their peers without a CUD 

history, they also performed significantly better on neurocognitive measures of attention, 

processing speed, and working memory (Braga et al., 2012). Despite the limited, but somewhat 

positive results discussed above, there have yet to be any clinical trials assessing the treatment of 

PTSD via cannabinoids (Sarris et al., 2020).  

The observational evidence of cannabis use is far from only positive.  Although research 

in this domain has been systematically hampered by legal issues surrounding cannabis, meta-

analytic work on longitudinal cannabis use and subsequent psychotic outcomes suggests that, 

despite the transient nature of the effects upon acute administration, cannabis use may increase 

the risk the likelihood of a psychotic illness later in life (Moore et al., 2007). As indicated by the 

authors, however, it should be noted that several of the studies used in the meta-analysis did not 

adequately control for potential confounding factors (e.g., alcohol use), making the causal 

connection between psychotic illness and cannabis use more difficult to establish. Furthermore, 

while cannabis use among healthy individuals may be linked to psychosis in later-life, the 

relationship between cannabis use and subsequent psychotic illness was much stronger for those 

with an established vulnerability to psychotic illness (Van Os et al., 2002). In addition to 

predisposition toward psychotic illness, age of use onset may be another important risk factor for 

the development of schizophrenia (Arseneault et al., 2002; McGrath et al., 2010).  

Although THC and CBD have fairly well-documented neuroprotective effects in animal 

models as well as potentially positive efficacy in treating symptoms of psychological disorders, 

repeated use of THC can lead to the development of tolerance at CB1 receptors which mitigates 

its neuroprotective properties unlike CBD, which exerts no significant influence over the known 

cannabinoid receptors (Hayakawa et al., 2007). Given the relatively limited therapeutic profile of 
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THC in its pure form as a consequence of its induction of psychosis-like symptoms (D'Souza et 

al., 2004; Favrat et al., 2005) and the ability of CBD to attenuate those effects (Russo & Guy, 

2006; Zuardi et al., 1982), it is quite possible that CBD may prove to hold the better therapeutic 

index overall.  

Therapeutic Mechanisms of CBD 

The evidence reviewed above demonstrate the discrepant pharmacodynamic behavior of 

CBD in comparison to the psychoactive THC. Consequently, and somewhat counterintuitively, 

the natural implication from these findings is that the effects of CBD, like its purported anti-

inflammatory properties, may be exerted through non-endocannabinoid-system-exclusive 

mechanisms. For instance, consider evidence related to the neurotransmitter adenosine. 

Adenosine is released in response to cellular injury or stress and acts as an anti-inflammatory 

immunosuppressive, preventing further tissue injury as a result of the natural inflammatory 

response (Haskó & Cronstein, 2004). CBD has been shown to inhibit the reuptake of adenosine 

(via inhibition of equilibrative nucleoside transporters, specifically), thereby enhancing its anti-

inflammatory effect (Carrier et al., 2006; Izzo et al., 2009; Ribeiro et al., 2012). Another example 

which demonstrates the effectiveness of CBD in regulating inflammatory response is evidence 

from mice studies of pneumococcal meningitis – a bacterial driven inflammation of the meninges 

surrounding the brain. Prolonged treatment with CBD was shown to reduce the proinflammatory 

cytokine in the frontal cortex called tumor necrosis factor-alpha (TNF-α) (Liu et al., 1994), 

which resulted in the reduction of inflammation and prevented memory impairment associated 

with the disease (Barichello et al., 2012). Additionally, CBD has also been shown to be 

protective against factors associated with demyelinating pathologies (e.g., multiple sclerosis) 

(Kozela et al., 2011; Mecha et al., 2012). 
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Pure CBD has also been shown efficacious in treating symptoms related to AD through a 

diverse set of mechanisms. For instance, CBD may limit the damage on cells caused by exposure 

to beta-amyloid (Ab) peptide – a key marker of Alzheimer’s disease pathology. In a study by 

Iuvone and colleagues (2004), cultured rat cells which were treated with CBD before exposure to 

the beta-amyloid peptide showed decreased apoptotic cell death in comparison to untreated cells. 

The authors suggest that the neuroprotection offered by CBD comes by way of modulation of 

enzymatic activity (i.e., enzyme caspase 3) involved at the execution phase of the apoptosis 

cascade (Iuvone et al., 2004). Another mechanism through which CBD may ameliorate AD 

pathology is via modulation of pro-inflammatory cytokine activity, many of which are known to 

play a role in AD (Swardfager et al., 2010). An in vivo study of Alzheimer’s related pathology 

whereby mice were injected with the same Ab peptide in the right dorsal hippocampus found 

that CBD dose-dependently inhibited inflammatory markers – in this case, a cytokine protein 

known as interleukin 1 beta (IL-1b) and an inflammatory enzyme called inducible nitric oxide 

synthase (iNOS)) – induced by Ab peptide exposure, further supporting its therapeutic potential 

in (AD) (Esposito et al., 2007). CBD has also been shown to modulate the function of microglia 

in rats in vitro and prevent cognitive impairments seen in the Morris Water Maze task for 

untreated rats injected with Ab peptide (Martín-Moreno et al., 2011). It is clear from the 

evidence reviewed here that the purported pathophysiological mechanisms subserving CBD’s 

therapeutic effects is quite diverse across several disease models. 

CBD and Anxiety. Anxiety has been defined as “apprehension, tension, or uneasiness 

from the anticipation of danger, the source of which is largely unknown or unrecognized” (Allen 

et al., 1995, p. 1). Although anxiety is a shared human experience it can become pathological 

when it begins to interfere with quality of life (Yudofsky & Hales, 1992). CBD has been shown 
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to exhibit anxiolytic properties, and therefore may become a viable therapeutic for the treatment 

of various anxiety disorders. As with much of the evidence reviewed above, some of the best 

available data on CBD and anxiety come from administration studies in animal models. In the 

Vogel test, rats are deprived of water for a variable time interval and then presented with an 

opportunity to lick a waterspout at the cost of receiving a mild shock. When the rodents are 

administered a benzodiazepine drug, the number of punished licks goes up – demonstrating 

anxiolytic properties of the compounds (Vogel et al., 1971). Early work on potential anxiolytic 

properties of CBD showed that rats who were dosed with the molecule in the Vogel paradigm 

also increased their number of punished responses (Musty et al., 1985) – suggesting that CBD 

may mimic the anxiolytic effect of benzodiazepines. Further, in another study utilizing another 

experimental model called the elevated plus maze (discussed in greater detail below) of anxiety, 

CBD produced an anxiolytic effect. It was also demonstrated that this effect could be blocked by 

the use of a benzodiazepine receptor antagonist (Onaivi et al., 1990), in support of the notion that 

CBD may potentially mimic benzodiazepines. However, a subsequent study using the Vogel test 

found that CBD did in fact produce anxiolytic effects as demonstrated by increased punished 

responding, but that this effect was not blocked by a benzodiazepine receptor antagonist 

(Moreira et al.,2006) – leaving open the door for the precise anxiolytic mechanism of CBD for 

future exploration of this compound. 

More recent studies of anxiety using rats have also utilized the elevated plus maze to 

explore the effects of various compounds. To briefly summarize, the elevated plus maze involves 

the use of a raised maze-like apparatus in the shape of a cross, with two wall-enclosed arms and 

two open arms, meant to exploit the drive to avoid open/exposed areas and induce anxiety in 

rodents (Commissaris, 1993). In one study involving the use of this paradigm, rats were injected 



 

 
19 

with CBD into the central nucleus of the amygdala. Compared to control rats, those with the 

CBD injections spent more time in the open arms and less time in the enclosed arms, suggesting 

an anxiolytic effect of the injected CBD. Interestingly, the CBD appeared to show an inverted U-

shaped dose effect, whereby low dose (0.5μg) attenuated the anxiety and the high dose (1.0μg) 

showed an effect similar to baseline (Hsiao et al., 2012). This study confirmed the findings of a 

previous study using the same paradigm (Guimarães et al., 1990), but extended this work by 

demonstrating that one of the mechanisms whereby CBD attenuated anxiety-like behavior was 

directly through the amygdalae.  

The prediction made by Hsiao et al. (2012) that CBD may provide therapeutic value for 

anxiety stemmed from previous work from these (and other) authors on the value of CBD in 

sleep regulation via the amygdala. Specifically, CBD was found to alter the sleep cycle via 

reduction of slow wave sleep and increased wakefulness. Though the precise mechanism was not 

fully elucidated, the authors suggest that this alteration of the slow wave sleep came partially by 

modulation of the serotonergic neurons in the amygdala. Specifically, the authors propose that 

CBD antagonizes the CB1 receptors situated on the presynaptic terminals of serotonin neurons in 

the amygdala – evidenced by the finding that buspirone, which exhibits anxiolytic properties by 

agonizing the presynaptic 5-HT1A serotonin receptor (Tunnicliff, 1991) – blocked the slow wave 

sleep alteration of CBD dose-dependently. The anxiolytic effect of CBD was also blocked by a 

5-HT2 receptor antagonist on the post-synaptic serotonin neuron, further evidencing the 

serotonergic modulatory properties of CBD (Yi et al., 2008). 

The anxiolytic properties of CBD, however, may well be mediated by other structures 

beyond the amygdala. For instance, other research using rats in the same elevated plus paradigm 

discussed previously have targeted the midbrain periaqueductal grey (PAG) – a structure which 
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is involved in the initiation of passive or active emotional coping behaviors (Bandler et al., 2000) 

(e.g., freeze or flight behavior in the rat). In this study, rats were injected with CBD at different 

doses (i.e., 15, 30, and 60 nanomoles (nmol)) within the dorsolateral PAG (dlPAG) - one group 

was given the 30nmol dose outside of the dlPAG, and one final group was given only the 

vehicle. In the 30nmol dose group the both the number of entries into the open arms of the maze 

and the time spend in the maze were significantly increased over baseline (i.e., vehicle only). As 

with the previously discussed work exploring CBD an anxiety by Hsiao et al. (2012), an inverted 

U-shaped dose response curve was shown, with both the 15nmol and 60nmol doses showing no 

significant differences in open arm-entry or time spent in open arms over vehicle only. Further, 

in support of the anxiolytic effect of CBD and mediation of this effect through the dlPAG, the 

effect of the 30nmol dose was blocked by a 5HT1A receptor antagonist and injection of the 

30nmol dose outside of the dlPAG did not significantly change behavior over rats in the vehicle-

only group (Campos & Guimarães, 2008), in line with previous findings of the agonistic effect of 

CBD at serotonin neurons. It should be noted, however, that the authors did not indicate the 

location of the injection for rats given the dose outside the dlPAG.  

Finally, although limited, there is some direct evidence of the anxiolytic effect of CBD in 

humans. For instance, in a double-blind placebo-controlled study of healthy volunteers, CBD, a 

benzodiazepine, a partial 5HT1A agonist, or a placebo were administered prior to a simulated 

public speaking test. Although CBD did reduce anxiety, it only did so after the simulated public 

speaking test had occurred (Zuardi et al.,1993) – a finding which was later replicated by these 

and other researchers in a real life public speaking experiment (Zuardi et al., 2017). More recent 

work using a simulated public speaking test with a similar design found that pretreatment with 

CBD resulted in reduced anxiety during the speech, highlighting the small therapeutic window of 
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CBD (Linares et al., 2019). Another study which explored the potential therapeutic use of CBD 

in teenagers with social anxiety disorder using a double-blind design found that anxiety – as 

assessed by two self-report scales – was significantly reduced after 4 weeks of 300mg daily 

treatment with CBD compared to the placebo group (Masataka, 2019).  

Investigations of the neural underpinnings of the anxiolytic mechanisms of CBD in 

humans are somewhat limited. The first functional neuroimaging study on the acute effects of 

CBD in humans utilized event-based fMRI and skin conductance response electrodes, scanning 

participants while they were presented with neutral, mildly fearful, and intensely fearful faces 

after receiving 10mg of THC, 600mg of CBD, or a placebo. The results showed that CBD 

attenuated the BOLD responsivity in the left amygdala, left anterior cingulate cortex (ACC), and 

right posterior cingulate cortex, all of which correlated with a reduced number of skin 

conductance responses in response to the intensely fearful faces (THC had the opposite effect, 

increasing anxiety) (Fusar-Poli et al., 2009). The findings presented are consistent with the 

evidence showing preferential processing of fearful faces by the left amygdala (Morris et al., 

1996) and coactivation of the left amygdala and ACC during fear-related processing, reflecting 

increased attention to the salient fear stimulus (Pissiota et al., 2003). More recent research has 

also found support for the reduction in amygdala and ACC activation after CBD administration, 

finding a more specific mechanism of disrupted connectivity between the two regions as a 

possible explanation of the anxiolytic properties of CBD (Fusar-Poli et al., 2010). This seminal 

research served as a cornerstone in the development of the current research project. 

Obstacles in the Study of CBD 

Although the evidence of the therapeutic potential of CBD is quite strong and building, 

there are many challenges in the study of the substance. Unfortunately, there is a noticeable lack 
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in research into effective administration of the drug with respect to dosing in human subjects 

(Millar et al., 2018), leaving many more questions than answers. One critically important 

challenge in CBD research is route of administration, particularly in studies of acute effects. In 

terms of invasiveness, oral or sublingual may be preferred to intravenous administration. 

However, the bioavailability of orally administered CBD is quite low – with early estimations 

ranging from 13% to 19% (Mechoulam et al., 2002) to clinical trial findings with evidence that it 

may even be as low as 6% (Zhornitsky & Potvin, 2012). The low levels of bioavailability 

through oral administration can likely be attributed to the fact that CBD (and THC) is lost due to 

a first-pass effect (Huestis, 2007), a metabolic phenomenon whereby the concentration is 

diminished at a specific site within the body (e.g., liver) before the drug can reach widespread 

circulation (Herman & Santos, 2019). More recently, cannabinoids have been coupled with 

dietary or pharmaceutical grade lipids which take advantage of a mechanism called intestinal 

lymphatic transport (Zgair et al., 2016) – allowing the drug to enter systemic circulation in the 

body by avoiding the metabolizing effect of liver (Yáñez et al.,2011).  

Another important obstacle in the study of CBD in humans is the problem of dose. Recall 

the previously mentioned studies by Campos and Guimarães (2008) and Hsiao et al. (2012). In 

both studies, an inverted U-shaped dose response curve was found for CBD in its therapeutic 

dose for the attenuation of anxiety symptoms in rodent models. In both cases, CBD was 

administered via a cannula, avoiding the metabolization issues that may arise in orally 

administered CBD. However, the CBD was injected into two distinct areas of the brain – 

suggesting that this biphasic dose response is characteristic of CBD. Indeed, this effect has been 

found in other studies of CBD in animal models. The first study which uncovered this dose 

response using intraperitoneal injections of CBD in 2.5, 5.0, 10.0, and 20.0mg/kg found that 
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although the 2.5-10.0mg/kg doses increased the number of entries into the open area in the 

elevated plus maze, the anxiolytic effect was strongest at the 5.0mg/kg dose and the effect did 

not differ from controls at the highest dose (Guimarães et al., 1990). Further, this dose response 

relationship has also recently been found to occur in zebrafish (Nazario et al., 2015) as well as 

two recent human studies on the anxiolytic effect of CBD in both real life and simulated public 

speaking (Linares et al., 2019; Zuardi et al., 2017).  

In conclusion, cannabidiol is a deeply complex molecule in terms of its 

pharmacodynamics and pharmacokinetics, showing a wide variety of therapeutic applications. 

Although exploration of its effects on humans has yielded promising results with relatively 

minimal drawbacks, much research remains to be done to elucidate the short-term and long-term 

impacts of use as well as the mechanisms through which they are produced. Future research 

should focus on understanding the precise neuropharmacological mechanisms of action of 

cannabidiol as well as its subsequent effects on neural activation and functional connectivity. 

Finally, the use of animals in research on cannabidiol has undoubtedly advanced our 

understanding of the molecule, especially considering the legal issues surrounding cannabis 

which have systematically hampered large-scale research efforts in humans. As the legal 

landscape changes, we will likely see much more advancement in our understanding as we move 

into more human-centric research. 
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Chapter 3: What is Anxiety? 

Introduction 

 Anxiety in and of itself is a completely functional, normal part of the human experience – 

it increases our awareness of our surroundings and aids in readying our bodies in the event that a 

real threat emerges (Calhoon & Tye, 2015). Anxiety has been described as a future-oriented 

mood state, catalyzed by immediate or possible threat – a lasting state of apprehension that is 

normal until it becomes extreme (Davis et al., 2010). In extreme cases, this normal, preparatory 

anxiety can evolve into one of many pathological conditions that can cause severe debilitation. 

Within the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), these anxiety 

disorders are described as pathological forms of anxiety and fear, often developed during 

childhood and persist if untreated. The disorders are categorized into six distinct but highly 

comorbid subcategories – generalized anxiety disorder, panic disorder, phobias/specific phobias, 

agoraphobia, social anxiety disorder, and separation anxiety disorder (APA, 2013). Anxiety 

disorders are quite common in the general population, with lifetime prevalence rate estimates 

around 29%, making them the most prevalent class of disorders, and are also comorbid with 

other serious psychopathologies such as major depression and personality disorders according to 

a fairly recent epidemiological report (Kessler et al., 2005). Further highlighting the disruptive 

nature of these disorders, data from a large longitudinal study has also identified anxiety 

disorders as an independent risk factor for suicidal ideation and suicide attempts (Sareen et al., 

2005). 

State and Trait Anxiety 

  Based on the factor analytic work of Cattell and Scheier (1958; 1961), Spielberger (1966) 

elaborated on the nature of anxiety, suggesting it can be broken down into two distinct forms: 
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state anxiety and trait anxiety. In his description, Spielberger offers an example to elucidate the 

difference between these two ideas with the following statement: “Mr. Smith is anxious” (1966; 

p. 12). Although quite simple, this statement may imply that Mr. Smith is experiencing anxiety 

in the present moment which, assuming one had the appropriate tools, could be measured by 

self-report or by some physiological indicator (e.g., elevated heart rate). State anxiety, therefore, 

describes the temporally transient psychophysiological/emotional response provoked by a 

stressful situation. On the other hand, Mr. Smith may just be a generally anxious person. In that 

sense, anxiety can be described as a feature of personality – a persistent characteristic that might 

predispose someone particularly high in trait anxiety toward state anxiety in response to a 

stressful stimulus (Kennedy et al., 2001).  

 Experimental studies have employed various strategies to investigate differences in the 

so-called trait anxiety. In an early work on anxiety, Malmo (1957) examined a number of 

anxiety experiments of the previous years, ultimately leading him to the suggestion that 

psychiatric patients with chronic anxiety tended to have higher levels of physiological reactivity 

in the presence of a stressor. Subsequent work confirmed this notion, finding that individuals 

who score higher on an anxiety trait measure (i.e., the Manifest Anxiety Scale) show higher 

levels of state anxiety in the presence of a stressor but are similar to controls when not in the 

presence of a stressor (Spielberger & Smith, 1966). Extrapolating from these findings, trait 

anxiety may be seen as a predisposing factor for the magnitude of the anxiety state produced by a 

given stimulus – perhaps a consequence of and more deeply explained by genetic variabilities.  

Indeed, work in behavioral genetics has manipulated trait anxiety on a genetic level, allowing 

the breeding of both high and low-trait anxiety breeds of rats for use in animal models of anxiety 

(Landgraf & Wigger, 2002). Studies using these strains of rats could demonstrate just how 
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influential trait anxiety levels, high or low, might be on subsequent behavior, providing a unique 

(albeit somewhat extreme) model of human anxiety and behavior. For example, Frank et al. 

(2006) subjected both the high and low-trait anxiety strains to a “social defeat” task. In this task, 

the high or low-trait anxiety rats are placed in a dominant male rat’s enclosure which provokes 

attack from the dominant male which has been previously trained to attack intruders. The authors 

found unique patterns in the coping behaviors between the high and low-trait anxiety strains, 

whereby high-trait anxiety rats froze position longer and produced more ultrasonic vocalizations 

(USV) than did the low-trait anxiety rats. Another intriguing example comes from a high and 

low-trait anxiety mice study which found that these selective trait anxiety breeding patterns again 

produced strong phenotypic differences in behavior, whereby mice with high trait anxiety 

exhibited higher levels of maternal behavior than the low trait anxiety mice. These studies 

provide a unique lens through which to model the possible behavioral consequences of the latent 

personality variable of trait anxiety. 

Early Theoretical Measurement: Disentangling Anxiety and Depression 

The breakdown of anxiety into a unidimensional construct whereby high trait anxiety might 

lead to higher state anxiety in the presence of a sufficient stressor was presented by Spielberger 

(1970), leading to his development of an instrument for assessment of clinical anxiety – the 

State-Trait Anxiety Inventory (STAI). Others have argued, however, that both trait and state 

anxiety are multidimensional constructs. For instance, Endler and colleagues (1989) proposed an 

alternative measure of anxiety that takes into account individual differences which vary across 

aspects of the situational context. Although this conceptualization may have merit, it seems that 

the unidimensional approach may be more practically useful, given its widespread use in 

empirical study (Rossi & Pourtois, 2012).  
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Early research on the reliability and validity of anxiety measures reported strong correlations 

between anxiety and depression on a number of rating scales, calling into question the idea that 

the two concepts can be meaningfully distinguished in an empirical manner (Dobson, 1985b; 

Mountjoy & Roth, 1982; Riskind et al., 1987). Indeed, the early lack of empirical distinction 

between to two constructs fit quite well within the popular emotion framework of the time – the 

circumplex model of affect described by Russell (1980). In his model, Russell conceptualizes 

emotions as falling within a circular model represented by two spatial dimensions: valence (the X 

axis) and arousal (the Y axis). In this model, the X axis serves as a metaphorical representation of 

the pleasure-displeasure of affective states while the Y axis serves as the relative level of arousal 

associated with each. Using this conceptualization, anxiety and depression would be quite similar 

in terms of their displeasing valence but different in terms of the level of arousal/excitement (i.e., 

anxiety would be characterized as a higher arousal emotion). Given the issues surrounding 

identification and measurement of discrete emotions and the need for a valid, reliable, and 

distinct measure of anxiety, Beck and colleagues (1988) developed the Beck Anxiety Inventory 

(BAI). Despite the efforts made to discriminate the anxiety measure from existing measures of 

depression, the correlation between the BAI and the Beck Depression Inventory (BDI) remained 

moderately high (r = .48). Subsequent study of the psychometric properties of the instrument 

confirmed the high correlation, but did provide evidence that the BAI showed better discriminant 

validity than did the STAI (and the other widely used anxiety measurements of the time) 

(Fydrich et al., 1992). 

Several studies on anxiety and depression have indeed found strong evidence for a high 

degree of comorbidity (e.g., Dobson, 1985a; Gorman, 1996; Gotlib & Meyer, 1986) . For 

instance, in their analysis of the National Comorbidity Survey conducted in 8098 healthy 
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American adults between 1990 and 1992 by the Survey Research Center at the University of 

Michigan, the authors report a lifetime comorbidity of (any) anxiety disorders and major 

depressive disorder (MDD) at 58% and the 12-month comorbidity at 51.2% – the highest 

reported comorbidity. The authors additionally report that anxiety disorders are both the most 

common primary disorders associated with a secondary diagnosis of MDD and the most 

common secondary diagnosis after a primary diagnosis of MDD. In a review of epidemiological 

studies in children and adolescents, Angold and Costello (1993) report comorbidities between 

anxiety and depression ranging from 30-75%.  

The evidence referenced above has led some researchers to propose that anxiety and 

depression might be best conceptualized as a unitary construct. In her analysis of relevant 

literature, Feldman (1993) suggested that distinguishing between self-report measures of 

depression and anxiety may be practically useless in nonclinical populations – that two-factor 

models were so highly correlated that anxiety nor depression offered much unique variance over 

the other. In her view, as far as nonclinical samples are concerned, self-report measures of 

anxiety and depression might be best considered as measures of general distress. Other work, in 

fact, has shown that in a homogenous sample of individuals presenting with clinical anxiety, 

separate factors for anxiety and depression emerged through factor analysis with very little 

overlap. In light of these findings, the proposal by Clark and Watson (1991) of a tripartite model 

of anxiety and depression seems quite useful. Essentially, in their evaluation of the relevant 

psychometric data, they conclude that anxiety and depression share a common factor of general 

affective distress but that we may distinguish them by two other means: physiological 

hyperarousal (specific to anxiety) and low positive affect (specific to depression). In a 

subsequent paper, Mineka et al., (1998) review supporting evidence from gene studies (e.g., 
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Jardine et al.,1984) indicating that depression and anxiety share a single, common genetic factor 

along with trait neuroticism. Thus, a genetic explanation may account for the substantial shared 

variance between the two constructs. In my view, this makes sense of the discrepant 

psychometric findings between the clinical and nonclinical samples. 

Conceptual Issues and a Path Forward: Anxiety, Fear, and Dissociations 

Excessive fear is a hallmark of the anxiety disorders and although they are closely related, 

there has been disagreement in the conceptual boundaries between them (Sylvers et al., 2011). 

For instance, Beck et al., (2005) distinguish anxiety from fear by suggesting that anxiety is 

emotional response while fear is cognitive appraisal of the stimulus, stating, “anxiety is the 

unpleasant feeling state evoked when fear is stimulated” (p. 9). In an similar formulation from 

Horwitz (2013), “fear… is anxiety that is attached to a particular thing or circumstance” (p. 4) – 

after which, he proceeds to use the term anxiety interchangeably with fear. Barlow (2004), on the 

other hand, drew a slightly sharper distinction by framing anxiety as “future-oriented mood 

state” (p. 64), suggesting that anxiety is anticipatory in nature while fear is a reaction to an 

immediate/proximal threat.  

More in line with the latter interpretation, research from studies on rats has indicated that fear 

and anxiety are dissociable mechanisms which may manifest in distinct neurobiological 

substrates. To precisely explicate how this understanding emerged, I’ll provide a brief 

evidentiary background. In a method first described and tested using rats by Brown and others 

(1951), it was shown that the startle reflex in response to a sudden, loud auditory stimulus can be 

potentiated when it is presented with a stimulus (i.e., presentation of a light) which has been 

previously paired with an aversive stimulus (i.e., moderate shock) – thus, the aptly named fear-

potentiated startle effect was born. It has subsequently been demonstrated that this effect is 
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dependent on the fear conditioning component and that the effect may also follow an inverted U-

shaped curve, where both mild shocks and intense shocks produced a smaller effect than 

moderate shocks (Davis & Astrachan, 1978). It was also shown that the effect is highly 

temporally specific, as its magnitude appears to peak at the time when the paired shock would 

typically occur (Davis et al.,1989). Furthermore, anxiolytic drugs block the increase in the startle 

effect in the presence of the light but do not actually decrease the baseline level of startle in 

general (Kehne et al., 1988). Taken together, these data suggest the fear-potentiated startle effect 

is “a sensitive measure of anticipatory fear or anxiety” (Davis et al.,1993, p. 177). To be clear, 

this fear-potentiated startle effect, I would argue, reflects a stimulus-induced state of fear as 

opposed to a general anxiety state which may not have an immediate or proximal stimulus. 

Extensions from this line of research have found alternative procedures which may allow 

researchers to explore a more general, more sustained state of anxiety. 

 Based on previous work which suggested that sustained exposure to bright lights may be 

anxiogenic for rodents (e.g., McLearn, 1960), Walker and Davis (1997a) conducted a series of 

experiments to test if the exposure to bright lights could enhance startle effects. The 

experimenters randomly divided twenty-four rats into three groups which were each subjected to 

extended periods of exposure to white fluorescent bulbs of varying intensities (e.g., low, 

medium, high). In the first experiment, it was confirmed that the level of illumination reliably 

increased the amplitude of the startle response – as measured by an accelerometer attached to the 

bottom of the cage – to an acoustic stimulus.  In the second experiment, sixteen rats were tested 

across various conditions, manipulating the illumination (i.e., on or off) and testing the effect of 

an anxiolytic drug. Specifically, the rats were tested under four conditions: (i) dark cage to 

illuminated cage, injected with saline, (ii) dark cage to illuminated cage, injected with buspirone, 
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(iii) dark cage to dark cage, injected with saline, (iv) dark cage to dark cage, injected with 

buspirone. The data from the second experiment indicated that the increase in magnitude of the 

startle response in the presence of an anxiogenic light could be attenuated by a classic anxiolytic 

drug. In the general discussion, the authors argue that the influence of the light on the acoustic 

startle effect reflects an anxiety experience by the rats, perhaps as an evolutionary defense 

mechanism given that rats are nocturnal and exposure to bright lights increases vulnerability to 

predators. Furthermore, the experiment produced the so-called light-enhanced startle effect 

which occurs through apparently different mechanisms, given that the effect produced by the 

presence of the light in this procedure does not depend on prior conditioning unlike the fear-

potentiated startle effect. 

Evidence that these two mechanisms operate through fundamentally different 

neurobiological substrates was produced by Walker and Davis (1997b). Specifically, in a set of 

experiments, the authors examined the effect of intracranial infusions of an AMPA receptor 

antagonist drug (i.e. 2,3-dihydroxy-6-nitro-7-sulphamoylbenzo(F)-quinoxaline, (NBQX)) into 

three distinct regions known to play various roles in fear/fear conditioning. In each of these 

cases, the AMPA receptor antagonist drug blocks the influence of glutamate, thereby preventing 

normal excitation of these regions. The regions tested were: (1) the basolateral nucleus of the 

amygdala – well known to play a central role in fear conditioning (e.g., LeDoux, et al.,1990); (2) 

the central nucleus of the amygdala – also involved in fear conditioning (e.g., Falls & Davis, 

1995); and (3) the bed nucleus of the stria terminalis (BNST) (a cluster of twelve nuclei which 

surround the caudal portion of the anterior commissure (Dumont, 2009)) – shown to receive 

input from the amygdala and play a role in fear response (Sullivan et al., 2004). The fear-

potentiated startle effect was blocked by the NBQX infusion into the central nucleus of the 
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amygdala while the light-enhanced startle effect was blocked by the NBQX infusion into the 

BNST. Further, both the fear-potentiated startle and light-enhanced startle effects were blocked 

by the NBQX infusion into the basolateral nucleus of the amygdala. These results provide 

evidence for a double dissociation between “fear” (i.e., disruption of the central nucleus of the 

amygdala) and “anxiety” (i.e., disruption of the BNST), at least insofar as they have been 

conceptualized in terms of phenomenology. 

 Research on the fear-potentiated startle effect in humans has shown analogous findings to 

those found in rodent models. For instance, Grillon and colleagues (1993) conducted a study on 

the potentiation of the acoustic startle reflex on 20 participants trained to anticipate mild electric 

shocks delivered via electrodes on their wrists. The startle reflex was recorded under both the 

threat condition and the non-threat conditions which were signaled by a blue light and red light, 

respectively (the blue light and red light were reversed for half the participants). The subjects 

were told that the conditions would last 50 seconds, and the shock could only be delivered in the 

last 10 seconds of the threat condition. Further, they were told that they may receive between one 

and three shocks and that the second and third shocks, if delivered, would be more intense than 

the first so that a consistent level of fear could be maintained through the duration of the current 

and remaining threat conditions – only one shock would ever be delivered, however. Two quite 

relevant findings emerged from the results. First, the authors found that, just as in the rodent 

studies discussed above, the anticipation of the shock during the threat condition reliably 

facilitated the startle effect. Here, again, we find a consistent behavioral effect driven the fear of 

an aversive, proximal stimulus. The second relevant finding from this study comes from the 

added manipulation of the temporal dimension (i.e., 50 second condition in which the shock(s) 

would occur during the last 10 seconds). The authors report that the fear-potentiated startle effect 



 

 
33 

reached a peak at the 45-second mark – the time at which the shocks were delivered during the 

threat condition. The temporal specificity of this startle effect is analogous with the temporal 

specificity found in the rat model discussed above (i.e., Davis et al.,1989). At minimum, this 

finding would seem to further enhance the generalizability of the rodent model of anxiety to 

humans. It is also of note that this fear-potentiation effect has also been shown in the context of 

psychophysiological study, where a slow cortical potential (a distinct, slow event-related signal 

in EEG (Strehl et al., 2006)) called Stimulus-Preceding Negativity was identified as an indicator 

of the fear induction. Here, the data indicated that this fear induction signal may have been 

generated by the anterior cingulate cortex (Böcker et al., 2001). 

Research which seems to parallel work discussed above on the anxiogenic effect of light 

exposure in rats (i.e., Walker and Davis, 1997a) has shown that humans exhibit a similar 

enhancement of startle effects with a manipulation of light. In humans, however, the potentiation 

of the acoustic startle effect is produced in the presence of darkness (Grillon et al.,1997). In this 

study, twenty-five participants were asked to sit in a reclining chair and keep their eyes open for 

the entire experiment. Each participant was affixed with an EMG electrode underneath their left 

eye (i.e., at the orbicularis oculi muscle) to assess startle reactivity via eyeblink strength. After 

the experiment began, participants went through an adaptation period where they were presented 

with the startle probe – a 102 decibel burst of white noise – six times so that the initial startle 

reactivity due to surprise might be reduced during the experimental blocks. Next, the participants 

went through a light and dark phase (the two blocks) while they were randomly presented with 

different orders of stimulus presentations (a mix of a quieter, 65 decibel white noise “prepulses” 

and the startle probe). The authors report that darkness did reliably and significantly enhance the 

acoustic startle effect in humans. In this case, darkness elicits an anxiogenic state in humans as 
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the presence of light produced an anxiogenic effect in rats. Further supporting this notion, the 

authors report the data from a subjective anxiety questionnaire given at the end of the study in 

which it was found that participants who reported greater fear of the dark as children showed 

increased startle responsivity during the experiment. The authors also offer an explanation 

invoking evolutionary mechanisms to explain the anxiogenic effect of light exposure in rats and 

dark exposure in humans, suggesting that relative vulnerability to predation may account for this 

heightened responsivity. The finding of startle magnitude increases in the dark as opposed to the 

light was confirmed in a subsequent study of civilians and combat veterans with and without 

post-traumatic stress disorder (PTSD) (Grillon et al., 1998). The findings show that the 

significant effect persisted across groups, but the difference in startle magnitude between light 

and dark contexts were significantly greater in non-PTSD and PTSD veterans than in civilians, 

suggesting that learning (i.e., combat experience) can contribute to the abnormal startle 

reactivity. 

Assuming the fear-potentiated startle effect and the light (dark)-enhanced startle effects are 

analogous to the previously discussed conceptualizations of fear and anxiety, respectively, one 

might also argue that these two effects can be distinguished by their temporality. Specifically, the 

fear-potentiated startle effect might be seen as a phasic startle potentiation while the light-

enhanced startle effect represents a more sustained form of fear potentiation – quite in line with 

the previously discussed notion that fear is the immediate response to a proximal threat while 

anxiety is a future-oriented mood state. Pharmacological research has also provided evidence for 

a dissociation between these two phenomena in humans. The common benzodiazepine 

alprazolam was used to test the hypothesis that these two states are indeed distinguishable. 

Consistent with this hypothesis, it was found that alprazolam did not affect the (phasic) fear-
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potentiated startle effect but did reduce the effect of the sustained, contextual anxiety on startle 

magnitude (Grillon et al., 2006). Here, the authors provide relatively strong evidence for a 

dissociation of fear and anxiety in terms of neurobiological substrate. More specifically, if these 

two phenomena were not distinct, they should be influenced (or not) systematically by the same 

drug. 

Regardless of the granular mechanism, the fear conditioning research clearly identifies the 

amygdala as a central site for both fear and anxiety states. Strong evidence for in support of this 

notion also comes from lesion studies of the amygdala and subsequent interference of fear 

acquisition and behavioral response. For instance, using the same fear-potentiated startle 

paradigm in rats whereby presentation of a light previously paired with a shock increases 

magnitude of the startle response to an acoustic stimulus, bilateral lesions of the central nucleus 

of the amygdala blocked the conditioned fear response (Hitchcock & Davis, 1986).  

Beyond the Amygdala: Hippocampal Contributions to Stress and Fear  

Although the amygdala has received ample attention for its role in fear and anxiety-related 

processes, the hippocampus has also been identified as a major region of interest in this domain – 

particularly for its apparent role in stress. Stress has been shown to play a major role in the 

development of mood and anxiety disorders (Young et al., 1997) and there is evidence that 

reduction of stress through the mindfulness-based stress reduction technique has sustained 

beneficial effects on anxiety disorders and anxiety symptomology, broadly (Miller et al., 1995; 

Vøllestad et al.,2011). In fact, a well-established line of literature has elucidated the mechanisms 

through which stress impacts the hippocampus – the ventral hippocampus – in particular. For 

instance, Henke (1990) showed that lesions of the ventral hippocampus altered stress responses 

(i.e., the development of ulcers in response to a stressful environment) in rats, suggesting that the 
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ventral hippocampus may play a role in coping. Quite in line with this finding, Sapolsky and 

colleagues (1990) showed direct evidence that prolonged exposure to the stress hormone cortisol 

produced significant tissue damage in the ventral hippocampus (i.e., CA3/CA2) of the vervet 

monkey. These and similar data led to the review by Moser and Moser (1998) where the authors 

summarize the data indicating that hippocampus did not act as a unitary structure, but was 

functionally heterogenous consisting of at least two functional units – a dorsal and ventral 

gradient where the former may support spatial learning while the latter seems to be involved in 

emotion-related behaviors, given its connections with the hypothalamus in addition to amygdala. 

The functional segmentation of the hippocampus in humans has also received support from more 

recent neuroimaging work (Robinson et al., 2015).  

Consistent with the functional segmentation data, the dorsal hippocampus appears to support 

other processes related to anxiety beyond stress reactivity. In a fear conditioning study of rats, 

Phillips and LeDoux (1992) found that electrolytic lesions of the dorsal hippocampus selectively 

interfered with the acquisition of the freezing response to contextual stimuli (i.e., the location of 

the tone-shock pairing) but not to the conditioned stimulus (i.e., the tone), whereas amygdalae-

lesioned rats showed interference with the conditioned stimulus but not the contextual stimuli – 

This selective role of the dorsal hippocampus in fear conditioning has received support from 

additional lesion studies (Kim & Fanselow, 1992; Maren & Fanselow, 1997; Selden et al.,1991), 

suggestive of a central role for the hippocampus in contextual coding of fear stimuli. More recent 

work using optogenetic targeting of cells in the rat dorsal and ventral hippocampus, the dorsal 

hippocampal cells contributed to spatial and contextual learning. Surprisingly, the authors also 

report that excitation of these cells significantly increased exploratory behavior in a novel 

environment, producing anxiolytic effects similar to those also shown in stimulation of the 
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ventral hippocampus (Kheirbek et al., 2013). Nonetheless, it is clear from the evidence reviewed 

above that the hippocampus is intricately involved in processes related to anxiety. 

The work reviewed above represent an attempt to define and conceptualize the states of 

anxiety, fear, and stress while providing evidence for dissociable neurobiological substrates 

which may underlie each. Our understanding of these emotional states, however, has clearly been 

heavily reliant on animal models. Animal models are clearly important for identifying the precise 

mechanisms in the brain which generate these states, and some analogous mechanisms between 

these models and actual human behavior have been identified, such as the startle potentiation 

effect discussed above. While great progress has been made through use of these models, some 

in the field have begun to call into question the validity and generalizability of these findings to 

how we understand these states in humans (LeDoux, 2012). 

New Directions in Anxiety and Fear Research: Two-System Approach 

Though the research discussed above makes clearer the phenomenological, behavioral, and 

neurobiological differences between fear and anxiety, recent calls have been made to rethink the 

way we conceive of these states. Although there are several reasons for these calls for 

reconceptualization, one quite relevant issue is the apparent stagnation in the development of 

novel anxiolytic drugs for the treatment of pathological anxiety. For instance, Griebel and 

Holmes (2013) point out in their review of anxiolytic drug development that the current well-

established anxiolytic drugs (i.e., benzodiazepines and selective serotonin reuptake inhibitors 

(SSRIs)) are quite non-selective in their mechanisms of action which necessarily limits the 

ability to hone in on the identified neurobiological targets identified through the study of anxiety. 

Furthermore, it has been suggested that the study of fear and anxiety has also failed to 

significantly advance due to an overreliance on specific paradigms such as fear conditioning 
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tasks – attractive, given the high degree of experimental control they allow, but narrow in scope 

(Paré & Quirk, 2017). Further clouding the issue is the question of face validity regarding these 

animal models. For instance, Garner (2014) points out that pathological anxiety is 

“fundamentally different” (p. 443) than what normal anxiety measures assess, making the 

generalizations offered from these measures highly questionable.  

In what may be one of the more controversial challenges to the field of anxiety and fear 

research, LeDoux (2012) suggests that, upon examination of the relevant literature, it isn’t at all 

clear what is meant by the term emotion in the first place. He further points out that our 

conceptual issues surrounding what we mean by emotion essentially center around the conflation 

of the physiological survival mechanisms with the conscious, experiential feeling states which 

coincide with them. Consistent with this notion, LeDoux and Pine (2016) put forth a two-system 

framework for understanding fear and anxiety to alleviate the conceptual barriers surrounding 

these phenomena. Under this framework, we may distinguish between survival circuits – the 

innate survival mechanisms which are phylogenetically conserved across mammalian species– 

and conscious feelings generated in concert with them; that they are emergent from distinct 

neurobiological mechanisms. The authors suggest that the conscious feelings occur within us 

when our consciousness detects the activation of a survival circuit, and we subsequently evaluate 

and consciously label that state. Quite obviously, as the authors point out, we cannot know what 

conscious feelings are associated with activations of survival circuits in, for example, rodents 

subjected to shock in a fear conditioning paradigm might be. Further, LeDoux and Hofmann 

(2018) argue that scientific use of the term ‘emotion’ be restricted entirely to subjective 

experiences – that we use other terminology when describing the objective, behavioral responses 

that tend to co-occur with the subjective experience. Thus, this reconceptualization allows us the 
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opportunity to avoid conscious feelings altogether in the exploration of specific, generalizable 

survival-based mechanisms explored throughout the behavioral neuroscientific literature but 

leaving open the door to study the nature of conscious emotional experience. 

The proposal by LeDoux and colleagues (2012; 2016; 2018) is not without opposition. One 

notable example of theoretical opposition comes from Fanselow and colleagues. In direct 

response to LeDoux and Pine (2016), Fanselow and Pennington (2017) challenge the notion that 

the subjective experience should be so sharply distinguished, arguing that the behavioral and 

physiological responses along with the subjective experience represent an integrated response. 

Further, they suggest that if it is indeed the case that subjective experience of fear (or anxiety) 

and behavioral/physiological responses emerge from independent brain mechanisms, that we 

must necessarily return to reliance on subjective self-report; that behavioral and physiological 

responses would have predictive value for subjective experiences. In a previous work, Perusini 

and Fanselow (2015) also challenge the reconceptualization effort by arguing that one aim of 

science is to replace “replace inaccurate subjective explanations of our feelings and actions with 

more precise and scientifically grounded explanations of these phenomena” (p. 418), thereby 

avoiding entirely the subject of subjective experience and instead focusing exclusively on the 

activity of innate fear systems centering around amygdalae function. While this approach most 

certainly sidesteps the potentially muddy business of unravelling the mysteries surrounding 

human consciousness, it does so while ignoring the incremental progress being made in that 

domain (LeDoux et al., 2018) and is “indispensable in the effort to understand human nature” 

(LeDoux & Brown, 2017, p. 1). 

If we are to accept the two system model reformulation, the terms ‘anxiety’ and ‘fear’ should 

be limited to their primary meanings – that is, descriptions of mental states only (at present) 
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capable of being understood through means of self-report (LeDoux & Pine, 2016). What then of 

the innate circuitry conserved across species which governs the response to threats in the 

environment discussed above (i.e., hippocampus, central/basolateral nucleus of the amygdala, 

BNST)? LeDoux and Pine (2016) suggest that these regions fall under ‘defensive circuits’ and 

the subsequent responses they produce would be referred to as ‘defensive behaviors’. Under this 

model, the behavioral neuroscientific literature discussed above (e.g., fear conditioning studies) 

remain useful in describing the subcortical system of circuits which have been conserved in 

humans and still clearly govern our threat detection and response behaviors. The remaining 

theoretical system is the system which governs our conscious experience driven through cortical 

circuits. The authors suggest that very same regions which have typically been implicated in 

conscious experiences in humans constitute this system, such as those that govern working 

memory, attention, and regions implicated in interoception and sensory integration regions like 

the insula and posterior parietal cortices, respectively. In summary, if we wish to fully account 

for both the subjective experience of anxiety (and fear) as well as the defensive physiological 

mechanisms and behaviors which coincide with our experience of these emotional states, the 

two-system approach seems well-suited for the task. 

Experimental Manipulation of Anxiety 

 Several experimental paradigms have been used to induce anxiety in both clinical and 

nonclinical populations. The paradigms are widely variable, ranging from the use of carbon 

dioxide (CO2), mood induction, and threat of shock. Here, I provide a brief overview of various 

procedures, with a particular emphasis on procedures which induce state anxiety as opposed to 

paradigms which highlight differences in individuals with trait anxiety.  

Carbon Dioxide Induced Anxiety  
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 Based on largely anecdotal reports and some limited data indicating that hyperventilation 

may play a role in the pathogenesis of anxiety disorder, Gorman et al. (1984) tested the 

psychological effects of acute exposure to CO2 (5% mixture), sodium lactate by infusion, and 

normal air hyperventilation on sixteen subjects (12 with diagnosed panic disorder, 4 healthy 

volunteers). Contrary to their hypothesis, the authors found the 5% CO2 mixture was just as 

reliable as the established effect of sodium lactate in provoking panic attacks in subjects with 

panic disorder. Subsequent work using CO2 to induce anxiety symptoms has confirmed the 

findings in both clinical and nonclinical samples (Papadopoulos et al.,2010; Schmidt & 

Zvolensky, 2007; Van den Hout & Griez, 1984; Woods et al.,1988), lending strong support to the 

anxiogenic effect of hypercapnic gas.  

In an exploration of the mechanisms which might underlie this anxiogenic effect, 

Argyropoulos et al. (2002) subjected fourteen healthy male volunteers to a single inhalation of 

35% CO2 while simultaneous measures of plasma cortisol and blood pressure were taken. The 

results show that the acute inhalation produced significant activation of the hypothalamic-

pituitary-adrenal (HPA) axis (as assessed by blood cortisol level increase after exposure) in 

addition to elevated blood pressure and subjective reports of a transient fear state reported by the 

volunteers. A more recent study found that exposure to 7.5% CO2 over a twenty-minute session 

reliably and significantly increased blood pressure and heart rate as well as a number of 

subjective indices of anxiety including the previously mentioned Spielberger STAI (Bailey et 

al.,2005). The authors suggest that this procedure may in fact be a better model for generalized 

anxiety disorder than panic disorder and is relatively safe for most participants.  

A follow up study using this procedure found that the anxiogenic effect produced by the 

prolonged exposure appears to be attenuated by two drugs with demonstrated efficacy in treating 



 

 
42 

GAD, lorazepam (benzodiazepine) and paroxetine (selective serotonin reuptake inhibitor (SSRI)) 

to a lesser extent, providing additional support for the potential of this model in the study of 

GAD (Bailey et al.,2007). Based on these and other data, Bailey and colleagues (2009) suggest 

that the anxiogenic effect of CO2 is likely mediated to some extent by GABAergic neurons. 

Though a strong neurobiological explanation for this effect has yet to be established, a recent 

pilot functional magnetic resonance imaging (fMRI) study explore the association between 

negative affective valence networks and the prolonged exposure to CO2 model found increased 

connectivity between the ventromedial prefrontal cortex and right amygdala and decreased 

connectivity between the midcingulate cortex and left amygdala when subjects viewed angry 

faces. Further, these connectivity differences were associated with a stronger anxiogenic 

response (Huneke et al.,2020). 

Mood Induction  

 Following the Velten (1968) depression/elation induction procedure, Orton and others 

(1983) produced a list of 50 self-referent statements centering around feelings of anxiety (e.g., 

“I’m feeling more and more jittery”, “This is awful”, “What if I lose control of my feelings?”) in 

addition to a depression and neutral list. Sixty female participants were randomly assigned into 

each of the three conditions. The authors report that the anxiety-inducing self-referent statements 

produced significant increases in tonic heart rate and self-reported state anxiety in comparison to 

the depression and neutral groups. Using a similar reformulation of Velten’s (1968) procedure, 

Eysenck (1984) reports increased worry in participants in the anxiety-induction procedure, but 

that this effect was temporally transient in individuals with low trait-anxiety. Overall, the mood 

induction procedures are not well documented in the literature and likely offer little utility in 

inducing anxiety in the laboratory. 
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Situation Specific/Social Anxiety  

 In a study of the language anxiety phenomenon experienced by individuals learning a 

second language, Macintyre and Gardner (1994) significantly induced state anxiety by subjecting 

seventy-two first year students enrolled in French courses simply by introducing a video camera 

during a vocabulary learning task. Similarly, Leite and colleagues (1999) effectively induced 

anxiety through introduction of a video camera while participants performed the Stroop Color-

Word Test. The anxiogenic effect of the camera introduction was blocked by a standard 

anxiolytic benzodiazepine drug, further supporting the notion that this procedure did in fact 

provoke anxiety. Successful state-anxiety induction was also achieved in studies exploring 

alcohol use and aggression/stress where participants in the anxiety induction groups were told 

they would have to deliver a speech regarding what they liked and disliked about their body in 

front of a video camera (Phillips & Giancola, 2008; Sayette et al., 2001). Finally, several studies 

have successfully used public speaking (either simulated or real) as a specific anxiety induction 

procedure (Linares et al., 2019; McNair et al., 1982; Wieser et al., 2010; Zuardi et al., 2017). In 

sum, the situation specific anxiety induction procedures appear to be quite reliable and relatively 

easy to employ in a laboratory setting. 

Threat of Shock 

 In what likely amounts to be one of the most ubiquitously employed anxiety induction 

procedures in the literature with respect animal models, the threat of shock has been shown to be 

a consistent and well-controlled induction of state anxiety (Robinson et al., 2013). In addition to 

being highly translatable across human and rodent models (Davis et al., 2010), paradigms 

utilizing threat of expected or unexpected aversive events such as shock are quite well-validated 

across pharmacological and clinical studies in both children and adults (Schmitz & Grillon, 
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2012). Although these procedures necessarily involve some level of harm or deceit, they are 

well-documented to reliably induce anxiety-like states. 

Conclusion 

 In sum, anxiety is a deeply complex concept which deserves attention if for nothing else 

than the harm that can result from its pathological forms. For better or worse, anxiety is a central 

part of the human experience. It quite obviously serves an adaptive evolutionary function given 

the ubiquity of anxiety-like states throughout the animal kingdom. Future studies on anxiety 

should aim to rigorously clarify their terminology as a first step before embarking on whichever 

paradigm will be employed to avoid the conceptual confusion that may result. Finally, the 

aforementioned two-system framework by LeDoux and colleagues (2012; 2016; 2018) may be 

the best theoretical framework for a clear understanding of past research and on which to 

conduct future research in anxiety as well as fear and stress. In order to adequately address 

pathological human anxiety, we must move forward in our understanding of the cortical, 

conscious state as well as the subcortical defensive circuitry which govern it.  
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Chapter 4: Subconscious Threat Processing and Cannabidiol 

Introduction 

 Cannabidiol (CBD), a non-psychoactive cannabinoid found in the cannabis plant, appears 

to be increasing in popularity across the United States. A recent Gallup poll shows that 14% of 

Americans claim to use CBD products (Brenan, 2019). The very same Gallup poll shows that 

Americans are using CBD for a variety of reasons, including pain (40%), anxiety (20%), and sleep 

(11%). The scientific evidence to support the use of CBD for these health issues, however, does 

not appear to be substantial – specifically in the case of anxiety. According to the 2017 National 

Academies of Sciences, Engineering, & Medicine report on the current state of research on the 

health effects of cannabis and cannabinoids, the evidence for therapeutic efficacy of CBD in the 

treatment of anxiety in humans appears to be rather limited. Moreover, the report points out that 

the positive evidence reviewed therein is derived from studies with methodological/design 

weaknesses, further limiting the evidentiary basis for anxiolytic efficacy (National Academies of 

Sciences & Medicine, 2017). However, it should be noted that the aforementioned report was quite 

restrictive in their inclusion criteria, only considering a single systematic review by Whiting et al. 

(2015) – a review which itself only includes a single randomized control trial (RCT) in patients 

with social anxiety disorder during a public speaking task (Bergamaschi et al., 2011). 

 Despite the dearth of RCT evidence in normal human participants, research on CBD in 

clinical samples offers some insight into the therapeutic potential for the cannabinoid in reducing 

anxiety. In a retrospective study of adult psychiatric patients who were treated with CBD as an 

adjunct to their typical regimen, mean anxiety scores (as assessed by the Hamilton Anxiety Rating 

Scale) were shown to decrease in a sustained fashion over the 3-month treatment period (Shannon, 

2019).  Further, in a study of Japanese teenagers with social anxiety disorder and avoidant 
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personality disorder, a daily 300mg dose of CBD over the course of a month significantly 

decreased anxiety when compared to a placebo (Masataka, 2019). In another study of individuals 

with social anxiety disorder, pretreatment with 400mg of CBD significantly decreased subjective 

anxiety over several timepoints during an anxiety-provoking, single photon emission computed 

tomography (SPECT) session (Crippa et al., 2011). Nonetheless, direct evidence in support of an 

anxiolytic effect is sparse – at least as it relates to anxiogenic paradigms, specifically. Other work 

with designs more peripherally related to anxiety and fear, however, have shown promising results. 

Cannabidiol and Fearful Faces 

 A series of similar studies focused on the distinct effects of the two most heavily studied 

sister molecules in cannabis research: THC and CBD. The thrust of the research sought to explore 

the relationship between these major cannabinoids and the apparent discrepancy in cannabis-

induced modulation of anxiety. More specifically, it is well-documented throughout the 

psychopharmacology literature that ingestion of THC, particularly pure THC, can produce acute 

anxiety in otherwise healthy human subjects (Martin-Santos et al., 2012; Morrison et al., 2009;  

Zuardi et al.1982). The relevant research also shows that CBD may reduce or attenuate the 

anxiogenic effect of THC (Freeman et al., 2019; Zuardi et al., 1982). Extending this work, Fusar-

Poli et al., (2009) used event-related fMRI to assess the effects of THC, CBD, or a placebo during 

an emotional-face viewing procedure. In agreement with previous work, THC increased anxiety 

during the presentation of fearful faces. CBD, on the other hand, produced a trend-level decrease 

overall across the measured indices of anxiety. Importantly, when compared to the neural 

activation in the left amygdala in response to fearful faces in subjects who received the placebo, 

activity of the left amygdala in the CBD-group was significantly diminished. This attenuation of 

amygdala responsivity was also correlated with the number of SCR fluctuations during the fearful 
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face trials (i.e., CBD reduced the fluctuations in SCR). In an extension of this work, Bhattacharyya 

et al. (2010) again found that subjects dosed with CBD before viewing fearful faces in a functional 

magnetic resonance imaging (fMRI) procedure had opposite physiological responses than those 

subjects dosed with THC. Finally, in an effective connectivity study, Fusar-Poli et al. (2010) found 

that CBD, but not THC, disrupted connectivity between the amygdala and anterior cingulate cortex 

during the presentation of fearful faces to participants – offering a potential neurofunctional 

mechanism behind the anxiolytic effect of CBD. 

Anxiety and Fear 

 While the above research provides a nice account of the effect of CBD in a specific 

paradigm, it could be argued that the paradigm itself conflates “anxiety” with fear. Fear is certainly 

(and perhaps inextricably) tied to anxiety. And while excessive fear is a signature of the anxiety 

disorders, generally, the conceptual and definitional boundaries between the two emotional states 

are a subject of debate (Sylvers et al., 2011). Beck et al. (2005), for instance, suggests that fear 

describes the cognitive appraisal of a threatening stimulus, while anxiety is the unpleasant 

emotional state elicited by the cognitive appraisal. Similarly, Horwitz (2013) states, “fear… is 

anxiety that is attached to a particular thing or circumstance” (p. 4). Barlow (2004) draws a slightly 

sharper distinction, framing anxiety as “future-oriented mood state” (p. 64), characterizing anxiety 

as anticipatory in nature while fear is a reaction to an immediate or proximal threat. In line with 

Barlow’s conceptualization, a wealth of data from rodent and human fear conditioning research 

indicates that fear and anxiety are dissociable in terms of their respective neurobiological substrate 

(for a review see Davis, et al., 2010). Working from this understanding of fear and anxiety, the 

effect of CBD in the fearful faces paradigm may be more precisely described as an attenuation of 

what LeDoux & Pine (2016) would call “defensive responses” in response to threatening stimuli. 
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 In an effort to help catalyze new research in the development of anxiolytic drugs in the 

wake of conceptual confusion and remarkably little progress over the last few decades, LeDoux 

and Pine (2016) outline a new framework for understanding fear and anxiety – the “Two-System 

Model”. In the Two-System Model, it is suggested that “fear” is a product of cortical, cognitive 

circuits (e.g., circuits which are more akin to executive functions like working memory or 

inhibitory control) while subcortical circuits govern the defensive behavioral and physiological 

repertoire elicited in response to threats in the environment. Alternatively, the traditional “Fear 

Center” model makes no such distinction between the cognitive and behavioral consequents of 

fear. If I accept the two-system formulation, the lack of progress in the production of novel 

anxiolytic drugs over the last 50 or so years (see Griebel & Holmes, 2013) is largely a result of a 

failure to understand the nature of fear and anxiety themselves. Further, LeDoux and Hofmann 

(2018) argue that scientific use of the term ‘emotion’ ought to be restricted to subjective 

experiences – that I ought to use other terminology when describing the objective, behavioral 

responses that tend to co-occur with the subjective experience. Thus, the reconceptualization effort 

allows us the ability to avoid conscious feelings altogether in the exploration of specific, 

generalizable survival-based mechanisms explored throughout the behavioral neuroscientific 

literature, but also leaves open the door to study the nature of conscious emotional experience. 

Subconscious Fear Processing 

There is strong and intriguing evidence consistent with the two-system framework which 

supports the idea that fear behavior can be elicited by stimuli detected below the level of conscious 

awareness. For instance, Morris and colleagues (1999) found support that a subcortical pathway 

involving the amygdala, thalamus, and superior colliculus work in concert to process 

indiscriminate, but behaviorally relevant visual stimuli using a positron emission tomography 
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(PET) procedure. This subcortical route for fear processing was further confirmed by Liddell et al. 

(2005), who outlined a procedure to test whether subjects’ processing of such salient behavioral 

stimuli would still be elicited by consciously undetected emotional faces. That is, previous work 

(e.g., Morris et al.,1999) used emotional faces stimuli that were presented quickly enough to blind 

the subjects from the affect/valence of the facial stimuli, the face stimuli itself could be nonetheless 

detected above chance (Liddell et al., 2005; Williams et al., 2004). Drawing on signal detection 

analysis work from Williams et al., 2004 which found that stimulus presentations ranging from 

30-50ms were detected above chance, Liddell et al. (2005) presented their emotional faces stimuli 

below 20ms (16.7ms). Consistent with the notion of a fast-route for processing of fear-related 

stimuli, Liddell and colleagues (2005) found that the subliminal presentation of such stimuli was 

sufficient to produce activation in subcortical structures and eventually the amygdala and cortex 

without being processed by the visual cortex. 

 Work by Luo and others (2007) using magnetoencephalography (MEG) further supported 

this notion and confirmed a prediction made by LeDoux’s two-system hypothesis for a fast route 

for fear processing by mapping the event-related synchronizations in response to fear-provoking 

stimuli (i.e., fearful faces). Specifically, Luo and colleagues (2007) found that fear expressions 

were processed sequentially by the hypothalamus/thalamus around 10-20ms post-stimulus 

followed by the amygdala at the 20-30ms mark, well before this information was processed by the 

visual cortex at the 40-50ms mark. Moreover, evidence from Tamietto et al. (2009) indicates that 

such passive exposure to unseen facial expressions prompts higher levels of arousal and facial 

reactions on behalf of the participants than evoked by facial expressions which were consciously 

processed. Together, these data provide strong evidence for a system of brain regions capable of 
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detecting socially salient signals from conspecifics even when such information falls outside the 

bounds of normal conscious awareness. 

Present Study 

            Despite the well-established findings of a subcortical processing route for unseen emotional 

facial expressions and strong evidence that CBD attenuates autonomic arousal evoked by fearful 

facial expressions, no research to date has explored the effect of CBD on subconscious fear 

processing. The present research seeks to address this gap and extend the research on the anxiolytic 

nature of CBD by assessing its effect on the processing of non-consciously detected fearful faces. 

Accordingly, I utilized fMRI to examine functional changes in the left ACC and left amygdala––

regions previously shown (e.g., Fusar-Poli et al., 2009) to exhibit attenuated responsivity in fearful 

faces tasks in participants who consume CBD. Finally, I will also examine functional changes in 

a region of the temporal cortex embedded within the right superior temporal sulcus (STS) 

previously found to be preferentially responsive to masked fearful faces in a highly correlated 

manner with the amygdala (Jiang & He, 2006). In fact, a recent combined theta burst transcranial 

magnetic stimulation (TBS) and fMRI study indicates a causal connection between the STS and 

the amygdala during a face perception task (Pitcher et al., 2017). More specifically, disrupting the 

activity of a face selective region in the posterior STS reduced activation in the amygdala during 

face perception, but not body or object perception. Regarding the proposed work, the primary 

outcome of interest is the threat response to subliminally presented fearful faces in placebo vs. 

active (CBD) groups. Specifically, I hypothesize the following: 

1.  Hypothesis 1: The mean blood-oxygen-level-dependent (BOLD) activation of the left 

amygdala in the active group will be significantly lower than the placebo group. Given that 

previous work has demonstrated that CBD attenuates the activity of the amygdala during 
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consciously perceived fearful faces relative to consciously perceived neutral faces, and that 

the amygdala has been shown to activate in response to subliminally presented fearful 

faces, I expect the attenuation of the amygdala via CBD will maintain during subliminally 

presented fearful faces. 

2. Hypothesis 2: The mean BOLD activation of the left ACC in the active group will be 

significantly lower than the placebo group. Given that previous work has demonstrated that 

CBD attenuates the activity of the ACC during consciously perceived fearful faces relative 

to consciously perceived neutral faces, and that the ACC has been shown to activate in 

response to subliminally presented fearful faces, I expect this ACC attenuation via CBD 

will maintain during subliminally presented fearful faces. 

3. Hypothesis 3: The mean activation level of the right STS in the active group will be 

significantly lower than the placebo group. Previous work has demonstrated that the STS 

is preferentially activate in response to visually suppressed fearful faces and that this STS 

activation is highly correlated with amygdala activation – indicative of a functional 

relationship between the two regions (Jiang & He, 2006; Pitcher et al., 2017). Despite no 

reported findings of STS attenuation by CBD specifically, I expect the activity of the STS 

will be attenuated as a consequence of the apparent functional connectivity between the 

STS and amygdala. 

Methods 

 Based on the literature reviewed above, I hypothesized that, on average, the active dose 

group would show a blunted fear response, as assessed by amygdala reactivity (i.e., BOLD 

response magnitude), compared to the placebo group during the fearful face condition. To assess 

the differential activation in the hypothesized ROIs, I used a predefined ROI over the left amygdala 
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(Bhattacharyya et al., 2010), left ACC (Fusar-Poli et al., 2009), and right STS (Jiang & He, 2006). 

Neuroimaging data collection was carried out on the Siemens 7T MAGNETOM at the Auburn 

University MRI Research Center. The scanner is outfitted with a 32-channel head coil provided 

by Nova Medical (Wilmington, MA). All methods and specific hypotheses for the study are 

preregistered at the following web address: https://clinicaltrials.gov/ct2/show/NCT04831294. 

Additionally, Auburn University IRB approved documents (#20-107) are included in the 

appendices, including the prescreen (Appendix A), pre-scan questionnaire (Appendix B), post-

scan questionnaire (Appendix C), recruitment documents (Appendix D), and informed consent 

forms signed by the participants (Appendix E). 

Recruitment and Participants 

 I recruited 15 healthy right-handed participants between the ages of 21-50 years old for the 

experiment. However, one participant experienced discomfort in the MR environment and opted 

out of the second part of the study and, as such, this data was removed from the analysis. A 

technical issue with the experimental software also prevented the data from one subject from being 

recorded during their second scanning session, which is accounted for in the analyses below. The 

final analysis includes 14 participants (mean age = 26.14 years, SD = 6.15; 7 males and 7 females; 

2 Black/African American, 1 Asian/Asian American, 11 White (5 Hispanic/Latino)). Exclusion 

criteria for the study included: 1) contraindications to the MR environment (e.g., implanted cardiac 

pacemakers, embedded metal objects/fragments, claustrophobia), 2) use of psychotropic or 

neurological/neuropsychiatric medication, 3) history of heart disease or stroke, 4) diabetes or other 

metabolic conditions, 5) self-reported high blood pressure, 6) history of concussions, 7) any 

diagnosed psychiatric or neurological condition, 8) have consumed alcohol in the 24-hour period 

prior to a scan, 9) consumed pain relievers in the 12-hours prior to a scan, 10) consumed food or 
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drinks (except water) and/or nicotine/caffeine an hour prior to any scanning, 11) have used or take 

THC/CBD, or 12) exercised within an hour of a scan. To be included in the experiment, 

participants had to meet the following criteria: 1) right-handed, 2) between 21-50 years of age, 3) 

no current diagnosis of psychiatric or neurological conditions, 4) no history of heart disease or 

stroke, 5) generally healthy, and 6) pass a screening test for the MR environment. Participants 

were recruited from within the Auburn University Department of Psychological Sciences through 

an electronic recruitment system (Sona Systems) and outside the department with flyers and social 

media posts.  

 For Auburn University students, compensation was received in the form of extra credit for 

their psychology courses in addition to the monetary compensation which all participants received 

upon completion of the study. There were three timepoints for data collection, including the online 

screening form (timepoint 1), the first fMRI scan (timepoint 2), and the final fMRI scan (timepoint 

3). All participants received monetary compensation for their completion of timepoint 2 ($75.00) 

and timepoint 3 ($125.00).  

Study Design 

The study design (Figure 1) was a randomized, double-blind, placebo-controlled, crossover 

trial. Each participant experienced the active condition at one timepoint and the placebo condition 

at the other timepoint. Further, to minimize any carryover effects of the drug, participants were 

brought back for the second scanning period (i.e., timepoint 3, Figure 1) after a washout period of 

at least 72 hours. On the two scanning days, participants were given a formalized procedure which 

included informed consent and a short acclimation to the behavioral tasks. After the first scans, 

participants were administered the treatment in a tincture via dropper underneath the tongue which 

they were asked to hold for 60 seconds before swallowing. After the tincture was consumed, 
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participants were asked to relax in the waiting room for 60 minutes to allow the drug to take effect. 

Following the 60-minute wait period, participants began the second task scanning period. Finally, 

participants were given a post-experiment questionnaire and compensated/debriefed.  

Figure 1 

Study Design Overview 

 
Note. The above figure shows an overview of the study design. 

Stimuli and Procedure 

 The experimental protocol was developed in the Millisecond software (version 6.3.5) 

platform and the code for the experiment will be published on an open access online repository 

(e.g., Open Science Framework (OSF)) upon publication. Following the basic design presented by 

Liddell et al. (2005), I utilized a backwards masking procedure (illustrated in Figures 2 and 3) 

which has been shown to prevent the masked stimulus from being consciously perceived while 

still provoking a threat response in the amygdala. In this experiment, the fearful and neutral faces 

were chosen from a set from a validated set of pictures from the Max Planck FACES Database 

(Ebner et al., 2010). Along with the face images expressing discrete emotions, the FACES 

Database also provides information with the accuracy with which participants in the validation 

study rated the faces correctly. I chose a subset of the images with fear and neutral expressions 



 

 
55 

that were the highest rated of each category and contained an equal distribution of male and female 

faces. Each face chosen for the stimulus set had an accuracy rating ≥ 90%. 

 The experiment involved presenting participants with 8 total experimental blocks, 

including 4 “fear” blocks (Figure 2) and 4 “neutral” blocks (Figure 3) in a randomized order 

without replacement. A total of 10 unique target-mask pairs were presented in each block, and 

each block contained a random selection (without replacement) of target-mask pairs from a pool 

of 40 possible target-mask pairs. Each target-mask pair contained images of the same person with 

a total of 40 unique individuals depicted in the stimulus set. Additionally, the mask images were 

offset by 1 degree (on the four diagonals) to the right to reduce apparent motion artifacts, in line 

with previous work (Williams et al., 2004; Liddell et al., 2005). Consistent across the experimental 

protocol, the target was presented for 16.7ms (or 1 frame in a 60hz monitor) immediately followed 

by the mask, presented for 150ms (or 9 frames in a 60hz monitor) with an interstimulus interval 

(ISI) of 1,100ms between each target-mask pair. Finally, between each block, participants were 

asked to choose which emotion they believe they saw during the previous block, asked to rate their 

confidence in their guess, and were given a 30 second break before the next block. 

 During the fMRI data acquisition, participants were asked to observe the screen presented 

to them on the projector screen inside the scanner. Participants were instructed to carefully observe 

the stimuli during the experimental blocks. To maintain participant attention during the procedure, 

participants were told that despite the target image being difficult to see, they should pay attention 

to answer questions about the stimuli after the experiment concludes. After the instruction screen 

was read to the participant, the first block begins after the presentation of a fixation cross for three 

seconds. Fixation crosses were presented at the begging of each subsequent block. The total 

running time of the experiment was eight minutes and eleven seconds.  
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Figure 2 

Fear Block Stimulus Example 

 

Note. This figure is an example of the fear block stimulus presentation procedure given to each participant. A total of 

four neutral blocks were presented to each participant. 
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Figure 3 

Neutral Block Stimulus Example 

 

Note. This figure is an example of the neutral block stimulus presentation procedure given to each participant. A total 

of four neutral blocks were presented to each participant. 
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Cannabidiol and Placebo 

 Both the placebo and active material formulations are detailed in Tables 1 and 2. The 

tinctures prepared for this study were prepared and provided by Folium Biosciences. For the active 

dose, the broad-spectrum CBD oil contains 125mg of CBD, 100mg of which was expected to 

remain after metabolism. More specifically, due to a metabolic process referred to as the first-pass 

effect, cannabinoids are metabolized rapidly by the liver upon oral administration (Huestis, 2007). 

Therefore, to achieve an active dose of 100mg of CBD after the first-pass effect with the distinctive 

material formulation provided by Folium Biosciences, each tincture contained 125mg of CBD. 

Additionally, participants were instructed to place the tincture under their tongue with the provided 

dropper and to hold the material in their mouths for 60 seconds to maximize absorption, as 

oromucosal administration allows substances to avoid first-pass metabolism effects. Participants 

were also asked to arrive at the site of the experiment in a fasted state to minimize any controllable 

metabolic effect which may affect the efficacy or effect-onset of the tincture.  Unfortunately, data 

for the bioavailability of CBD in human as well as animal studies are scarce and there is little 

available information regarding peak serum concentration/time (Cmax/Tmax) for different 

administration procedures, but recent meta analytic work suggests that oromucosal administration 

is common and, further, co-administration with a fat increases efficacy (Millar et al., 2018). As 

such, my formulation included additional lipids for co-administration (see Tables 1 and 2). Finally, 

as is standard procedure with randomized control trials (RCT), the researchers as well as the 

participants were blinded to which tincture, active or placebo, was taken by the participant. 

Participant treatment-order was determined in R, using the package ‘randomizeBE’ (package 

source and accompanying documentation can be found at:  https://www.r-
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pkg.org/pkg/randomizeBE) which creates a random treatment sequence list for crossover studies 

based on number of treatments and number of participants. 

Table 1 

Placebo Material Formulation 
   

Ingredient Dose (mg) Concentration  
Sunflower Lecithin 149 8% 
Peppermint Oil 56 3% 
Hempseed Oil 1661 89% 
Total (2ml) 1867 100% 

 
Note. List of ingredients, the dosing, and concentration information of the placebo material given to each subject; mg 

= milligrams.  

Table 2 

Active (CBD) Material Formulation 
   

Ingredient Dose (mg) Concentration  
Broad Spectrum CBD Oil 125 6.7% 
Sunflower Lecithin 24 1.3% 
Peppermint Oil 56 3% 
Hempseed Oil 1661 89% 
Total (2ml) 1867 100% 

 
Note. List of ingredients, the dosing, and concentration information of the active material given to each subject; mg = 

milligrams.  

Neuroimaging 

Data were acquired on the Auburn University MRI Research Center Siemens 7T 

MAGNETOM outfitted with a 32-channel head coil by Nova Medical (Wilmington, MA). A 

whole-brain high-resolution 3D MPRAGE image (256 slices, 0.70mm3, TR/TE: 2200/3.05, 7° flip 

angle, base/phase resolution 384/100%, collected in an ascending fashion, acquisition time = 7:39) 

was acquired for registration purposes. I utilized an EPI sequence, optimized in-house, for data 

acquisition (37 slices acquired parallel to the AC-PC line and emsuring amygdala coverage, 
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0.85mmx0.85mmx1.5mm voxels, TR/TE: 3000/28ms, 70° flip angle, base/phase resolution 

234/100, A>P phase encode direction, iPAT GRAPPA acceleration factor = 3, interleaved 

acquisition, 110 time points, total acquisition time 9:16:21).    

Analyses 

            I used field-standard analysis packages to preprocess and analyze the participant data. 

Preprocessing of data was carried out using fMRIprep (Esteban et al., 2019) following standard 

procedure (Poldrack et al.,2011) including brain extraction, motion correction, band-pass filtering, 

and normalization to a standard brain space (i.e., Montreal Neurological Institute (MNI)). Results 

included in this manuscript come from preprocessing performed using fMRIPrep 21.0.1 (Esteban 

et al., (2018); Esteban et al., (2018); RRID:SCR_016216), which is based on Nipype 1.6.1 

(Gorgolewski et al., 2011; Gorgolewski et al., 2018; RRID:SCR_002502). 

Anatomical data preprocessing 

T1-weighted (T1w) images were corrected for intensity non-uniformity (INU) with 

N4BiasFieldCorrection (Tustison et al., 2010), distributed with ANTs 2.3.3 (Avants et al., 2008, 

RRID:SCR_004757). The T1w-reference was then skull-stripped with a Nipype implementation 

of the antsBrainExtraction.sh workflow (from ANTs), using OASIS30ANTs as target template. 

Brain tissue segmentation of cerebrospinal fluid (CSF), white-matter (WM) and gray-matter (GM) 

was performed on the brain-extracted T1w using fast (FSL 6.0.5.1:57b01774, RRID:SCR_002823; 

Zhang et al.,2001). A T1w-reference map was computed after registration of the 4 T1w images 

(after INU-correction) using mri_robust_template (FreeSurfer 6.0.1; Reuter et al., 2010). Volume-

based spatial normalization to one standard space (MNI152NLin2009cAsym) was performed 

through nonlinear registration with antsRegistration (ANTs 2.3.3), using brain-extracted versions 

of both T1w reference and the T1w template. The following template was selected for spatial 
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normalization: ICBM 152 Nonlinear Asymmetrical template version 2009c (Fonov et al., (2009), 

RRID:SCR_008796; TemplateFlow ID: MNI152NLin2009cAsym). 

Functional data preprocessing 

For each of the BOLD runs found per subject (across all tasks and sessions), the following 

preprocessing was performed. First, a reference volume and its skull-stripped version were 

generated using a custom methodology of fMRIPrep. Head-motion parameters with respect to the 

BOLD reference (transformation matrices, and six corresponding rotation and translation 

parameters) were estimated before any spatiotemporal filtering using mcflirt (FSL 

6.0.5.1:57b01774; Jenkinson et al., 2002). BOLD runs were slice-time corrected to 1.47s (0.5 of 

slice acquisition range 0s-2.93s) using 3dTshift from AFNI (Cox & Hyde, 1997; 

RRID:SCR_005927). The BOLD time-series (including slice-timing correction when applied) 

were resampled onto their original, native space by applying the transforms to correct for head-

motion. These resampled BOLD time-series is referred to as preprocessed BOLD in original space, 

or just preprocessed BOLD. The BOLD reference was then co-registered to the T1w reference 

using mri_coreg (FreeSurfer) followed by flirt (FSL 6.0.5.1:57b01774, Jenkinson & Smith, 2001) 

with the boundary-based registration (Greve & Fischl, 2009) cost-function. Co-registration was 

configured with six degrees of freedom. Several confounding time-series were calculated based 

on the preprocessed BOLD: framewise displacement (FD), DVARS and three region-wise global 

signals. FD was computed using two formulations following Power (absolute sum of relative 

motions; Power et al., 2014) and Jenkinson (relative root mean square displacement between 

affines; Jenkinson et al., 2002). FD and DVARS were calculated for each functional run, both 

using their implementations in Nipype (following the definitions by Power et al., 2014). The three 

global signals were extracted within the CSF, the WM, and the whole-brain masks. Additionally, 
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a set of physiological regressors were extracted to allow for component-based noise correction 

(CompCor; Behzadi et al., 2007). Principal components were estimated after high-pass filtering 

the preprocessed BOLD time-series (using a discrete cosine filter with 128s cut-off) for the two 

CompCor variants: temporal (tCompCor) and anatomical (aCompCor). tCompCor components are 

then calculated from the top 2% variable voxels within the brain mask. For aCompCor, three 

probabilistic masks (CSF, WM and combined CSF+WM) were generated in anatomical space. 

This implementation differs from that of Behzadi et al. (2007) in that instead of eroding the masks 

by 2 pixels on BOLD space, the aCompCor masks are subtracted a mask of pixels that likely 

contain a volume fraction of GM. This mask was obtained by thresholding the corresponding 

partial volume map at 0.05, and it ensures components are not extracted from voxels containing a 

minimal fraction of GM. Finally, these masks were resampled into BOLD space and binarized by 

thresholding at 0.99 (as in the original implementation). Components were also calculated 

separately within the WM and CSF masks. For each CompCor decomposition, the k components 

with the largest singular values were retained, such that the retained components’ time series were 

sufficient to explain 50 percent of variance across the nuisance mask (CSF, WM, combined, or 

temporal). The remaining components were dropped from consideration. The head-motion 

estimates calculated in the correction step were also placed within the corresponding confounds 

file. The confound time series derived from head motion estimates and global signals were 

expanded with the inclusion of temporal derivatives and quadratic terms for each (Satterthwaite et 

al. 2013). Frames that exceeded a threshold of 0.5 mm FD or 1.5 standardized DVARS were 

annotated as motion outliers. The BOLD time-series were resampled into standard space, 

generating a preprocessed BOLD run in MNI152NLin2009cAsym space. First, a reference volume 

and its skull-stripped version were generated using a custom methodology of fMRIPrep. All 
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resamplings can be performed with a single interpolation step by composing all the pertinent 

transformations (i.e. head-motion transform matrices, susceptibility distortion correction when 

available, and co-registrations to anatomical and output spaces). Gridded (volumetric) resamplings 

were performed using antsApplyTransforms (ANTs), configured with Lanczos interpolation to 

minimize the smoothing effects of other kernels (Lanczos, 1964). Non-gridded (surface) 

resamplings were performed using mri_vol2surf (FreeSurfer). Many internal operations of 

fMRIPrep use Nilearn 0.8.1 (Abraham et al., 2014; RRID:SCR_001362), mostly within the 

functional processing workflow. For more details of the pipeline, see the section corresponding to 

workflows in fMRIPrep’s documentation. 

After the data was passed through the fMRIprep pipeline, I conducted a first-level analysis 

of each individual participant’s functional neuroimaging data in FSL FMRI Expert Analysis Tool 

(FEAT; Woolrich et al., 2001) which included 5mm FWHM smoothing, high pass temporal 

filtering, and an interleaved slice timing correction. For the first-level analysis, data were 

registered to a standardized space (MNI 152 T1 2mm brain, standard input of FSL), and contrasts 

of interest were specified for each subject (e.g., fear, neutral, fear>neutral) based on their 

participant-specific order. Data were thresholded at Z = 2.3, and a cluster p threshold 0.05. Next, 

ROI analyses were conducted using FSL utilities (i.e., fslmeants via featquery; Woolrich et al., 

2001) with the predefined ROI masks mentioned in the hypotheses. To make these masks, peak 

activation coordinates reported for each ROI were extracted from the papers discussed in the 

introduction (left amygdala ROI from Bhattacharyya et al., 2010; left ACC ROI from Fusar-Poli 

et al., 2009; and right STS ROI from Jiang & He, 2006), and converted from Talaraich to MNI 

space when necessary. Binarized spherical masks, centered around the coordinates (5mm for the 

left amygdala and right STS ROIs, 10mm for the ACC) were then created using FSLeyes 
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(Woolrich et al., 2001). These spherical masks were then input into featquery for the time-series 

BOLD extraction. For the left ACC ROI, however, there was not a reported peak activation 

coordinate so I elected to proceed with a 10mm mask over the approximate location reported in 

the Fusar-Poli et al., (2009) study. 

Specifically, featquery examines the contrast of parameter estimates (COPE) from the first-

level analysis, and calculates the BOLD percent signal change for each condition (i.e., fear, neutral, 

fear > neutral). Thus, this allowed for the assessment of the anxiolytic effect of CBD. Since the 

proposed study involves three distinct ROIs, I extracted data from the predefined ROI masks and 

analyzed it using analysis of variance (ANOVA) in both SPSS and R. The design of this study is 

a balanced full factorial design. As such, I analyzed the data with three separate 2x2 repeated 

measures ANOVA, testing for the simple main effect of treatment (i.e., placebo > CBD), the 

simple main effect of condition (fear > neutral), and finally – the main outcome of interest – the 

interaction of treatment*condition. This analysis was repeated for each of the three hypothesized 

ROIs to detect any significant change in BOLD signal brought about by the CBD during the 

presentation of fearful faces. Prior to running the ANOVAs, data was inspected for normality. 

Values which fell below Q1-2 of the interquartile range (IQR) or above Q3+2 IQR (i.e., Tukey’s 

fences; Tukey, 1977) were judged as outliers. Outliers were inspected on a case-by-case basis to 

determine possible issues such as measurement error. In total, three outliers were determined 

unlikely to be a result of measurement error but still exceeded the upper and lower bounds 

established by Tukey’s fences and were replaced by upper (median + 2 IQR) or lower limits 

(median – 2 IQR) (Tukey, 1977). 

Results 

Region of Interest Analyses 
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Emotion Discrimination Check 

 As the task unfolded, each participant was asked to identify which emotion they believed 

they saw on the previous block. The primary reason for recording these scores was to ensure that 

the participants were not consciously aware of the emotion they were being presented. Mean 

accuracy scores for discrimination of the fear faces were below chance at 24% accuracy (M = 

0.2407; SD = 0.217), signifying that the task was working as intended and the subjects were not 

able to accurately discriminate the fear targets. The emotion discrimination accuracy scores for 

all participants during the fear condition are illustrated in Figure 4. 

Figure 4 

Fear Discrimination Accuracy

 

Note. The mean accuracy scores (illustrated as a frequency distribution) on the emotion discrimination for each 

participant broken during the fear presentation blocks. By the end of the study, each participant will have experienced 

16 experimental blocks of the fear condition (4 blocks per scan, 4 scans). To find the accuracy scores, I divided the 

number of hits (i.e., correct responses) per block by the total number of possible hits (4) per block. The numbers along 

the x-axis represent bins of the percent correct (e.g., .50 = 50% accuracy) per block and the y-axis shows the number 

of experiment-blocks completed by the participants which fall within each bin. 
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Left Amygdala 

 To assess Hypothesis 1, I performed a two-way repeated measures ANOVA on the mean 

BOLD activation (e.g., percent signal change) during the time series data extracted from the left 

amygdala ROI during the fear and neutral conditions at each level of treatment (i.e., placebo and 

active) for each participant. Means and standard deviations for each of the ROI measurements for 

each condition/treatment can be found in Table 3. Analysis of variance showed a statistically 

significant difference in mean activation in the left amygdala ROI between treatments, F(1,12) = 

6.252, p = .028, ηp2 = .343. No significant differences were observed in mean activation between 

the conditions, F(1, 12) = 0.003, p = .958, ηp2 = .000 and there was no significant interaction effect, 

F(1, 12) = 1.897, p = .194, ηp2 = .136. Pairwise comparisons of ‘treatment’ (placebo versus CBD) 

revealed that the mean activation was significantly higher in the placebo group than the CBD 

group. Although the interaction was not significant, the plotted estimated marginal means (Figure 

5) indicate that the treatment produced the hypothesized effect. Specifically, CBD attenuated the 

activation in the amygdala during the fear condition relative to placebo. Moreover, a t-test revealed 

a significant difference in activation of the left amygdala during the fear condition between the 

CBD (M = -0.507; SD = 0.731) and placebo groups (M = 0.351; SD = 1.096), t(12) = 2.392, p = 

.034, d = 0.663. 
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Figure 5 

Means Plot for the Left Amygdala  

 

Note. The mean activation (i.e., percent signal change) of the left amygdala during each treatment and condition of 

the experimental procedure. Error bars represent the 95% confidence interval. 
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Left Anterior Cingulate Cortex 

 The repeated measures ANOVA for the left anterior cingulate cortex (ACC) revealed no 

statistically significant differences in mean activation between conditions, F(1, 12) = 0.163, p = 

.694, ηp2 = .013, treatment, F(1, 12) = 3.161, p = .101, ηp2 = .208, and no statistically significant 

interaction, F(1, 12) = 2.723, p = .125, ηp2 = .185 (Hypothesis 2).  For repeated measures 

ANOVAs, we also performed post-hoc comparisons, which were to be interpreted 

conservatively, regardless of the significance of the main effects (Chen et al., 2018; Howell, 

2010). Pairwise comparisons of the interaction of treatment and condition revealed that there was 

a significant difference between means of condition within the placebo group. A post-hoc t-test 

showed that the mean activation in the left ACC of the placebo group during the fear condition 

(M = -0.198; SD = 0.602) was significantly higher that the left ACC activation of the placebo 

group during the neutral condition, (M = -.481; SD = 0.669), t(13) = 2.489, p = .027, d = 0.665. 

This activation pattern across conditions and treatments closely approximates the prediction in 

the hypotheses, illustrated by the plot of estimated marginal means (Figure 6). Although there 

was no significant interaction, the CBD does appear to blunt/attenuate the activity of the left 

ACC during the fear condition relative to placebo and the left ACC does appear to be sensitive to 

the effect of condition in the hypothesized direction. 
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Figure 6 

Means Plot for the Left ACC 

 

 

Note. The mean activation (i.e., percent signal change) of the left ACC during each treatment and condition of the 

experimental procedure. Error bars represent the 95% confidence interval. 

Right Superior Temporal Sulcus 

 The repeated measures ANOVA for the right superior temporal sulcus ROI revealed a 

statistically significant simple main effect of condition, F(1,12) = 4.889, p = .047, ηp2 = .289 

(Hypothesis 3), but no significant main effect of treatment, F(1, 12) = .125, p = .730, ηp2 = .010, 

nor a significant interaction , F(1, 12) = 0.004, p = .951, ηp2 = .000. Pairwise comparisons of the 
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conditions revealed that the mean activation was greater in the fear condition than the neutral 

condition for both CBD and placebo groups. There was no significant difference in activation 

between CBD and placebo groups across the conditions. The plotted estimated marginal means 

(see Figure 6) indicate that the effect of condition followed the pattern predicted in the 

hypotheses (i.e., fear > neutral). 

Figure 7 

Means Plot for the Right STS 

 

Note. The mean activation (i.e., percent signal change) of the right STS during each treatment and condition of the 

experimental procedure. Error bars represent the 95% confidence interval. 
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Table 3  

Descriptive Statistics 

 
 
 
 
 
 
 

 
Notes. ACC = Anterior Cingulate Cortex. STS = Superior Temporal Sulcus. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Left 
Amygdala 

Neutral 
Placebo 

Left 
Amygdala 

Fear 
Placebo 

Left 
Amygdala 

Neutral 
CBD 

Left 
Amygdala 

Fear  
CBD 

Left 
ACC 

Neutral  
Placebo 

Left 
ACC 
Fear 

Placebo 

Left 
ACC 

Neutral  
CBD 

Left 
ACC 
Fear  
CBD 

Right 
STS 

Neutral  
Placebo 

Right 
STS 
Fear 

Placebo 

 Right 
STS 

Neutral  
CBD 

Right  
STS 
Fear  
CBD 

M -.04 .43 .00 -.51 -.50 -.21 -.26 -.31 .12 .39  .18 .44 

SD 1.23 1.31 .49 .73 .69 .62 .45 .47 .93 .84  .47 .80 

n 13 13 13 13 13 13 13 13 13 13  13 13 
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Discussion 

     My findings indicate that cannabidiol (CBD) appears to attenuate or blunt the activity of 

the left amygdala––the main region of interest. While the two-way repeated measures ANOVA 

omnibus test for the left ACC revealed no significant main effect of condition or treatment, post-

hoc t-tests revealed that the left ACC was significantly more active during the fear condition than 

the neutral condition within the placebo group. Finally, the two-way repeated measures ANOVA 

of the right superior temporal sulcus ROI revealed a significant main effect of condition (i.e., fear 

> neutral) for both treatments.  

 Taken together, the results indicate that CBD can produce significant attenuation of the left 

amygdala, in line with the results from previous work (Bhattacharyya et al., 2010; Fusar-Poli et 

al., 2009). Furthermore, in line with the work by Liddell et al. (2005), each of the ROIs appear to 

be particularly sensitive to the subliminally presented fear faces relative to the neutral faces, apart 

from the left amygdala and left ACC under the attenuating effect exerted by cannabidiol. Although 

the findings depart somewhat from the predictions laid out in the hypotheses (e.g., effect of 

treatment on the STS ROI), the general thrust of the results are quite in line with the notion that 

CBD reduces the automatic response to fearful faces even when presented below the threshold for 

normal conscious visual processing. 

 While the mechanism(s) of action by which CBD might exert its attenuating influence of 

the amygdala are not well-understood, research on the endocannabinoid system have offered some 

clues. The amygdala (particularly the basolateral amygdala) is moderately- to densely-populated 

with CB1 receptors (Mailleux & Vanderhaeghen, 1992), a major class of receptors within the 

endocannabinoid system. Fusar-Poli et al. (2009) pointed to prior work which implicated the CB1 

receptors in the extinction of aversive memories via anandamide-mediated inhibitory effects on 
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cells within the amygdala (Marsicano et al., 2002). Anandamide is a central neurotransmitter of 

the endocannabinoid system, binding to CB1 receptors with high affinity (Devane et al., 1992), but 

is rapidly broken down under normal circumstances through intracellular hydrolytic degradation, 

or hydrolysis (Di Marzo et al., 1994). Work in mouse models has shown that CBD can inhibit the 

hydrolysis (inactivation) of anandamide (Bisogno et al., 2001; Watanabe et al., 1996) as well as 

reuptake of anandamide (Rakhshan et al., 2000), thereby increasing the availability of the molecule 

at the synapses of the CB1 receptors of the amygdala. Recent work provides additional support for 

the hypothesis that CBD upregulation of anandamide may be the key mechanism of action for its 

anxiolytic effect by demonstrating that increased anandamide signaling (via inhibition of fatty acid 

amide hydrolase (the catabolic enzyme of anandamide)) reduces fear-related behaviors and indices 

of stress and anxiety (Mayo et al., 2020; Morena et al., 2019). The results from the present study 

are congruent with this psychopharmacological account of CBD-amygdala attenuation––at least 

at the level of neurophysiology. 

 The analyses of the left ACC did not reveal any significant main or interaction effects. 

Prior research using a similarly designed backward masking procedure has demonstrated a 

functional link between the ACC and the amygdala (Killgore & Yurgelun-Todd, 2004), but these 

results were uncovered using a fundamentally different analytic approach which involved the use 

of anatomical ROIs rather than predefined masks based on previous work. It is possible that the 

mask selection in the present study may have limited the ability to capture the effects of the 

cingulate cortex sensitivity to emotional stimuli. Other work in the domain of fear-related 

processing has also shown that there may be functional specialization for subliminal and 

supraliminal presentations of fear stimuli, where the former was associated with a more ventral 

region of the ACC and the latter a more dorsal region, similar to the ROI in the present study 
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(Williams et al., 2006). A wealth of prior research suggests that a more ventrally situated portion 

of the ACC may reflect greater coupling with the activity of the amygdala (Etkin et al.,2011). 

Additionally, still other research has shown that situational (i.e., expectation), individual factors 

(i.e., temperament) (Clauss, Cowan, & Blackford, 2011), and manipulations of attention (Klumpp 

et al.,2012) may influence the activation or lack thereof in the dorsal anterior cingulate cortex 

responses to fear faces. 

 However, consistent with the findings of Fusar-Poli et al. (2009), the post-hoc t-test and 

means plot (see Figure 6) appear to be indicate that the left ACC is both differentially sensitive to 

fear vs. neutral faces and potentially attenuated by CBD relative to placebo in the fear condition, 

though the present study was likely too underpowered to adequately capture an effect of the 

treatment. Nonetheless, the results from the present study give some indication that the well-known 

functional and structural connections between the ACC and amygdala (Etkin et al., 2006; 

Felmingham et al., 2007; Killgore & Yurgelun-Todd, 2004; Wang et al., 2009) are likely to be 

influenced in the presence of CBD. Increasing the size of the ROI via an anatomical mask may be 

one way to enhance the ability to detect the functional relationship. Future research should focus 

on this and other ways to parse which portion of the ACC might best capture the relationship, 

perhaps through and exploratory pilot study utilizing a variation of my task and other statistical 

techniques such as functional connectivity analyses and multivoxel pattern analysis. 

A particularly interesting result was the main effect of condition (fear > neutral) coupled 

with the absence of any impact of the treatment within the STS ROI. Within the ROI mask used 

for the analysis lies the region referred to as the (right) tempoparietal junction (rTPJ). The rTPJ is 

situated at the posterior end of the STS, inferior parietal lobule, and the lateral edge of the occipital 

cortex and is generally thought to be part of the dorsal attention network. This region has been 
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implicated in a number of higher order cognitive processes, but primarily associated with the 

reorientation of attention and social cognitive processes (e.g., Theory of Mind/mentalizing; Mars 

et al., 2012). Given the nature of the task used in the present experiment, social cognition and 

reorientation of attention may plausibly contribute to the functional changes instigated by the 

experimental condition. More precisely, it may be the case that the STS ROI increase in the fear 

relative to neutral condition reflects an emotional valence/salience signal concomitant with the 

perception of the fearful faces. In line with this notion, recent work provides evidence that anodal 

stimulation of the rTPJ improves reaction time and accuracy in discrimination of fearful faces from 

surprise faces (Donaldson et al.,  2019).  

The STS ROI was chosen specifically for its apparent functional connectivity with the 

amygdala evidenced by the work of Jiang and He (2006) and Pitcher et al. (2017). Briefly, in each 

of those studies, the STS region was found to be functionally linked to the amygdala in the 

processing of fearful face stimuli and, in the case of the Pitcher et al. (2017) study, suppression of 

the STS via transcranial direct current stimulation (tDCS) also diminished the activity of the 

amygdala while processing dynamic faces, providing evidence for a causal link between the two 

regions and, additionally, providing support for the existence of a cortico-amygdala pathway from 

the STS to the amygdala. The results from the present study suggest that if this specialized pathway 

does in fact exist, the functional relationship between these two regions may be unidirectional 

since the suppression/attenuation of the amygdala by CBD did not coincide with an attenuation of 

the STS. It should be noted that the Pitcher et al. (2017) study reported this apparent causal 

functional relationship between the right amygdala and STS, but post-hoc analyses of the right 

amygdala within the present sample supports the same inference as above––the impact of CBD on 
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the amygdala does not appear to influence the activation of the STS with respect to its response to 

fearful faces. 

The results from the present study provide some evidence for a possible neurophysiological 

mechanism by which CBD can plausibly reduce anxiety. As previously noted, the amygdala is 

populated with CB1 receptors which can be inhibited through the binding of the body’s own 

endogenous cannabinoid, anandamide. Under normal circumstances, anandamide is quickly 

removed from the synapse, but CBD as well as other cannabinoids such as tetrahydrocannabinol 

(THC) prevent the breakdown/reuptake of anandamide, prolonging the inhibitory effect it exerts 

on the amygdala. It is plausible that it is precisely this effect which mediates the attenuation of the 

amygdala activity within the current sample, but the precise pharmacological mechanism is beyond 

the scope of the present work. Nonetheless, this finding provides some promising evidence for the 

role of CBD as an anxiolytic drug without the transient, but potentially harmful effects of the major 

psychoactive cannabinoid, THC. 

Limitations 

 The above findings should be considered preliminary considering some of the potential 

limitations. First, the sample size for the study is small. The randomized, crossover design offsets 

some of the issues with the sample size by limiting concerns about within-subject variability, and 

recent research has highlighted the advantages of small, robust designs over larger group-based 

studies in capturing significant individual variability (Laumann et al., 2015). Nonetheless, future 

work should focus on replicating these findings in a larger sample. Next, the dose of CBD given 

to participants was relatively small by comparison to other similar studies. It is possible that the 

effects in the ACC, for example, were simply too small to be captured sufficiently and that a higher 

dose of CBD may be necessary to elicit them. Along these same lines, no measurements were 
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taken to assess the levels of CBD present in the blood of the participants at the time of scanning. 

Therefore, future research should focus on achieving a larger sample size, a higher dose of CBD 

(perhaps administered intravenously), and the utilization of biometric screening methods to ensure 

that peak absorption levels are attained before conducting the scanning/experimental sessions. 

Finally, I did not include any emotional expressions in the task beyond fear and neutral. It is 

possible that other emotional expressions such as surprise or happiness may also elicit similar 

activation from the regions selected for the present study. Future research should focus on 

assessing differences in activation with face stimuli of a range of emotional expressions beyond 

fear. 

Conclusions 

 Overall, these data provide additional insight into two individual lines of experimental 

inquiry via a unique blend of a RCT of CBD and a subliminal fear elicitation task. Specifically, I 

found support for the elicitation of a fear/threat response in emotional and face processing regions 

of the brain which can be produced even in the absence of conscious awareness of the fear stimuli. 

Additionally, these data provide additional support to the notion that CBD can attenuate the 

activation of the amygdala. The present work also adds to the growing body of literature suggesting 

potentially significant therapeutic value of CBD in the treatment of the disorders of anxiety and 

fear, such as generalized anxiety disorder and PTSD.  

Given the predictable inevitability of cannabis decriminalization/legalization, it is 

increasingly important to understand the impact of major and minor cannabinoids on the function 

of neurotypical brains in addition to clinical populations. To my knowledge, this is the first study 

to assess the impact of CBD on the processing of subconsciously presented fear stimuli, with 

results providing insight into the nature of the innate, automatic threat-response system of the 
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brain. Future research is needed to precisely delineate the bounds of this automatic processing, the 

extent to which CBD and other cannabinoids may affect them, and the potential clinical value in 

the suppression of amygdala activation via CBD.  

  



 

 
79 

References 

Abernethy, A. (2019, 07/25/2019). Testimony: Hemp Production and the 2018 Farm Bill. 

Retrieved from https://www.fda.gov/news-events/congressional-testimony/hemp-

production-and-2018-farm-bill-07252019 

Abraham, A., Pedregosa, F., Eickenberg, M., Gervais, P., Mueller, A., Kossaifi, J., . . . 

Varoquaux, G. (2014). Machine learning for neuroimaging with scikit-learn. Frontiers in 

Neuroinformatics, 8, 14-14. doi:10.3389/fninf.2014.00014 

Agriculture Improvement Act of 2018, 3402, Senate (2018). 

Ahmed, S. A., Ross, S. A., Slade, D., Radwan, M. M., Khan, I. A., & ElSohly, M. A. (2015). 

Minor oxygenated cannabinoids from high potency Cannabis sativa L. Phytochemistry, 

117, 194-199.  

Al-Ghezi, Z. Z., Busbee, P. B., Alghetaa, H., Nagarkatti, P. S., & Nagarkatti, M. (2019). 

Combination of cannabinoids, delta-9-tetrahydrocannabinol (THC) and cannabidiol 

(CBD), mitigates experimental autoimmune encephalomyelitis (EAE) by altering the gut 

microbiome. Brain, Behavior, and Immunity, 82, 25-35. doi:10.1016/j.bbi.2019.07.028 

Allen, A. J., Leonard, H., & Swedo, S. E. (1995). Current knowledge of medications for the 

treatment of childhood anxiety disorders. Journal of the American Academy of Child & 

Adolescent Psychiatry, 34(8), 976-986. doi:10.1097/00004583-199508000-00007 

Andersson, J. L. R., Skare, S., & Ashburner, J. (2003). How to correct susceptibility distortions 

in spin-echo echo-planar images: Application to diffusion tensor imaging. Neuroimage, 

20(2), 870-888. doi:10.1016/s1053-8119(03)00336-7 

Angold, A., & Costello, E. (1993). Depressive comorbidity in children and adolescents. 

American Journal of Psychiatry, 150(12), 1779-1791.  



 

 
80 

APA, A. P. A. (2013). Diagnostic and statistical manual of mental disorders (DSM-5®) (5th 

ed.). Washington, DC. 

Argyropoulos, S. V., Bailey, J. E., Hood, S. D., Kendrick, A. H., Rich, A. S., Laszlo, G., . . . 

Nutt, D. J. (2002). Inhalation of 35% CO2 results in activation of the HPA axis in healthy 

volunteers. Psychoneuroendocrinology, 27(6), 715-729.  

Arseneault, L., Cannon, M., Poulton, R., Murray, R., Caspi, A., & Moffitt, T. E. (2002). 

Cannabis use in adolescence and risk for adult psychosis: Longitudinal prospective study. 

Bristish Medical Journal, 325(7374), 1212-1213.  

Ashton, C., Moore, P., Gallagher, P., & Young, A. (2005). Cannabinoids in bipolar affective 

disorder: a review and discussion of their therapeutic potential. Journal of 

Psychopharmacology, 19(3), 293-300.  

Ashton, J. C., Friberg, D., Darlington, C. L., & Smith, P. F. (2006). Expression of the 

cannabinoid CB2 receptor in the rat cerebellum: an immunohistochemical study. 

Neuroscience Letters, 396(2), 113-116.  

Aso, E., Sánchez-Pla, A., Vegas-Lozano, E., Maldonado, R., & Ferrer, I. (2015). Cannabis-based 

medicine reduces multiple pathological processes in AβPP/PS1 mice. Journal of 

Alzheimer's Disease, 43(3), 977-991.  

Avants, B. B., Epstein, C. L., Grossman, M., & Gee, J. C. (2008). Symmetric diffeomorphic 

image registration with cross-correlation: evaluating automated labeling of elderly and 

neurodegenerative brain. Medical Image Analysis, 12(1), 26-41. 

doi:10.1016/j.media.2007.06.004 



 

 
81 

Bailey, J., Argyropoulos, S. V., Kendrick, A. H., & Nutt, D. J. (2005). Behavioral and 

cardiovascular effects of 7.5% CO2 in human volunteers. Depression and Anxiety, 21(1), 

18-25.  

Bailey, J., Kendrick, A., Diaper, A., Potokar, J. P., & Nutt, D. J. (2007). A validation of the 7.5% 

CO2 model of GAD using paroxetine and lorazepam in healthy volunteers. Journal of 

Psychopharmacology, 21(1), 42-49. doi:10.1177/0269881106063889 

Bailey, J., Papadopoulos, A., Seddon, K., & Nutt, D. (2009). A comparison of the effects of a 

subtype selective and non-selective benzodiazepine receptor agonist in two CO2 models 

of experimental human anxiety. Journal of Psychopharmacology, 23(2), 117-122.  

Bandler, R., Keay, K. A., Floyd, N., & Price, J. (2000). Central circuits mediating patterned 

autonomic activity during active vs. passive emotional coping. Brain Research Bulletin, 

53(1), 95-104. doi:10.1016/s0361-9230(00)00313-0 

Barichello, T., Ceretta, R. A., Generoso, J. S., Moreira, A. P., Simões, L. R., Comim, C. M., . . . 

Crippa, J. A. (2012). Cannabidiol reduces host immune response and prevents cognitive 

impairments in Wistar rats submitted to pneumococcal meningitis. European Journal of 

Pharmacology, 697(1-3), 158-164.  

Barlow, D. H. (2004). Anxiety and its disorders: The nature and treatment of anxiety and panic: 

Guilford press. 

Beal, J. E., Olson, R., Lefkowitz, L., Laubenstein, L., Bellman, P., Yangco, B., . . . Shepard, K. 

V. (1997). Long-term efficacy and safety of dronabinol for acquired immunodeficiency 

syndrome-associated anorexia. Journal of Pain and Symptom Management, 14(1), 7-14. 

doi:10.1016/s0885-3924(97)00038-9 



 

 
82 

Beck, A. T., Emery, G., & Greenberg, R. L. (2005). Anxiety disorders and phobias: A cognitive 

perspective: Basic Books. 

Beck, A. T., Epstein, N., Brown, G., & Steer, R. A. (1988). An inventory for measuring clinical 

anxiety: psychometric properties. Journal of Consulting and Clinical Psychology, 56(6), 

893.  

Behzadi, Y., Restom, K., Liau, J., & Liu, T. T. (2007). A component based noise correction 

method (CompCor) for BOLD and perfusion based fMRI. Neuroimage, 37(1), 90-101. 

doi:10.1016/j.neuroimage.2007.04.042 

Benito, C., Kim, W.-K., Chavarría, I., Hillard, C. J., Mackie, K., Tolón, R. M., . . . Romero, J. 

(2005). A glial endogenous cannabinoid system is upregulated in the brains of macaques 

with simian immunodeficiency virus-induced encephalitis. Journal of Neuroscience, 

25(10), 2530-2536.  

Bergamaschi, M. M., Queiroz, R. H. C., Chagas, M. H. N., De Oliveira, D. C. G., De Martinis, 

B. S., Kapczinski, F., . . . Nardi, A. E. (2011). Cannabidiol reduces the anxiety induced 

by simulated public speaking in treatment-naive social phobia patients. 

Neuropsychopharmacology, 36(6), 1219-1226.  

Bersani, G., Orlandi, V., Kotzalidis, G. D., & Pancheri, P. (2002). Cannabis and schizophrenia: 

impact on onset, course, psychopathology and outcomes. European Archives of 

Psychiatry and Clinical Neuroscience, 252(2), 86-92.  

Bhattacharyya, S., Morrison, P. D., Fusar-Poli, P., Martin-Santos, R., Borgwardt, S., Winton-

Brown, T., . . . McGuire, P. K. (2010). Opposite effects of Δ-9-Tetrahydrocannabinol and 

Cannabidiol on human brain function and psychopathology. Neuropsychopharmacology, 

35(3), 764-774. doi:10.1038/npp.2009.184 



 

 
83 

Bisogno, T., Hanuš, L., De Petrocellis, L., Tchilibon, S., Ponde, D. E., Brandi, I., . . . Di Marzo, 

V. (2001). Molecular targets for cannabidiol and its synthetic analogues: effect on 

vanilloid VR1 receptors and on the cellular uptake and enzymatic hydrolysis of 

anandamide. British Journal of Pharmacology, 134(4), 845-852.  

Böcker, K., Baas, J., Kenemans, J., & Verbaten, M. (2001). Stimulus-preceding negativity 

induced by fear: a manifestation of affective anticipation. International Journal of 

Psychophysiology, 43(1), 77-90.  

Bolla, K. I., Brown, K., Eldreth, D., Tate, K., & Cadet, J. (2002). Dose-related neurocognitive 

effects of marijuana use. Neurology, 59(9), 1337-1343.  

Bonn-Miller, M. O., Babson, K. A., & Vandrey, R. (2014). Using cannabis to help you sleep: 

heightened frequency of medical cannabis use among those with PTSD. Drug and 

Alcohol Dependence, 136, 162-165.  

Braga, R. J., Burdick, K. E., DeRosse, P., & Malhotra, A. K. (2012). Cognitive and clinical 

outcomes associated with cannabis use in patients with bipolar I disorder. Psychiatry 

Research, 200(2-3), 242-245.  

Brenan, M. (2019). 14% of Americans Say They Use CBD Products. Retrieved from 

https://news.gallup.com/poll/263147/americans-say-cbd-products.aspx 

Bridgeman, M. B., & Abazia, D. T. (2017). Medicinal cannabis: history, pharmacology, and 

implications for the acute care setting. Pharmacy and Therapeutics, 42(3), 180.  

Brown, J. S., Kalish, H. I., & Farber, I. (1951). Conditioned fear as revealed by magnitude of 

startle response to an auditory stimulus. Journal of Experimental Psychology, 41(5), 317.  



 

 
84 

Buckley, N. E., McCoy, K. L., Mezey, É., Bonner, T., Zimmer, A., Felder, C. C., . . . Zimmer, A. 

(2000). Immunomodulation by cannabinoids is absent in mice deficient for the 

cannabinoid CB2 receptor. European Journal of Pharmacology, 396(2-3), 141-149.  

Calhoon, G. G., & Tye, K. M. (2015). Resolving the neural circuits of anxiety. Nature 

Neuroscience, 18(10), 1394-1404.  

Campos, A. C., & Guimarães, F. S. (2008). Involvement of 5HT1A receptors in the anxiolytic-

like effects of cannabidiol injected into the dorsolateral periaqueductal gray of rats. 

Psychopharmacology, 199(2), 223-230. doi:10.1007/s00213-008-1168-x 

Cao, C., Li, Y., Liu, H., Bai, G., Mayl, J., Lin, X., . . . Cai, J. (2014). The potential therapeutic 

effects of THC on Alzheimer's disease. Journal of Alzheimer's Disease, 42(3), 973-984.  

Capecchi, M. R. (1989). Altering the genome by homologous recombination. Science, 

244(4910), 1288-1292.  

Carrier, E. J., Auchampach, J. A., & Hillard, C. J. (2006). Inhibition of an equilibrative 

nucleoside transporter by cannabidiol: A mechanism of cannabinoid immunosuppression. 

Proceedings of the National Academy of Sciences, 103(20), 7895-7900.  

Caspi, A., Moffitt, T. E., Cannon, M., McClay, J., Murray, R., Harrington, H., . . . Braithwaite, 

A. (2005). Moderation of the effect of adolescent-onset cannabis use on adult psychosis 

by a functional polymorphism in the catechol-O-methyltransferase gene: longitudinal 

evidence of a gene X environment interaction. Biological Psychiatry, 57(10), 1117-1127.  

Cattell, R. B., & Scheier, I. H. (1958). The nature of anxiety: A review of thirteen multivariate 

analyses comprising 814 variables. Psychological Reports, 4(3), 351-388E. 

doi:10.2466/pr0.1958.4.3.351 



 

 
85 

Cattell, R. B., & Scheier, I. H. (1961). The meaning and measurement of neuroticism and 

anxiety. New York: Ronald Press. 

Cavuoto, P., McAinch, A. J., Hatzinikolas, G., Janovská, A., Game, P., & Wittert, G. A. (2007). 

The expression of receptors for endocannabinoids in human and rodent skeletal muscle. 

Biochemical and Biophysical Research Communications, 364(1), 105-110.  

Chan, G. C.-K., Hinds, T. R., Impey, S., & Storm, D. R. (1998). Hippocampal neurotoxicity of 

Δ9-tetrahydrocannabinol. Journal of Neuroscience, 18(14), 5322-5332.  

Chen, T., Xu, M., Tu, J., Wang, H., & Niu, X. (2018). Relationship between Omnibus and Post-

hoc Tests: An Investigation of performance of the F test in ANOVA. Shanghai Archives 

of Psychiatry, 30(1), 60-64. doi:10.11919/j.issn.1002-0829.218014 

Chung, Y. C., Shin, W.-H., Baek, J. Y., Cho, E. J., Baik, H. H., Kim, S. R., . . . Jin, B. K. (2016). 

CB2 receptor activation prevents glial-derived neurotoxic mediator production, BBB 

leakage and peripheral immune cell infiltration and rescues dopamine neurons in the 

MPTP model of Parkinson’s disease. Experimental & Molecular Medicine, 48(1), e205-

e205.  

Clark, L. A., & Watson, D. (1991). Tripartite model of anxiety and depression: psychometric 

evidence and taxonomic implications. Journal of Abnormal Psychology, 100(3), 316.  

Clauss, J. A., Cowan, R. L., & Blackford, J. U. (2011). Expectation and temperament moderate 

amygdala and dorsal anterior cingulate cortex responses to fear faces. Cognitive, 

Affective, & Behavioral Neuroscience, 11(1), 13-21.  

Clayton, N., Marshall, F., Bountra, C., & O'shaughnessy, C. (2002). CB1 and CB2 cannabinoid 

receptors are implicated in inflammatory pain. Pain, 96(3), 253-260.  



 

 
86 

Commissaris, R. L. (1993). Conflict behaviors as animal models for the study of anxiety. In 

Techniques in the Behavioral and Neural Sciences (Vol. 10, pp. 443-474): Elsevier. 

Compton, M. T., Furman, A. C., & Kaslow, N. J. (2004). Lower negative symptom scores 

among cannabis-dependent patients with schizophrenia-spectrum disorders: preliminary 

evidence from an African American first-episode sample. Schizophrenia Research, 71(1), 

61-64.  

Costain, W. F. (2008). The effects of cannabis abuse on the symptoms of schizophrenia: Patient 

perspectives. International Journal of Mental Health Nursing, 17(4), 227-235. 

doi:10.1111/j.1447-0349.2008.00538.x 

Cox, R. W. (1996). AFNI: Software for analysis and visualization of functional magnetic 

resonance neuroimages. Computers and Biomedical Research, 29(3), 162-173. 

doi:10.1006/cbmr.1996.0014 

Crippa, J. A. S., Derenusson, G. N., Ferrari, T. B., Wichert-Ana, L., Duran, F. L., Martin-Santos, 

R., . . . Atakan, Z. (2011). Neural basis of anxiolytic effects of cannabidiol (CBD) in 

generalized social anxiety disorder: a preliminary report. Journal of 

Psychopharmacology, 25(1), 121-130.  

Croxford, J. L., & Yamamura, T. (2005). Cannabinoids and the immune system: Potential for the 

treatment of inflammatory diseases? Journal of Neuroimmunology, 166(1-2), 3-18. 

doi:10.1016/j.jneuroim.2005.04.023 

D'Souza, D. C., Perry, E., MacDougall, L., Ammerman, Y., Cooper, T., Braley, G., . . . Krystal, 

J. H. (2004). The psychotomimetic effects of intravenous delta-9-tetrahydrocannabinol in 

healthy individuals: implications for psychosis. Neuropsychopharmacology, 29(8), 1558-

1572.  



 

 
87 

Dale, A. M., Fischl, B., & Sereno, M. I. (1999). Cortical Surface-Based Analysis. Neuroimage, 

9(2), 179-194. doi:10.1006/nimg.1998.0395 

Darley, C., Tinklenberg, J., Roth, W., & Atkinson, R. (1974). The nature of storage deficits and 

state-dependent retrieval under marihuana. Psychopharmacologia, 37(2), 139-149.  

Davis, M., & Astrachan, D. I. (1978). Conditioned fear and startle magnitude: effects of different 

footshock or backshock intensities used in training. Journal of Experimental Psychology: 

Animal Behavior Processes, 4(2), 95.  

Davis, M., Falls, W. A., Campeau, S., & Kim, M. (1993). Fear-potentiated startle: a neural and 

pharmacological analysis. Behavioural Brain Research, 58(1-2), 175-198.  

Davis, M., Schlesinger, L. S., & Sorenson, C. (1989). Temporal specificity of fear conditioning: 

Effects of different conditioned stimulus--unconditioned stimulus intervals on the fear-

potentiated startle effect. Journal of Experimental Psychology: Animal Behavior 

Processes, 15(4), 295.  

Davis, M., Walker, D. L., Miles, L., & Grillon, C. (2010). Phasic vs Sustained Fear in Rats and 

Humans: Role of the Extended Amygdala in Fear vs Anxiety. 

Neuropsychopharmacology, 35(1), 105-135. doi:10.1038/npp.2009.109 

Defrancesco, M., & Hofer, A. (2020). Cannabinoid as Beneficial Replacement Therapy for 

Psychotropics to Treat Neuropsychiatric Symptoms in Severe Alzheimer’s Dementia: A 

Clinical Case Report. Frontiers in Psychiatry, 11, 413.  

Den Boon, F. S., Chameau, P., Schaafsma-Zhao, Q., Van Aken, W., Bari, M., Oddi, S., . . . 

Werkman, T. R. (2012). Excitability of prefrontal cortical pyramidal neurons is 

modulated by activation of intracellular type-2 cannabinoid receptors. Proceedings of the 

National Academy of Sciences, 109(9), 3534-3539.  



 

 
88 

Devane, W. A., Dysarz, F. r., Johnson, M. R., Melvin, L. S., & Howlett, A. C. (1988). 

Determination and characterization of a cannabinoid receptor in rat brain. Molecular 

Pharmacology, 34(5), 605-613.  

Devane, W. A., Hanuš, L., Breuer, A., Pertwee, R. G., Stevenson, L. A., Griffin, G., . . . 

Mechoulam, R. (1992). Isolation and structure of a brain constituent that binds to the 

cannabinoid receptor. Science, 258(5090), 1946-1949.  

Di Forti, M., Marconi, A., Carra, E., Fraietta, S., Trotta, A., Bonomo, M., . . . Murray, R. M. 

(2015). Proportion of patients in south London with first-episode psychosis attributable to 

use of high potency cannabis: a case-control study. The Lancet Psychiatry, 2(3), 233-238. 

doi:10.1016/s2215-0366(14)00117-5 

Di Marzo, V., Fontana, A., Cadas, H., Schinelli, S., Cimino, G., Schwartz, J.-C., & Piomelli, D. 

(1994). Formation and inactivation of endogenous cannabinoid anandamide in central 

neurons. Nature, 372(6507), 686-691.  

Dobson, K. S. (1985a). An analysis of anxiety and depression scales. Journal of Personality 

Assessment, 49(5), 522-527.  

Dobson, K. S. (1985b). The relationship between anxiety and depression. Clinical Psychology 

Review, 5(4), 307-324. doi:10.1016/0272-7358(85)90010-8 

Donaldson, P. H., Kirkovski, M., Rinehart, N. J., & Enticott, P. G. (2019). A double-blind HD-

tDCS/EEG study examining right temporoparietal junction involvement in facial emotion 

processing. Social Neuroscience, 14(6), 681-696.  

Dubertret, C., Bidard, I., Adès, J., & Gorwood, P. (2006). Lifetime positive symptoms in patients 

with schizophrenia and cannabis abuse are partially explained by co-morbid addiction. 

Schizophrenia Research, 86(1-3), 284-290.  



 

 
89 

Dumont, É. C. (2009). What is the bed nucleus of the stria terminalis? Progress in Neuro-

Psychopharmacology & Biological Psychiatry, 33(8), 1289.  

Ebner, N. C., Riediger, M., & Lindenberger, U. (2010). FACES—A database of facial 

expressions in young, middle-aged, and older women and men: Development and 

validation. Behavior Research Methods, 42(1), 351-362. doi:10.3758/brm.42.1.351 

Endler, N. S., Edwards, J. M., Vitelli, R., & Parker, J. D. (1989). Assessment of state and trait 

anxiety: Endler Multidimensional Anxiety Scales. Anxiety Research, 2(1), 1-14.  

Esposito, G., Scuderi, C., Savani, C., Steardo Jr, L., De Filippis, D., Cottone, P., . . . Steardo, L. 

(2007). Cannabidiol in vivo blunts β‐amyloid induced neuroinflammation by suppressing 

IL‐1β and iNOS expression. British Journal of Pharmacology, 151(8), 1272-1279.  

Esteban, O., Markiewicz, C. J., Blair, R. W., Moodie, C. A., Isik, A. I., Erramuzpe, A., . . . 

Snyder, M. (2019). fMRIPrep: a robust preprocessing pipeline for functional MRI. 

Nature Methods, 16(1), 111-116.  

Esteban, O., Markiewicz, C. J., Blair, R. W., Moodie, C. A., Isik, A. I., Erramuzpe, A., . . . 

Gorgolewski, K. J. (2018). FMRIPrep: a robust preprocessing pipeline for functional 

MRI. In: Cold Spring Harbor Laboratory. 

Etkin, A., Egner, T., & Kalisch, R. (2011). Emotional processing in anterior cingulate and medial 

prefrontal cortex. Trends in Cognitive Sciences, 15(2), 85-93.  

Etkin, A., Egner, T., Peraza, D. M., Kandel, E. R., & Hirsch, J. (2006). Resolving emotional 

conflict: a role for the rostral anterior cingulate cortex in modulating activity in the 

amygdala. Neuron, 51(6), 871-882.  



 

 
90 

Eubanks, L. M., Rogers, C. J., Beuscher IV, A. E., Koob, G. F., Olson, A. J., Dickerson, T. J., & 

Janda, K. D. (2006). A molecular link between the active component of marijuana and 

Alzheimer's disease pathology. Molecular Pharmaceutics, 3(6), 773-777.  

Eysenck, M. W. (1984). Anxiety and the worry process. Bulletin of the Psychonomic Society, 

22(6), 545-548.  

Fadda, P., Robinson, L., Fratta, W., Pertwee, R. G., & Riedel, G. (2004). Differential effects of 

THC-or CBD-rich cannabis extracts on working memory in rats. Neuropharmacology, 

47(8), 1170-1179.  

Fallah, M., & Burnham, W. M. (2019). Dose response effects of the cannabinoids as anti-seizure 

drugs in amygdala kindled rats. Clinical Neurophysiology, 130(8), e119. 

doi:10.1016/j.clinph.2019.03.025 

Falls, W. A., & Davis, M. (1995). Lesions of the central nucleus of the amygdala block 

conditioned excitation, but not conditioned inhibition of fear as measured with the fear-

potentiated startle effect. Behavioral Neuroscience, 109(3), 379.  

Fanselow, M. S., & Pennington, Z. T. (2017). The danger of LeDoux and Pine’s two-system 

framework for fear. American Journal of Psychiatry, 174(11), 1120-1121.  

Favrat, B., Ménétrey, A., Augsburger, M., Rothuizen, L. E., Appenzeller, M., Buclin, T., . . . 

Giroud, C. (2005). Two cases of" cannabis acute psychosis" following the administration 

of oral cannabis. BMC Psychiatry, 5(1), 1-6.  

Feldman, L. A. (1993). Distinguishing depression and anxiety in self-report: Evidence from 

confirmatory factor analysis on nonclinical and clinical samples. Journal of Consulting 

and Clinical Psychology, 61(4), 631.  



 

 
91 

Felmingham, K., Kemp, A., Williams, L., Das, P., Hughes, G., Peduto, A., & Bryant, R. (2007). 

Changes in anterior cingulate and amygdala after cognitive behavior therapy of 

posttraumatic stress disorder. Psychological Science, 18(2), 127-129.  

Fiedler, B., & Rocha, C. (2014). Nonlinear Sturm global attractors: Unstable manifold 

decompositions as regular CW-complexes. Discrete &amp; Continuous Dynamical 

Systems - A, 34(12), 5099-5122. doi:10.3934/dcds.2014.34.5099 

Fonov, V. S., Evans, A. C., McKinstry, R. C., Almli, C. R., & Collins, D. L. (2009). Unbiased 

nonlinear average age-appropriate brain templates from birth to adulthood. Neuroimage, 

47, S102. doi:10.1016/s1053-8119(09)70884-5 

Frank, E., Salchner, P., Aldag, J. M., Salomé, N., Singewald, N., Landgraf, R., & Wigger, A. 

(2006). Genetic predisposition to anxiety-related behavior determines coping style, 

neuroendocrine responses, and neuronal activation during social defeat. Behavioral 

Neuroscience, 120(1), 60.  

Freeman, A. M., Petrilli, K., Lees, R., Hindocha, C., Mokrysz, C., Curran, H. V., . . . Freeman, T. 

P. (2019). How does cannabidiol (CBD) influence the acute effects of delta-9-

tetrahydrocannabinol (THC) in humans? A systematic review. Neuroscience & 

Biobehavioral Reviews, 107, 696-712.  

Freund, T. F., Katona, I., & Piomelli, D. (2003). Role of endogenous cannabinoids in synaptic 

signaling. Physiological Reviews, 83(3), 1017-1066.  

Fusar-Poli, P., Allen, P., Bhattacharyya, S., Crippa, J. A., Mechelli, A., Borgwardt, S., . . . 

McGuire, P. (2010). Modulation of effective connectivity during emotional processing by 

Δ9-tetrahydrocannabinol and cannabidiol. The International Journal of 

Neuropsychopharmacology, 13(04), 421. doi:10.1017/s1461145709990617 



 

 
92 

Fusar-Poli, P., Crippa, J. A., Bhattacharyya, S., Borgwardt, S. J., Allen, P., Martin-Santos, R., . . 

. McGuire, P. K. (2009). Distinct Effects of Δ9-Tetrahydrocannabinol and Cannabidiol 

on Neural Activation During Emotional Processing. Archives of General Psychiatry, 

66(1), 95. doi:10.1001/archgenpsychiatry.2008.519 

Fydrich, T., Dowdall, D., & Chambless, D. L. (1992). Reliability and validity of the Beck 

Anxiety Inventory. Journal of Anxiety Disorders, 6(1), 55-61.  

Gage, S. H., Hickman, M., & Zammit, S. (2016). Association Between Cannabis and Psychosis: 

Epidemiologic Evidence. Biological Psychiatry, 79(7), 549-556. 

doi:10.1016/j.biopsych.2015.08.001 

Galiègue, S., Mary, S., Marchand, J., Dussossoy, D., Carrière, D., Carayon, P., . . . Casellas, P. 

(1995). Expression of central and peripheral cannabinoid receptors in human immune 

tissues and leukocyte subpopulations. European Journal of Biochemistry, 232(1), 54-61.  

Gaoni, Y., & Mechoulam, R. (1964). Isolation, Structure, and Partial Synthesis of an Active 

Constituent of Hashish. Journal of the American Chemical Society, 86(8), 1646-1647. 

doi:10.1021/ja01062a046 

Garner, J. P. (2014). The Significance of Meaning: Why Do Over 90% of Behavioral 

Neuroscience Results Fail to Translate to Humans, and What Can We Do to Fix It? ILAR 

Journal, 55(3), 438-456. doi:10.1093/ilar/ilu047 

Gorgolewski, K., Burns, C. D., Madison, C., Clark, D., Halchenko, Y. O., Waskom, M. L., & 

Ghosh, S. S. (2011a). Nipype: a flexible, lightweight and extensible neuroimaging data 

processing framework in python. Frontiers in Neuroinformatics, 5, 13.  

Gorgolewski, K., Burns, C. D., Madison, C., Clark, D., Halchenko, Y. O., Waskom, M. L., & 

Ghosh, S. S. (2011b). Nipype: a flexible, lightweight and extensible neuroimaging data 



 

 
93 

processing framework in python. Frontiers in Neuroinformatics, 5, 13-13. 

doi:10.3389/fninf.2011.00013 

Gorman, J. M. (1996). Comorbid depression and anxiety spectrum disorders. Depression and 

Anxiety, 4(4), 160-168.  

Gorman, J. M., Askanazi, J., Liebowitz, M. R., Fyer, A. J., Stein, J., Kinney, J. M., & Klein, D. 

F. (1984). Response to hyperventilation in a group of patients with panic disorder. The 

American Journal of Psychiatry.  

Gotlib, I. H., & Meyer, J. P. (1986). Factor analysis of the Multiple Affect Adjective Check List: 

A separation of positive and negative affect. Journal of Personality and Social 

Psychology, 50(6), 1161.  

Grech, A., Van Os, J., Jones, P. B., Lewis, S. W., & Murray, R. M. (2005). Cannabis use and 

outcome of recent onset psychosis. European Psychiatry, 20(4), 349-353.  

Greer, G. R., Grob, C. S., & Halberstadt, A. L. (2014). PTSD symptom reports of patients 

evaluated for the New Mexico Medical Cannabis Program. Journal of Psychoactive 

Drugs, 46(1), 73-77.  

Greve, D. N., & Fischl, B. (2009). Accurate and robust brain image alignment using boundary-

based registration. Neuroimage, 48(1), 63-72. doi:10.1016/j.neuroimage.2009.06.060 

Griebel, G., & Holmes, A. (2013). 50 years of hurdles and hope in anxiolytic drug discovery. 

Nature reviews Drug discovery, 12(9), 667-687.  

Grillon, C., Ameli, R., Merikangas, K., Woods, S. W., & Davis, M. (1993). Measuring the time 

course of anticipatory anxiety using the fear‐potentiated startle reflex. Psychophysiology, 

30(4), 340-346.  



 

 
94 

Grillon, C., Baas, J. M., Pine, D. S., Lissek, S., Lawley, M., Ellis, V., & Levine, J. (2006). The 

benzodiazepine alprazolam dissociates contextual fear from cued fear in humans as 

assessed by fear-potentiated startle. Biological Psychiatry, 60(7), 760-766.  

Grillon, C., Morgan III, C. A., Davis, M., & Southwick, S. M. (1998). Effect of darkness on 

acoustic startle in Vietnam veterans with PTSD. American Journal of Psychiatry, 155(6), 

812-817.  

Grillon, C., Pellowski, M., Merikangas, K. R., & Davis, M. (1997). Darkness facilitates the 

acoustic startle reflex in humans. Biological Psychiatry, 42(6), 453-460.  

Grinspoon, P. (2018). Cannabidiol (CBD)—what we know and what we don’t. Harvard Health 

Blog, 24.  

Guimarães, F. S., Chiaretti, T., Graeff, F., & Zuardi, A. (1990). Antianxiety effect of cannabidiol 

in the elevated plus-maze. Psychopharmacology, 100(4), 558-559.  

Hampson, A., Grimaldi, M., Axelrod, J., & Wink, D. (1998). Cannabidiol and (−) Δ9-

tetrahydrocannabinol are neuroprotective antioxidants. Proceedings of the National 

Academy of Sciences, 95(14), 8268-8273.  

Haskó, G., & Cronstein, B. N. (2004). Adenosine: an endogenous regulator of innate immunity. 

Trends in Immunology, 25(1), 33-39.  

Hayakawa, K., Mishima, K., Nozako, M., Ogata, A., Hazekawa, M., Liu, A.-X., . . . Egashira, N. 

(2007). Repeated treatment with cannabidiol but not Δ9-tetrahydrocannabinol has a 

neuroprotective effect without the development of tolerance. Neuropharmacology, 52(4), 

1079-1087.  

Henke, P. G. (1990). Hippocampal pathway to the amygdala and stress ulcer development. Brain 

Research Bulletin, 25(5), 691-695.  



 

 
95 

Henquet, C., Di Forti, M., Morrison, P., Kuepper, R., & Murray, R. M. (2008). Gene-

Environment Interplay Between Cannabis and Psychosis. Schizophrenia Bulletin, 34(6), 

1111-1121. doi:10.1093/schbul/sbn108 

Herkenham, M., Lynn, A. B., Johnson, M. R., Melvin, L. S., de Costa, B. R., & Rice, K. C. 

(1991). Characterization and localization of cannabinoid receptors in rat brain: a 

quantitative in vitro autoradiographic study. Journal of Neuroscience, 11(2), 563-583.  

Herkenham, M., Lynn, A. B., Little, M. D., Johnson, M. R., Melvin, L. S., De Costa, B. R., & 

Rice, K. C. (1990). Cannabinoid receptor localization in brain. Proceedings of the 

National Academy of Sciences, 87(5), 1932-1936. doi:10.1073/pnas.87.5.1932 

Herman, T. F., & Santos, C. (2019). First Pass Effect. In StatPearls [Internet]: StatPearls 

Publishing. 

Hitchcock, J., & Davis, M. (1986). Lesions of the amygdala, but not of the cerebellum or red 

nucleus, block conditioned fear as measured with the potentiated startle paradigm. 

Behavioral Neuroscience, 100(1), 11.  

Hoffman, A. F., Oz, M., Yang, R., Lichtman, A. H., & Lupica, C. R. (2007). Opposing actions of 

chronic Δ9-tetrahydrocannabinol and cannabinoid antagonists on hippocampal long-term 

potentiation. Learning & Memory, 14(1-2), 63-74.  

Hollister, L. E. (1973). Cannabidiol and cannabinol in man. Experientia, 29(7), 825-826. 

doi:10.1007/bf01946311 

Horwitz, A. V. (2013). Anxiety: A short history: Johns Hopkins University Press. 

Howell, D. C. (2010). Belmont, CA: Cengage Wadsworth. 

Howlett, A. (2005). Cannabinoid receptor signaling. In Cannabinoids (pp. 53-79): Springer. 



 

 
96 

Howlett, A., Barth, F., Bonner, T., Cabral, G., Casellas, P., Devane, W., . . . Martin, B. (2002). 

International Union of Pharmacology. XXVII. Classification of cannabinoid receptors. 

Pharmacological Reviews, 54(2), 161-202.  

Hsiao, Y.-T., Yi, P.-L., Li, C.-L., & Chang, F.-C. (2012). Effect of cannabidiol on sleep 

disruption induced by the repeated combination tests consisting of open field and 

elevated plus-maze in rats. Neuropharmacology, 62(1), 373-384. 

doi:10.1016/j.neuropharm.2011.08.013 

Huestis, M. A. (2007). Human cannabinoid pharmacokinetics. Chemistry & Biodiversity, 4(8), 

1770.  

Hunault, C. C., Mensinga, T. T., Böcker, K. B., Schipper, C. M. A., Kruidenier, M., Leenders, 

M. E., . . . Meulenbelt, J. (2009). Cognitive and psychomotor effects in males after 

smoking a combination of tobacco and cannabis containing up to 69 mg delta-9-

tetrahydrocannabinol (THC). Psychopharmacology, 204(1), 85-94.  

Huneke, N. T. M., Broulidakis, M. J., Darekar, A., Baldwin, D. S., & Garner, M. (2020). Brain 

functional connectivity correlates of response in the 7.5% CO2 Inhalational Model of 

generalized anxiety disorder: A Pilot Study. International Journal of 

Neuropsychopharmacology, 23(4), 268-273. doi:10.1093/ijnp/pyaa019 

Ilan, A. B., Smith, M. E., & Gevins, A. (2004). Effects of marijuana on neurophysiological 

signals of working and episodic memory. Psychopharmacology, 176(2), 214-222.  

Iuvone, T., Esposito, G., Esposito, R., Santamaria, R., Di Rosa, M., & Izzo, A. A. (2004). 

Neuroprotective effect of cannabidiol, a non-psychoactive component from Cannabis 

sativa, on beta-amyloid-induced toxicity in PC12 cells. Journal of Neurochemistry, 89(1), 

134-141. doi:10.1111/j.1471-4159.2003.02327.x 



 

 
97 

Izquierdo, G. (2017). Multiple sclerosis symptoms and spasticity management: New data. 

Neurodegenerative Disease Management, 7(6s), 7-11.  

Izzo, A. A., Borrelli, F., Capasso, R., Di Marzo, V., & Mechoulam, R. (2009). Non-psychotropic 

plant cannabinoids: New therapeutic opportunities from an ancient herb. Trends in 

Pharmacological Sciences, 30(10), 515-527.  

Jardine, R., Martin, N., Henderson, A., & Rao, D. (1984). Genetic covariation between 

neuroticism and the symptoms of anxiety and depression. Genetic Epidemiology, 1(2), 

89-107.  

Jenkinson, M. (2002). Fast, automated, N-dimensional phase-unwrapping algorithm. Magnetic 

Resonance in Medicine, 49(1), 193-197. doi:10.1002/mrm.10354 

Jenkinson, M., Bannister, P., Brady, M., & Smith, S. (2002). Improved optimization for the 

robust and accurate linear registration and motion correction of brain images. 

Neuroimage, 17(2), 825-841. doi:10.1006/nimg.2002.1132 

Jiang, Y., & He, S. (2006). Cortical responses to invisible faces: Dissociating subsystems for 

facial-information processing. Current Biology, 16(20), 2023-2029. 

doi:10.1016/j.cub.2006.08.084 

Kaminski, N. E., Abood, M. E., Kessler, F. K., Martin, B. R., & Schatz, A. R. (1992). 

Identification of a functionally relevant cannabinoid receptor on mouse spleen cells that 

is involved in cannabinoid-mediated immune modulation. Molecular pharmacology, 

42(5), 736.  

Katona, I., Sperlagh, B., Maglóczky, Z., Santha, E., Köfalvi, A., Czirjak, S., . . . Freund, T. 

(2000). GABAergic interneurons are the targets of cannabinoid actions in the human 

hippocampus. Neuroscience, 100(4), 797-804.  



 

 
98 

Kehne, J., Cassella, J., & Davis, M. (1988). Anxiolytic effects of buspirone and gepirone in the 

fear-potentiated startle paradigm. Psychopharmacology, 94(1), 8-13.  

Kennedy, B. L., Schwab, J. J., Morris, R. L., & Beldia, G. (2001). Assessment of state and trait 

anxiety in subjects with anxiety and depressive disorders. Psychiatric Quarterly, 72(3), 

263-276.  

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R., & Walters, E. E. (2005). 

Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the National 

Comorbidity Survey Replication. Archives of General Psychiatry, 62(6), 593. 

doi:10.1001/archpsyc.62.6.593 

Kheirbek, M. A., Drew, L. J., Burghardt, N. S., Costantini, D. O., Tannenholz, L., Ahmari, S. E., 

. . . Hen, R. (2013). Differential control of learning and anxiety along the dorsoventral 

axis of the dentate gyrus. Neuron, 77(5), 955-968.  

Killgore, W. D., & Yurgelun-Todd, D. A. (2004). Activation of the amygdala and anterior 

cingulate during nonconscious processing of sad versus happy faces. Neuroimage, 21(4), 

1215-1223.  

Kim, J. J., & Fanselow, M. S. (1992). Modality-specific retrograde amnesia of fear. Science, 

256(5057), 675-677.  

Kindred, J. H., Li, K., Ketelhut, N. B., Proessl, F., Fling, B. W., Honce, J. M., . . . Rudroff, T. 

(2017). Cannabis use in people with Parkinson’s disease and Multiple Sclerosis: A web-

based investigation. Complementary Therapies in Medicine, 33, 99-104.  

Klein, A., Ghosh, S. S., Bao, F. S., Giard, J., Häme, Y., Stavsky, E., . . . Keshavan, A. (2017). 

Mindboggling morphometry of human brains. PLoS computational biology, 13(2), 

e1005350-e1005350. doi:10.1371/journal.pcbi.1005350 



 

 
99 

Klumpp, H., Angstadt, M., & Phan, K. L. (2012). Shifting the focus of attention modulates 

amygdala and anterior cingulate cortex reactivity to emotional faces. Neuroscience 

Letters, 514(2), 210-213.  

Kozela, E., Lev, N., Kaushansky, N., Eilam, R., Rimmerman, N., Levy, R., . . . Vogel, Z. (2011). 

Cannabidiol inhibits pathogenic T cells, decreases spinal microglial activation and 

ameliorates multiple sclerosis‐like disease in C57BL/6 mice. British Journal of 

Pharmacology, 163(7), 1507-1519.  

Ksir, C., & Hart, C. L. (2016). Cannabis and psychosis: A critical overview of the relationship. 

Current Psychiatry Reports, 18(2), 12.  

Landgraf, R., & Wigger, A. (2002). High vs low anxiety-related behavior rats: an animal model 

of extremes in trait anxiety. Behavior Genetics, 32(5), 301-314.  

Laumann, T. O., Gordon, E. M., Adeyemo, B., Snyder, A. Z., Joo, S. J., Chen, M.-Y., . . . 

Dosenbach, N. U. (2015). Functional system and areal organization of a highly sampled 

individual human brain. Neuron, 87(3), 657-670.  

Leas, E. C., Nobles, A. L., Caputi, T. L., Dredze, M., Smith, D. M., & Ayers, J. W. (2019). 

Trends in internet searches for Cannabidiol (CBD) in the United States. JAMA Network 

Open, 2(10), e1913853. doi:10.1001/jamanetworkopen.2019.13853 

Ledent, C., Valverde, O., Cossu, G., Petitet, F., Aubert, J.-F., Beslot, F., . . . Roques, B. P. 

(1999). Unresponsiveness to cannabinoids and reduced addictive effects of opiates in 

CB1 receptor knockout mice. Science, 283(5400), 401-404.  

LeDoux, J. (2012). Rethinking the emotional brain. Neuron, 73(4), 653-676. 

doi:10.1016/j.neuron.2012.02.004 



 

 
100 

LeDoux, J., Brown, R., Pine, D., & Hofmann, S. (2018). Know thyself: Well-being and subjective 

experience. Paper presented at the Cerebrum: the Dana forum on brain science. 

LeDoux, J., Cicchetti, P., Xagoraris, A., & Romanski, L. M. (1990). The lateral amygdaloid 

nucleus: sensory interface of the amygdala in fear conditioning. Journal of Neuroscience, 

10(4), 1062-1069.  

LeDoux, J., & Hofmann, S. G. (2018). The subjective experience of emotion: A fearful view. 

Current Opinion in Behavioral Sciences, 19, 67-72. doi:10.1016/j.cobeha.2017.09.011 

LeDoux, J., & Pine, D. S. (2016). Using neuroscience to help understand fear and anxiety: A 

two-system framework. American Journal of Psychiatry, 173(11), 1083-1093. 

doi:10.1176/appi.ajp.2016.16030353 

Leite, J. R., Maria De Lourdes, V. S., Sartori, V. A., & Andreatini, R. (1999). The video-

recorded Stroop Color-Word Test as a new model of experimentally-induced anxiety. 

Progress in Neuro-Psychopharmacology and Biological Psychiatry, 23(5), 809-822.  

Liddell, B. J., Brown, K. J., Kemp, A. H., Barton, M. J., Das, P., Peduto, A., . . . Williams, L. M. 

(2005). A direct brainstem–amygdala–cortical ‘alarm’system for subliminal signals of 

fear. Neuroimage, 24(1), 235-243.  

Linares, I. M., Zuardi, A., Pereira, L. C., Queiroz, R. H., Mechoulam, R., Guimarães, F. S., & 

Crippa, J. A. (2019). Cannabidiol presents an inverted U-shaped dose-response curve in a 

simulated public speaking test. Brazilian Journal of Psychiatry, 41(1), 9-14. 

doi:10.1590/1516-4446-2017-0015 

Liu, J., Gao, B., Mirshahi, F., Sanyal, A. J., Khanolkar, A. D., Makriyannis, A., & Kunos, G. 

(2000). Functional CB1 cannabinoid receptors in human vascular endothelial cells. 

Biochemical Journal, 346(3), 835-840.  



 

 
101 

Liu, T., Clark, R., McDonnell, P., Young, P., White, R., Barone, F., & Feuerstein, G. (1994). 

Tumor necrosis factor-alpha expression in ischemic neurons. Stroke, 25(7), 1481-1488.  

Luo, Q., Holroyd, T., Jones, M., Hendler, T., & Blair, J. (2007). Neural dynamics for facial 

threat processing as revealed by gamma band synchronization using MEG. Neuroimage, 

34(2), 839-847.  

Macintyre, P. D., & Gardner, R. C. (1994). The effects of induced anxiety on three stages of 

cognitive processing in computerized vocabulary learning. Studies in Second Language 

Acquisition, 16(1), 1-17. doi:10.1017/s0272263100012560 

Mackie, K. (2005). Distribution of cannabinoid receptors in the central and peripheral nervous 

system. In Cannabinoids (pp. 299-325): Springer. 

Mailleux, P., & Vanderhaeghen, J.-J. (1992). Distribution of neuronal cannabinoid receptor in 

the adult rat brain: a comparative receptor binding radioautography and in situ 

hybridization histochemistry. Neuroscience, 48(3), 655-668.  

Mallada Frechín, J. (2018). Effect of tetrahydrocannabinol: cannabidiol oromucosal spray on 

activities of daily living in multiple sclerosis patients with resistant spasticity: a 

retrospective, observational study. Neurodegenerative Disease Management, 8(3), 151-

159.  

Malmo, R. B. (1957). Anxiety and behavioral arousal. Psychological Review, 64(5), 276.  

Maren, S., & Fanselow, M. S. (1997). Electrolytic lesions of the fimbria/fornix, dorsal 

hippocampus, or entorhinal cortex produce anterograde deficits in contextual fear 

conditioning in rats. Neurobiology of Learning Memory, 67(2), 142–149. 

doi.org/10.1006/nlme.1996.3752 

 



 

 
102 

Mars, R. B., Sallet, J., Schuffelgen, U., Jbabdi, S., Toni, I., & Rushworth, M. F. S. (2012). 

Connectivity-based Ssubdivisions of the human right "Temporoparietal Junction Area": 

evidence for different areas participating in different cortical networks. Cerebral Cortex, 

22(8), 1894-1903. doi:10.1093/cercor/bhr268 

Marsicano, G., Wotjak, C. T., Azad, S. C., Bisogno, T., Rammes, G., Cascio, M. G., . . . 

Zieglgänsberger, W. (2002). The endogenous cannabinoid system controls extinction of 

aversive memories. Nature, 418(6897), 530-534.  

Martín-Moreno, A. M., Reigada, D., Ramírez, B. G., Mechoulam, R., Innamorato, N., Cuadrado, 

A., & de Ceballos, M. L. (2011). Cannabidiol and other cannabinoids reduce microglial 

activation in vitro and in vivo: relevance to Alzheimer's disease. Molecular 

Pharmacology, 79(6), 964-973.  

Martin-Santos, R., a Crippa, J., Batalla, A., Bhattacharyya, S., Atakan, Z., Borgwardt, S., . . . 

Farre, M. (2012). Acute effects of a single, oral dose of d9-tetrahydrocannabinol (THC) 

and cannabidiol (CBD) administration in healthy volunteers. Current Pharmaceutical 

Design, 18(32), 4966-4979.  

Masataka, N. (2019). Anxiolytic effects of repeated Cannabidiol Ttreatment in teenagers with 

social anxiety Ddisorders. Frontiers in Psychology, 10. doi:10.3389/fpsyg.2019.02466 

Matsuda, L. A., Bonner, T. I., & Lolait, S. J. (1993). Localization of cannabinoid receptor 

mRNA in rat brain. Journal of Comparative Neurology, 327(4), 535-550.  

Mayo, L. M., Asratian, A., Lindé, J., Holm, L., Nätt, D., Augier, G., . . . Heilig, M. (2020). 

Protective effects of elevated anandamide on stress and fear-related behaviors: 

translational evidence from humans and mice. Molecular Psychiatry, 25(5), 993-1005. 

doi:10.1038/s41380-018-0215-1 



 

 
103 

McClearn, G. E. (1960). Strain differences in activity of mice: Influence of illumination. Journal 

of Comparative and Physiological Psychology, 53(2), 142.  

McGrath, J., Welham, J., Scott, J., Varghese, D., Degenhardt, L., Hayatbakhsh, M. R., . . . 

Najman, J. M. (2010). Association between cannabis use and psychosis-related outcomes 

using sibling pair analysis in a cohort of young adults. Archives of General Psychiatry, 

67(5), 440-447.  

McNair, D. M., Frankenthaler, L. M., Czerlinsky, T., White, T. W., Sasson, S., & Fisher, S. 

(1982). Simulated public speaking as a model of clinical anxiety. Psychopharmacology, 

77(1), 7-10.  

Mecha, M., Torrao, A. S., Mestre, L., Carrillo-Salinas, F. J., Mechoulam, R., & Guaza, C. 

(2012). Cannabidiol protects oligodendrocyte progenitor cells from inflammation-

induced apoptosis by attenuating endoplasmic reticulum stress. Nature, 3(6), e331. 

doi:10.1038/cddis.2012.71 

Mechoulam, R. (1986). The pharmacohistory of Cannabis sativa. Cannabinoids as Therapeutic 

Agents, 1-19.  

Mechoulam, R., & Ben-Shabat, S. (1999). From gan-zi-gun-nu to anandamide and 2-

arachidonoylglycerol: the ongoing story of cannabis. Natural Product Reports, 16(2), 

131-143.  

Mechoulam, R., & Parker, L. A. (2013). The Endocannabinoid System and the Brain. Annual 

Review of Psychology, 64(1), 21-47. doi:10.1146/annurev-psych-113011-143739 

Mechoulam, R., Parker, L. A., & Gallily, R. (2002). Cannabidiol: An overview of some 

pharmacological aspects. The Journal of Clinical Pharmacology, 42(S1), 11S-19S.  



 

 
104 

Mechoulam, R., Peters, M., Murillo‐Rodriguez, E., & Hanuš, L. (2007). Cannabidiol–recent 

advances. Chemistry & Biodiversity, 4(8), 1678-1692.  

Mechoulam, R., & Shvo, Y. (1963). Hashish—I: the structure of cannabidiol. Tetrahedron, 

19(12), 2073-2078.  

Millar, S. A., Stone, N. L., Yates, A. S., & O'Sullivan, S. E. (2018). A systematic review on the 

pharmacokinetics of cannabidiol in humans. Frontiers in Pharmacology, 9. 

doi:10.3389/fphar.2018.01365 

Miller, J. J., Fletcher, K., & Kabat-Zinn, J. (1995). Three-year follow-up and clinical 

implications of a mindfulness meditation-based stress reduction intervention in the 

treatment of anxiety disorders. General Hospital Psychiatry, 17(3), 192-200.  

Mineka, S., Watson, D., & Clark, L. A. (1998). Comorbidity of anxiety and unipolar mood 

disorders. Annual Review of Psychology, 49(1), 377-412.  

Moore, T. H., Zammit, S., Lingford-Hughes, A., Barnes, T. R., Jones, P. B., Burke, M., & Lewis, 

G. (2007). Cannabis use and risk of psychotic or affective mental health outcomes: A 

systematic review. Lancet, 370, 319-328.  

Moreira, F. A., Aguiar, D. C., & Guimarães, F. S. (2006). Anxiolytic-like effect of cannabidiol in 

the rat Vogel conflict test. Progress in Neuro-Psychopharmacology and Biological 

Psychiatry, 30(8), 1466-1471.  

Morena, M., Aukema, R. J., Leitl, K. D., Rashid, A. J., Vecchiarelli, H. A., Josselyn, S. A., & 

Hill, M. N. (2019). Upregulation of anandamide hydrolysis in the basolateral complex of 

amygdala reduces fear memory expression and indices of stress and anxiety. Journal of 

Neuroscience, 39(7), 1275-1292.  



 

 
105 

Morris, J. S., Frith, C. D., Perrett, D. I., Rowland, D., Young, A. W., Calder, A. J., & Dolan, R. J. 

(1996). A differential neural response in the human amygdala to fearful and happy facial 

expressions. Nature, 383(6603), 812-815.  

Morris, J. S., Öhman, A., & Dolan, R. J. (1999). A subcortical pathway to the right amygdala 

mediating “unseen” fear. Proceedings of the National Academy of Sciences, 96(4), 1680-

1685.  

Morrison, P., Zois, V., McKeown, D., Lee, T., Holt, D., Powell, J., . . . Murray, R. (2009). The 

acute effects of synthetic intravenous [Delta] 9-tetrahydrocannabinol on psychosis, mood 

and cognitive functioning. Psychological Medicine, 39(10), 1607.  

Morrison, P. D., Zois, V., McKeown, D. A., Lee, T. D., Holt, D. W., Powell, J. F., . . . Murray, 

R. M. (2009). The acute effects of synthetic intravenous Δ9-tetrahydrocannabinol on 

psychosis, mood and cognitive functioning. Psychological Medicine, 39(10), 1607. 

doi:10.1017/s0033291709005522 

Moser, M. B., & Moser, E. I. (1998). Functional differentiation in the hippocampus. 

Hippocampus, 8(6), 608-619.  

Mountjoy, C., & Roth, M. (1982). Studies in the relationship between depressive disorders and 

anxiety states: Part 1. Rating scales. Journal of Affective Disorders, 4(2), 127-147.  

Munro, S., Thomas, K. L., & Abu-Shaar, M. (1993). Molecular characterization of a peripheral 

receptor for cannabinoids. Nature, 365(6441), 61.  

Musto, D. F. (1972). The marihuana tax act of 1937. Archives of General Psychiatry, 26(2), 101-

108.  

Musty, R., Conti, L., & Mechoulam, R. (1985). Anxiolytic properties of cannabidiol. Paper 

presented at the Marihuana '84: proceedings of the Oxford Symposium on Cannabis: 9th 



 

 
106 

International Congress of Pharmacology, 3rd Satellite Symposium on Cannabis/edited by 

DJ Harvey; assistant editors Sir William Paton, GG Nahas. 

National Academies of Sciences, E., & Medicine. (2017). The Health Effects of Cannabis and 

Cannabinoids: The Current State of Evidence and Recommendations for Research. 

Washington, DC: The National Academies Press. 

Nazario, L. R., Antonioli, R., Capiotti, K. M., Hallak, J. E. C., Zuardi, A., Crippa, J. A. S., . . . da 

Silva, R. S. (2015). Caffeine protects against memory loss induced by high and non-

anxiolytic dose of cannabidiol in adult zebrafish (Danio rerio). Pharmacology 

Biochemistry and Behavior, 100(135), 210-216.  

NIDA. (2020, April 2020). Marijuana Research Report. What is the scope of marijuana use in 

the United States? Retrieved from https://www.drugabuse.gov/publications/research-

reports/marijuana/what-scope-marijuana-use-in-united-states 

Núñez, E., Benito, C., Pazos, M. R., Barbachano, A., Fajardo, O., González, S., . . . Romero, J. 

(2004). Cannabinoid CB2 receptors are expressed by perivascular microglial cells in the 

human brain: an immunohistochemical study. Synapse, 53(4), 208-213.  

Onaivi, E. S., Green, M. R., & Martin, B. R. (1990). Pharmacological characterization of 

cannabinoids in the elevated plus maze. Journal of Pharmacology and Experimental 

Therapeutics, 253(3), 1002-1009.  

Organization, W. H. (2020).  

Management of substance abuse: cannabis. Retrieved from 

https://www.who.int/substance_abuse/facts/cannabis/en/ 



 

 
107 

Orton, I. K., Beiman, I., LaPointe, K., & Lankford, A. (1983). Induced states of anxiety and 

depression: Effects on self-reported affect and tonic psychophysiological response. 

Cognitive Therapy and Research, 7(3), 233-244.  

Osei-Hyiaman, D., DePetrillo, M., Pacher, P., Liu, J., Radaeva, S., Bátkai, S., . . . Wang, L. 

(2005). Endocannabinoid activation at hepatic CB 1 receptors stimulates fatty acid 

synthesis and contributes to diet-induced obesity. The Journal of clinical investigation, 

115(5), 1298-1305.  

Pacher, P., Bátkai, S., & Kunos, G. (2006). The Endocannabinoid System as an Emerging Target 

of Pharmacotherapy. Pharmacological Reviews, 58(3), 389-462. doi:10.1124/pr.58.3.2 

Pacher, P., & Mechoulam, R. (2011). Is lipid signaling through cannabinoid 2 receptors part of a 

protective system? Progress in Lipid Research, 50(2), 193-211. 

doi:10.1016/j.plipres.2011.01.001 

Papadopoulos, A., Rich, A., Nutt, D., & Bailey, J. (2010). The effects of single dose anxiolytic 

medication on the CO2 models of anxiety: differentiation of subjective and objective 

measures. Journal of Psychopharmacology, 24(5), 649-656.  

Paré, D., & Quirk, G. J. (2017). When scientific paradigms lead to tunnel vision: lessons from 

the study of fear. npj Science of Learning, 2(1). doi:10.1038/s41539-017-0007-4 

Peralta, V., & Cuesta, M. J. (1992). Influence of cannabis abuse on schizophrenic 

psychopathology. Acta Psychiatrica Scandinavica, 85(2), 127-130.  

Pertwee, R. G. (2009). Cannabinoid pharmacology: the first 66 years. British Journal of 

Pharmacology, 147(S1), S163-S171. doi:10.1038/sj.bjp.0706406 

Perusini, J. N., & Fanselow, M. S. (2015). Neurobehavioral perspectives on the distinction 

between fear and anxiety. Learning & Memory, 22(9), 417-425.  



 

 
108 

Phillips, J. P., & Giancola, P. R. (2008). Experimentally induced anxiety attenuates alcohol-

related aggression in men. Experimental and Clinical Psychopharmacology, 16(1), 43.  

Phillips, R., & LeDoux, J. (1992). Differential contribution of amygdala and hippocampus to 

cued and contextual fear conditioning. Behavioral neuroscience, 106(2), 274.  

Pissiota, A., Frans, Ö., Michelgård, Å., Appel, L., Långström, B., Flaten, M. A., & Fredrikson, 

M. (2003). Amygdala and anterior cingulate cortex activation during affective startle 

modulation: a PET study of fear. European Journal of Neuroscience, 18(5), 1325-1331.  

Pitcher, D., Japee, S., Rauth, L., & Ungerleider, L. G. (2017). The superior temporal sulcus is 

causally connected to the amygdala: a combined TBS-fMRI study. Journal of 

Neuroscience, 37(5), 1156-1161.  

Poldrack, R. A., Mumford, J. A., & Nichols, T. E. (2011). Handbook of functional MRI data 

analysis: Cambridge University Press. 

Power, J. D., Mitra, A., Laumann, T. O., Snyder, A. Z., Schlaggar, B. L., & Petersen, S. E. 

(2014). Methods to detect, characterize, and remove motion artifact in resting state fMRI. 

Neuroimage, 84, 320-341. doi:10.1016/j.neuroimage.2013.08.048 

Pruim, R. H. R., Mennes, M., van Rooij, D., Llera, A., Buitelaar, J. K., & Beckmann, C. F. 

(2015). ICA-AROMA: A robust ICA-based strategy for removing motion artifacts from 

fMRI data. Neuroimage, 112, 267-277. doi:10.1016/j.neuroimage.2015.02.064 

Rais, M., Cahn, W., Van Haren, N., Schnack, H., Caspers, E., Hulshoff Pol, H., & Kahn, R. 

(2008). Excessive brain volume loss over time in cannabis-using first-episode 

schizophrenia patients. American Journal of Psychiatry, 165(4), 490-496.  



 

 
109 

Rakhshan, F., Day, T. A., Blakely, R. D., & Barker, E. L. (2000). Carrier-mediated uptake of the 

endogenous cannabinoid anandamide in RBL-2H3 cells. Journal of Pharmacology and 

Experimental Therapeutics, 292(3), 960-967.  

Ramírez, B. G., Blázquez, C., del Pulgar, T. G., Guzmán, M., & de Ceballos, M. L. (2005). 

Prevention of Alzheimer's disease pathology by cannabinoids: neuroprotection mediated 

by blockade of microglial activation. Journal of Neuroscience, 25(8), 1904-1913.  

Ribeiro, A., Ferraz-De-Paula, V., Pinheiro, M. L., Vitoretti, L. B., Mariano-Souza, D. P., 

Quinteiro-Filho, W. M., . . . Palermo-Neto, J. (2012). Cannabidiol, a non-psychotropic 

plant-derived cannabinoid, decreases inflammation in a murine model of acute lung 

injury: Role for the adenosine A2A receptor. European journal of pharmacology, 678(1-

3), 78-85. doi:10.1016/j.ejphar.2011.12.043 

Riskind, J. H., Beck, A. T., Berchick, R. J., Brown, G., & Steer, R. A. (1987). Reliability of 

DSM-III diagnoses for major depression and generalized anxiety disorder using the 

structured clinical interview for DSM-III. Archives of General Psychiatry, 44(9), 817-

820.  

Robinson, J. L., Barron, D. S., Kirby, L. A., Bottenhorn, K. L., Hill, A. C., Murphy, J. E., . . . 

Fox, P. T. (2015). Neurofunctional topography of the human hippocampus. Human brain 

mapping, 36(12), 5018-5037.  

Robinson, O. J., Vytal, K., Cornwell, B. R., & Grillon, C. (2013). The impact of anxiety upon 

cognition: perspectives from human threat of shock studies. Frontiers in Human 

Neuroscience, 7. doi:10.3389/fnhum.2013.00203 

Rodríguez-Sánchez, J. M., Ayesa-Arriola, R., Mata, I., Moreno-Calle, T., Perez-Iglesias, R., 

González-Blanch, C., . . . Crespo-Facorro, B. (2010). Cannabis use and cognitive 



 

 
110 

functioning in first-episode schizophrenia patients. Schizophrenia Research, 124(1-3), 

142-151.  

Rossi, V., & Pourtois, G. (2012). Transient state-dependent fluctuations in anxiety measured 

using STAI, POMS, PANAS or VAS: a comparative review. Anxiety, Stress & Coping, 

25(6), 603-645.  

Russell, J. A. (1980). A circumplex model of affect. Journal of personality and social 

psychology, 39(6), 1161.  

Russo, E. (2011). Taming THC: potential cannabis synergy and phytocannabinoid‐terpenoid 

entourage effects. British Journal of Pharmacology, 163(7), 1344-1364.  

Russo, E., & Guy, G. W. (2006). A tale of two cannabinoids: the therapeutic rationale for 

combining tetrahydrocannabinol and cannabidiol. Medical hypotheses, 66(2), 234-246.  

Salazar, M., Carracedo, A., Salanueva, Í. J., Hernández-Tiedra, S., Lorente, M., Egia, A., . . . 

Velasco, G. (2009). Cannabinoid action induces autophagy-mediated cell death through 

stimulation of ER stress in human glioma cells. Journal of Clinical Investigation, 119(5), 

1359-1372. doi:10.1172/jci37948 

Sapolsky, R. M., Uno, H., Rebert, C. S., & Finch, C. E. (1990). Hippocampal damage associated 

with prolonged glucocorticoid exposure in primates. Journal of Neuroscience, 10(9), 

2897-2902.  

Sareen, J., Cox, B. J., Afifi, T. O., De Graaf, R., Asmundson, G. J. G., Ten Have, M., & Stein, 

M. B. (2005). Anxiety Disorders and Risk for Suicidal Ideation and Suicide Attempts. 

Archives of General Psychiatry, 62(11), 1249. doi:10.1001/archpsyc.62.11.1249 



 

 
111 

Sarris, J., Sinclair, J., Karamacoska, D., Davidson, M., & Firth, J. (2020). Medicinal cannabis for 

psychiatric disorders: a clinically-focused systematic review. BMC psychiatry, 20(1). 

doi:10.1186/s12888-019-2409-8 

Sayette, M. A., Martin, C. S., Perrott, M. A., Wertz, J. M., & Hufford, M. R. (2001). A test of the 

appraisal-disruption model of alcohol and stress. Journal of Studies on Alcohol, 62(2), 

247-256.  

Schatz, A. R., Lee, M., Condie, R. B., Pulaski, J. T., & Kaminski, N. E. (1997). Cannabinoid 

receptors CB1 and CB2: a characterization of expression and adenylate cyclase 

modulation within the immune system. Toxicology and applied pharmacology, 142(2), 

278-287.  

Schmidt, N. B., & Zvolensky, M. J. (2007). Anxiety sensitivity and CO2 challenge reactivity as 

unique and interactive prospective predictors of anxiety pathology. Depression and 

anxiety, 24(8), 527-536.  

Schmitz, A., & Grillon, C. (2012). Assessing fear and anxiety in humans using the threat of 

predictable and unpredictable aversive events (the NPU-threat test). Nature protocols, 

7(3), 527.  

Selden, N., Everitt, B., Jarrard, L., & Robbins, T. (1991). Complementary roles for the amygdala 

and hippocampus in aversive conditioning to explicit and contextual cues. Neuroscience, 

42(2), 335-350.  

Shannon, S. (2019). Cannabidiol in Anxiety and Sleep: A Large Case Series. The Permanente 

Journal. doi:10.7812/tpp/18-041 

Spielberger, C. D. (1966). Anxiety and behavior: Academic Press. 



 

 
112 

Spielberger, C. D. (1970). Manual for the State-trait Anxietry, Inventory. Consulting 

Psychologist.  

Spielberger, C. D., & Smith, L. H. (1966). Anxiety (drive), stress, and serial-position effects in 

serial-verbal learning. Journal of Experimental Psychology, 72(4), 589.  

Strehl, U., Leins, U., Goth, G., Klinger, C., Hinterberger, T., & Birbaumer, N. (2006). Self-

regulation of Slow Cortical Potentials: A New Treatment for Children With Attention-

Deficit/Hyperactivity Disorder. Pediatrics, 118(5), e1530-e1540. doi:10.1542/peds.2005-

2478 

Stuyt, E. (2018). The problem with the current high potency THC marijuana from the 

perspective of an addiction psychiatrist. Missouri medicine, 115(6), 482.  

Sullivan, G., Apergis, J., Bush, D., Johnson, L. R., Hou, M., & Ledoux, J. (2004). Lesions in the 

bed nucleus of the stria terminalis disrupt corticosterone and freezing responses elicited 

by a contextual but not by a specific cue-conditioned fear stimulus. Neuroscience, 128(1), 

7-14.  

Swardfager, W., Lanctôt, K., Rothenburg, L., Wong, A., Cappell, J., & Herrmann, N. (2010). A 

meta-analysis of cytokines in Alzheimer's disease. Biological psychiatry, 68(10), 930-

941.  

Sylvers, P., Lilienfeld, S. O., & Laprairie, J. L. (2011). Differences between trait fear and trait 

anxiety: Implications for psychopathology. Clinical Psychology Review, 31(1), 122-137. 

doi:10.1016/j.cpr.2010.08.004 

Tamietto, M., Castelli, L., Vighetti, S., Perozzo, P., Geminiani, G., Weiskrantz, L., & de Gelder, 

B. (2009). Unseen facial and bodily expressions trigger fast emotional reactions. 

Proceedings of the National Academy of Sciences, 106(42), 17661-17666.  



 

 
113 

Thomas, A., Baillie, G. L., Phillips, A. M., Razdan, R. K., Ross, R. A., & Pertwee, R. G. (2009). 

Cannabidiol displays unexpectedly high potency as an antagonist of CB1 and CB2 

receptor agonists in vitro. British Journal of Pharmacology, 150(5), 613-623. 

doi:10.1038/sj.bjp.0707133 

Tien, A. Y., & Anthony, J. C. (1990). Epidemiological analysis of alcohol and drug use as risk 

factors for psychotic experiences. Journal of Nervous and Mental Disease.  

Treiber, J. M., White, N. S., Steed, T. C., Bartsch, H., Holland, D., Farid, N., . . . Chen, C. C. 

(2016). Characterization and Correction of Geometric Distortions in 814 Diffusion 

Weighted Images. PloS one, 11(3), e0152472-e0152472. 

doi:10.1371/journal.pone.0152472 

Tukey, J. W. (1977). Exploratory data analysis (Vol. 2): Reading, Mass. 

Tunnicliff, G. (1991). Molecular Basis of Buspirone's Anxiolytic Action. Pharmacology & 

Toxicology, 69(3), 149-156. doi:10.1111/j.1600-0773.1991.tb01289.x 

Tustison, N. J., Avants, B. B., Cook, P. A., Zheng, Y., Egan, A., Yushkevich, P. A., & Gee, J. C. 

(2010). N4ITK: improved N3 bias correction. IEEE transactions on medical imaging, 

29(6), 1310-1320. doi:10.1109/TMI.2010.2046908 

Valdeolivas, S., Satta, V., Pertwee, R. G., Fernández-Ruiz, J., & Sagredo, O. (2012). Sativex-like 

combination of phytocannabinoids is neuroprotective in malonate-lesioned rats, an 

inflammatory model of Huntington’s disease: role of CB1 and CB2 receptors. ACS 

chemical neuroscience, 3(5), 400-406.  

Van den Hout, M. A., & Griez, E. (1984). Panic symptoms after inhalation of carbondioxide. The 

British Journal of Psychiatry, 144(5), 503-507.  



 

 
114 

Van Os, J., Bak, M., Hanssen, M., Bijl, R., De Graaf, R., & Verdoux, H. (2002). Cannabis use 

and psychosis: a longitudinal population-based study. American journal of epidemiology, 

156(4), 319-327.  

Van Sickle, M. D., Duncan, M., Kingsley, P. J., Mouihate, A., Urbani, P., Mackie, K., . . . 

Davison, J. S. (2005). Identification and functional characterization of brainstem 

cannabinoid CB2 receptors. Science, 310(5746), 329-332.  

Vara, D., Salazar, M., Olea-Herrero, N., Guzmán, M., Velasco, G., & Díaz-Laviada, I. (2011). 

Anti-tumoral action of cannabinoids on hepatocellular carcinoma: role of AMPK-

dependent activation of autophagy. 18(7), 1099-1111. doi:10.1038/cdd.2011.32 

Varvel, S., Hamm, R., Martin, B., & Lichtman, A. (2001). Differential effects of Δ 9-THC on 

spatial reference and working memory in mice. Psychopharmacology, 157(2), 142-150.  

Velten, E. (1968). A laboratory task for induction of mood states. Behaviour research and 

therapy, 6(4), 473-482.  

Vigil, J. M., Stith, S. S., Adams, I. M., & Reeve, A. P. (2017). Associations between medical 

cannabis and prescription opioid use in chronic pain patients: a preliminary cohort study. 

PloS one, 12(11), e0187795.  

Vogel, J. R., Beer, B., & Clody, D. E. (1971). A simple and reliable conflict procedure for testing 

anti-anxiety agents. Psychopharmacologia, 21(1), 1-7. doi:10.1007/bf00403989 

Volicer, L., Stelly, M., Morris, J., McLaughlin, J., & Volicer, B. J. (1997). Effects of dronabinol 

on anorexia and disturbed behavior in patients with Alzheimer's disease. International 

Journal of Geriatric Psychiatry, 12(9), 913-919.  

Volkow, N. D. (2009). Substance use disorders in schizophrenia—clinical implications of 

comorbidity. In: Oxford University Press. 



 

 
115 

Vøllestad, J., Sivertsen, B., & Nielsen, G. H. (2011). Mindfulness-based stress reduction for 

patients with anxiety disorders: Evaluation in a randomized controlled trial. Behaviour 

Research and Therapy, 49(4), 281-288.  

Walker, D. L., & Davis, M. (1997a). Anxiogenic effects of high illumination levels assessed with 

the acoustic startle response in rats. Biological Psychiatry, 42(6), 461-471.  

Walker, D. L., & Davis, M. (1997b). Double dissociation between the involvement of the bed 

nucleus of the stria terminalis and the central nucleus of the amygdala in startle increases 

produced by conditioned versus unconditioned fear. Journal of Neuroscience, 17(23), 

9375-9383.  

Walther, S., Mahlberg, R., Eichmann, U., & Kunz, D. (2006). Delta-9-tetrahydrocannabinol for 

nighttime agitation in severe dementia. Psychopharmacology, 185(4), 524-528.  

Wang, F., Kalmar, J. H., He, Y., Jackowski, M., Chepenik, L. G., Edmiston, E. K., . . . Jones, M. 

(2009). Functional and structural connectivity between the perigenual anterior cingulate 

and amygdala in bipolar disorder. Biological Psychiatry, 66(5), 516-521.  

Wang, S., Peterson, D. J., Gatenby, J. C., Li, W., Grabowski, T. J., & Madhyastha, T. M. (2017). 

Evaluation of Field Map and Nonlinear Registration Methods for Correction of 

Susceptibility Artifacts in Diffusion MRI. Frontiers in Neuroinformatics, 11, 17-17. 

doi:10.3389/fninf.2017.00017 

Watanabe, K., Kayano, Y., Matsunaga, T., Yamamoto, I., & Yoshimura, H. (1996). Inhibition of 

anandamide amidase activity in mouse brain microsomes by cannabinoids. Biological 

and Pharmaceutical Bulletin, 19(8), 1109-1111.  



 

 
116 

Whiting, P. F., Wolff, R. F., Deshpande, S., Di Nisio, M., Duffy, S., Hernandez, A. V., . . . 

Kleijnen, J. (2015). Cannabinoids for medical use. Journal of the American Medical 

Asoociation, 313(24), 2456. doi:10.1001/jama.2015.6358 

Wieser, M. J., Pauli, P., Reicherts, P., & Mühlberger, A. (2010). Don't look at me in anger! 

Enhanced processing of angry faces in anticipation of public speaking. Psychophysiology, 

47(2), 271-280.  

Williams, L. M., Liddell, B. J., Kemp, A. H., Bryant, R. A., Meares, R. A., Peduto, A. S., & 

Gordon, E. (2006). Amygdala–prefrontal dissociation of subliminal and supraliminal 

fear. Human Brain Mapping, 27(8), 652-661.  

Williams, L. M., Liddell, B. J., Rathjen, J., Brown, K. J., Gray, J., Phillips, M., . . . Gordon, E. 

(2004). Mapping the time course of nonconscious and conscious perception of fear: an 

integration of central and peripheral measures. Human Brain Mapping, 21(2), 64-74.  

Wise, L. E., Thorpe, A. J., & Lichtman, A. H. (2009). Hippocampal CB 1 receptors mediate the 

memory impairing effects of Δ 9-tetrahydrocannabinol. Neuropsychopharmacology, 

34(9), 2072-2080.  

Woods, S. W., Charney, D. S., Goodman, W. K., & Heninger, G. R. (1988). Carbon dioxide—

induced anxiety: behavioral, physiologic, and biochemical effects of carbon dioxide in 

patients with panic disorders and healthy subjects. Archives of General Psychiatry, 45(1), 

43-52.  

Woolrich, M. W., Ripley, B. D., Brady, M., & Smith, S. M. (2001). Temporal autocorrelation in 

univariate linear modeling of FMRI data. NeuroImage, 14(6), 1370–

1386. doi/10.1006/nimg.2001.0931 



 

 
117 

Wu, J., Bie, B., Yang, H., Xu, J. J., Brown, D. L., & Naguib, M. (2013). Activation of the CB2 

receptor system reverses amyloid-induced memory deficiency. Neurobiology of Aging, 

34(3), 791-804.  

Yáñez, J. A., Wang, S. W. J., Knemeyer, I. W., Wirth, M. A., & Alton, K. B. (2011). Intestinal 

lymphatic transport for drug delivery. Advanced Drug Delivery Reviews, 63(10-11), 923-

942. doi:10.1016/j.addr.2011.05.019 

Yi, P.-L., Hsiao, Y.-T., Tsai, C.-H., Jan, T.-R., Lu, C.-Y., & Chang, F.-C. (2008). Serotonergic 

system in the central nucleus of amygdala mediates cannabidiol-induced sleep alteration. 

The Open Sleep Journal, 1(1).  

Young, E. A., Abelson, J. L., Curtis, G. C., & Nesse, R. M. (1997). Childhood adversity and 

vulnerability to mood and anxiety disorders. Depression and anxiety, 5(2), 66-72.  

Yudofsky, S. C., & Hales, R. E. (1992). American Psychiatric Press textbook of 

neuropsychiatry: American Psychiatric Association. 

Zammit, S., Allebeck, P., Andreasson, S., Lundberg, I., & Lewis, G. (2002). Self reported 

cannabis use as a risk factor for schizophrenia in Swedish conscripts of 1969: Historical 

cohort study. British Medical Journal, 325(7374), 1199.  

Zgair, A., Wong, J. C., Lee, J. B., Mistry, J., Sivak, O., Wasan, K. M., . . . Fischer, P. M. (2016). 

Dietary fats and pharmaceutical lipid excipients increase systemic exposure to orally 

administered cannabis and cannabis-based medicines. American Journal of Translational 

Research, 8(8), 3448.  

Zhang, H.-Y., Gao, M., Liu, Q.-R., Bi, G.-H., Li, X., Yang, H.-J., . . . Xi, Z.-X. (2014). 

Cannabinoid CB2receptors modulate midbrain dopamine neuronal activity and 



 

 
118 

dopamine-related behavior in mice. Proceedings of the National Academy of Sciences, 

111(46), E5007-E5015. doi:10.1073/pnas.1413210111 

Zhang, Y., Brady, M., & Smith, S. (2001). Segmentation of brain MR images through a hidden 

Markov random field model and the expectation-maximization algorithm. IEEE 

Transactions on Medical Imaging, 20(1), 45-57. doi:10.1109/42.906424 

Zhornitsky, S., & Potvin, S. (2012). Cannabidiol in Humans—The Quest for Therapeutic 

Targets. Pharmaceuticals, 5(5), 529-552. doi:10.3390/ph5050529 

Zuardi, A., Cosme, R. A., Graeff, F. G., & Guimarães, F. S. (1993). Effects of ipsapirone and 

cannabidiol on human experimental anxiety. Journal of Psychopharmacology (Oxford, 

England), 7(1 Suppl), 82-88. doi:10.1177/026988119300700112 

Zuardi, A., Rodrigues, N. P., Silva, A. L., Bernardo, S. A., Hallak, J. E., Guimarães, F. S., & 

Crippa, J. A. (2017). Inverted U-shaped dose-response curve of the anxiolytic effect of 

cannabidiol during public speaking in real life. Frontiers in Pharmacology, 8, 259.  

Zuardi, A., Shirakawa, I., Finkelfarb, E., & Karniol, I. (1982). Action of cannabidiol on the 

anxiety and other effects produced by Δ 9-THC in normal subjects. 

Psychopharmacology, 76(3), 245-250.  

Zuardi, A. W., Shirakawa, I., Finkelfarb, E., & Karniol, I. (1982). Action of cannabidiol on the 

anxiety and other effects produced by Δ 9-THC in normal subjects. 

Psychopharmacology, 76(3), 245-250.  

 

  



 

 
119 

Appendix A: Prescreen/Information Letter 

 

���������� 4XDOWULFV�6XUYH\�6RIWZDUH

KWWSV���DXEXUQ�FD��TXDOWULFV�FRP�4�(GLW6HFWLRQ�%ORFNV�$MD[�*HW6XUYH\3ULQW3UHYLHZ"&RQWH[W6XUYH\,' 69B�1�RWN�2�8$86J-	&RQWH[W/LEUDU\,' 85BE,\,MXS+« ����

0UMVYTH[PVU�3L[[LY

0UMVYTH[PVU�3L[[LY�MVY�H�9LZLHYJO�:[\K`�LU[P[SLK!°
	,_WSVYPUN�)YHPU�/LHS[O�:\WWSLTLU[Z	

<RX�DUH�LQYLWHG�WR�SDUWLFLSDWH�LQ�D�UHVHDUFK�VWXG\�H[DPLQLQJ�WKH�HIIHFWV�RI�FDQQDELGLRO��&%'�
VXSSOHPHQWV�RQ�WKH�EUDLQ��&%'�KDV�EHHQ�VKRZQ�WR�KDYH�HIIHFWV�RQ�EUDLQ�IXQFWLRQ��,Q�WKLV�UHVHDUFK�VWXG\�

ZH�ZLOO�EH�H[DPLQLQJ�LI�&%'�HIIHFWV�FRJQLWLYH�IXQFWLRQ��DQG�KRZ�WKLV�PD\�EH�VXSSRUWHG�SK\VLRORJLFDOO\�

7KH�&%'�XVHG�LQ�WKLV�VWXG\�LV�!�������7+&�IUHH��$OWKRXJK�WKH�H[DFW�SUHSDUDWLRQ�RI�WKH�PDWHULDO�XVHG�LQ

WKLV�VWXG\�LV�QRW�VROG�FRPPHUFLDOO\��DOO�RI�WKH�LQGLYLGXDO�LQJUHGLHQWV�DUH��7KLV�UHVHDUFK�VWXG\�LV�EHLQJ

FRQGXFWHG�E\�'U��-HQQLIHU�5RELQVRQ�LQ�WKH�'HSDUWPHQW�RI�3V\FKRORJLFDO�6FLHQFHV�DW�$XEXUQ�8QLYHUVLW\��

:KDW�ZLOO�EH�LQYROYHG�LI�\RX�SDUWLFLSDWH"��,I�\RX�GHFLGH�WR�SDUWLFLSDWH�LQ�3DUW���RI�WKLV�UHVHDUFK�VWXG\�
\RX�ZLOO�EH�DVNHG�WR�FRPSOHWH�RQOLQH�TXHVWLRQQDLUHV���7KH�TXHVWLRQQDLUHV�ZLOO�UHODWH�WR�PHQWDO�DQG

SK\VLFDO�KHDOWK��&RPSOHWLQJ�WKHVH�TXHVWLRQQDLUHV�VKRXOG�WDNH�DSSUR[LPDWHO\����PLQXWHV��%DVHG�RQ�\RXU

UHVSRQVHV�WR�VSHFLILF�TXHVWLRQV��VRPH�SDUWLFLSDQWV�PD\�EH�HOLJLEOH�WR�SDUWLFLSDWH�LQ�3DUWV���	���RI�WKLV

UHVHDUFK�VWXG\��ZKLFK�LQYROYHV�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��VHVVLRQV��

$UH�WKHUH�ULVNV�RU�GLVFRPIRUWV"�7KH�ULVNV�DVVRFLDWH�ZLWK�SDUWLFLSDWLQJ�LQ�3DUW���RI�WKLV�UHVHDUFK�VWXG\
DUH�WKDW�\RX�FRXOG�H[SHULHQFH�HPRWLRQDO�GLVFRPIRUW�IURP�DQVZHULQJ�TXHVWLRQV�UHODWHG�WR�\RXU�PHQWDO�RU

SK\VLFDO�KHDOWK��,I�\RX�ILQG�\RXUVHOI�H[SHULHQFLQJ�GLVWUHVV��\RX�PD\�GLVFRQWLQXH�E\�H[LWLQJ�RXW�RI�WKH
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VXUYH\��6KRXOG�\RX�GHFLGH�WR�GLVFRQWLQXH��\RX�ZLOO�UHFHLYH�UHVHDUFK�KRXUV�YLD�6RQD�6\VWHPV�WKDW

FRUUHVSRQG�WR�WKH�WLPH�VSHQW�FRPSOHWLQJ�WKH�TXHVWLRQQDLUHV�

°
7KHUH�DUH�DOVR�ULVNV�DVVRFLDWHG�ZLWK�FRQILGHQWLDOLW\�EUHDFKHV��7R�PLQLPL]H�WKLV�ULVN��RQO\�LQYHVWLJDWRUV

KDYH�DFFHVV�WR�WKH�GDWD�REWDLQHG�LQ�FRQQHFWLRQ�ZLWK�WKH�UHVHDUFK�VWXG\�WKDW�FDQ�EH�LGHQWLILHG�DV

EHORQJLQJ�WR�\RX��,I�\RX�GHFLGH�WR�ZLWKGUDZ�IURP�WKH�VWXG\�DW�DQ\�WLPH��\RX�PD\�ZLWKGUDZ�DQ\�GDWV�WKDW

KDV�EHHQ�FROOHFWHG�DV�ORQJ�DV�LW�LV�VWLOO�LGHQWLILDEOH��<RX�ZLOO�EH�DVVLJQHG�D�SDUWLFLSDQW�QXPEHU�VR�WKDW�\RXU

QDPH�DQG�RWKHU�SLHFHV�RI�LGHQWLI\LQJ�LQIRUPDWLRQ�DUH�QRW�GLUHFWO\�DVVRFLDWHG�ZLWK�GDWD�FROOHFWHG��$OO�GDWD�

LQFOXGLQJ�\RXU�UHVSRQVHV�WR�WKHVH�TXHVWLRQQDLUHV��ZLOO�EH�DVVRFLDWHG�ZLWK�WKDW�SDUWLFLSDQW�QXPEHU�

)ROORZLQJ�FRPSOHWLRQ�RI�GDWD�FROOHFWLRQ��DOO�OLQNV�WR�LGHQWLILDEOH�LQIRUPDWLRQ�ZLOO�EH�GHVWUR\HG��7KH�UHVXOWV

RI�WKLV�VWXG\�PD\�EH�SUHVHQWHG�LQ�SURIHVVLRQDO�YHQXHV��VXFK�DV�ZLWKLQ�D�MRXUQDO�RU�DW�D�FRQIHUHQFH��

+RZHYHU��LQ�VXFK�HYHQWV��JURXS�GDWD�RU�FRPSOHWHO\�DQRQ\PL]HG�GDWD�ZLOO�EH�SUHVHQWHG��

°
$UH�WKHUH�EHQHILWV�WR�\RXUVHOI�RU�RWKHUV"�,I�\RX�SDUWLFLSDWH�LQ�3DUW���RI�WKLV�UHVHDUFK�VWXG\��\RX�FDQ
H[SHFW�WR�UHFHLYH�QR�GLUHFW�SHUVRQDO�EHQHILWV��

°
:LOO�\RX�UHFHLYH�FRPSHQVDWLRQ"�'XULQJ�3DUW����\RX�ZLOO�EH�FRPSHQVDWHG�IRU�SDUWLFLSDWLRQ�ZLWK����
UHVHDUFK�KRXUV�YLD�6RQD�6\VWHPV��<RXU�LQVWUXFWRUV�VKRXOG�DVVLJQ�VSHFLILF�YDOXHV�RI�FRXUVH�FUHGLW�WR

WKHVH�KRXUV��3OHDVH�FKHFN�ZLWK�\RXU�LQVWUXFWRUV�IRU�PRUH�LQIRUPDWLRQ��'XULQJ�3DUW����\RX�ZLOO�EH

FRPSHQVDWHG�IRU�SDUWLFLSDWLRQ�ZLWK�����KRXUV�RI�6RQD�6\VWHPV�FUHGLW�DQG������'XULQJ�3DUW����\RX�ZLOO�EH

FRPSHQVDWHG�IRU�SDUWLFLSDWLRQ�ZLWK�DQ�DGGLWLRQDO�����6RQD�6\VWHPV�FUHGLW��DQG��������

°
$UH�WKHUH�FRVWV"�,I�\RX�GHFLGH�WR�SDUWLFLSDWH�LQ�WKLV�UHVHDUFK�VWXG\��\RX�ZLOO�QRW�LQFXU�DQ\�FRVWV��,I�\RX
UHTXLUH�PHGLFDO�DWWHQWLRQ��\RX�ZLOO�EH�UHVSRQVLEOH�IRU�DOO�FRVWV�IRU�PHGLFDO�DWWHQWLRQ�WUHDWPHQW�

°
,I�\RX�FKDQJH�\RXU�PLQG�DERXW�SDUWLFLSDWLQJ��\RX�FDQ�ZLWKGUDZ�IURP�WKH�UHVHDUFK�VWXG\�DW�DQ\�WLPH�
<RXU�SDUWLFLSDWLRQ�LV�FRPSOHWHO\�YROXQWDU\��,I�\RX�FKRRVH�WR�ZLWKGUDZ��\RXU�GDWD�FDQ�EH�ZLWKGUDZQ�DV�ORQJ

DV�LW�LV�LGHQWLILDEOH��<RXU�GHFLVLRQ�DERXW�ZKHWKHU�RU�QRW�WR�SDUWLFLSDWH�ZLOO�QRW�MHRSDUGL]H�\RXU�UHODWLRQVKLS

ZLWK�$XEXUQ�8QLYHUVLW\��RU�DQ\�DVVRFLDWHG�DIILOLDWHG�GHSDUWPHQW��FHQWHU��RU�RIILFH��

°
,I�\RX�KDYH�DQ\�TXHVWLRQV�DERXW�WKLV�VWXG\��SOHDVH�FRQWDFW�'U��-HQQLIHU�5RELQVRQ
�MURELQVRQ#DXEXUQ�HGX����

,I�\RX�KDYH�TXHVWLRQV�DERXW�\RXU�ULJKWV�DV�D�UHVHDUFK�SDUWLFLSDQW��\RX�PD\�FRQWDFW�WKH�$XEXUQ
8QLYHUVLW\�2IILFH�RI�+XPDQ�6XEMHFWV�5HVHDUFK�RU�WKH�,QVWLWXWLRQDO�5HYLHZ�%RDUG�E\�SKRQH����������

�������RU�E\�HPDLO��KVXEMHF#DXEXUQ�HGX��,5%DGPLQ#DXEXUQ�HGX��RU�,5%&KDLU#DXEXUQ�HGX����
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127(��'2�127�$*5((�72�3$57,&,3$7(�81/(66�,5%�$33529$/�,1)250$7,21�:,7+

&855(17�'$7(6�+$6�%((1�$''('�72�7+,6�'2&80(17��6((�1(;7�6(17(1&(��

7KH�$XEXUQ�8QLYHUVLW\�,QVWLWXWLRQDO�5HYLHZ�%RDUG�KDV�DSSURYHG�WKLV�GRFXPHQW�IRU�XVH�IURP�0DUFK�;;�

�����WR�0DUFK�;;���������3URWRFRO��;;�;;;�(3�;;;;��5RELQVRQ��

,I�\RX�ZRXOG�OLNH�WR�SULQW�WKLV�GRFXPHQW��SOHDVH�FOLFN�WKH��3ULQW��EXWWRQ�EHORZ�
7YPU[

°
+DYLQJ�UHDG�WKH�LQIRUPDWLRQ�SURYLGHG��\RX�PXVW�GHFLGH�ZKHWKHU�RU�QRW�\RX�ZLVK�WR�SDUWLFLSDWH�LQ
WKLV�UHVHDUFK�VWXG\��<RXU�HQGRUVHPHQW�LQGLFDWHV�\RXU�ZLOOLQJQHVV�WR�SDUWLFLSDWH�

,THPS

)LMVYL�JVTWSL[PUN�7HY[���VM�[OPZ�YLZLHYJO�Z[\K �̀�`V\�^PSS�IL�HZRLK�[V�WYV]PKL�`V\Y�LTHPS
HKKYLZZ��>L�^PSS�\ZL�[OL�WYV]PKLK�LTHPS�HKKYLZZ�[V�JVU[HJ[�`V\�HIV\[�7HY[Z������VM�[OPZ
Z[\K �̀�PM�`V\�HYL�LSPNPISL�[V�WHY[PJPWH[L��@V\Y�WYP]HJ`�^PSS�IL�WYV[LJ[LK��HUK�LTHPS�HKKYLZZLZ
^PSS�UV[�IL�ZOHYLK�^P[O�HU`�PUKP]PK\HS�V\[ZPKL�VM�[OL�YLZLHYJO�[LHT��(M[LY�`V\�OH]L
JVTWSL[LK�[OL�Z[\K �̀�`V\Y�LTHPS�HKKYLZZ�^PSS�IL�KLSL[LK�MYVT�[OL�YLJVYKZ�

7SLHZL�WYV]PKL�`V\Y�LTHPS�HKKYLZZ�PU�[OL�ZWHJL�ILSV^�ZV�[OH[�^L�TH`�JVU[HJ[�`V\�HIV\[
7HY[Z������VM�[OL�YLZLHYJO�Z[\K �̀°

+LTVNYHWOPJZ

/V^�VSK�HYL�`V\&

>OH[�PZ�`V\Y�ZL_&°

@LZ��0�^PZO�[V�WHY[PJPWH[L�PU�[OPZ�YLZLHYJO�Z[\K �̀

5V��0�KV�UV[�^PZO�[V�WHY[PJPWH[L�PU�[OPZ�YLZLHYJO�Z[\K �̀
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(YL�`V\�YPNO[�VY�SLM[�OHUKLK&

/V^�^V\SK�`V\�KLZJYPIL�`V\YZLSM&�7SLHZL�ZLSLJ[�VUL�[OH[�ILZ[�KLZJYPILZ�`V\�

/V^�^V\SK�`V\�KLZJYPIL�`V\YZLSM&�7SLHZL�ZLSLJ[�VUL�[OH[�ILZ[�KLZJYPILZ�`V\�

>OH[�PZ�[OL�OPNOLZ[�SL]LS�VM�LK\JH[PVU�[OH[�`V\�]L�HJOPL]LK&

4HSL

-LTHSL

9PNO[�OHUKLK

3LM[�OHUKLK
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(TLYPJHU�0UKPHU�VY�(SHZRHU�5H[P]L
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/H^HPPHU�VY�7HJPÄJ�0ZSHUKLY

>OP[L

/PZWHUPJ�VY�3H[PUV

5VU�/PZWHUPJ�VY�5VU�3H[PUV

5L]LY�H[[LUKLK�ZJOVVS�VY�VUS`�H[[LUKLK�RPUKLYNHY[LU

�Z[��[O�NYHKL��P�L���LSLTLU[HY`�ZJOVVS�

 [O���[O�NYHKL��P�L���ZVTL�OPNO�ZJOVVS�

��[O�NYHKL�VY�.,+��P�L���OPNO�ZJOVVS�NYHK\H[L�

*\YYLU[S`�LUYVSSLK�PU�HU�\UKLYNYHK\H[L�WYVNYHT

*VTWSL[LK�HU�\UKLYNYHK\H[L�KLNYLL

*\YYLU[S`�LUYVSSLK�PU�NYHK\H[L�WYVNYHT
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>OH[�PZ�[OL�WYPTHY`�SHUN\HNL�[OH[�`V\�ZWLHR�H[�OVTL&

7SLHZL�PUKPJH[L�	`LZ	��	UV	��VY�	\UZ\YL	�[V�[OL�MVSSV^PUN�X\LZ[PVUZ�

/H]L�`V\�L]LY�[HRLU�TLKPJH[PVU�MVY�H�WZ`JOVSVNPJHS�WZ`JOPH[YPJ�JVUKP[PVU&

(YL�`V\�J\YYLU[S`�[HRPUN�H�TLKPJH[PVU�MVY�H�WZ`JOVSVNPJHS�WZ`JOPH[YPJ�JVUKP[PVU&

,UNSPZO

:WHUPZO

6[OLY

° °° @LZ 5V <UZ\YL
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UL\YVSVNPJHS�JVUKP[PVU&
,_HTWSL�PUJS\KL��I\[
HYL�UV[�SPTP[LK�[V�
LWPSLWZ �̀�Z[YVRL��VY
7HYRPUZVU�Z�KPZLHZL�

°°

/H]L�`V\�L]LY�OHK�H
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/V^�SVUN�OHZ�P[�ILLU�ZPUJL�`V\�OH]L�[HRLU�[OL�TLKPJH[PVU�WYLZJYPILK�MVY�`V\Y
WZ`JOVSVNPJHS�WZ`JOPH[YPJ�JVUKP[PVU&

/H]L�`V\�L]LY�ILLU�OVZWP[HSPaLK�MVY�WZ`JOVSVNPJHS�WZ`JOPH[YPJ�YLHZVUZ&

+V�`V\�[HRL�HU`�TLKPJH[PVUZ�MVY�HU`�UL\YVSVNPJHS�JVUKP[PVUZ��P�L���LWPSLWZ �̀�T\S[PWSL
ZJSLYVZPZ��L[J��&

7SLHZL�PUKPJH[L�	`LZ	��	UV	��VY�	\UZ\YL	�[V�[OL�MVSSV^PUN�X\LZ[PVUZ�

@LZ

5V

3LZZ�[OHU�H�KH`

3LZZ�[OHU�H�^LLR

3LZZ�[OHU���^LLRZ

3LZZ�[OHU�H�TVU[O

4VYL�[OHU�H�TVU[O

@LZ

5V

@LZ

5V

° °° @LZ 5V <UZ\YL
/H]L�`V\�L]LY�OHK�HU
490�ILMVYL& °°

+V�`V\�OH]L�H
WLYTHULU[�YL[HPULY& °°

+V�`V\�OH]L�HU`
PTWSHU[LK�TL[HS�PU�`V\Y
IVK`&

°°

/H]L�`V\�L]LY�ILLU�H
^LSKLY& °°
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+V�`V\�J\YYLU[S`�[HRL�HU`�KPL[HY`�Z\WWSLTLU[Z�VY�]P[HTPUZ&

>OH[�]P[HTPUZ�Z\WWSLTLU[Z�KV�`V\�[HRL&°

7P[[ZI\YNO�:SLLW�8\HSP[`�0UKL_��7:80�

;OL�MVSSV^PUN�X\LZ[PVUZ�YLSH[L�[V�`V\Y�\Z\HS�ZSLLW�OHIP[Z�K\YPUN�[OL�WHZ[�TVU[O�VUS �̀�@V\Y
HUZ^LYZ�ZOV\SK�PUKPJH[L�[OL�TVZ[�HJJ\YH[L�YLWS`�MVY�[OL�THQVYP[`�VM�KH`Z�HUK�UPNO[Z�PU�[OL
WHZ[�TVU[O��7SLHZL�HUZ^LY�HSS�X\LZ[PVUZ�

>OLU�OH]L�`V\�\Z\HSS`�NVUL�[V�ILK&

/V^�SVUN��PU�TPU\[LZ��OHZ�P[�[HRLU�`V\�[V�MHSS�HZSLLW�LHJO�UPNO[&

>OH[�[PTL�OH]L�`V\�\Z\HSS`�NV[[LU�\W�PU�[OL�TVYUPUN&

/V^�THU`�OV\YZ�VM�HJ[\HS�ZSLLW�KPK�`V\�NL[�H[�UPNO[&

° °° @LZ 5V <UZ\YL

/H]L�`V\�L]LY�OHK�HU`
HJJPKLU[Z�PU]VS]PUN
TL[HS��P�L���ZOYHWULS�&

°°

(YL�`V\
JSH\Z[YVWOVIPJ& °°

@LZ

5V
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/V^�THU`�OV\YZ�^LYL�`V\�PU�ILK&

+\YPUN�[OL�WHZ[�TVU[O��OV^�VM[LU�OH]L�`V\�OHK�[YV\ISL�ZSLLWPUN�ILJH\ZL�`V\����

° °°
5V[�K\YPUN�[OL
WHZ[�TVU[O

3LZZ�[OHU�VUJL�H
^LLR

6UJL�VY�[^PJL�H
^LLR

;OYLL�VY�TVYL
[PTLZ�H�^LLR

*HUUV[�NL[�[V�ZSLLW
^P[OPU����TPU\[LZ °°

>HRL�\W�PU�[OL�TPKKSL
VM�[OL�UPNO[�VY�LHYS`
TVYUPUN

°°

/H]L�[V�NL[�\W�[V�\ZL
[OL�IH[OYVVT °°

*HUUV[�IYLH[OL
JVTMVY[HIS` °°

*V\NO�VY�ZUVYL�SV\KS` °°
-LLS�[VV�JVSK °°
-LLS�[VV�OV[ °°
/H]L�IHK�KYLHTZ °°
/H]L�WHPU °°
6[OLY�YLHZVU�Z���WSLHZL
KLZJYPIL��PUJS\KPUN�OV^
VM[LU�`V\�OH]L�OHK
[YV\ISL�ZSLLWPUN
ILJH\ZL�VM�[OPZ�[OLZL
YLHZVU�Z�!�

°°

+\YPUN�[OL�WHZ[�TVU[O�
OV^�VM[LU�OH]L�`V\
[HRLU�TLKPJPUL
�WYLZJYPILK�VY�¸V]LY�[OL
JV\U[LY¹��[V�OLSW�`V\
ZSLLW&

°°

+\YPUN�[OL�WHZ[�TVU[O�
OV^�VM[LU�OH]L�`V\�OHK
[YV\ISL�Z[H`PUN�H^HRL
^OPSL�KYP]PUN��LH[PUN
TLHSZ��VY�LUNHNPUN�PU
ZVJPHS�HJ[P]P[`&

°°
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>V\SK�`V\�IL�^PSSPUN�[V�JVTWSL[L���IYHPU�ZJHUUPUN�ZLZZPVUZ��LHJO�YLX\PYPUN�HWWYV_PTH[LS`
����OV\YZ�VM�`V\Y�[PTL&°�@V\�^V\SK�IL�JVTWLUZH[LK�����MVY�[OL�ÄYZ[�����OV\YZ��HUK������MVY
[OL�ZLJVUK�����OV\YZ�°�@V\�^V\SK�UV[�IL�PU�[OL�ZJHUULY�[OL�LU[PYL�[PTL��-VY�LHJO�ZLZZPVU�
`V\�^V\SK!����IL�ZJHUULK�MVY�HWWYV_PTH[LS`���OV\Y�����IL�HZRLK�[V�JVUZ\TL�HU
LUJHWZ\SH[LK�*)+�WYVK\J[��VY�WSHJLIV������IL�HZRLK�[V�^HP[���OV\Y�PU�H�SV\UNL�HYLH��HUK���
IL�ZJHUULK�MVY���OV\Y�°

>V\SK�`V\�IL�^PSSPUN�[V�YLMYHPU�MYVT�HSJVOVS�MVY����OV\YZ�WYPVY�[V�HU�490�ZJHU&

>V\SK�`V\�IL�^PSSPUN�[V�YLMYHPU�MYVT�[HRPUN�WHPU�YLSPL]LYZ��P�L���PI\WYVMLU��HZWPYPU��L[J���MVY����
OV\YZ�WYPVY�[V�HU�490�ZJHU&

>V\SK�`V\�IL�^PSSPUN�[V�MHZ[�MVY�HU�OV\Y�WYPVY�[V�HU�490�ZJHU&�-HZ[PUN�^V\SK�PUJS\KL�UV
MVVK�VY�KYPUR��V[OLY�[OHU�^H[LY�

;V�WHY[PJPWH[L�PU�[OL�ZLJVUK�WHY[�VM�[OL�Z[\K �̀�`V\�T\Z[�UV[!

���KDYH�FRQWUDLQGLFDWLRQV�WR�WKH�05,�HQYLURQPHQW��WKLV�LQFOXGHV�KDYLQJ�PHWDO�LPSODQWV�RU�D�SHUPDQHQW
UHWDLQHU��

���XVH�DQ\�SV\FKRWURSLF�RU�QHXURORJLFDO�PHGLFDWLRQ��
���KDYH�KLVWRU\�RI�KHDUW�GLVHDVH�RU�VWURNH��
���KDYH�GLDEHWHV�RU�RWKHU�PHWDEROLF�FRQGLWLRQV��
���KDYH�KLJK�EORRG�SUHVVXUH��

@LZ

5V

@LZ

5V

@LZ

5V

@LZ

5V
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7V^LYLK�I`�8\HS[YPJZ

���KDYH�D�KLVWRU\�RI�FRQFXVVLRQV��
���KDYH�DQ\�GLDJQRVHG�SV\FKLDWULF�RU�QHXURORJLFDO�FRQGLWLRQ�
���KDYH�XVHG�RU�WDNH�&%'�RU�7+&�

'R�\RX�PHHW�WKHVH�UHTXLUHPHQWV"

@LZ

5V



 

 
130 

Appendix B: Pre-Scan Questionnaire 

 

���������� 4XDOWULFV�6XUYH\�6RIWZDUH

KWWSV���DXEXUQ�FD��TXDOWULFV�FRP�4�(GLW6HFWLRQ�%ORFNV�$MD[�*HW6XUYH\3ULQW3UHYLHZ"&RQWH[W6XUYH\,' 69BE�OO$ZTZ�.1W��7	&RQWH[W/LEUDU\,' 85BE,\,MXS+VY« ���

:[H[L�VM�)LPUN

)LMVYL�`V\�NL[�ZJHUULK��^L�^V\SK�SPRL�[V�HZR�`V\�H�ML^�X\LZ[PVUZ�HIV\[�OV^�`V\�MLLS
[VKH �̀�7SLHZL�HUZ^LY�LHJO�X\LZ[PVU�OVULZ[S �̀�HUK�[V�[OL�ILZ[�VM�`V\Y�HIPSP[ �̀°

6]LY�[OL�SHZ[���KH`Z��VU�H]LYHNL�����

° °° (S^H`Z
4VZ[�VM�[OL

[PTL
(IV\[�OHSM
[OL�[PTL :VTL[PTLZ 5L]LY

���OV^�HSLY[�OH]L�`V\
MLS[& °°

���OV^�MVJ\ZLK�OH]L
`V\�MLS[& °°

���OV^�H[[LU[P]L�OH]L
`V\�MLS[& °°

���OV^�PU�JVU[YVS�OH]L
`V\�MLS[& °°

���OV^�ZSLLW`�OH]L�`V\
MLS[& °°

���OV^�KL[LYTPULK�OH]L
`V\�MLS[& °°

���OV^�TV[P]H[LK�OH]L
`V\�MLS[& °°

���OV^�OHWW`�OH]L�`V\
MLS[& °°

���OV^�\WZL[�OH]L�`V\
MLS[& °°

���OV^�	ZOHYW	�OH]L�`V\
MLS[& °°

���OV^�VM[LU�OH]L�`V\
ILLU�PU�WHPU& °°



 

 
131 

 

 

���������� 4XDOWULFV�6XUYH\�6RIWZDUH
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6]LY�[OL�WHZ[���KH`Z��OV^�VM[LU�OH]L�`V\�MVYNV[[LU�ZVTL[OPUN��P�L���RL`Z�&

/V^�^V\SK�`V\�KLZJYPIL�`V\Y�ZSLLW�SHZ[�UPNO[&

7SLHZL�PUKPJH[L�OV^�MVJ\ZLK�`V\�OH]L�MLS[�V]LY�[OL�SHZ[���KH`Z�

7SLHZL�PUKPJH[L�OV^�HSLY[�`V\�OH]L�MLS[�V]LY�[OL�SHZ[���KH`Z�

7SLHZL�PUKPJH[L�OV^�H[[LU[P]L�`V\�OH]L�MLS[�V]LY�[OL�SHZ[���KH`Z�

° °° (S^H`Z
4VZ[�VM�[OL

[PTL
(IV\[�OHSM
[OL�[PTL :VTL[PTLZ 5L]LY

���OV^�VM[LU�`V\�OH]L
MLS[�HU_PV\Z& °°

4VYL�[OHU�VUJL�H�KH`

6UJL�H�KH`

0�OH]LU�[�MVYNV[[LU�HU`[OPUN�V]LY�[OL�SHZ[���KH`Z�

,_JLSSLU[

.VVK

(]LYHNL

7VVY

;LYYPISL

°

� ° ° ° ° ° ° ° ° ° °

5V[�MVJ\ZLK�H[�HSS :VTL^OH[�MVJ\ZLK =LY`�MVJ\ZLK

°� �� �� �� �� �� �� �� ��  � ���

°

� ° ° ° ° ° ° ° ° ° °

5V[�HSLY[�H[�HSS :VTL^OH[�HSLY[ =LY`�HSLY[

°� �� �� �� �� �� �� �� ��  � ���

°5V[�H[[LU[P]L�H[�HSS :VTL^OH[�H[[LU[P]L =LY`�H[[LU[P]L

°� �� �� �� �� �� �� �� ��  � ���
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7SLHZL�PUKPJH[L�OV^�T\JO�WHPU�`V\�OH]L�ILLU�PU�V]LY�[OL�SHZ[���KH`Z�

7SLHZL�PUKPJH[L�OV^�HU_PV\Z�`V\�OH]L�MLS[�V]LY�[OL�SHZ[���KH`Z�

/H]L�`V\�JVUZ\TLK�HU`�HSJVOVS�VY�KY\NZ�PU�[OL�WHZ[����OV\YZ&

/H]L�`V\�L_LYJPZLK�^P[OPU�[OL�SHZ[�OV\Y&

/H]L�`V\�JVUZ\TLK�HU`[OPUN�V[OLY�[OHU�^H[LY�PU�[OL�SHZ[�OV\Y&

/H]L�`V\�[HRLU�HU`�WHPU�YLSPL]LYZ�PU�[OL�SHZ[����OV\YZ&

°

� ° ° ° ° ° ° ° ° ° °

5V[�H[[LU[P]L�H[�HSS :VTL^OH[�H[[LU[P]L =LY`�H[[LU[P]L

°� �� �� �� �� �� �� �� ��  � ���

°

� ° ° ° ° ° ° ° ° ° °

5V�WHPU�H[�HSS :VTL�WHPU (�SV[�VM�WHPU

°� �� �� �� �� �� �� �� ��  � ���

°

� ° ° ° ° ° ° ° ° ° °

5V[�HU_PV\Z�H[�HSS :VTL^OH[�HU_PV\Z =LY`�HU_PV\Z

°� �� �� �� �� �� �� �� ��  � ���

@LZ

5V

@LZ

5V

@LZ

5V

@LZ

5V
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7SLHZL�YLHK�LHJO�Z[H[LTLU[�HUK�PUKPJH[L�OV^�T\JO�[OL�Z[H[LTLU[�HWWSPLK�[V�`V\�V]LY�[OL
WHZ[�^LLR��;OLYL�HYL�UV�YPNO[�VY�^YVUN�HUZ^LYZ��+V�UV[�ZWLUK�T\JO�[PTL�VU�HU`
Z[H[LTLU[�

° °°
+PK�UV[�HWWS`�[V

TL�H[�HSS

(WWSPLK�[V�TL�[V
ZVTL�KLNYLL��VY
ZVTL�VM�[OL�[PTL

(WWSPLK�[V�TL�[V
H�JVUZPKLYHISL

KLNYLL��VY�H�NVVK
WHY[�VM�[OL�[PTL

(WWSPLK�[V�TL
]LY`�T\JO��VY

TVZ[�VM�[OL�[PTL
0�MV\UK�T`ZLSM�NL[[PUN
\WZL[�I`�X\P[L�[YP]PHS
[OPUNZ

°°

0�^HZ�H^HYL�VM�KY`ULZZ
VM�T`�TV\[O °°

0�JV\SKU�[�ZLLT�[V
L_WLYPLUJL�HU`�WVZP[P]L
MLLSPUN�H[�HSS

°°

0�L_WLYPLUJLK�IYLH[OPUN
KPɉJ\S[`��L�N��
L_JLZZP]LS`�YHWPK
IYLH[OPUN�
IYLH[OSLZZULZZ�PU�[OL
HIZLUJL�VM�WO`ZPJHS
L_LY[PVU�

°°

0�Q\Z[�JV\SKU�[�ZLLT�[V
NL[�NVPUN °°

0�[LUKLK�[V�V]LY�YLHJ[
[V�ZP[\H[PVUZ °°

0�OHK�H�MLLSPUN�VM
ZOHRPULZZ��L�N���SLNZ
NVPUN�[V�NP]L�^H`�

°°

0�MV\UK�P[�KPɉJ\S[�[V
YLSH_ °°

0�MV\UK�T`ZLSM�PU
ZP[\H[PVUZ�[OH[�THKL
TL�ZV�HU_PV\Z�0�^HZ
TVZ[�YLSPL]LK�^OLU
[OL`�LUKLK

°°

0�MLS[�[OH[�0�OHK�UV[OPUN
[V�SVVR�MVY^HYK�[V °°

0�MV\UK�T`ZLSM�NL[[PUN
\WZL[�YH[OLY�LHZPS` °°

0�MLS[�[OH[�0�^HZ�\ZPUN�H
SV[�VM�ULY]V\Z�LULYN` °°

0�MLS[�ZHK�HUK
KLWYLZZLK °°
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7V^LYLK�I`�8\HS[YPJZ

+PK�UV[�HWWS`�[V
TL�H[�HSS

(WWSPLK�[V�TL�[V
ZVTL�KLNYLL��VY
ZVTL�VM�[OL�[PTL

(WWSPLK�[V�TL�[V
H�JVUZPKLYHISL

KLNYLL��VY�H�NVVK
WHY[�VM�[OL�[PTL

(WWSPLK�[V�TL
]LY`�T\JO��VY

TVZ[�VM�[OL�[PTL

0�MV\UK�P[�OHYK�[V�JHST
KV^U�HM[LY�ZVTL[OPUN
\WZL[�TL
0�MLHYLK�[OH[�0�^V\SK�IL
	[OYV^U	�I`�ZVTL�[YP]PHS
I\[�\UMHTPSPHY�[HZR
0�^HZ�\UHISL�[V�ILJVTL
LU[O\ZPHZ[PJ�HIV\[
HU`[OPUN
0�MV\UK�P[�KPɉJ\S[�[V
[VSLYH[L�PU[LYY\W[PVUZ�[V
^OH[�0�^HZ�KVPUN
0�^HZ�PU�H�Z[H[L�VM
ULY]V\Z�[LUZPVU
0�MLS[�0�^HZ�WYL[[`
^VY[OSLZZ
0�^HZ�PU[VSLYHU[�VM
HU`[OPUN�[OH[�RLW[�TL
MYVT�NL[[PUN�VU�^P[O
^OH[�0�^HZ�KVPUN
0�MLS[�[LYYPÄLK
0�JV\SK�ZLL�UV[OPUN�PU
[OL�M\[\YL�[V�IL�OVWLM\S
HIV\[
0�MLS[�[OH[�SPML�^HZ
TLHUPUNSLZZ
0�MV\UK�T`ZLSM�NL[[PUN
HNP[H[LK
0�^HZ�^VYYPLK�HIV\[
ZP[\H[PVUZ�PU�^OPJO�0
TPNO[�WHUPJ�HUK�THRL�H
MVVS�VM�T`ZLSM
0�L_WLYPLUJLK�[YLTISPUN
�L�N���PU�[OL�OHUKZ�
0�MV\UK�P[�KPɉJ\S[�[V
^VYR�\W�[OL�PUP[PH[P]L�[V
KV�[OPUNZ
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Appendix C: Post-Scan Questionnaire 
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Appendix D: Study Recruiting Advertisement 

 

6RFLDO�0HGLD�3RVWV�
+DYH�\RX�HYHU�ZRQGHUHG�ZKDW�&%'�GRHV�WR�\RXU�EUDLQ"��
�
5HVHDUFKHUV�LQ�WKH�'HSDUWPHQW�RI�3V\FKRORJ\�DUH�WHVWLQJ������7+&�IUHH�FDQQDELGLRO��&%'��
VXSSOHPHQWV�WR�EHWWHU�XQGHUVWDQG�KRZ�WKH\�PD\�LPSDFW�EUDLQ�IXQFWLRQ���<RX�DUH�LQYLWHG�WR�
SDUWLFLSDWH�LQ�WKH�VWXG\�LI��

o� <RX�DUH�ULJKW�KDQGHG��
o� <RX�DUH�EHWZHHQ�������\HDUV�RI�DJH�
o� <RX�DUH�JHQHUDOO\�KHDOWK\�DQG�GR�QRW�KDYH�D�KLVWRU\�RI�SV\FKLDWULF��QHXURORJLFDO��

RU�FDUGLRYDVFXODU�FRQGLWLRQV�
�

7KH�VWXG\�ZLOO�LQYROYH�WDNLQJ�D�SUH�VFUHHQ�VXUYH\���,I�\RX�DUH�HOLJLEOH�WR�SDUWLFLSDWH��WKHQ�\RX�PD\�
EH�FRQWDFWHG�IRU���EUDLQ�VFDQQLQJ�VHVVLRQV���7KH�EUDLQ�VFDQQLQJ�VHVVLRQV�ZLOO�LQYROYH�
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(NOTE:  DO NOT SIGN THIS DOCUMENT UNLESS AN IRB APPROVAL STAMP 
WITH CURRENT DATES HAS BEEN APPLIED TO THIS DOCUMENT.) 

 
Department of Psychological Sciences /Auburn University MRI Research Center 

INFORMED CONSENT 
for a Research Study entitled 

 
“Effects of cannabidiol (CBD) on the brain” 

 
Regarding COVD-19: Due to the need for your physical presence at the research site, 
face to face interactions with the researcher or others, etc., there is a risk that you may be 
exposed to COVID-19 and the possibility that you may contract the virus. For most 
people, COVID-19 causes only mild or moderate symptoms. For some, especially older 
adults and people with existing health problems, it can cause more severe illness. 
Current information suggests that about 1-3% of people who are infected with COVID-
19 might die as a result. You will need to review the Information on COVID-19 for 
Research Participants that is attached to this consent document. To minimize your risk 
of exposure we will screen you for symptoms of COVID-19 or risk factors for COVID-19 
prior to your arrival at the Auburn University MRI Research Center and again prior to 
admitting you to the MRI suite. Anyone with symptoms of COVID-19 or risk factors for 
COVID-19 will be (i) informed that they cannot complete a scanning session if detected 
prior to arrival or (ii) excused from the scanning session and escorted out of the MRI 
suite if not detected prior to arrival. Upon arrival at the Auburn University MRI Research 
Center, but before admitting you to the MRI suite, we will take your temperature with a 
touchless forehead thermometer. If your temperature is 99.0 degrees or higher, we will 
inform you that you cannot complete your scanning session. At that time, we may 
reschedule the scanning session for another date no less than 14 days from the initial 
scanning session. Researchers will wear a surgical mask, gloves, eye protection, and lab 
coats at all times. Researchers will remain, at minimum, 6 feet away from you and other 
protocol personnel when possible. We will provide you with a surgical mask. Also, we 
will ask you to wear the surgical mask at all times while in the MRI suite including the 
time you spend inside the scanner. You may keep the face mask provided to you by the 
study team. However, it is important to note that this face mask is primarily to protect 
others from you and does not protect you from others that may be infected with the 
virus. We will adhere to these procedures for all participants/visitors. 
 
You are invited to participate in a research study to characterize the changes in the brain 
associated with cannabidiol (CBD), a naturally derived, >99.97% THC free product that 
has promising health effects. Previous studies have demonstrated that CBD supplements 
may alter brain function. However, very little is known about the physiological effects 
of CBD in the brain. In this study, you will be asked to complete 2 research sessions. Both 
sessions are identical, except that in one session you will receive a CBD supplement, and 
in the other session, you will receive a placebo. The CBD supplement was specifically 
prepared for this study, but the individual ingredients of the supplement are 
commercially available. There is approximately 125mg of CBD oil in the tincture, along 
with other naturally occurring ingredients. A tincture is a concentration of an herbal or 
plant extract made by soaking the herb or plant in alcohol or vinegar. The alcohol or 
vinegar pulls out the active ingredients from the plants, concentrating them in liquid. 
You will place the liquid in your mouth for 45 seconds before swallowing it. The placebo 
will also be a tincture of naturally occurring oils. During the sessions, we will ask to look 
at your brain function using a non-invasive imaging technique. 

 

C O L L E G E  O F  L I B E R A L  A R T S  
D E P A R T M E N T  O F  P S Y C H O L O G I C A L  S C I E N C E S  
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Your participation in this study is voluntary. It is important that you read what is written below, and ask 
questions about anything you do not understand. You may want to talk with your family, friends, or others to 
help you decide if you want to be part of this study. When you feel that your questions have been answered, you 
will be asked if you agree to be part of the study or not.  If you agree, you will be asked to sign this consent form. 
You will be given a copy of this form to keep. 

 
Why is this research study being done? 
The main objective of this study is to identify and measure differences in brain function associated with CBD.  By 
having a better understanding of how CBD effects the brain, we may be able to better understand how it works 
and what it does.  

 
What will be involved if you participate?   
If you decide to participate in this research study, you will be asked to undergo 4 functional magnetic resonance 
imaging (fMRI) scans. Your total time commitment will be approximately 8.5 total hours (4 hours total for each 
of two sessions, plus the 0.5-hour online screening).  Below, we provide a diagram to help you understand the 
design of the study.        

 
 

fMRI Scanning 
For the fMRI scans, you will first be asked screening questions to make sure it is safe for you to undergo an MRI 
scan.  You will then be asked to lie on a bed that slides into the long tube of the scanner and place your head in a 
cylindrical head coil.  The scanner is a magnet with a small, enclosed space.  Radio waves and strong, changing 
magnetic fields are used to make images of your head and brain.  You will be given earplugs to protect your ears 
since these changing magnetic fields cause loud knocking, thumping, and pinging noises.  You will be asked to 
remain very still during the scan.  To help keep your head as still as possible, we will put cushioning around your 
head.  We will also place a pillow under your knees if it is more comfortable for you.  The investigator will check 
in with you periodically throughout the scan.  If you have any discomfort, please notify the investigator during 
these check-in points.   
 
Multiple scans will be performed in a single session with approximately one minute of rest between scans. The 
longest time you will be in the scanner will be about 50 minutes at a time. Seven scans will be performed during 
your session.  You will look at images on a video screen, and be instructed about a specific task, which will ask 
you to respond by pushing a button.   
              
There will be two “tasks” that we will ask you to complete. In one task, we will ask you to look at shapes and try 
to remember if the shape you are looking at is the same or different from the shape you saw 2 trials previously.  
In another task, we will ask you to respond to the letters x and y as they alternate, but to not respond if you see 
two x’s or two y’s in a row. We will practice these tasks outside of the scanner.  When you are in the scanner, we 
will check in with you to give you instructions, and check on your comfort throughout the brain scan.  You may 
discontinue the scan at any time.  
 
There will be times where you will be asked to just lie still.  This will allow us to collect very detailed images of 
your brain.   
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None of the scans that are done during this study are appropriate for clinical interpretation.  This means that they 
are not designed to assess any medical condition that you may have.  They are not designed to reveal any existing 
disease or pathology.  Rather, they are intended solely for research purposes. 
 
Are there any risks or discomforts? 
The risks associated with participating in this study are: 

1. The most obvious personal risk from having an MRI is blunt trauma due to metallic objects being 
brought into the magnetic field. As such, all necessary steps will be taken to make sure neither you 
nor anyone else who enters the MRI scanner room is in possession of an unrestrained metal object 
and no unauthorized person will be allowed to enter the MRI scanner room. 

2. Participants who have iron or steel implants or clips from surgery within their body or metallic 
objects such as shrapnel or metal slivers in their body may be pulled by the magnet and cause 
injury. 

3. The MRI machine produces an intermittent loud noise, which some people find annoying. 
4. Some participants may feel uncomfortable being in an enclosed place (claustrophobia) and others 

find it difficult to remain still. 
5. Some people experience dizziness or a metallic taste in their mouth if they move their head rapidly 

in the magnet. 
6. Some people experience brief nausea when being put into or taken out of the scanner. 
7. One of the potential risks to be considered in this study includes the risk of revealing personal and 

sensitive information on the part of the participant. Participants will be asked personal questions 
regarding their mental health status and engagement in risky behaviors including alcohol use.  

8. Although long-term risk of exposure to the magnet is not known, the possibility of any long-term 
risk is extremely low based on information accumulated over the past 30 years. 

9. There is a small risk of exposure to COVID-19. 

To minimize these risks, we will: 
1. Have you fill out a screening form to determine if you have iron or steel implants, clips from 

surgery, or other metallic objects in your body. If you have implants, clips, or objects in your body, 
you will not be able to undergo an MRI scan. An exception can be made to allow you to participate 
with implanted devices as long as MRI Center personnel verify that the device is compatible at 
3T. The list the MRI Research Center will use is located at http://mrisafety.com/list.asp. 

2. Ask you to change into surgical scrubs supplied by the center and remove any watches, rings, 
earrings, or other jewelry or metallic objects.  You will be provided a private place to change and 
you may retain your undergarments. If you are female, you will be asked to remove your bra if it 
has an underwire or metal fasteners. 

3. Scan you with a handheld metal detector to detect any unknown metallic objects. 
4. Provide you with either earplugs or a set of headphones specifically designed to work in an MRI 

scanner. 
5. Maintain visual and verbal contact with you during the scan and check with you frequently to 

determine if you are having any negative feelings or sensations.  
6. If some unknown risk becomes a safety issue, the research team will immediately stop the scan 

and remove you from the scanner. 
7. You can stop the scan at any time and be immediately removed from the scanner.  
8. In order to protect the confidentiality of all information, consent forms attained will be 

immediately collected and placed in a locked cabinet. All data files will be stored on password 
protected, encrypted, computers with limited access to investigators of this study. All data will be 
stripped of identifiable information and provided with a participant ID. 

9. If you experience discomfort you can stop your participation at any time. You may skip the task 
or cease participation in the study, at any time.   

10. In order to minimize the risk of discomfort by revealing personal information, participants will 
be given the option to refuse to answer any questions without penalty or exclusion from the study.  

 



 

 
145 

 

 

Page 4 of 5  Participant Initials ____________ 

11. In order to minimize the risk of COVID-19 exposure, we will enforce social distancing and ask 
you to wear a face mask. All research personnel will wear a face mask, gloves, lab coat, and eye 
protection. Additionally, all research personnel and participants must have a temperature < 99.0 
degrees to be in the MRI suite. Finally, all research personnel will wash their regularly and 
disinfect the MRI scanner between participants. 

Are there any benefits to yourself or others?   
You may not directly benefit from participating in this study.  This study is not designed to diagnose or treat any 
illness. The information that we learn in this study may help us understand how CBD affects the brain. 
 
Will you receive compensation for participating?   
You will receive $75 for completing the first session, and $125 for completing the second session, for a total of 
$200. If applicable, you will also receive Sona Systems credit.  Specifically, you will receive 4.5 hours of credit for 
completing the first set of scans, and an addition 4.5 hours of credit for the second set of scans. 
 
What happens if I am injured as a result of taking part in this research study? 
No compensation is available for research-related injuries.  You are not waiving any legal rights.  If you believe 
you have sustained a research-related injury, please contact the PI.  If you have questions, please contact Dr. 
Jennifer Robinson at jrobinson@auburn.edu. 
 
If you change your mind about participating, you can withdraw at any time during the study.  You may remove 
yourself from the study at any time, for any reason, without prejudice or loss of benefits to which you are entitled.  
You may also be removed from the study by a study investigator should your continued participation be injurious 
to your health and well-being, or that of others, at any time, or if you fail to comply with the study in a way that 
endangers the integrity of the study data. 
 
Failure to follow instructions or comply with procedural requirements for orderly and safe conduct of the study 
may result in termination of your role in the study and your dismissal following consultation with the PI.  
 
You may be withdrawn due to temporary failures of instrumentation or data recording systems. You will still be 
compensated if this occurs.  
 
If you choose to withdraw, your data can be withdrawn as long as it is identifiable. Your decision about whether 
or not to participate or to stop participating will not jeopardize your future relations with Auburn University or 
the Auburn University MRI Research Center. 
 
Your privacy will be protected.  Any information or data obtained in connection with this study will remain 
confidential.  Information obtained through your participation may be presented at professional meetings, or 
written about in peer-reviewed journals.  However, there will not be any identifiable information in these outlets.  
Access to source data will be restricted.  Only individuals immediately involved in data collection will have access 
to any of the data files.  Specifically, individuals with access to source data and documents will include the study 
investigators.  Federal agencies may have access to study data as part of their duties and responsibilities to protect 
human subjects in research. 

 
FUTURE USE OF DATA 

We would like to store your data for future research related to brain function. We will label your data with a code 
instead of your name, and only include demographic information that is important for brain imaging data, such 
as age and sex.  Your data will be stripped of any identifying information to the greatest extent possible (i.e., we 
will remove any non-brain material so that facial reconstruction cannot be performed).  
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Sending data to research collaborators outside partners. 
Your anonymized data may be shared with researchers outside of Auburn University. This means that the data 
will be impossible to trace back to you.  Data will be transferred between our collaborators using secure transfer 
protocols. Furthermore, with your permission, your anonymized data could be distributed to publicly available 
databases. Please initial below whether you agree to allow your anonymized data to be shared in public 
databases, and with collaborators outside of the scope of this project: 
 
              ________  I give permission for my anonymized data to be shared. 
              ________  I do not give permission for my anonymized data to be shared. 

 
 
Incidental findings. All study procedures are carried out purely for experimental purposes.  The MRI scans that 
are acquired in this study are not the same as those acquired during a clinical examination as requested by a 
medical doctor.  Therefore, they are not useful to investigate any abnormalities or medical conditions.  
Furthermore, the investigators who will analyze these images are not medical doctors and are not trained to 
evaluate these scans.  It is possible, however, that an abnormality may be noticed.  In the case of an MRI incidental 
finding, the Auburn investigators will follow protocol and a physician will contact you. 
 
If you have questions about this study, please ask them now or contact Dr. Jennifer Robinson at 
jrobinson@auburn.edu. A copy of this document will be given to you to keep. 
 
If you have questions about your rights as a research participant, you may contact the Auburn University Office 
of Human Subjects Research or the Institutional Review Board by phone (334)-844-5966 or e-mail at 
hsubjec@auburn.edu or IRBChair@auburn.edu. 
 
I have read the information provided above.  I have been given an opportunity to ask questions and all of my 
questions have been answered to my satisfaction.  
 
______________________________________                              ______________________________________      
Participant’s Signature                    Date                                      Investigator’s Signature                      Date 
 
 
______________________________________                              ______________________________________      
Printed Name                                                                                  Printed Name 


