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Abstract 

 

Many psychiatric disorders are characterized by difficulties in working towards long-term 

goals. Effort-based decision-making (EBDM) provides a useful framework for understanding 

this phenomenon, particularly for parsing motivation into various components, and exploring the 

underpinnings of cost-benefit computations. Importantly, large changes in arousal, like those 

introduced by strong emotions and stress, can significantly influence high-order cognitive 

processes. However, the mechanistic properties underlying associations between emotions and 

various components of EBDM remain unclear, particularly at psychological, neurological and 

endocrinological levels. The following experiments were designed to examine the effect of 

positive and negative emotions on various components of EBDM across psychiatric conditions 

characterized by motivational and impulse-related deficits. In the first experiment, comparing 

emotional versus behavioural inhibitory systems in binge eating disorder, inverse relationships 

between disgust sensitivity, inhibitory control and binge-eating behaviours were found, 

suggesting unique maintenance functions of cognitive-affective links with emotion regulation on 

eating attitudes. In the second experiment examining neural correlates of effort- and reward-

processing in a cannabis using population, findings indicate fronto-striatal but also posterior 

cortical processing alterations during prospective signaling of effort and reward signals and 

during effort-reward information integration. In the final experiment assessing the effects of 

childhood trauma on acute stress responses and gambling urges in a population of problem 

gamblers, increased reports of childhood trauma were noted relative to a healthy control group. 

Childhood trauma subsequently predicted subjective and physiological stress responses, and 

emotional and physical neglect in childhood was further linked to increased gambling urges. 

Taken as a whole, these studies suggest that emotions plays a crucial role in moderating various 
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components of EBDM, underscoring the significant impact of emotional states on higher-order 

cognitive functioning. 
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Chapter 1: General Introduction 
 

 

 

 

ñSomatic markers are a special instance of feelings generated from secondary emotions [i.e., 

from education and socialization]. Those emotions and feeling have been connected, by learning, 

to predict future outcomes of certain scenarios. When a negative somatic marker is juxtaposed to 

a particular future outcome the combination functions as an alarm bell. When a positive somatic 

marker is juxtaposed instead, it becomes a beacon of incentive.ò 

 

- Antonio Damasio, in Descartesô Error, page 174 

 

 

1. Background  

 

People are faced with decisions every day, ranging from routine choices like deciding 

what to wear in the morning to pivotal ones such as career paths or investment strategies. 

Therefore, decision-making involves a subjective valuation of the advantages and drawbacks 

linked to our actions. Increasingly, studies are employing effort-based decision-making (EBDM) 

frameworks to explore the underpinnings of cost-benefit analyses (Chong et al., 2016). These 

frameworks are particularly valuable as they help separate motivation into fundamental 

components (i.e., effort; the motivational aspects of decision-making, and reward; encompassing 

reward responsiveness), allowing the quantification of motivation and the development of 

mechanistic theories and testable approaches to comprehend choice behaviour (Chong et al., 

2016). Within this framework, decisions to undertake actions centres on balancing costs involved 

and the perceived value of outcomes (i.e., rewards) (Westbrook and Braver, 2015; Kool et al., 

2017). When an action demands considerable effort, individuals may judge the potential reward 

as insufficient (Westbrook et al., 2013). Conversely, when the reward holds significant value, 

individuals may deem it worthy of expending substantial effort. 
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While traditional models of effort tend to focus on discounting and costs, contemporary 

models can break down costs into various factors, including effort expenditure (i.e., the amount 

of energy/time invested in obtaining rewards), risk-taking (engaging in behaviours under 

conditions of threat or uncertainty to obtain a reward), and reward discounting (i.e., temporal 

costs associated with the devaluation of reward over time or opportunity costs) (Chong et al., 

2016; Zald & Treadway, 2017). The reward component encompasses a spectrum of constructs 

including anticipation, consumption, type, magnitude, and the individual's state (e.g., mood or 

energy levels; Berridge & Robinson, 1998; Chong et al., 2016; Knutson et al., 2004). Indeed, 

EBDM fits within the Positive Valence Domain of the Research Domain Criteria (RDoC) 

framework introduced by the National Institute of Mental Health (NIMH; 

https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/constructs/rdoc-matrix.shtml), 

which incorporates a reward valuation construct comprising reward probability, delay, and effort 

subconstructs. This suggests that alterations in effort and reward valuation may be shared across 

psychiatric disorders. 

In recent years, impairments in reward-, effort- and valuation-related processes have 

increasingly being explored as a critical endophenotype underlying numerous psychiatric 

conditions (Addicott et al., 2020; Brassard & Balodis, 2021; Chang et al., 2019; Cooper et al., 

2019; Culbreth et al., 2018, 2020; Damiano et al., 2012; Docx et al., 2015; Fervaha et al., 2015; 

Green & Horan, 2015; Hartmann et al., 2015; Mansur et al., 2019; Mata et al., 2017; Mitchell & 

Sevigny-Resetco, 2020; Mosner et al., 2017; Racine et al., 2019; Taylor & Filbey, 2021; 

Treadway et al., 2009, 2012, 2015; Yang et al., 2014). For example, individuals with binge eating 

disorder (BED) have been shown to be more likely to expend greater effort for food rewards but 

not monetary rewards, demonstrate greater decision-making impairments under risk and 
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uncertainty, prefer sooner rather than delayed rewards for both food and money and demonstrate 

increased implicit ówantingô for high fat sweet foods (Svaldi et al., 2010; Balodis et al., 2013a; 

Racine et al., 2019; for a review, see Brassard & Balodis, 2021). Similarly, individuals with a 

history of cannabis use show a preference for immediate rewards over delayed ones and exhibit 

more disadvantageous decision-making on decision-making tasks like the Iowa Gambling Task 

(IGT) (OôDonnell et al., 2021). These patterns are also observed in individuals with gambling 

disorder (GD) and substance use disorders, either independently or in concurrently (Petry, 2001).   

In addition to behavioural assessments, prior neuroimaging studies have highlighted 

several key brain regions involved in effort-based decision-making processes. These regions 

include the ventromedial prefrontal cortex (vmPFC), dorsal anterior cingulate cortex (dACC), 

ventral striatum (VS), posterior cingulate cortex (PCC), amygdala, and insula (Kable & 

Glimcher, 2009; Pr®vost et al., 2010; for a review, see Brassard et al., 2024). These networks 

collectively demonstrate how the brain computes and monitors subjective value estimates to 

guide goal-directed behaviour (Arulpragasam et al., 2018). Importantly, impairments in 

activation in these regions are observed in disorders like BED, where decreased activity in the 

medial PFC and dACC is noted during salience detection and cognitive control relative to 

healthy weight and overweight controls (Stopyra et al., 2019) and enhanced activity in the ACC, 

orbitofrontal cortex, and insula occurs when viewing high-caloric food images (i.e., relating to 

reward sensitivity) compared to healthy controls (Schienle et al., 2009). Individuals with BED 

also show reduced VS activity during anticipatory reward/loss processing on a Monetary 

Incentive Delay Task compared to obese participants (Balodis et al., 2013b, for a review, see 

Balodis et al., 2015). In a similar manner, individuals who regularly use cannabis show enhanced 

mesocorticolimbic responses to cannabis versus non-drug cues, and enhanced fronto-striatal 
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activity linked to THC levels and cannabis use disorder (CUD) symptoms (Filbey et al., 2016). 

Reductions in nucleus accumbens, caudate, left putamen, right inferior and medial frontal gyrus, 

superior frontal gyrus, and left cingulate activation are also observed during reward anticipation 

in individuals who use cannabis (for review, see Morie & Potenza, 2021). In individuals with 

GD, reduced responses in the vmPFC and VS during reward processing are also observed 

relative to a matched control group (Reuter et al., 2005). This is further supported by findings 

showing reduced anticipatory BOLD signals during gains and losses in the vmPFC, anterior 

cingulate, left VS, and caudate during the MIDT (Balodis et al., 2012; Choi et al., 2012; 

Romanczuk-Seiferth et al., 2015). Reduced BOLD activation is also observed in other aspects of 

decision-making in GD, such as temporal discounting, whereby valuation signals in the vmPFC, 

VS and substantia nigra/ventral tegmental area for delayed rewards were negatively correlated 

with gambling severity (e.g., Miedl et al., 2015). 

2. Emotion processing and decision-making 

 

Whereas affect is often considered a trait, reflecting a consistent and enduring 

predisposition toward certain types of emotional experiences, emotions are seen as states, 

representing temporary and situational responses to specific stimuli (Shouse, 2005). Emotions 

therefore play a central role in influencing decision-making processes. Positive emotions, such as 

the anticipation of reward, can drive individuals to engage in impulsive behaviours seeking 

immediate gratification. Conversely, negative emotions, such as stress or anxiety, can exacerbate 

urges and impair self-control mechanisms (Cyders & Smith, 2008a). For instance, in 

experimentally-induced negative emotion, post-punishment trials are associated with 

disadvantageous choice behaviour in women with BED, but not in healthy controls (Danner et 

al., 2013). In individuals with CUD, stress negatively affects the ability to generate and execute 
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prosocial decisions and behaviours (Fishbein et al., 2006). Additionally, individuals with GD 

often fail to use information from aversive emotional states related to loss, which prevents them 

from interrupting gambling behaviour and leads to chasing behaviour despite negative 

consequences (Brevers et al., 2013). Importantly, processing both positive and negative emotions 

involves the same brain areas that control decision-making, including the PFC, ACC, striatum, 

insula, amygdala, and frontal and temporal poles (Um et al., 2019). Specifically, the amygdala is 

involved in the generation of bodily signals (i.e., biomarkers) related to emotional responses and 

the PFC is crucial for integrating these biomarkers with decision-making (Damasio, 1994, 

Damasio, 1996). In other words, biomarkers, including physiological (i.e., changes in heart rate, 

skin conductance, or muscle tension) and hormonal responses (i.e., spikes in cortisol, adrenaline 

or oxytocin), are processed in the brain and influence cognitive evaluations of different options. 

Importantly, emotional biomarkers are situational; the environments we are in influence whether 

we experience "good" or "bad" emotions. When a negative biomarker is associated with a 

potential future outcome, it serves as a warning signal; when a positive biomarker is linked to an 

outcome, it becomes a source of motivation (Damasio, 1994, Damasio, 1996). For example; 

cortisol, known as the óstress hormoneô, affects anxiety and fear responses, which are processed 

in the amygdala and critically influence risk assessment and decision-making in the PFC. Thus, 

neural correlates related to emotional processing are indeed associated with decision-making and 

behavioural control, thereby supporting their use as biomarkers for the development of novel 

personalized treatment programs (Um et al., 2019). As such, BED, CUD, and GD may all be 

characterized by decision-making impairments which can become amplified in the context of 

negative emotions. 
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The IGT, developed by Bechara et al. (2000), is the most commonly used task to 

empirically examine emotion effects on decision-making. It was designed to highlight the role of 

prefrontal brain regions in decision-making by assessing impairments in patients with 

ventromedial prefrontal cortex (vmPFC) damage. In this task, participants choose cards from 

either ódisadvantageousô decks, which yield high immediate gains but large losses, or 

óadvantageousô decks, which yield low immediate gains but small penalties. By the end of the 

task, individuals without vmPFC damage learn to distinguish between the advantageous and 

disadvantageous decks and adjust their behaviour to maximize rewards. Notably, these 

behavioural shifts occur before participants become consciously aware of the deck differences. 

Psychophysiological studies further demonstrate specific patterns in healthy individuals; before 

selecting from ódisadvantageousô decks, healthy participants exhibit spikes in skin conductance, 

an anticipatory emotional biomarker that guides them away from risky choices (Bechara et al., 

1997; Bechara et al., 2000; Damasio, 1994). However, individuals with vmPFC damage cannot 

differentiate between the decks despite understanding the IGT instructions, and they do not show 

increased skin conductance responses before selecting from ódisadvantageousô decks. As a result, 

these individuals continue to choose from ódisadvantageousô decks due to the large immediate 

wins associated with them. Similar performance has been observed in individuals with substance 

use disorders; they tend to choose disadvantageously on the IGT and fail to develop anticipatory 

skin conductance signals (Bechara and Damasio, 2002; for a review, see Verdejo-Garcia & 

Bechara, 2009).  

3. Proposed series of experiments 

 

Despite emerging literature assessing the influence of emotions on behavioural control 

and decision-making processes in BED, CUD and GD, the mechanisms underlying these 



 

 

7 

relationships are still not well understood. Notably, few studies exist characterizing 

neurobiological processes underlying behavioural control and decision-making in these 

populations. This is important as it could provide critical insights into the biological and 

psychological underpinnings of these disorders, potentially leading to more effective treatments 

and interventions.  

The current body of work integrates multiple indices of emotion, applying neurological, 

physiological, subjective and behavioural assessments. More specifically, Chapter 2 delves into 

the relationship between BED and the capacity to regulate both behavioural and emotional 

inhibitory systems. This chapter examines the influence of disgust sensitivity, a strong negative 

inhibitory emotion, on performance on the well-established Go/No-Go Task, a tool aimed at 

discerning individuals' proficiency in inhibiting prepotent responses. Chapter 3 unravels the 

intricate neurofunctional computations underlying decision-making processes with a specific 

focus on effort expenditure and reward processing as proxies for negative and positive emotional 

states. Using fMRI and a sequential effort-based decision-making task, this chapter sheds light 

on how alterations in effort and reward valuation signals might affect choice behaviour in a CUD 

population. Lastly, Chapter 4 assesses relationships between childhood trauma, subjective and 

physiological stress responses and their predictive value on gambling urges within a sample of 

individuals with problem gambling behaviours. Using the well-validated Trier Social Stress Test 

(TSST) and measures of stress biomarkers (i.e., cortisol levels in saliva), this chapter aims to 

evaluate the impact of both short- and long-term stress on gambling psychopathology and 

examines stress-induced urges to gambling. By examining how various emotional signals and 

trait measures interact to influence processes related to choice behaviour, reward processing, and 

decision-making, this work can shed light on transdiagnostic mechanisms underlying 
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psychopathology. Through the implementation of multifaceted methodological approaches, 

including behavioural, neuroimaging, and physiological assessments, this work not only 

advances our understanding of psychiatric disorders but also lays the groundwork for targeted 

interventions and personalized treatment strategies informed by neurobiological mechanisms.  

 

References 

 

Addicott, M. A., Wardle, M. C., & Selig, J. P. (2020). Effort-based decision making varies by 

smoking status. Psychopharmacology (berl), 237, 1081ï1090. https://doi.org/10.1007/ 

s00213-019-05437-3 

Arulpragasam, A. R., Cooper, J. A., Nuutinen, M. R., & Treadway, M. T. (2018). Corticoinsular 

circuits encode subjective value expectation and violation for effortful goal-directed 

behaviour. PNAS 115 (22), e5233ïe5242. https://doi.org/10.1073/pnas.1800444115 

Balodis, I. M., Kober, H., Worhunsky, P. D., Stevens, M. C., Pearlson, G. D., & Potenza, M. N. 

(2012). Diminished frontostriatal activity during processing of monetary rewards and 

losses in pathological gambling. Biological psychiatry, 71(8), 749ï757. 

https://doi.org/10.1016/j.biopsych.2012.01.006 

Balodis, I. M., Kober, H., Worhunsky, P. D., White, M. A., Stevens, M. C., Pearlson, G. D., 

Sinha, R., Grilo, C. M., & Potenza, M. N. (2013a). Monetary reward processing in obese 

individuals with and without binge eating disorder. Biological psychiatry, 73(9), 877ï

886. https://doi.org/10.1016/j.biopsych.2013.01.014 

Balodis, I. M., Molina, N. D., Kober, H., Worhunsky, P. D., White, M. A., Rajita Sinha, Grilo, C. 

M., & Potenza, M. N. (2013b). Divergent neural substrates of inhibitory control in binge 



 

 

9 

eating disorder relative to other manifestations of obesity. Obesity (Silver Spring, Md.), 

21(2), 367ï377. https://doi.org/10.1002/oby.20068 

Balodis, I. M., Grilo, C. M., & Potenza, M. N. (2015). Neurobiological features of binge eating 

disorder. CNS spectrums, 20(6), 557ï565. https://doi.org/10.1017/S1092852915000814 

Bechara, A., Damasio, H., Tranel, D., & Damasio, A. R. (1997). Deciding advantageously before 

knowing the advantageous strategy. Science (New York, N.Y.), 275(5304), 1293ï1295. 

https://doi.org/10.1126/science.275.5304.1293  

Bechara, A., Damasio, H., & Damasio, A. R. (2000). Emotion, decision making and the 

orbitofrontal cortex. Cereb. Cortex 10, 295ï307. doi:10.1093/cercor/10.3.295 

Bechara, A., & Damasio, H. (2002). Decision-making and addiction (part I): impaired activation 

of somatic states in substance dependent individuals when pondering decisions with 

negative future consequences. Neuropsychologia, 40(10), 1675ï1689. 

https://doi.org/10.1016/s0028-3932(02)00015-5 

Berridge, K. C., & Robinson, T. E. (1998). What is the role of dopamine in reward: hedonic 

impact, reward learning, or incentive salience? Brain Res. Rev. 28, 309ï369. 

Brassard, S., & Balodis, I. (2021). A Review of Effort-Based Decision-Making in Binge Eating 

Disorder. Special Issue in Progress in Neuro-Psychopharmacology and Biological 

Psychiatry, 110, 110333. https://doi.org/10.1016/j.pnpbp.2021.110333 

Brassard, S. L., Liu, H., Dosanjh, J., MacKillop, J., & Balodis, I. (2024). Neurobiological 

foundations and clinical relevance of effort-based decision-making. Brain imaging and 

behavior, 10.1007/s11682-024-00890-x. Advance online publication. 

https://doi.org/10.1007/s11682-024-00890-x 



 

 

10 

Brevers, D., & No±l, X. (2013). Pathological gambling and the loss of willpower: a 

neurocognitive perspective. Socioaffective neuroscience & psychology, 3(1), 21592. 

https://doi.org/10.3402/snp.v3i0.21592 

Chang, W. C., et al. (2019). Effort-based decision-making impairments in patients with 

clinically-stabilized first-episode psychosis and its relationship with amotivation and 

psychosocial functioning. European Neuropsychopharmacology, 29(5), 629ï642. https:// 

doi.org/10.1016/j.euroneuro.2019/03.006 

Choi, J. S., Shin, Y. C., Jung, W. H., Jang, J. H., Kang, D. H., Choi, C. H., Choi, S. W., Lee, J. Y., 

Hwang, J. Y., & Kwon, J. S. (2012). Altered brain activity during reward anticipation in 

pathological gambling and obsessive-compulsive disorder. PloS one, 7(9), e45938. 

https://doi.org/10.1371/journal.pone.0045938  

Chong, T. T .-J., Bonnelle, V., & Husain, M. (2016). Quantifying motivation with effort-based 

decision-making paradigms in health and disease. Prog. Brain Res. 229, 71ï100. 

https://doi.org/10.1016/bs.pbr.2016.05.002. 

Cooper, J. A., Barch, D. M., Reddy, L. F., Horan, W. P., Green, M. F., & Treadway, M. T. (2019). 

Effortful goal-directed behavior in schizophrenia: Computational subtypes and 

associations with cognition. Journal of Abnormal Psychology, 128(7), 710ï722. 

https://doi.org/10.1037/abn0000443 

Culbreth, A. J., Moran, E. K., & Barch, D. M. (2018). Effort-Based Decision-Making in 

Schizophrenia. Current Opinion in Behavioral Sciences, 22, 1ï6. 

https://doi.org/10.1016/j.cobeha.2017. 12.003 

Culbreth, A. J., Moran, E. K., Kandala, S., Westbrook, A., & Barch, D. M. (2020). Effort, 

Avolition, and Motivational Experience in Schizophrenia: Analysis of Behavioral and 



 

 

11 

Neuroimaging Data With Relationships to Daily Motivational Experience. Clinical 

Psychological Science, 8(3), 555ï568. https://doi.org/10.1177/ 2167702620901558 

Cyders, M. A., & Smith, G. T. (2008). Emotion-based dispositions to rash action: positive and 

negative urgency. Psychological bulletin, 134(6), 807ï828. 

https://doi.org/10.1037/a0013341 

Damasio, A. R. (1994). Descartesô Error: Emotion, Reason, and the Human Brain. New York, 

NY: G.P. Putnam. 

Damasio, A. R. (1996). The somatic marker hypothesis and the possible functions of the 

prefrontal cortex. Phil. Trans. R. Soc. Lond. B 351, 1413ï20. doi:10.1098/ rstb.1996.0125 

Damiano, C. R., Aloi, J., Treadway, M., Bodfish, J.W., & Dichter, G.S. (2012). Adults with 

autism spectrum disorders exhibit decreased sensitivity to reward parameters when 

making effort-based decisions. Journal of Neurodevelopmental Disorders., 4(1), 13. 

https://doi.org/10.1186/1866-1955-4-13 

Danner, U. N., Evers, C., Sternheim, L. et al. (2013). Influence of negative affect on choice 

behavior in individuals with binge eating pathology. Psychiatry Res 207:100ï106. 

https://doi.org/10.1016/j.psychres.2012.10.016 

Docx, L., de la Asuncion, J., Sabbe, B., Hoste, L., Baeten, R., War- naerts, N., & Morrens, M. 

(2015). Effort discounting and its association with negative symptoms in schizophrenia. 

Cognitive Neuropsychiatry, 20(2), 172ï185. https://doi.org/10.1080/ 

13546805.2014.993463 

Fervaha, G., Duncan, M., Foussias, G., Agid, O., Faulkner, G. E., & Remington, G. (2015). 

Effort-based decision making as an objective paradigm for the assessment of motivational 



 

 

12 

deficits in schizophrenia. Schizophrenia Research, 168, 483ï490. https:// 

doi.org/10.1016/j.schres.2015.07.023 

Filbey, F. M., Dunlop, J., Ketcherside, A., Baine, J., Rhinehardt, T., Kuhn, B., DeWitt, S., & Alvi, 

T. (2016). fMRI study of neural sensitization to hedonic stimuli in long-term, daily 

cannabis users. Human brain mapping, 37(10), 3431ï3443. 

https://doi.org/10.1002/hbm.23250 

Fishbein, D. H., Herman-Stahl, M., Eldreth, D., Paschall, M. J., Hyde, C., Hubal, R., Hubbard, 

S., Williams, J., & Ialongo, N. (2006). Mediators of the stress-substance-use relationship 

in urban male adolescents. Prevention science : the official journal of the Society for 

Prevention Research, 7(2), 113ï126. https://doi.org/10.1007/s11121-006-0027-4 

Green, M. F., & Horan, W. P. (2015). Effort-Based Decision Making in Schizophrenia: 

Evaluation of Paradigms to Measure Motivational Deficits. Schizophrenia Bulletin, 41(5), 

1021ï1023. https://doi. org/10.1093/schbul/sbv084 

Hartmann, M. N., Hager, O. M., Reimann, A. V., Chumbley, J. R., Kirschner, M., Seifritz, E., 

Tobler, P. N., & Kaiser, S. (2015). Apathy but not diminished expression in schizophrenia 

is asso- ciated with discounting of monetary rewards by physical effort. Schizophrenia 

Bulletin, 41(2), 503ï512. https://doi.org/10.1093/ schbul/sbu102 

Kable, J. W., & Glimcher, P. W. (2009). The neurobiology of decision: consensus and 

controversy. Neuron, 63(6), 733ï745. https://doi.org/10.1016/j. neuron.2009.09.003. 

Knutson, B., Bjork, J. M., Fong, G. W., Hommer, D., Mattay, V. S., & Weinberger, D. R. (2004). 

Amphetamine modulates human incentive processing. Neuron 43, 261ï269. 

Kool, W., Gershman, S. J., & Cushman, F. A. (2017). Cost-benefit arbitration between multiple 

reinforcement-learning systems. Psychol. Sci. 28 (9), 1321ï1333. 



 

 

13 

Mansur, R. B., et al. (2019). Effort-based decision-making is affected by overweight/obesity in 

major depressive disorder. Journal of Affective Disorders, 1(256), 221ï227. 

https://doi.org/10.1016/j. jad.2019.06.002 

Mata, F., Treadway, M., Kwok, A., Truby, H., Yucel, M., Stout, J. C., & Verdejo-Garcia, A. 

(2017). Reduced willingness to expend effort for reward in obesity: link to adherence to a 

3-month weight loss intervention. Obesity 25, 1676ï1681. https://doi.org/ 10.1002/oby. 

21948. 

Miedl, S. F., Wiswede, D., Marco-Pallar®s, J., Ye, Z., Fehr, T., Herrmann, M., & M¿nte, T. F. 

(2015). The neural basis of impulsive discounting in pathological gamblers. Brain 

imaging and behavior, 9(4), 887ï898. https://doi.org/10.1007/s11682-015-9352-1 

Mitchell, S. H., & Sevigny-Resetco, D. (2020). Effort-Related Deci- sion-Making in ADHD. 

Journal of Psychiatry and Brain Science, 5, e200027. 

https://doi.org/10.20900/jpbs.20200027 

Morie, K. P., & Potenza, M. N. (2021). A Mini-Review of Relationships Between Cannabis Use 

and Neural Foundations of Reward Processing, Inhibitory Control and Working Memory. 

Frontiers in psychiatry, 12, 657371. https://doi.org/10.3389/fpsyt.2021.657371 

Mosner, M. G., et al. (2017). Vicarious Effort-Based Decision Making in Autism Spectrum 

Disorders. Journal of Autism and Developmental Disorders, 47(10), 2992ï3006. 

https://doi.org/10.1007/ s10803-017-3220-3 

O'Donnell, B. F., Skosnik, P. D., Hetrick, W. P., & Fridberg, D. J. (2021). Decision Making and 

Impulsivity in Young Adult Cannabis Users. Frontiers in psychology, 12, 679904. 

https://doi.org/10.3389/fpsyg.2021.679904,  



 

 

14 

Petry, N. M. (2001). Substance abuse, pathological gambling, and impulsiveness. Drug and 

Alcohol Dependence, 63, 29-38.  

Pr®vost, C., Pessiglione, M., M®t®reau, E., Cl®ry-Melin, M., & Breher, J. (2010). Separate 

valuation subsystems for delay and effort decision costs. J. Neurosci. 30 (42), 14080ï

14090. https://doi.org/10.1523/JNEUROSCI.2752-10.2010. 

Racine, S.E., Horvath, S.A., Brassard, S., & Benning, S.D. (2019). Effort Expenditure for 

Reward Task Modified for Food: A Novel Behavioral Measure of Willingness to Work for 

Food and Associations with Binge Eating. International Journal of Eating Disorders, 

52(1), 71-78g ex. DOI: 10.1002/eat.22999  

Reuter, J., Raedler, T., Rose, M., Hand, I., Glªscher, J., & B¿chel, C. (2005). Pathological 

gambling is linked to reduced activation of the mesolimbic reward system. Nature 

neuroscience, 8(2), 147ï148. https://doi.org/10.1038/nn1378 

Romanczuk-Seiferth, N., Koehler, S., Dreesen, C., W¿stenberg, T., & Heinz, A. (2015). 

Pathological gambling and alcohol dependence: neural disturbances in reward and loss 

avoidance processing. Addiction biology, 20(3), 557ï569. 

https://doi.org/10.1111/adb.12144 

Schienle, A., Scha ↓fer, A., Hermann, A., & Vaitl, D. (2009). Binge-eating disorder: reward 

sensitivity and brain activation to images of food. Biol. Psychiatry 65, 654ï661. 

Shouse, E. (2005). Feeling, Emotion, Affect. M/C Journal, 8(6). 

https://doi.org/10.5204/mcj.2443 

Stopyra, M. A., Simon, J. J., Skunde, M., Walther, S., Bendszus, M., Herzog, W., & Friederich, 

H. (2019). Altered functional connectivity in binge eating disorder and bulimia nervosa: a 

resting-state fMRI study. Brain Behav. 9(2), e01207 [PubMed: 30644179]. 



 

 

15 

Svaldi, J., Brand, M., & Tuschen-Caffier, B. (2010). Decision-making impairments in women 

with binge eating disorder. Appetite, 54(1), 84ï92. 

https://doi.org/10.1016/j.appet.2009.09.010 

Taylor, M., & Filbey, F. (2021). Residual Effects of Cannabis Use on Effort-Based Decision-

Making. Journal of the International Neuropsychological Society, 27(6), 559ï569. 

https://doi.org/10.1017/ S1355617721000473 

Treadway, M. T., Buckholtz, J. W., Schwartzman, A. N., Lambert, W. E., & Zald, D. H. (2009). 

Worth the ñEEfRTò? The effort expenditure for rewards task as an objective measure of 

motivation and anhedonia. PLoS One 4(8), e6598. https://doi.org/10.1371/ 

journal.pone.0006598. 

Treadway, M. T., Bossaller, N., Shelton, R. C., & Zald, D. H. (2012). Effort-based decision- 

making in major depressive disorder: a translation model of motivational anhedonia. J. 

Abnorm. Psychol. 121(3), 553ï558. https://doi.org/10.1037/a0028813. 

Treadway, M. T., Peterman, J. S., Zald, D. H., & Park, S. (2015). Impaired effort allocation in 

patients with schizophrenia. Schizophr. Res. 161, 382ï385. https://doi.org/ 

10.1016/j.schres.2014.11.024. 

Um, M., Whitt, Z. T., Revilla, R., Hunton, T., & Cyders, M. A.(2019). Shared Neural Correlates 

Underlying Addictive Disorders and Negative Urgency. Brain Sciences, 9(2):36. 

https://doi.org/10.3390/brainsci9020036 

Verdejo-Garc²a, A., & Bechara, A. (2009). A somatic marker theory of addiction. 

Neuropharmacology, 56 Suppl 1(Suppl 1), 48ï62. 

https://doi.org/10.1016/j.neuropharm.2008.07.035 



 

 

16 

Westbrook, A., Kester, D., & Braver, T. S. (2013). What is the subjective cost of cognitive effort? 

Load, trait, and again effects revealed by economic preference. PLoS One 8 (7), e68210. 

Westbrook, A., & Braver, T. S. (2015). Cognitive effort: a neuroeconomic approach. Cogn. 

Affect. Behav. Neurosci. 15, 395ï415. 

Yang, X. H., Huang, J., Zhu, C. Y., Wang, Y. F., Cheung, E. F., Chan, R. C., & Xie, G. R. (2014). 

Motivational deficits in effort-based decision making in individuals with subsyndromal 

depression, first-episode and remitted depression patients. Psychiatry Research, 220(3), 

374ï882. https://doi.org/10.1016/j.psychres/ 2014.08.056 

Zald, D. H., & Treadway, M. T. (2017). Reward Processing, Neuro- economics, and 

Psychopathology. Annual Review of Clinical Psychology, 13, 417ï495. 

https://doi.org/10.1146/annurev-clinp sy-032816-044957 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

17 

Foreword to Chapter 2 

 

Chapter 2 consists of manuscript published online in February 2023. 

 

Brassard, S., & Laliberte, M., MacKillop, J., & Balodis, I. (2023). Emotional versus 

Behavioural Inhibitory Systems in Binge Eating Disorder: Associations with Eating 

Pathology. Eating and Weight Disorders ï Studies on Anorexia, Bulimia and Obesity, 

28(15), 1-14. https://doi.org/10.1007/s40519-023-01544-5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

18 

Chapter 2:  
 

 

 

 

 

 

 

Disgust sensitivity and behavioural inhibitory systems in binge eating disorder: associations with 

eating pathology 

 

 

 

Sarah L. Brassard1,2,5, Michele Laliberte2,3,5, James MacKillop2,4,5, & Iris M. Balodis1,2,4,5 

 

 

1 Neuroscience Graduate Program, McMaster University, Hamilton, ON, Canada 
2 Peter Boris Centre for Addictions Research, St. Josephôs Healthcare Hamilton, 100 West 5th 

Street, Hamilton, ON L8P 3P2, Canada 
3 Eating Disorders Program, St. Josephôs Healthcare Hamilton, Hamilton, ON, Canada 
4 Michael G. DeGroote Centre for Medicinal Cannabis Research, Hamilton, ON, Canada 

5 Department of Psychiatry and Behavioural Neurosciences, McMaster University, 1280 Main 

Street West, Hamilton, ON L8S 4L8, Canada 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

19 

Abstract 

 

Disgust sensitivity refers to how unpleasant a disgusting experience is to an individual 

and is involved in the development of many psychiatric conditions. Given its link with food 

ingestion, there is an interest in understanding how an individualôs susceptibility to disgust 

relates to dietary habits. One possible mechanism giving rise to this association is through the 

effects negative emotions have on high-order cognitive processes, but few studies take this 

model into account. The aim of this study was to characterize general disgust sensitivity in a 

clinical binge eating disorder (BED) population, and explore whether disgust sensitivity relates 

to inhibitory control and eating pathology. Following a case-controlled study design, our results 

show that: (1) disgust sensitivity and its subscales do not differ between BED and healthy 

controls, (2) higher disgust sensitivity in BED relates to greater behavioural inhibition, (3) 

inhibitory control reaction times relate to aspects of eating pathology, and (4) inhibitory control 

does not mediate relationships between disgust sensitivity and BMI among participants with 

BED. Understanding the role of disgust sensitivity in BED may allow us to understand how 

negative emotion systems maintain dysregulated eating behaviours with the potential to inform 

emotion-regulation treatment approaches.  
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1. Introduction 

1.1.  Disgust sensitivity and inhibitory control 

Disgust is a universally experienced primary emotion that serves to guide cognitive and 

behavioural functioning away from risk of infection and contamination by influencing eating 

cessation/food avoidance (Curtis et al., 2004; Egolf et al., 2018; Rozin & Fallon, 1987). 

However, fairly little research has examined this construct to date. Behavioural components of 

disgust include modified facial expressions and actions that include stopping and dropping 

objects of disgust, shuddering or uttering ñEw!ò (Curtis et al., 2004; Rozin & Fallon, 1987). Its 

physiological components include nausea, gagging, lowered blood pressure and increased 

galvanic skin responses, which together can stop consummatory behaviours (Levenson et al., 

1990; Levenson, 1992). Encompassing sensory and cognitive processes, disgust can influence 

eating cessation and avoidance of certain foods as well as other eating behaviours (i.e., 

anticipating how a certain food will taste, or the consequence of eating a certain food) (Rozin & 

Fallon, 1987), even without physical contact. For example, nausea, the most characteristic 

physiological manifestation of disgust, can influence food/eating avoidance without physical 

consumption (Rozin & Fallon, 1987). Given this intimate link with food ingestion, there is an 

interest in understanding how an individualôs susceptibility to disgust relates to dietary habits. 

One subfactor of disgust is disgust sensitivityðreferring to how unpleasant a disgusting 

experience is to an individual (van Overveld et al., 2006). With the capacity to rapidly link 

cognitive and affective processes, disgust sensitivity may also relate to the development and 

maintenance of psychiatric disorders (Rozin & Fallon, 1987). To date, most research on disgust 

sensitivity has been in anxiety-related disorders (Davey, 1994; De Jong et al., 1997; De Jong et 

al., 2002; Koch et al., 2002; Matchett & Davey, 1991; Mulken et al., 1996; Muris et al., 1999; 
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Sawchuk et al., 2000; Sawchuk et al., 2002; Thorpe et al., 2003; Tolin et al., 1997; Ware et al., 

1994), with additional investigations in avoidant behaviour (Woody & Tolin, 2002), obsessiveï

compulsive behaviours (Berle & Phillips, 2006; Olatunji et al., 2007; Thorpe et al., 2003) and 

social anxiety disorder (Amir et al., 2010; Montagne et al., 2006). Very little research has 

investigated disgust sensitivity in eating disorders (EDs), and in binge eating disorder (BED) in 

particular (Bektas et al., 2022)ðone of the most commonly diagnosed EDs (Santomauro et al., 

2021). 

Given the universal nature of disgust sensitivity, this construct may be understood as a 

component of larger negative cognitive processes (Rozin & Fallon, 1987). There is evidence that 

disgust sensitivity may be linked to both healthy and unhealthy eating (Spinelli et al., 2021). 

Several disgust sensitivity theories suggest that this construct can serve as a protective 

mechanism preventing the consumption of risky foods with a potential high pathogen load (i.e., a 

rejection response surrounding eating) (Egolf et al., 2018). However, in the context of EDs, this 

construct may serve as an affective process associated with more restrictive eating behaviour 

(i.e., working in opposition to the hunger drive) (Egolf et al., 2018; Spinelli et al., 2021) driven 

by psychosocial factors influencing a personôs perspective of food and the body. Consistent with 

this second notion, disgust sensitivity relates to certain dysregulated eating behaviours, and 

eating pathology more generally (Aharoni & Hertz, 2011; Davey et al., 1998; Troop et al., 2002). 

Disgust sensitivity could move individuals away from a feared outcome different from 

infectionðrather a fear of weight gain and/or feelings of fullness. While these hypotheses 

(protective anti-pathogen mechanism vs psychosocial affective process) are not mutually 

exclusive, they nevertheless represent different lenses for examining a possible (dys)functional 
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role of disgust in eating behavioursðeither through a general oversensitivity or acting as a 

defensive mechanism related to eating and weight domains. 

1.2.  Disgust sensitivity in eating disorders and links with eating pathology 

Rather than a generic process, disgust sensitivity across EDs may pertain primarily to 

areas concerned with food and the body (Troop et al., 2000; Troop & Baker, 2009). Indeed, 

relationships seem to exist between anorexia nervosa (AN) and bulimia nervosa (BN) and dis- 

gust related to animal foodstuff, and body-related stimuli. More specifically, in healthy adults 

and patients with AN, heightened disgust sensitivity associates with greater Drive for Thinness, 

Bulimia, Body Dissatisfaction, Ineffectiveness, Eating Disorders Inventory (EDI) total scores, 

and Eating Attitudes Test (EAT) total scores (Davey et al., 1998; Troop et al., 2000). Related to 

this notion (but looking at more psychological variables, rather than diagnoses), there is some 

evidence for relationships between restraint/drive for thinness and disgust sensitivity (especially 

to food). For instance, in clinical ED populations (including AN-restricting subtype, AN-

binge/purge subtype, BN, eating disorder not otherwise specified and obese binge eaters) 

symptoms of AN measured via the Drive for Thinness subscale of the EDI also positively 

correlate with disgust sensitivity to Food and Magical Contagion (Troop et al., 2000). 

Furthermore, higher Bulimia subscale scores of the EDI are associated with increased disgust 

sensitivity to Animals, Death, Body Envelope Violation and Magical Contagion, and marginally 

with overall Disgust Sensitivity (Troop et al., 2000). In another clinical ED sample (diagnoses 

not specified), higher Drive for Thinness correlates with increased Core Disgust, Animal 

Reminder, Contamination-Based Disgust, Disgust Sensitivity, and higher Body Dissatisfaction 

correlates with increased Core Disgust, Contamination-Based Disgust and Disgust Sensitivity 

(Lobera & Rio, 2011). Collectively, these results suggest that disgust sensitivity to food/body-
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related stimuli appear related to measures of disordered eatingðboth to BN (measuring fear of 

loss of control over eating and compensatory efforts) and Drive for Thinness. 

There are some mixed findings linking disgust constructs with eating behaviours and 

clinical measures. In nonclinical populations, a higher body mass index (BMI) is linked with 

decreased Core Disgust and Contamination-Based Disgust levels; whereas higher reported 

disgust levels are associated with increased restrained eating behaviours (Houben & Haverman, 

2012). In further support of this association, heightened Core Disgust sensitivity relates to 

measures of self-disgust, motivating restrained eating behaviours with high BMI in non-obese 

individuals (Spinelli et al., 2021). However, one early study did not find associations between 

food-related disgust and the avoidance of high calorie/highly palatable foods in a nonclinical 

sample of women (Griffiths & Troop, 2006). Nevertheless, participants with AN or BN 

diagnoses show significantly higher levels of disgust sensitivity on Foodstuff of Animal Origin, 

Human Body Products, and Gastro-enteric Products subscale of the Disgust Questionnaire 

compared to a matched, nonclinical control sample (Davey et al., 1998). 

For BED, there is currently no evidence for differences between clinical and non-clinical 

BED groups in general or food/body-related disgust sensitivity (Bektas et al., 2022). This is 

supported by neuroimaging studies demonstrated significant activation of the amygdala, insula 

and lateral orbitofrontal cortex (OFC) when viewing disgusting stimuli in all participant groups 

(BED, BN, overweight control subject and normal- weight control subjects)ðbut no significant 

group differences (Schienle et al., 2009), suggesting similar activations during generic disgust 

processing across groups rather than binge-specific differences. 
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1.3.  Effects of negative emotions on executive functioning 

Multiple theories on the development and maintenance of eating disorders suggest that 

negative emotions trigger engagement in emotional eating and binge eating episodes in both non-

clinical and clinical populations (Gross & Jazaieri, 2014; Litwin et al., 2017) by acting on 

executive functioning abilities. Current evidence suggests that the onset of BN, characterized by 

cycles of binging and purging behaviours, co-occurs with periods of negative affect, suggesting 

associations between emotions and control over eating (Dreyfuss et al., 2017). Furthermore, 

negative urgencyðthe tendency to act impulsively when feeling negative emotionsðwhen 

combined with expectations that eating will alleviate negative affect, strongly characterises both 

BN (Anestis et al., 2009; Hayaki, 2009) and BED (Fisher et al., 2012). Based on a negative 

valence systems model of binge-type eating disorder risk (Vannucci et al., 2015), risk factors for 

binging behaviour (acting independently or in combination) include altered corticolimbic 

functioning, neuroendocrine dysregulation, and self-reported negative affect. Therefore, negative 

emotions like disgust may disrupt high-order cognitive processes like inhibitory controlð a key 

feature in binge eating disorders (Manasse et al., 2015; Miller & Cohen, 2001; Tiego et al., 

2018). For instance, emotions and inhibitory control share a ótwo-way connectionô between 

emotion processing and inhibitory control through shared brain networks (including the insula 

and inferior frontal gyrus) (Kalanthroff et al., 2013; Steward & Berner, 2020), which allows 

emotions to disrupt inhibitory control and vice versa. The insula, which is heavily implicated in 

interoceptive awareness, emotional processing and response inhibition, may have the ability to 

óhijackô self-control areas of the brain and affect inhibitory control via its projections that extend 

to various parts of the prefrontal cortex (housing numerous regions involved in inhibition) 

(Craig, 2009; Droutman et al., 2015; Flynn et al., 1999; Naqvi et al., 2007; Naqvi & Bechara, 
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2009; Naqvi & Bechara, 2010). More specifically, the anterior insula acts as a ñrelay centerò by 

receiving sensory information (from disgust-inducing stimuli), and subsequently modulates 

activity in response inhibition networks which consist of the left and right inferior and middle 

frontal gyri, right superior frontal gyrus, anterior cingulate cortex, anterior insula, subthalamic 

nucleus, pre-Supplementary Motor Area (SMA), and dorsal aspects of the striatum (Flynn et al., 

1999; Steward & Berner, 2020). Therefore, disgust sensitivity may have the ability to indirectly 

influence eating behaviours via its effects on self-control processes; primarily by activating the 

anterior insula. Indeed, the effects of disgust sensitivity on BMI are mediated through reductions 

in food-specific inhibitory control (Liu et al., 2019). 

Despite the effects negative emotions have on executive functioning, the relationship 

between inhibitory control and eating disorders is not straightforward. Response inhibition is 

generally assessed using validated stopping paradigms such as the Stop Signal Task and Go/No-

Go tasks which require participants to withhold behavioural responses when a visual or auditory 

cue is presented. Impairments in inhibitory control across eating disorders differ between general 

and ódisorder-salientô stimuli (i.e., food/eating, body/shape). For generic stimuli, a meta-analysis 

of 5 Go/No-Go studies had non-significant effect sizes (Hedgeôs g = ī 0.39) across bulimic-type 

ED groups (Wu et al., 2013). For food-specific inhibitory control stimuli, only one study showed 

significant inhibitory control deficits to food/eating stimuli (Hedgesô g = ī 0.68 , p = 0.042) but 

not to shape/weight stimuli (p = 0.699) in BN patients (Mobbs et al., 2011; Wu et al., 2013). 

Greater deficits in inhibitory control to food/eating-related stimuli may therefore suggest that 

inhibitory control specifically to consummatory actions, may underlie recurrent binge eating 

episode (Wu et al., 2013). Response inhibition findings in binge-type eating disorders are also 

mixed. For food-related inhibitory control, several studies show inhibitory control deficits in 
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BED relative to normal weight and obese controls (C·rdova et al., 2017; Mobbs et al., 2011; 

Schag et al., 2013) with two others showing similar Go/No-Go performance to obese controls 

(Hege et al., 2015; Kollei et al., 2018). One study found inhibitory control deficits to both 

generic (non-food related) and food-specific Go/No-Go tasks in participants with BED (Ames et 

al., 2014). 

Dual-process models (Strack & Deutsch, 2004) of eating proposes that eating behaviour 

can be understood as the outcome of two different but complementary systems: self-regulatory 

processes such as inhibitory control (top-down processes) and automatic processes such as 

automatic appraisal of appetitive stimulus acquired through affective properties (bottom-up 

processes). Studies have recently begun to take dual-process model into account, based on the 

premise that automatic affective processes moderate the relationship between inhibitory control 

and eating behaviour. For example, Liu and colleagues found negative associations between 

disgust sensitivity and BMI, suggesting that undergraduate students with higher BMIs have 

lower sensitivity to disgust. Although contradictory to the dual-process premise, the associations 

between disgust sensitivity and BMI appear to be fully mediated by inhibitory control and not 

the other way around (Liu et al., 2019). Nevertheless, Spinelli and colleagues found no 

associations between disgust sensitivity, restrained eating and BMI in individuals with obesity. 

However, higher levels of disgust sensitivity were associated with higher BMI in their sample of 

non- obese individuals, and this association appeared to be fully mediated by restrained eating 

behaviours (Spinelli et al., 2021). Both studies were conducted in community samples, therefore 

it is not clear whether these findings generalize to clinical ED populations. Furthermore, 

investigations into how response inhibition and disgust sensitivity relate to eating pathology and 

loss of control eating remain to be examined.  
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1.4.  Current study 

Considering that BED is the most common ED diagnosed, with lifetime prevalence 

ranging between 0.2 and 4.7%, and twelve-month prevalence estimates averaging 0.8% 

nationally (Strack & Deutsch, 2004), there is nevertheless a dearth of empirical studies 

examining disgust sensitivity in this population. The first aim of this study was to characterize 

disgust sensitivity in a clinical sample of patients with BED. Based on the findings that 

individuals with dysregulated eating behaviours exhibit similar levels of disgust to matched 

controls (Aharoni & Hertz, 2011; Schienle et al., 2004; Schienle et al., 2009; Troop et al., 2000), 

we hypothesized that individuals with BED would report similar levels of disgust sensitivity 

compared to healthy controls. If disgust sensitivity reflects more of an affective process 

associated with psychosocial aspects of eating behaviour or body image, then similar to previous 

AN and BN literature, we hypothesized that greater eating pathology (i.e., Restraint) would be 

associated with heightened (rather than lower) disgust sensitivity in our BED sample. In this 

way, aspects of disgust sensitivity would relate to attitudes around eating and body image 

domains, rather than BMI. 

Given the links between disgust and inhibition, we also sought to explore whether disgust 

sensitivity might relate to inhibitory control in a BED population. Based on findings that disgust 

sensitivity is negatively correlated with inhibitory control in healthy controls (Liu et al., 2019) 

we hypothesized a similar relationship might exist in a BED sample. Next, we sought to extend 

associations between disgust sensitivity, behavioural inhibition and BMI to a clinical BED 

sample. Based on the finding that disgust sensitivity inversely related to BMI (Houben & 

Havermans, 2012; Liu et al., 2019), we also hypothesized that higher BMI would be significantly 
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negatively associated with disgust sensitivity, and that behavioural inhibition would mediate the 

relationship. 

2. Methods 

2.1.  Participants 

Participants were 70 individuals (94.3% identifying as female gender) currently living in 

or around Hamilton Ontario, aged 20ï64 (M = 41.35, SD = 13.01). Participants primarily 

identified as European (72.9%), with 4.3% identifying as South Asian (India, Sri Lanka, 

Pakistan, Nepal, Bangladesh), 5.7% as Native North American, 2.9% as Arab, 1.4% as Persian, 

and 12.9% as other. To take part in the study, participants were required to be at least 18 years of 

age. Healthy controls (n = 35) were required to have no current medical or psychiatric 

conditions, and no active or history of substance or alcohol use disorders. Participants with BED 

(n = 35) were recruited from the Eating Disorder Program at the St. Josephôs Healthcare 

Hamilton West 5th campus in Hamilton, Ontario, Canada. Healthy control participants were 

recruited from community advertisements, and matched to BED participants on sex and gender. 

Nine participants were removed from the dataset due to missing Go/No-Go data. A total sample 

size of 61 participants was used for our analyses (HC N = 32; BED N = 29). 

2.2.  Procedure 

The current study consists of data from part of a larger ongoing multi-session study 

examining reward and stress effects on decision-making and motivation. After obtaining 

informed consent, participants completed a battery of questionnaires including the MINI 

Psychiatric Assessment, the Disgust Scale-Revised, the Eating Disorders Examination 

Questionnaire, and the Beck Anxiety Inventory (descriptions below). Study sessions ended by 
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completing the Go/ No-Task. Study procedures were approved by the Hamilton Integrated 

Research Ethics Board (HiREB, Project 1600). 

2.3. Measures  

2.3.1. Mini International neuropsychiatric interview (MINI) (Lecrubier et al., 1997; 

Sheehan et al., 1998). The Mini-International Neuropsychiatric Interview is a widely 

used structured clinical interview to assess major psychiatric disorders in the 

Diagnostic and Statistics Manual 3rd edition revised (DSM-III-TR), 4th edition 

(DSM-IV), 5th edition (DSM-V), and the International Classification of Disease 10th 

Revision (ICD-10). The MINI demonstrates excellent concordance with other 

structured clinical interviews including the Structured Clinical Interview for 

Diagnostic and Statistical Manualðpatient version diagnoses (SCID-P) (Sheehan et 

al., 1997), and the Composite International Diagnostic Interview (CIDI) (Kessler et 

al., 2013). The MINI also demonstrates excellent interrater and retest reliability with 

Cohenôs kappa values ranging from 0.52 to 1.0 (Sheehan et al., 1998). 

2.3.2. Disgust scale revised (DS R) (Olatunji et al., 2007). The Disgust Scale-Revised is a 

27-item self-report inventory modified from the initial 32-item Disgust Scale (DS) 

(Haidt et al., 1994) designed to measure individual differences in disgust sensitivity. 

The DS-R assesses sensitivity to three disgust-eliciting domains including Core 

Disgust, Animal Reminder Disgust, and Contamination-Based Disgust. The DS-R 

demonstrates good internal validity (Ŭ = 0.87) with average inter-item correlations of 

0.23. Internal consistency between the DS-R subscales is acceptable; with Core 

Disgust (Ŭ = 0.80, inter-item correlation = 0.23), Animal Reminder Disgust (Ŭ = 0.82, 

inter-item correlation = 0.34), and Contamination-Based Disgust (Ŭ = 0.71, inter-item 
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correlation = 0.31). The DS-R also demonstrates good convergent and discriminant 

validity, with results suggesting that the three DS-R subscales are correlated, but not 

redundant (van Overveld et al., 2011). Within the current sample, the DS-R 

demonstrated good overall internal consistency (Ŭ = 0.79), in addition to moderate 

internal consistencies in its Core Disgust (Ŭ = 0.51), Animal Reminder Disgust (Ŭ = 

0.67), and Contamination-Based Disgust (Ŭ = 0.61) subscales.  

2.3.3. Eating disorder examination questionnaire (EDE Q) (Fairburn & Beglin, 1994).  

The Eating Disorder Examination Questionnaire is a self- report version of the Eating 

Disorder Examination (EDE), and was designed to measure the attitudinal and 

behavioural features of patients with EDs. Primarily used for diagnostic purposes, 

subjects are required to report how frequently they engage in a certain pathological 

eating behaviour based on a 7-point scale from 0 (no days) to 6 (every day) within the 

past 28 days. The EDE-Q examines eating pathology across four subscales include 

Restraint, Eating Concern, Shape Concern and Weight Concern. A Global score is 

also calculated as a mean across all four subscales. The EDE-Q has good concurrent 

validity, and acceptable criterion validity, with correlations between EDE-Q and EDE 

subscales ranging between 0.68 and 0.78 (Mond et al., 2004). Testïretest reliability 

ranged from 0.66 to 0.94 for scores on the four subscales, and from 0.51 to 0.92 for 

items addressing the frequency of behavioural engagement. The EDE-Q demonstrates 

acceptable internal consistency, with alphaôs ranging from 0.70 to 0.93 (Berg et al., 

2012). Internal consistency for the EDE-Q in the current sample was high, with an 

alpha of 0.92. 
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2.3.4. Beck anxiety inventory (BAI) (Beck et al., 1988).  The Beck Anxiety Inventory 

(BAI) is a widely used 21-item self-report measure of anxiety severity in adolescents 

and adults. Items are scored in a Likert scale fashion ranging from 0 (not at all) to 3 

(severely, I could barely stand it). The BAI shows high internal consistency (Ŭ = 0.92) 

and testïretest reliability over one week [r(81) = 0.75] (Beck et al., 1988). The BAI 

also shows good concurrent and discriminant validity. In the current sample, the BAI 

demonstrated a high internal consistency with an alpha of 0.95. 

2.3.5. Body mass index (BMI) BMI was calculated based on participants self-reported 

height (in metres) and weight (in kg) using the standard formula (BMI = kg/m2 where 

kg is a participantôs weight in kilograms, and m2 is the participants height in metres 

squared). Participants BMIs ranged from underweight to obese (M[SD] = 33.98 

[11.42]; range = 16.2ï69.1), with 2.8% of participants having a BMI in the 

underweight range (BMI < 18.5), 18.3% in the normal weight range (BMI = 18.5ï

24.99), 19.7% of participants in the overweight range (BMI = 25.0ï29.99), and 

56.3% in the obese range (BMI > 30.0) (missing data N = 2). Height was recorded in 

centimeters using a stadiometer located in a dietitianôs office, and weight was 

recorded using a yearly calibrated digital bariatric scale. 

2.3.6. Go/No Go task. The Go/No-Go task is cognitive task aimed at determining the 

ability of an individual to inhibit a prepotent response. The experimental paradigm 

requires participants to make responses when they see a óGoô signal, and withhold a 

response when they see a óNo-Goô signal. The main dependent variable in the Go/No-

Go task are commission errors (making a óGoô response on óNo-Goô trials); fewer 

errors signify better response inhibition (Verbruggen & Logan, 2008).  
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2.4.  Statistical analysis 

Data were screened for outliers and normality. A one-way ANOVA was conducted with 

the EDE-Q and its subscales (DV: EDE-Q Total Score, Restraint subscale, Eating Concern 

subscale, Shape Concern subscale and Weight Concern subscale; IV: participant group) to test 

group differences in eating pathology. To test for group differences in disgust sensitivity and 

behavioural inhibition, we conducted two separate one-way ANCOVAs, while controlling for 

anxiety. The first ANCOVA tested group differences on the Disgust Sensitivity Total Scores; the 

second ANCOVA tested for group differences on Commission Errors, the primary dependent 

variable of the Go/No-Go task. Next, we conducted two exploratory MANOVAs with each of the 

DS-R subscales as well as Go/No-Go parameters between our samples (MANOVA 1 DVs: Core 

Disgust score, Animal Reminder score, Contamination-Based score; MANOVA 2 DVs: 

Omission Errors, Trial Reaction Times and óGoô Reaction Time; IV: participant group). Given the 

high prevalence of anxiety-related symptoms in BED (Rosenbaum & White, 2013) the current 

study controlled for anxiety symptomatology with the BAI. Although the primary aim of our 

study was to test the relationship between eating pathology and associations with behavioural 

and emotional measures of inhibition, we explored each subscale that may be driving effects in 

instances where significant differences emerged. To assess whether eating pathology is 

associated with behavioural and/or emotional inhibition in our BED sample, Pearson 

Correlations were conducted between the EDE-Q subscales and total score, the DS-R subscales 

and total scores and each parameter of the Go/No-Go task. To adjust for anxiety, Partial 

Correlations were run using the same measures as our Pearson Correlations, but controlling for 

BAI scores. Lastly, to test whether BMI was associated with cognitive and/or behavioural 

inhibition, correlational analyses were conducted between BMI, DS-R and parameters from the 
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Go/ No-Go task first within, then between groups. A mediation model was also tested using 

Model 4 in Hayesô PROCESS macro for SPSS (Hayes, 2013). The significance of the indirect 

effect of disgust sensitivity on BMI through inhibitory control was evaluated using the 95% 

confidence intervals calculated from 5000 bootstrapped samples. Four models tested the 

following: (1) the indirect effect of Disgust Sensitivity total score on BMI via number of 

Commission Errors, (2) the indirect effect of Core Disgust on BMI via number of Commission 

Errors, (3) the indirect effect of Animal Reminder on BMI via number of Commission Errors, 

and (4) the indirect effect of Contamination-Based Disgust on BMI via number of Commission 

Errors. Analyses were conducted using IBM SPSS 26.0 (IBM Corp. Armonk, NY). 
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3. Results 

3.1. Demographics and descriptive statistics 

Table 1 presents the demographic characteristics of our sample, followed by mean scores 

on the EDE-Q between our participant groups. As expected, the BED group had a significantly 

higher BMI compared to our control group and differed in ED pathology, with significantly 

higher EDE-Q total scores compared to controls. Our sample with BED scored significantly 

higher on Eating Concern, Shape Concern and Weight Concern compared to our healthy control 

group, but not on the Restraint subscale. 
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Table 1. Demographics 

  BED 

(N = 29) 

HC 

(N = 32) 

Demographics    

 Gender 
1 Males 

28 Females 

2 Males 

30 Females 

 Ethnicity 

82.8% European 

3.4% South Asian 

3.4% Native North 

American 

10.3% Other 

 

62.5% European 

9.4% Native North 

American 

6.3% Arab 

6.3% South Asian 

3.1% Persian 

12.5% Other 

 
Highest Level of 

Education 
72.4% University Degree 

 

81.3% University Degree 

 

 
Employment 

Status 

 

69% Currently Employed 

 

75% Currently Employed 

  Mean (SD) Mean (SD) 

 Age  44.82 (12.09) 39.29 (13.94) 

 Height (cm)(SD) 166.55 (9.03) 168.61 (8.58) 

 
Weight 

(kg)(SD)** 
115.01 (28.91) 75.64 (21.17) 

 BMI** 41.43 (9.14) 26.54 (7.17) 

 BAI** 21.03 (14.04) 6.65 (7.58) 

EDE-Q    

 
EDE-Q Total 

Score** 
3.02 (1.38) 1.28 (1.19) 

 Restraint 1.39 (1.41) 0.91 (1.32) 

 Eating Concern** 2.59 (1.65) 0.53 (1.13) 

 Shape Concern** 4.18 (1.60) 1.96 (1.57) 

 
Weight 

Concern** 
3.92 (1.62) 1.71 (1.47) 

Note. Data presented as M (SD) unless otherwise noted. BMI = Body Mass Index;  BAI= Beck 

Anxiety Inventory; EDE-Q = Eating Disorders Examination Questionnaire.  

*p < .05., **p < .01 two-tailed significance. 
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3.2. Disgust sensitivity 

No significant group difference emerged following our one-way ANCOVA, controlling 

for anxiety, between healthy controls (M = 49.84, SD = 11.26) and participants with BED (M = 

52, SD = 15.84) on mean Disgust Sensitivity Total Scores [f(58) = 0.225, p > 0.05] (Fig. 1). An 

additional exploratory MANCOVA revealed no significant differences on the Core Disgust 

subscale [f(58) = 0.595, p > 0.05], on the Animal Reminder Disgust subscale [f(58) = 0.001, p > 

0.05], nor the Contamination-Based Disgust subscale [f(58) = 0.047, p > 0.05]. 
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Figure 1. Mean scores on the revised Disgust Sensitivity Questionnaire by participant group. 

Mean scores are shown for Disgust Sensitivity Total Score, Core Disgust Subscale, Animal 

Reminder Subscale and Contamination-Based Subscales of the DS-R for binge eating disorder 

(BED, n = 29) and healthy control (HC, n = 32) participants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

10

20

30

40

50

60

70

80

Disgust Total Score Core Disgust SubscaleAnimal Reminder Disgust

Subscale

Contamination-Based

Disgust Subscale

D
is

g
u

s
t 
S

c
o
re

s
No Differences in Disgust Sensitivity 

Between Groups

HC BED



 

 

38 

3.3. Behavioural inhibition 

No significant group difference on commission errors emerged following our one-way 

ANCOVA between healthy controls (M = 3.78, SD = 2.51) and participants with BED (M = 4.03, 

SD = 2.64) on the Go/No-Go [f(58) = 0.673, p > 0.05] after controlling for anxiety. An additional 

exploratory MANCOVA of secondary Go/No-Go measures revealed no significant differences 

on the mean omission errors [f(58) = 0.421, p > 0.05], on Trial reaction time [f(58) = 1.117, p > 

0.05], nor óGoô mean reaction times [f(58) = 0.480, p > 0.05]. 

 

3.4. Associations between disgust sensitivity and behavioural inhibition 

Within our BED participants, a negative association between Disgust total score and 

Commission Errors was trending significance in our BED sample (r = ī 0.365, p = 0.052), 

suggesting that BED with higher disgust sensitivity are better at making accurate responses on 

the Go/No-Go task. Further examinations into the different Disgust subscales demonstrated that 

Contamination-Based Disgust Subscale scores significantly negatively correlated with 

Commission Errors on the Go/No-Go Task (r = ī 0.435, p = 0.018), suggesting that BED with 

higher Contamination-Based disgust sensitivity have better response inhibition (Fig. 2). No 

significant correlations emerged in our sample of healthy controls, nor after collapsing groups 

together. Results remained the same after removing male subjects from our analyses. 
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Figure 2. Pearson Correlation show a significant negative association between Contamination-

Based Disgust and Commission Error in participants with Binge Eating Disorder. 
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3.5. Associations between disgust sensitivity, behavioural inhibition and eating pathology 

Pearson correlation tests showed no significant associations between EDE-Q Total Scores 

and measures of disgust sensitivity, or behavioural inhibition within our BED participants (Table 

2). Exploring the EDE-Q subscales showed a positive correlation between the Restraint subscale 

and the óGoô Mean Reaction Time of the Go/No-Go task (r = 0. 386, p < 0.05; Table 2), 

suggesting participants with higher restraint took longer to make behavioural responses on óGoô 

trials. After controlling for anxiety, this correlation remained significant. Restraint and óTrialô 

Reaction Time (r = 0.38, p < 0.05) also became significantly positively associated suggesting 

that participants with higher restraint took longer to make behavioural responses on every trial 

(óGoô and óNo-Goô trial; Table 3). Shape Concern and Core Disgust (r = 0.394, p < 0.05; Table 3) 

additionally became significantly positively correlated after controlling for anxiety, suggesting 

that BED participants with greater shape concerns experience greater sensitivity to disgust based 

on the offensiveness and the threat of disease (e.g. arising from rotten foods and waste products). 

In our sample of healthy controls, EDE-Q total score significantly correlated with Disgust Total 

Score (r = ī 0.35, p < 0.05), further subscale exploration showed that the Restraint subscale of 

the EDE-Q significantly correlated with Disgust Total Score (r = ī 0.436, p < 0.05) and 

Contamination-Based Disgust (r = ī 0.478, p < 0.05). Results remained the same after removing 

male subjects from our analyses.  
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Table 2.  Exploratory Correlations Between Measures of Disgust Sensitivity, Behavioural 

Inhibition and Eating Pathology in a BED sample 

 EDE-Q Total 

Score 

Restraint Eating 

Concerns 

Shape 

Concern 

Weight 

Concern 

Disgust Total 

Score 

 

0.274 0.207 0.19 0.309 0.257 

Core Disgust  0.277 0.174 0.12 0.354 0.323 

Animal 

Reminder 

 

0.174 0.169 0.114 0.212 0.121 

Contamination-

Based 

 

0.331 0.251 0.349 0.27 0.291 

Commission 

Errors 

 

-0.243 -0.315 -0.195 -0.118 -0.241 

Omission Errors 

 
0.232 0.08 0.245 0.263 0.214 

óTrialô Reaction 

Time 

 

0.042 0.364 -0.027 -0.108 -0.037 

óGoô Mean 

Reaction Time 

 

0.085 0.386* 0.013 -0.06 -0.001 

Note. EDE-Q = Eating Disorders Examination Questionnaire. 

 * p < 0.05  
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Table 3.  Partial Correlations Between Measures of Cognitive Inhibition, Behavioural 

Inhibition and Eating Pathology After Controlling for Anxiety in BED sample 

 EDE-Q Total 

Score 

Restraint Eating 

Concerns 

Shape 

Concern 

Weight 

Concern 

Disgust Total 

Score 

 

0.29 0.219 0.198 0.319 0.262 

Core Disgust  

 
0.327 0.219 0.156 0.394* 0.354 

Animal 

Reminder 

 

0.15 0.144 0.085 0.194 0.1 

Contamination-

Based 

 

0.347 0.261 0.366 0.274 0.294 

Commission 

Errors 

 

-0.213 -0.292 -0.161 -0.084 -0.216 

Omission Errors 

 
0.134 -0.046 0.15 0.189 0.145 

óTrialô Reaction 

Time 

 

0.028 0.38* -0.047 -0.128 -0.051 

óGoô Mean 

Reaction Time 

 

0.049 0.38* -0.029 -0.097 -0.03 

Note. EDE-Q = Eating Disorders Examination Questionnaire. 

 * p < 0.05  
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3.6. Associations between disgust sensitivity, behavioural inhibition and BMI 

Within the HC group, Pearson correlation coefficients showed no significant associations 

between BMI, disgust sensitivity or its subscales, or Go/No-Go parameters. Similarly, no 

significant associations emerged between BMI, disgust sensitivity and Go/No-Go parameters in 

our participants with BED. Results from our mediation models show that inhibitory control does 

not mediate any relationships between disgust sensitivity and BMI (Table 4). 

 

Table 4. Mediation models testing the hypothesis that inhibitory control mediates the association between 

disgust sensitivity and BMI in BED. 

 Estimate SE t p 95% CIs 

 

Model 1: Disgust Total Score/BMI 

Disgust Total Score and Commission Error 

Commission Error and BMI 

Direct Effect: Disgust Total Score and BMI 

Indirect Effect: Disgust Total Score and BMI via Commission 

Error 

 

 

-0.005 

-4.11 

-0.11 

0.02 

 

 

0.003 

8.63 

0.12 

0.04 

 

 

-1.92 

-0.47 

-0.89 

- 

 

 

>0.05 

>0.05 

>0.05 

- 

 

 

- 

- 

-0.36-0.14 

-0.05-0.10 

 

Model 2: Core Disgust/BMI 

Core Disgust and Commission Error 

Commission Error and BMI 

Direct Effect: Core Disgust and BMI 

Indirect Effect: Core Disgust and BMI via Commission Error 

 

 

-0.01 

-3.25 

-0.197 

0.04 

 

 

0.006 

8.60 

0.29 

0.07 

 

 

-1.75 

-0.38 

-0.67 

- 

 

 

>0.05 

>0.05 

>0.05 

- 

 

 

- 

- 

-0.79-0.40 

-0.11-0.18 

 

Model 3: Animal Reminder Disgust/BMI 

Animal Reminder and Commission Error 

Commission Error and BMI 

Direct Effect: Animal Reminder and BMI 

Indirect Effect: Animal Reminder and BMI via Commission 

Error 

 

 

-0.008 

-2.42 

-0.13 

0.019 

 

 

0.006 

8.43 

0.26 

0.06 

 

 

-1.33 

-0.29 

-0.51 

- 

 

 

>0.05 

>0.05 

>0.05 

- 

 

 

- 

- 

-0.67-0.40 

-0.10-0.15 

 

Model 4: Contamination-Based Disgust/BMI 

Contamination-Based and Commission Error 

Commission Error and BMI 

Direct Effect: Contamination-Based and BMI 

Indirect Effect: Contamination-Based and BMI via Commission 

Error 

 

 

-0.02 

-6.81 

-0.69 

0.16 

 

 

0.01 

8.70 

0.48 

0.17 

 

 

-2.39 

-0.78 

-1.46 

- 

 

 

0.02 

>0.05 

>0.05 

- 

 

 

- 

- 

-1.68-0.29 

-0.17-0.52 
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4. Discussion 

The aim of this study was to characterize general disgust sensitivity in a clinical BED 

population. We found no group differences in self-reported disgust sensitivity levels between 

individuals with BED and healthy controls. Nevertheless, within the BED group, higher disgust 

sensitivity related to greater behavioural inhibition, driven by contamination-based disgust levels 

with commission errors. Further exploration of the behavioural data showed positive associations 

between Go/No-Go reaction times and Restraint levels on the EDE-Q. No associations were 

found between disgust sensitivity and eating pathology in our sample of BED participants. 

Lastly, a mediation model did not find that inhibitory control, as measured via commission errors 

on the Go/No-Go task, mediated any relationships between disgust sensitivity and BMI among 

participants with clinical BED. 

Our results suggest that individuals with BED do not differ from healthy controls in 

overall levels of disgust sensitivity. Further analyses of disgust subscales revealed similar levels 

of on all three disgust domains (Core Disgust, Animal Reminder Disgust, and Contamination-

Based Disgust) as our healthy participants. While previous relationships between disgust 

sensitivity and EDs have been examined (in AN, (Aharoni & Hertz, 2011; Troop & Baker, 2009); 

in BN (Troop et al., 2000; Troop & Baker, 2009); in restrictive eating and obesity (Houben & 

Havermans, 2012); and in ARFID (Harris et al., 2019), our study is the first to investigate disgust 

sensitivity in a clinical sample of BED patients. This study also replicates and extends findings 

from Schienle and colleagues (2009) who found similar disgust sensitivity levels to healthy 

individuals in a community sample of individuals with BED. Our results are, therefore, 

consistent with previous findings of disgust sensitivity in other EDs, in both clinical and 

nonclinical samples. Moreover, these findings support the idea that most EDs are not 
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characterized by a disgust over- or under-sensitivity. If disgust sensitivity reflected affective 

process associated with psychosocial aspects of eating behaviour or body image, we would have 

expected to see greater eating pathology associated with heightened disgust sensitivity in our 

BED sample; our null results suggest that neither diagnosis nor severity of symptoms in BED 

patients (eating or body image) are related to disgust stimuli that are not specific to ED concerns. 

Future studies examining more food- and shape-specific disgust may shed light on particular 

aspects of disgust more directly related to ED pathology, and allow examination of possible links 

with dysregulated eating behaviours. 

We also support our second hypothesis that disgust sensitivity is negatively correlated 

with general inhibitory control by demonstrating a negative trending association between Total 

Disgust, particularly driven by Contamination-Based Disgust Subscale scores and Commission 

Errors on the Go/ No-Go Task in our sample of BED patients. These results extend previous 

reports in undergraduate students and non-obese individuals using food-related stimuli 

demonstrating an inverse relationship between disgust sensitivity and behavioural inhibition (Liu 

et al., 2019; Spinelli et al., 2021) suggesting that general, non-food-related disgust sensitivity 

may have the ability to indirectly influence eating behaviours via its effects on self-control 

processes. Taking a closer look at associations between behavioural inhibition and eating 

pathology, our results suggest that BED participants with higher EDE-Q Restraint scores also 

took significantly longer to make óGoô and óNo-Goô responses suggesting a possible high-order 

conscientious influence on self-control processes. Interestingly, no associations were observed 

between disgust sensitivity and measures of eating pathology among BED participants. Other 

studies assessing the effects of negative affect on cognitive functioning in binge eating disorders 

have also demonstrated that in individuals with binge-type eating disorders (namely, BED and 
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BN) have greater impairments in decision-making abilities following negative affect compared to 

healthy controls (Danner et al., 2012; Kittle et al., 2015). Disgust is unique in this study as it is a 

negative emotion that also incorporate elements of arousal considering its close ties with anxiety- 

related disorder, and our results may support theories of binging as a way to escape/avoid 

negative emotions. Nonetheless, understanding the interaction of emotional and cognitive 

processes is important to better understand the development and maintenance of binge eating 

disorder, and foster the development of improved clinical interventions. Future research 

examining disgust stimuli that is more relevant to BED (i.e., larger body image, more decadent 

and palatable foods) may shed light onto stronger relationships between disgust sensitivity, 

eating pathology, and impulse control. 

In contrast to our hypothesis and previous research in non-BED groups, our results 

suggest that higher BMI is not associated with disgust sensitivity levels in BED. Despite Houben 

and Havermans (2012) proposing lower disgust sensitivity encouraging overeating behaviours, 

the lack of association between high BMI and disgust sensitivity is consistent with the idea that 

disgust may be more closely linked to affective processes. Our findings nevertheless suggest a 

relationship between disgust sensitivity and eating attitudes; in particular a role for the severity 

of body image concerns in BED, a factor known to be associated with greater distress and poor 

treatment outcomes in BED (Lloyd-Richardson et al., 2000). Research in a nonclinical 

population showed that the desire to binge is greater when experiencing higher levels of body 

dissatisfaction/distress (Andr®s & Salda¶a, 2014). These findings highlight the cognitive- 

affective link with emotion regulation whereby different disgust-related eating features may have 

a unique maintenance function on eating attitudes, including the severity of shape and weight 

concerns. In contrast to previous studies (Liu et al., 2019; Spinelli et al., 2021), we found no 
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mediating role of behavioural inhibition when further examining associations between disgust 

sensitivity and BMI, suggesting differentials roles between cognitive and behavioural inhibition 

across EDs. Indeed, whereas Spinelli and colleagues (2021) found no associations between 

disgust sensitivity, restrained eating and BMI in individuals with obesity, they did find 

associations between higher levels of disgust sensitivity and higher BMI in their sample of non- 

obese individuals, which appeared to be fully mediated by restrained eating behaviours (Liu et 

al., 2019; Spinelli et al., 2021). While BMI may be a marker for more dysregulated eating and/or 

less restriction, our sample is mostly obese and dysregulated in their eating, and as such we may 

be looking at a limited restricted range. Relationship between BMI, disgust and impulse control 

may only arise in a broader non-obese samples. 

4.1.  Strengths and limitations 

This is the first study to assess disgust sensitivity in a clinical sample of individuals with 

BED. We extended findings of disgust sensitivity patterns previously reported in AN and BN to 

BED, while controlling for baseline anxiety. Specifically, we replicated associations between 

disgust sensitivity (related to contamination-based disgust), and behavioural inhibition. The 

current study did not find a relationship between BMI and disgust sensitivity, nor did it find a 

mediating role of behavioural inhibition. Additionally, despite using different measures of disgust 

sensitivity and eating pathology (namely the revised Disgust Scale and the EDE- Q), we found 

similarities in our results with previous ED research, therefore extending the validity between 

measures to the reproducibility of consistent results. This study is also unique in examining 

general traits and processes (i.e., generalized disgust and inhibitory control), rather than food or 

disorder-specific stimuli. 
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Our findings should be considered in light of some limitations. First, although double the 

size of the first study examining disgust sensitivity in a community BED sample (Schienle et al., 

2009), our sample size is still relatively small and powered to only detect medium to large effect 

size relationships; nevertheless, we have replicated and extended previous findings from other 

ED studies to a clinical BED sample. Second, the individual DS-R subscales show lower internal 

consistency, which may be due to the sample size or type (i.e., clinical) or from different versions 

of the measure. Future revisions of these subscale seems warranted. Third, although sex 

differences in disgust sensitivity are evident (Tybur et al., 2011), these could not be addressed as 

our sample had a higher representation of females compared to males (with only 4 males 

included altogether). This is important to highlight as cognitive-affect processes may also differ 

between sexes and could be examined with a larger and more diverse sample. Future research 

could assess disgust sensitivity in a community sample of males with dysregulated eating 

behaviours as a preliminary way to assess sex differences in a large sample, as males are often 

underrepresented in eating disorder treatment settings. Furthermore, our cross-sectional study 

makes it difficult to assess temporal interrelationships between disgust sensitivity and eating 

pathology. Although disgust sensitivity is often conceptualized as a trait, state-dependent testing 

will also be important for future research to assess affective processes, including craving, loss of 

control eating and body image triggers, linked to immediate states. Lastly, given the 

characteristics of our sample, matching healthy control participants to BED patients on BMI was 

not possible. As such, differences in body muscle/fat compositions exist between individuals 

within each group, which may relate to other between-group differences and our underlying 

constructs of interest. Our sample sex-ratio is also a limitation; our study was also conducted 

only with females, and differences may emerge with males in our sample or an all-male study. 
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4.2.  Future directions 

Future research should consider replicating these findings in larger clinical samples and 

further differentiating between food and non-food items using a food-specific disgust measure, as 

disgust sources may have an effect on the development and maintenance of eating disorders. 

Additionally, future studies could assess the extent of food-related disgust in the context of 

different levels of body image distress/dissatisfaction, or after an experience of loss of control 

over eating. Future studies should also consider further differentiating between moral aspects of 

disgust. For example, examining self-disgust and behavioural disgust, as feelings of disgust 

towards the self is a DSM-5 characteristic required for a BED diagnosis (American Psychiatric 

Association, 2013), and appears elevated in individuals with binging behaviours (ex; BN) (Bell 

et al., 2017). Furthermore, a study in an undergraduate population suggests that negative body 

image relates to higher self-disgust scores, heightened disgust propensity and disgust sensitivity, 

and that people who experience disgust more readily are more likely to experience disgust 

directed towards themselves (von Spreckelsen et al., 2018). Importantly, von Spreckelsen and 

colleagues (2018) found that only disgust sensitivity (as opposed to self-disgust or disgust 

propensity) appeared independently related to a negative body imageð further substantiating a 

link between these two constructs. However, associations stemming from this approach may be 

context dependent; if youôve violated your eating rules versus general self-disgust. Additionally, 

examining food-related inhibitory control, for example through an affective Go/No-Go task, can 

also test whether stronger associations exist with disgust. Further replication and extension of 

these results with greater sample sizes in clinical disordered eating populations will be valuable, 

particularly as they relate to persistent body dissatisfaction and changes over treatment. 
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4.3.  Conclusion 

This study is the first to preliminarily assess disgust sensitivity in a clinical BED sample 

and examine subsequent associations with behavioural inhibition. Findings from our study 

support relationships between disgust sensitivity and inhibitory control, and further suggest 

potential cognitive-affective linkages formed in maintaining BED pathology. We replicated 

associations between disgust sensitivity and eating pathology reported in other EDsðspecifically 

on similarities in overall disgust sensitivity between BED patients and healthy controls. 

Examining disgust sensitivity in BED can shed light on how affective processing and inhibitory 

control systems might maintain dysregulated eating behaviours. 
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 First investigation of effort-based decision-making neurobiology in a CUD group 

 CUD and HC group accepted effort and reward trials at similar rates 

 Prospective effort cues produced less vmPFC activity in the CUD group  

 The CUD group had lower culmen, PCC and STG activity for prospective reward cues  

 Striatal activity during prospect cues linked to high effort and high reward choices 
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Abstract 

 

 

A common clinical feature of cannabis use disorder (CUD) is low motivation, particularly 

in relation to non-cannabis rewards, but the neurobiological mechanisms underlying effort and 

reward valuation in CUD remain largely unexplored. This study applied a sequential effort-based 

decision-making task during functional magnetic resonance imaging (fMRI) to quantify 

motivation and test for potential neurofunctional differences during effort/reward prospect 

(Cue1), integration (Cue2) and choice in individuals with CUD (n=21) relative to healthy 

controls (n=20). Behavioural in-scanner results demonstrated that, as effort levels on the task 

increased, participants in both groups made fewer high-effort choices; conversely, participants in 

both groups made more high-reward choices as reward magnitude increased. During the effort 

prospect phase, relative to healthy controls, the CUD group showed decreased vmPFC activity. 

During the reward prospect phase, the CUD group had reduced culmen, posterior cingulate and 

superior temporal gyrus activity. During the integration phase, the CUD group showed increased 

parietal lobule, superior temporal gyrus, fusiform gyrus, middle occipital gyrus, cingulate gyrus 

and claustrum activity relative to controls. Exploratory correlations with the ventral striatum 

showed bilateral activity during prospective effort cues correlated with the proportion of 

accepted high-effort and high-reward trials, mostly driven by the CUD group. Altogether, these 

findings indicate fronto-striatal but also posterior cortical processing alterations during 

prospective signaling and during effort-reward information integration. By temporally 

disconnecting effort expenditure from reward magnitude, the current findings shed light on how 

these constructs independently and simultaneously influence dysregulated effortful goal-directed 

choice behaviour in CUD. 
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1. Introduction 

Cannabis use disorder (CUD) is often characterized clinically as a disorder of low 

motivation with a loss of desire to work for rewards [1-3]. There is some evidence to support 

this; preclinical studies show chronic cannabis administration can dampen motivation on 

progressive ratio and operant conditioning tasks [4], while acute cannabis administration 

decreases the number of hard trials chosen on a cognitive effort task [5]. In humans, heavy 

cannabis use, and earlier chronic use is linked with reduced motivation for goal-directed 

behaviours, which may contribute to some of the neuropsychological and decision-making 

deficits observed in CUD [2, 6-10]. 

Lab-based studies using performance-based measures of motivation show mixed findings 

[11]. For instance, adolescents who regularly use cannabis disengage from an effortful task 

earlier than controls (generating smaller earnings) [12], indexing an overall motivation reduction. 

Acute tetrahydrocannabinol (THC; the main psychoactive cannabinoid) administration can 

decrease motivation as individuals select fewer hard trials on the Effort Expenditure for Rewards 

Task (EEfRT) [13]. However, a more recent study suggests that regular cannabis users abstaining 

from use 24 hours choose harder trials more frequently than controls [14]. This finding is 

supported by two more recent studies showing that chronic cannabis users expend more effort 

during cannabis abstinence [15], and that greater cannabis use days and CUD symptoms both 

relate to more high-effort trial selections [16]. Considering these conflicting findings, more 

research is needed to clarify cost-benefit decision-making components, including the functional 

anatomy in cannabis-using populations. This is important as the cannabis legalization landscape 

continues to change worldwide and perceptions of cannabis harms decrease [17]. More broadly, 

the combination of altered motivation, reward processing and decision-making is increasingly 
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explored as a critical endophenotype underlying psychiatric conditions with altered motivation 

[18-20].  

An effort-based decision-making (EBDM) framework is increasingly applied to capture 

choice behaviour modeled on cost/benefit computations [20-23], and components such as reward 

learning, valuation, reward anticipation, cost or effort, may each be differentially affected in 

CUD. The neurobiology of EBDM in healthy populations highlights salience and central 

executive networks, such as the ventromedial prefrontal cortex (vmPFC), dorsal anterior 

cingulate (dACC) anterior insula (aI), ventral striatum (VS), pre-supplementary motor areas (pre-

SMA) and primary motor cortex (M1) [24-31]. Connectivity between these brain areas underlies 

valuation, preparation, and monitoring processes; the vmPFC signals the initial weighing of the 

reward, the VS codes for expected subjective values based on reward magnitude and effort 

anticipation, the dACC monitors choice expectations to maximize reward, while SMA and M1 

prepare the individual for effort expenditure [24-31]. Importantly, cannabis acts on many of these 

same regions [32-43].   

Prior neurobiological studies using the Monetary Incentive Delay Task (MIDT) have 

assessed valence and reward magnitude in CUD [44]. Notably, the separation of motivation and 

hedonic stages reveals distinctions in striatal versus medial prefrontal cortex (mPFC) recruitment 

during anticipatory and outcome processing [44-46]. The VS emerges as a critical region linking 

motivation and action [44-47], where addictive drugs exert rewarding effects [48-49]. Regular 

cannabis users show enhanced mesocorticolimbic responses to cannabis versus non-drug cues, 

and enhanced fronto-striatal activity linked to THC levels and CUD symptoms [50]. Biases 

towards cannabis cues may therefore contribute to motivational alterations in CUD. Additionally, 

increasing cannabis use correlates with reduced anticipatory VS signaling to monetary rewards, 
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independent of risk factors like substance use or baseline striatal activity [51]. Given the 

striatumôs role in signaling the motivational significance of reinforcers [52], understanding 

reward-related neuroadaptations in cost-benefit computations in CUD is critical. Although THC 

affects reward neurocircuitry, little is known about the consequences of heavy cannabis use on 

the neural substrates underlying motivational processes that encompass EBDM.  

1.1.      Current Study 

The current fMRI study applied a sequential effort-based decision-making task that 

temporally disconnects effort expenditure from reward magnitude to examine the neural 

substrates underlying effortful goal-directed choice behaviour [24]. The first aim was to test the 

fMRI sequential effort-based decision-making task in a CUD population, and to assess choice 

behaviour relative to a healthy control (HC) group. Another aim examined for group differences 

in neural substrates during effort encoding, reward encoding, and their integration over time. 

Given that this is the first study to apply the fMRI sequential effort-based decision-making task 

in a CUD population to assess neural correlates of EBDM, we conducted whole brain analyses to 

test for group differences during the task. Additionally, a priori ROIs from a previous fMRI 

EBDM study (i.e., bilateral VS coordinates from [53]) explored relationships between these areas 

with behavioural performance on the sequential effort-based decision-making task and cannabis-

use characteristics. 
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2. Materials and Methods 

2.1.      Participants 

 Participants included 41 individuals (63.4% identifying as female gender) living in or 

around Hamilton Ontario, aged 19-65 years (M=30.5, SD=12.38; see Table 1 for demographic 

details). Healthy controls (n=20) had no current medical or psychiatric conditions, no 

current/past substance use disorder and reported <3 lifetime cannabis use occasions. The CUD 

group (n=21) met current DSM-5 criteria for moderate-to-severe CUD (presence of 4+ 

symptoms; [54]), reported regular cannabis use (cannabis use Ó two times/month), had a positive 

cannabis urine screen, reported Ó1 years of regular cannabis use, and agreed to abstain from 

cannabis use on the scan day (10 hours prior to the study session). Study exclusion criteria are 

reported in the Supplementary Section 1. A total sample size of 41 participants comprised our 

behavioural and neuroimaging results (HC n=20; CUD n=21). 

 

Figure 1. A visual representation of the fMRI sequential effort-based decision-making task 

adapted from [24]. a) A fixation cross appears in the middle of a screen; b) The óProspect Phaseô 

in which Cue1 appears containing either effort- OR reward-related information (i.e., Cue1 Effort 

or Cue1 Reward). c) For the óIntegration Phaseô, participants are shown Cue2, which consists of 

the missing piece of information from Cue1 (i.e., an effort-related Cue2 if reward-related 

information was Cue1, or a reward-related Cue2 if effort-related information was presented as 

Cue1); individuals can consolidate information from Cue1 and Cue2 prior to making a decision. 

d) During the final óChoice Phaseô of the trial, participants are prompted with a ñCHOOSE 

ONEò decision prompt to either accept or reject a task by making a button press on a button box 

with their dominant hand. e) The participantôs response (e.g. óACCEPTEDô) is displayed on the 

monitor.  
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2.2.      Study Procedure 

The experimental protocol consisted of two study sessions lasting three hours each.  

Participants completed the MINI psychiatric interview and self-report questionnaires (see 

supplementary sections 2 & 3 for descriptions of measures). The scanning study session was held 

at the Imaging Research Centre (IRC) at St. Josephôs Healthcare Hamilton. Before entering the 

scanner, participants practiced the sequential effort-based decision-making task (expending 20%, 

50%, 80%, and 100% of their maximum effort) to become familiar with the task and the levels of 

effort at each value. A ómaximum effortô value was calculated based on the average press rate 

using the little finger of their non-dominant hand, across calibration trials, which was then used 

to calibrate effort requirements in the task. Participants were informed that they were to only 

accept or reject trials while in the scanner by making a button press on a standard 2-button button 

box with the index and middle fingers of their dominant hand. They were also told that they 

would not complete the physical effort component during their scan, but rather after the scan. 

While in the scanner, participants completed two runs of the sequential effort-based decision-

making task (each Ḑ9 minutes; 44 trials; 11 trials per effort level and reward bin values; 

Figure.1). Following the scan, participants were instructed to complete each accepted effortful 

trial. Due to time constraints, one CUD participant completed only 1 run of the task. 

2.3.      Behavioural Analyses  

Stimulus presentation and response acquisition were performed using MATLAB R2016b 

(MathWorks) with the Psychophysics Toolbox. All behavioural analyses were conducted using 

IBM SPSS 29.0 (IBM Corp. Armonk, NY).ШData were initially screened for outliers and 

normality. Group differences were tested in i) the proportion of accepted trials, ii) the proportion 

of accepted trials across effort levels, and iii) the proportion of accepted trials across reward 
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magnitudes, using MANOVAs. Repeated-measures Analysis of Variance (rmANOVA) were used 

to analyse within-group differences between runs. All analyses controlled for gender, age, and 

income; results were considered significant at p<0.05. 

 

2.4.      Subjective Value Models 

 To estimate participantsô subjective values for the offers presented on each trial, we used 

a Flexible Power Model [59] which estimates subjective values on each trial using the equation 

below, where SV is the subjective value, E is the amount of required effort (i.e., 0.2, 0.5, 0.8, 1), 

R is the reward magnitude, and k and p are free parameters that are fit for each participant:  

SV = R ī kEp 

The subjective value of no effort options, which does not require any effort to be exerted and was 

always worth $1, assumes a value of 1 on each trial. Importantly, the p parameter allows the 

Flexible Power Model to take a concave or convex shape depending on the rate at which the 

participant devalues reward with additional effort. To verify that the Flexible Power Model 

function provided a better fit for our data than other discounting models, we compared it with 

models that use hyperbolic, quadratic, and linear discounting functions (see supplementary 

section 4 and supplementary Table 1 for model details). 

 

2.5.      fMRI Analyses 

Supplementary section 5 describes our image acquisition procedure. The fMRI sequential 

effort-based decision-making task data used a general linear model (GLM) to identify areas 

encoding reward or effort signals, which included 6 conditions: Cue1-Effort, Cue1-Reward, 

Cue2-Effort, Cue2-Reward, and Choice (Chosen versus Unchosen trials). To test which brain 
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regions might encode effort cost signal, a regressor contrast of presented effort requirements at 

Cue1-Effort was compared with Cue1-Reward (Cue1-Effort>Cue1-Reward). To test which brain 

regions might encode effort integration (i.e., Cue2-Effort following a Cue1-Reward signal), a 

regressor of presented effort information at Cue2-Effort was contrasted with Cue2-Reward 

(Cue2-Effort>Cue2-Reward). To examine brain regions encoding the choice to work versus 

selecting not to work, the Chosen>Unchosen conditions at the Choice phase were contrasted. 

These first-level individual contrast maps were then analyzed at the second-level group through 

independent sample t-tests. Specifically, group contrasts (CUD>HC) were assessed at Cue1-

Effort, Cue1-Reward, Cue2-Effort, Cue2-Reward. Correction for multiple comparisons used 

Monte-Carlo simulation (i.e. AlphaSim), using a combined uncorrected voxel-wise level of 

p<0.005 two-tailed and familywise error (FWE) corrected at p<0.05 with a cluster threshold of 

52 voxel in accordance with recommended cluster-extent-based thresholding analytic and 

reporting practices [60]. 

 

2.6.      Correlational analysis 

Exploratory correlational analyses were conducted using IBM SPSS 29.0 (IBM Corp. 

Armonk, NY). Percentage change blood-oxygen-level-dependent (BOLD) signals were extracted 

from a priori ROIs (bilateral VS coordinates from [53]) and then correlated with measures of 

interest (i.e., CUD severity using the Cannabis Use Disorder Identification Test (CUDIT) total 

scores, grams of cannabis used per day and per session, age of first use, and recency of cannabis 

use). To explore brain-behaviour relationships, Pearson correlations were run between ROIs and 

behavioural parameters from the sequential effort-based decision-making task (i.e., proportion of 
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accepted trials at each effort level and reward bin); the significance threshold was set at p<0.05, 

and given the exploratory nature, multiple comparison corrections were not performed. 
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3. Results 

3.1.      Demographics and Descriptive Statistics  

Table 1 presents the demographic characteristics, clinical measures and self-report 

responses to cannabis-specific items (see supplementary section 6 for more details).  

Table 1. Demographic and Descriptive Statistics 

 CUD 

(N = 21) 

HC 

(N =20) 

Age* M (SD) 36.24 (12.82) 24.5 (8.65) 

Gender Female 12 (57.1%) 14 (70%) 

Male 9 (42.9%) 6 (30%) 

Ethnicity African - 2 (10%) 

 European 10 (47.6%) 6 (30%) 

 Hispanic 1 (4.76%) - 

 Native North American - 1 (5%) 

 Native South/Latino 1 (4.76%) - 

 Other 8 (38.1%) 4 (20%) 

 Other Asian  1 (4.76%) 7 (35%) 

Tobacco Use* Yes 7 (33.3%) - 

No 14 (66.7%) 20 (100%) 

Highest Education Grade 9-12 9 (42.86%) 10 (50%) 

College/University 11 (52.38%) 8 (40%) 

Masterôs 1 (4.76%) 2 (10%) 

Yearly Income* Less than $60,000 15 (71.4%) 6 (30%) 

$60,000-$120,000 6 (28.6%) 9 (45%) 

More than $120,000 - 2 (10%) 

Prefer not to answer - 3 (15%) 

Cannabis Use Measures  

Age of first use (M (SD) 17.8 (6.39) - 

Age of regular use (M (SD) 22.55 (9.42) - 

CUDIT *  10.33 (5.51) 0.85 (1.79) 

CUD Symptom Count 2.05 (1.88) - 

Grams consumed daily (M (SD) 1.73 (1.58) - 

Grams consumed per session (M (SD) 0.59 (0.58)  

# of hours since last cannabis consumption 

(M (SD) 
34 (37) 

 

Main consumption methods Smoke  18 (85.7%) - 

 Vape 8 (38%) - 

 Edibles 15 (71.4%) - 

Note. M = Mean; SD = Standard Deviation; CUDIT = Cannabis Use Disorder Identification 

Test. CUD Symptom Count based on DSM-5 criteria outlined in supplementary section 7. 

* p <0.05 two-tailed significance. 
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3.2.      Behavioural Results  

Results of a 2(Group)Ĭ2(Run) repeated-measures Analysis of Variance (rmANOVA) 

testing the proportion of accepted trials across each run of the task, collapsed across all effort 

levels and reward magnitudes is reported in supplementary section 8 (supplementary Figure 1). A 

2(Group)Ĭ2(Run)Ĭ4(Effort Level) rmANOVA tested the proportion of accepted trials across 

effort levels, between groups during each run of the task. There was a main effect of effort level 

(F(3,36)=119.68, p<0.001), showing that as effort levels increased, the proportion of high-effort 

choices made decreased (Fig.2a). There was also a significant main effect of Run 

(F(1,38)=42.07, p<0.001), showing significantly fewer accepted high-effort trials during Run2.  

There was a nonsignificant main effect of group in the proportion of accepted trials across each 

effort level (F(3,36)=1.39, p>0.05) and between runs (F(1,38)=1.553, p>0.05). Although the 

Effort LevelĬRunĬGroup interaction was not statistically significant, a trend emerged at the 

100% Effort Level of Run2 (p=0.098); CUD participants accepted fewer high-effort trials 

compared to controls.  

A 2(Group)Ĭ2(Run)Ĭ4(Reward Magnitude) rmANOVA tested the proportion of accepted 

trials across 4 reward bins ($1-2.39; $2.40-3.49; $3.50-4.60; >$4.60) and between groups during 

both runs of the task. There was a main effect of reward magnitude (F(3,36)=43.526, p<0.001) 

showing a significant increase in the proportion of high-reward choices made (Fig.2b). There 

was a main effect of Run (F(1,38)=19.531, p<0.001), showing a significant decrease in the 

proportion of accepted trials during Run2. Groups did not differ from each other in the number of 

accepted trials across each reward bin (F(3,36)=1.719, p>0.05) or between Runs (F(1,38)=1.384, 

p>0.05). There was a significant RunĬReward interaction (F(3,36)=6.294, p<0.01), showing a 

decrease in the proportion of accepted trials in each reward bin during Run2.   
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3.3.      Computational Results  

To better estimate how effort and reward influenced choice behaviour between both 

groups, we used a Flexible Power Effort Discounting model. This model showed a superior fit 

(determined by Bayesian Information Criteria [62]) compared with linear, quadratic, and 

hyperbolic discounting models. Groups did not significantly differ from one another on any 

subjective value model (supplementary table 1). Individual and group average subjective value 

discounting curves are shown in Figure 2c. 
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Figure 2. A) Main effect of effort level; significant decrease in the number of high-effort choices 

made as effort level increases. No significant group differences in the proportion of accepted 

trials across effort levels. B) Main effect of reward magnitude; significant increase in the number 

of reward choices made as reward magnitude increases. No significant group differences in the 

proportion of accepted trials across reward bins. C) Subjective value curves based on our 

computational model results. The CUD group average is shown as the light grey with shading 

around it representing the standard error (SE). The group average for HC participants is shown as 

the dark grey line with shading around it representing the SE. The remaining coloured lines each 

reflect a single participant, demonstrating individual differences in discounting. All error bars 

represent SEM. 
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 3.4.     Neuroimaging Results (Collapsed across groups N=41) 

 
 A detailed reporting of our neuroimaging results across task phase (i.e., prospective 

phase, integration phase and choice phase), collapsed across groups (N=41), is found in 

supplementary section 9 (supplementary Table 2).  

3.5.      Group Differences (n=21 CUD; n=20 HC) 

Table 2 and Fig.3&4 present the neuroimaging results from between-group contrasts. See 

supplementary section 10 and supplementary figure 2 for detailed reporting across task phase 

(i.e., prospective phase, integration phase and choice phase).  

 

Table 2. Group differences (CUD=21; HC=20) in activation during cue-specific phases of the 

sequential effort-based decision-making task. 

    MNI coordinates  

Contrast 

(CUD>HC) 
Region H BA x y z k t max 

Cue1-Effort Medial Frontal 

Gyrus/ Inferior 

Frontal Gyrus 

L 10 -9 45 -12 56 -4.54 

Cue1-Reward 

 

Culmen/Anterior 

Lobe/ Midbrain 

Red Nucleus 

L - -15 -42 -27 123 -5.80 

Posterior 

Cingulate/ 

Cingulate Gyrus/ 

Thalamus/ 

Parahippocampal 

Gyrus 

L 29 -6 -45 9 77 -4.79 

Superior Temporal 

Gyrus 
L 39 -57 -63 27 61 -4.18 

Cue2-Effort Inferior Parietal 

Lobule/ Postcentral 

Gyrus/ Superior 

Temporal Gyrus 

L 40 -60 -42 27 106 4.5 
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 Superior Temporal 

Gyrus/ Angular 

Gyrus 

R 39 48 -57 36 72 4.20 

Cue2-Reward Fusiform 

Gyrus/Middle 

Temporal Gyrus/ 

Middle Occipital 

Gyrus/ Inferior 

Occipital Gyrus/ 

Cuneus 

L 19 -42 -66 -12 398 4.65 

 Middle Occipital 

Gyrus/Cuneus/ 

Inferior Occipital 

Gyrus/ Lingual 

Gyrus 

R 18 30 -78 -3 294 4.96 

Cingulate Gyrus L 23 -6 -12 30 66 4.34 

 Claustrum/ 

Thalamus/  
L - -24 -15 15 58 5.04 

Unchosen-

Reward 

Postcentral 

Gyrus/Insula 
R 40 57 -15 21 87 4.42 

Note. CUD = Cannabis Use Disorder; HC = Healthy Controls; L = Left; R = Right; BA = 

Brodmann Area; MNI = Montreal Neurological Institute; Cue1 represents prospective 

information; Cue2 represents integration of information.  
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Figure 3. Between-group contrasts (CUD>HC) during prospective effort and reward 

coding (Cue1). A) For effort information at Cue1 (Cue1-Effort), CUD participants had 
decreased vmPFC (-9, 45, -12) activation compared to controls. B) For reward information at 

Cue1 (Cue1-Reward), CUD participants showed decreased left culmen (-15, -42, -27), left 

posterior cingulate (-6, -45, 9) and left superior temporal gyrus (-57,  -63, 27) activity compared 

to controls. All contrast maps are thresholded at an uncorrected level of p<0.005 two-tailed and 

family-wise-error-corrected at p<0.05. Blue colour demonstrates areas where the CUD group 

show significantly less activation compared to controls. The right side of the brain is on the right.  
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Figure 4. Between-group contrasts (CUD>HC) during integration of effort and reward 

(Cue2).  A) For effort information at Cue2 (Cue2-Effort), the CUD group had greater left inferior 

parietal lobule (-60, -42, 27) and right superior temporal gyrus (48, -57, 36) activation than 

controls. B) For reward information at Cue2 (Cue2-Reward), CUD participants had greater left 

fusiform gyrus (-42, -66, -12), right middle occipital gyrus (30, -78, -3), left cingulate gyrus (-6, -

12, 30) and left claustrum/thalamus (-24, -15, 15) activation than controls. All contrast maps are 

thresholded at an uncorrected level of p<0.005 two-tailed and family-wise-error-corrected at 

p<0.05.  Red colour demonstrates areas where the CUD group shows significantly more 

activation compared to controls. The right side of the brain is on the right.  
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3.6.     Exploratory Correlational Analyses 

3.6.1. Behavioural correlations with cannabis use characteristics 

Within our CUD group, Pearson correlation coefficients showed significant positive 

associations between age of first cannabis use and the proportion of accepted i) high-effort (80%) 

(r=0.533, p=0.019), and ii) low-reward (Bin 1) (r=0.589, p=0.008) choices. No other significant 

associations emerged between grams of cannabis consumed and recency of cannabis use with 

behavioural performance.  

3.6.2. Behavioural correlations with neural activation 

3.6.2.1. Prospect Phase. Across both groups, bilateral VS activity during prospective 

effort correlated with the proportion of accepted high-effort tasks; increased bilateral VS activity 

during prospective effort cues relative to effort integration cues (Cue1-Effort>Cue2-Effort) 

significantly positively associated with the proportion of accepted 80% effort level trials (left 

VS: r=0.427, p<0.05; right VS: r=0.394, p<0.05, Figs.5a;5e). Similar correlational trends 

occurred between bilateral VS activity during prospective effort cues (Cue1-Effort>Cue2-Effort) 

with the proportion of accepted 100% effort level trials (left VS: r=0.305, p=0.056; right VS: 

r=0.302, p=0.058, Fig.5f). Increased bilateral VS activity during prospective effort cues (Cue1-

Effort>Cue2-Effort) also significantly positively correlated with the proportion of accepted trials 

in Reward Bin 3 (left VS: r=0.409, p<0.05; right VS: r=0.425, p<0.05, Figs.5c;5g), and Reward 

Bin 4 (left VS: r=0.366, p<0.05; right VS: r=0.402, p<0.05, Figs.5d;5h).  

Left VS activity during prospective reward cues (Cue1-Reward>Cue2-Reward) 

significantly correlated with the proportion of accepted i) 50% effort level trials (r=0.327, 

p<0.05), ii) Reward Bin 1 trials ($1-$2.39, r=0.367, p<0.05) and iii) Reward Bin 2 trials ($2.40-

$3.49, r=0.37, p<0.05). Increased left VS activity during prospective effort cues (Cue1-
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Effort>Cue2-Effort) also significantly positively correlated with the proportion of accepted trials 

in Reward Bin 2 (r=0.315, p<0.05, Fig.6b). Right VS activity during prospective reward cues 

(Cue1-Reward>Cue2-Reward) significantly associated with the proportion of accepted trials in 

Reward Bin 3 ($3.50-$4.60, r=-0.371, p<0.05).  

Significant associations between bilateral VS activity and performance parameters were 

largely driven by the CUD group, such that when the CUD group data were removed from the 

correlation analyses, results became nonsignificant.   

3.6.2.2. Information Integration. Across both groups, no significant associations emerged 

between bilateral VS activity during reward information presented at Cue 2 relative to effort 

information (Cue2-Reward>Cue2-Effort) with the proportion of accepted trials across all effort 

levels and reward bins.  

3.6.2.3. Choice Phase. Across both groups, no significant associations emerged between 

bilateral VS activity during chosen versus unchosen options (Chosen>Unchosen) with the 

proportion of accepted trials across all effort levels and reward bins.  

3.6.3. Cannabis use characteristics with neural activation 

3.6.3.1. Prospect Phase. Within our CUD group, Pearson correlation coefficients showed 

significant positive associations between bilateral VS activity during prospective effort cues 

(Cue1-Effort>Cue2-Effort) and CUDIT scores (r=0.521, p<0.05). Left VS activity during 

prospective reward cues relative to prospective effort cues (Cue1-Reward>Cue1-Effort) 

inversely related to recency of cannabis consumption (r=-0.564, p<0.05).  

3.6.3.2. Information Integration. Bilateral VS activity during reward integration cues 

(Cue2-Reward) relative to effort integration cues (Cue2-Effort) significantly associated with 

CUDIT scores (r=0.502, p<0.05) within our CUD group. 



 

 

85 

3.6.3.3. Choice Phase. No significant associations emerged between cannabis use 

characteristics and neural activation in the bilateral VS during the choice phase of the sequential 

effort-based decision-making task in our CUD group.
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Figure 5. Exploratory correlations between bilateral VS activity and performance measures on the sequential effort-based decision-

making task (left VS (-12, 12, -6); right VS (12, 10, -6) coordinates from [53]). A) Significant positive correlation between left VS 

activity during Cue1>Cue2-Effort and the proportion of accepted 80% effort level trials (r=0.427, p<0.05). B) Significant positive 

correlation between left VS activity during Cue1>Cue2-Effort and the proportion of accepted trials from reward bin 2 ($2.40-$3.49; 

r=0.315, p<0.05). C) Significant positive correlation between activity in the left VS during Cue1>Cue2-Effort and the number of 

accepted trials from reward bin 3 ($3.50-$4.60; r=0.409, p<0.05). D) Significant positive correlation between activity in the left VS 

during Cue1>Cue2-Effort and the number of accepted trials from reward bin 4 (>$4.60; r=0.336, p<0.05). E) Significant positive 

correlation between activity in the right VS during Cue1>Cue2-Effort and the number of accepted 80% effort level trials (r=0.394, 

p<0.05). F) Trending positive correlation between activity in the right VS during Cue1>Cue2-Effort and the number of accepted 100% 

effort level trials (r=0.302, p=0.058). G) Significant positive correlation between activity in the right VS during Cue1>Cue2-Effort 

and the number of accepted trials from reward bin 3 ($3.50-$4.60; r=0.425, p<0.05). H) Significant positive correlation between 

activity in the right VS Cue1>Cue2-Effort and the number of accepted trials from reward bin 4 (>$4.60; r=0.402, p<0.05). Black 

circles represent CUD participants, empty circles represent controls. VS = ventral striatum; CUD = cannabis use disorder; BOLD = 

blood-oxygen-level-dependent signals; HC= health controls.
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4. Discussion 

This study aimed to assess the fMRI sequential effort-based decision-making task in a 

CUD population, and to examine group differences in both performance and neural substrates of 

effort-based decision-making. Our behavioural results replicate choice behaviour patterns 

previously reported in healthy controls on the fMRI sequential effort-based decision-making task 

[24]; both groups made fewer high-effort choices as effort levels increased, and more high-

reward choices as reward magnitude increased. Our neuroimaging findings show significantly 

reduced brain activation in the vmPFC during prospective effort cues and reduced culmen, 

posterior cingulate and superior temporal gyrus activity during prospective reward cues in the 

CUD group. The integration phase produced heightened activation in this group, with increased 

inferior parietal lobule and superior temporal gyrus activity during effort cue integration, and 

heightened fusiform gyrus, middle occipital gyrus, cingulate gyrus and claustrum activity during 

reward cue integration, relative to controls. Exploratory bilateral VS correlations revealed 

consistent associations with choice behaviour.  

In-scanner choice behaviour did not significantly differ between groups. Nevertheless, 

our behavioural results, particularly when broken down by run, showed a pattern whereby CUD 

participants were less likely to choose to work for high rewards, as well as higher effort levels, 

compared to controls. These choice tendencies are more consistent with an acute cannabis 

intoxication EEfRT study demonstrating decreased selections of hard trials [13]. Our behavioural 

findings, however, differ from recent studies assessing chronic cannabis use effects on effort 

expenditure [14-16]. Discrepancies in our behavioural findings may be due to heterogeneity in 

sample characteristics, study design, or varied abstinence length from cannabis use. We also did 

not replicate positive correlations between the percentage of hard trial choices and cannabis use 
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frequency [14], nor did we find any associations between high-effort trials choices with other 

cannabis use measures (i.e., grams consumed per session/day; age of regular cannabis) within 

our CUD sample. Rather, consistent with several other studies [6, 7, 10], only age of first 

cannabis use was linked to proportion of hard-trials (specifically, effort level 80%), suggesting 

age-dependent CUD effects whereby later initiation of cannabis use may be linked to more 

effort-expenditure for rewards.  

ШШШШШIn conjunction with the behavioural results, our neuroimaging findings indicate fronto-

striatal but also posterior cortex processing alterations during prospective signaling and during 

effort-reward information integration in individuals with CUD relative to healthy controls. More 

specifically, when initially presented with effort information at Cue1, the CUD group showed 

decreased vmPFC activation relative to the HC group. In healthy individuals, the vmPFC 

encodes subjective reward valuation and is important in forming reward-based predictions [24, 

63-69], however recent research also suggests that the vmPFC also encodes subjective valuation 

of prospective effort and serves in guiding choices involving physical effort [70]. Preclinical 

models support these findings, demonstrating medial frontal cortex recruitment [71] and the 

vmPFC more specifically during effort valuation and effort expenditure [72-74]. Accordingly, 

our results demonstrate reduced vmPFC activation in the CUD group during the prospective 

coding of effort, suggesting that individuals with CUD may exhibit altered neural processing 

related to the anticipation and evaluation of effortful tasks.  

Although there were no significant vmPFC group differences during the Cue1 Reward 

phase at our thresholding level (p<0.005FWE), we found that a less stringent threshold of 

p<0.01FWE showed reduced vmPFC activation (-12, 48, -15) in the CUD group in an overlapping 

area with those seen for Cue1-Effort (Supplementary Figure 3). Therefore, coding for 
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prospective rewards in individuals with CUD may also be reduced. Under this premise, these 

findings would be consistent with a previous MIDT study demonstrating reduced medial frontal 

activation in individuals with cannabis use during reward anticipation relative to non-smoking 

controls [75]. Despite the more ventral localization of our vmPFC coordinates, these collective 

findings suggest altered anticipatory processing in medial PFC regions in CUD populations. 

The prospective coding of reward was also associated with reduced cerebellar, cingulate 

and temporal gyrus activity in individuals with CUD compared to controls. Recent studies 

demonstrate cerebellar involvement in reward and predictive signals for goal-directed learning 

tasks, including cognitive functions like reward-based decision-making through reward 

expectation signals in both the mossy fiber and climbing fiber input pathways to the cerebellar 

cortex (via their convergence onto Purkinje cells) [76]. Therefore, the cerebellum may play a 

fundamental predictive role in cognitive processes like reinforcement learning, with reciprocal 

influence on reward neurocircuitry, including the striatum and prefrontal cortical areas that could 

optimize goal-directed behaviours [77]. Reduced cerebellar activation in individuals with CUD 

during prospective reward coding is consistent with the idea of altered predictive reward 

signaling in cerebellar cells [76], and increasing evidence for cerebellar changes with cannabis 

use disorder [78].  

Posterior cingulate cortex activity, together with the anterior cingulate cortex serves a 

functional role in signalling motivationally significant information and thereby guiding optimal 

goal-directed actions considering rewards and costs [79-81]. The temporal gyrus is implicated in 

subjective value encoding of cognitively effortful rewards in healthy individuals, attentional 

processing, decision difficulty and decision-making under uncertainty [30, 82-84]. Reduced 

activity across these areas during the prospective phase in the CUD group may relate to 
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alterations in attentional networks involved in performing cost/benefit computations with 

incomplete information. Decreased activity during the prospective phase may also relate to the 

type of reward (i.e., monetary), as previous studies found increased ventral tegmental activity to 

cannabis cues versus neutral cues during a cue reactivity task [85], and enhanced frontal and 

cingulate activity in responses to cannabis-related cues [50].  

The effort integration phase (Cue2-Effort) demonstrated significantly greater inferior 

parietal lobule and superior temporal gyrus activity in CUD participants relative to healthy 

controls. Rostral inferior parietal areas are involved in sensorimotor integration, motor planning 

and action-related functions [86-88] and the superior temporal gyrus plays a role integrating 

previous actions and successful outcomes [89]. Greater fusiform gyrus, medial occipital gyrus, 

cingulate and claustrum activation during reward integration (Cue2-Reward), suggests possible 

greater attentional/mental effort required to integrate information in the CUD group relative to 

controls. In healthy individuals, these areas are linked to risky decision-making and uncertainty 

of reward receipt, but also in integrating information [90]. The dACC during the sequential 

effort-based decision-making task encodes subjective value prediction error signals involved in 

expectation violation and miscalculations in valuation processing [24] consistent with this 

regionôs involvement in maintaining overall reward value to prevent behavioural errors [21]. 

Taken together, findings across these areas suggest increased, compensatory, or modified 

integration processing in brain regions responsible for aggregating information related to 

attentional control and uncertainty. 

Lastly, exploratory correlational analyses found multiple positive relationships between 

bilateral VS activity during prospective effort processing and choice behaviour. Specifically, 

greater bilateral VS activity during Cue1 Effort positively correlated with accepting more high-
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effort and high-reward trials. This prospective VS signalling relationship with high-effort extends 

preclinical findings linking VS activity and willingness to work for rewards [91-93], and 

supports human neuroimaging studies demonstrating VS associations with actions [29] and 

anticipated action effort [26]. These correlations are also consistent with the VS role in saliency 

and reward anticipation [45, 46, 94]. Our positive associations between prospective effort VS 

activity and number of accepted high-reward trials support existing theories about the functional 

value-related role of the VS found in other forms of cost/benefit decision-making (e.g. delay 

discounting; [23, 95], whereby the VS encodes expected subjective values driven by reward size. 

Notably, our positive associations are only observed at the higher levels of both effort levels and 

reward magnitude, which is consistent with the VS parametric role in signalling the reward value 

of a reinforcer. Consistent with prior studies demonstrating greater VS activity during non-drug 

reward anticipation in individuals using cannabis [94], our correlational findings were largely 

driven by the CUD group, suggesting heightened prospective signalling in this population. The 

heightened prospective VS signaling is in contrast to the reduced vmPFC signaling for effort and 

reduced posterior cortex activations for reward during this phase. There is some evidence for 

striatal-frontoparietal alterations with CUD [96] and unique cannabinoid effects on connectivity 

[97, 98]. Future larger studies can more closely examine connectivity alterations and cannabinoid 

profiles that may underlie salience networks in CUD populations. 

4.1.      Study Strengths, Limitations and Future Directions 

This initial CUD study demonstrates viable choice behaviour on the fMRI sequential 

effort-based decision-making task, including sensitivity to changes in effort and reward levels. 

The paradigm was able to isolate neural substrates of prospect from integration and from choice 

behaviour, demonstrating unique and overlapping inputs for effort and reward. While a larger 
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sample could have more power and maybe account for some heterogeneity in CUD populations, 

we were able to detect significant whole brain differences during key phases with our small 

sample. Nevertheless, our study should be considered in light of some limitations. This 

preliminary investigation had limited power to perform multiple contrasts during fMRI data 

analysis, therefore future work with larger samples could look at parametric modulations of 

effort and reward levels and their potential interactive effects. Additionally, an important caveat 

with our contrasts is that the stimuli are not perfectly matched visually. Thus, activity observed in 

parietal and occipital regions may partially reflect differential visual processing rather than the 

effort or reward information per se. and may instead be driven by the visual properties of the 

effort bar and not necessarily by the effort cost information the bar represents. Additionally, 

when examining brain regions encoding the choice to work versus selecting not to work (i.e., 

Chosen>Unchosen conditions at the Choice phase), because choice will correlate with the reward 

amount and effort amount on each trial, one can't really interpret this contrast as isolating the 

choice without some additional modeling. Although our behavioural analyses covaried for age 

and sex, future studies with larger samples can match groups more carefully and explore sex or 

gender differences, considering the clinical course of CUD between males and femalesШ[99]. 

Cannabinoid profiles were also not explored; most participants did not know the composition of 

their consumed cannabis products, nor was product analysis conducted. Future studies should 

examine cannabinoid content, including potency and other metabolites.  

4.2.      Conclusion 

This is the first study assessing the neural substrates of effort-based decision-making in a 

CUD population. Our behavioural results replicate patterns of choice behaviour in healthy 

controls, but show trends of accepting less trials of both high reward and high effort. Group 
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differences in neural activation during prospective reward valuation and during integration of 

effort information highlight differences in fronto-striatal as well as posterior cortex processing. 

Prospect phase VS ROI activity demonstrates links with high effort and high reward choices. 

This work is beginning to shed light on mechanisms in valuation signaling that may underlie 

maladaptive cost-benefit decision-making in CUD. 
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Supplementary Material 

1. Participant exclusion criteria 

Study exclusion criteria comprised individuals who were pregnant/breast-feeding, colour-

blind/vision impaired, current antidepressant use, psychotropic or migraine medication, history 

of cardiovascular disease, current mood, anxiety, or addictive disorder (other than CUD and 

tobacco), current/past psychosis, seizure or neurologic disease, uncontrolled diabetes, severe past 

mental illness or comorbid disorders, suicidality, positive illicit drug urine screen, reported other 

illicit drug use in the past 90 days, regular past year illicit drug use, current/past medical 

conditions contra-indicated for fMRI (e.g. head injury, stroke, migraines). 

 

2. Study Measures 

2.1. Mini-International Neuropsychiatric Interview (MINI 6.0; [55, 56]). The MINI is 

a structured clinical interview designed to assess psychiatric and substance abuse diagnoses 

listed in the in the DSM-5 and the International Classification of Disease 10th Revision (ICD-

10) [56]. The MINI demonstrates excellent concordance with other structured clinical interviews 

including the Structured Clinical Interview for Diagnostic and Statistical Manualðpatient 

version diagnoses (SCID-P) [56] and the Composite International Diagnostic Interview (CIDI) 

[55]. The MINI interview demonstrates good interrater reliability with kappa values ranging 

from 0.52 to 1.0 (drug abuse and dependence in particular is above 0.88) and good test-retest 

reliability with 14 of the 23 values being above 0.75 (drug abuse and dependence is above 0.85) 

[55, 56]. 

2.2. Cannabis Use Disorder Identification Test (CUDIT; [57]). The CUDIT is a 9-item 

measure of cannabis use and behaviour over the past six months. Items are scored in a Likert 
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scale fashion ranging from 0 (never) to 4 (daily, or almost daily). Score between 8 and 11 

indicates óhazardous cannabis useô, scores of 12 or greater indicate ópossible cannabis use 

disorderô. Item to total correlations for the CUDIT are good, with correlations ranging from 0.44 

(item 3) to 0.75 (item 1). Internal consistency is also excellent, with a Cronbachôs alpha of 0.85 

[57]. Within our sample, the CUDIT demonstrated excellent internal consistency is (Ŭ = 0.84). 

2.3. Marijuana History Questionnaire (MHQ; [58]). The MHQ is a 32-item self-report 

measure of cannabis use history including questions about consumption methods, frequency and 

amount of use, age of first use, and reasons for cannabis use. Responses to items relating to age 

of first use, age of regular use, to grams used per session, grams used per day and preferred 

method of cannabis consumption were included in our study.  

2.4. Sequential Effort-Based Decision-Making Task [24]. The sequential effort-based 

decision-making task is designed to be an objective measure of EBDM in humans by 

independently assessing components of effort expenditure and reward magnitude, constructs that 

can often be confounded in other neuropsychological tasks [24]. In this fMRI task, participants 

decided whether to perform óno-effort tasksô for $1.00 or higher effort tasks for larger rewards. 

Higher effort options varied in required effort expenditure and reward sizes. Reward magnitudes 

were shown to participants in dollar amount (ranging from $1ï$5.73; grouped into four bins: 

$1.25ï$2.39, $2.40ï$3.49, $3.50ï$4.60, and >$4.60), and effort expenditure was indicated as the 

height of a vertical bar (20%, 50%, 80%, or 100%) needed to be achieved by making repeated 

button-presses. Each trial sequentially presented Cue1, Cue2, a Decision Prompt, and Choice 

phases (see Figure 1). At Cue1 (i.e., the prospective phase of the task), participants were shown 

one piece of information (either effort level or reward magnitude) for 2 to 6 seconds (mean = 

2.98 seconds). Participants were then shown Cue2 (i.e., the integration phase of the task) which 
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differs from Cue1 (i.e., if Cue1 presents effort-related information, Cue2 will be reward-related 

and vice-versa). After another delay of 2 to 6 seconds (mean = 3.23 seconds), the participants 

were prompted to make a decision during the choice phase of the task: either accept the trial that 

was presented and do the work for the respective reward following the scan, or reject the trial 

and pay $1. Participantôs decisions were then displayed on the monitor. The order of information 

(effort versus reward at Cue1), as well as the visual presentation of effort and reward information 

(right versus left), was counterbalanced across trials. Trials were presented in the same fixed, 

randomized order for all participants [24].   

 

3. Sobriety Measures 

3.1. Breathalyzer. Blood alcohol concentrations were evaluated through breath alcohol 

level using a handheld Alco-SensorÈ Breathalyzer (Intoximeters, Inc, St. Louis, MO, USA). 

3.2. CO Monitor. Carbon monoxide levels were evaluated in every participant using a 

breath smokelyzer (Bedfont Scientific Ltd).  

3.3. Urine Screen. Participants provided a urine sample during scan study sessions to 

qualitatively assess substances in the sample, including the presence/absence of THC in the 

CUD/HC groups (Rapid TOX CupÈ II, American Bio Medica Corporation, Kinderhook, NY, 

USA). 

 

4. Subjective Value Models 

 

The value function for the hyperbolic model is:  SV = R/(1+(kĬE)) 

The value function for the quadratic model is:  SV = R ï kĬE2   

The value function for the linear model is:  SV = R ï kĬE 
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where SV is the subjective value, E is the amount of required effort (i.e., 0.2, 0.5, 0.8, 1), R is the 

reward magnitude, and k is a free parameter that is fit for each participant. 

 

Supplementary Table 1. Subjective Value Models, Best-Fitting Parameters  

 CUD (N = 21) HC (N = 20) 
% p 

k p t fit BIC k p t fit BIC 

 

Linear Model 

 

3.76 

(1.82) 
- 

1.63 

(0.87) 

29.51 

(12.8) 

67.9 

(25.69) 

3.18 

(1.6) 
- 

2.18 

(1.32) 

25.43 

(8.52) 

59.79 

(17.02) 
19.5 >0.05 

 

Hyperbolic 

Model 

 

3.6 

(1.87) 
- 

4.62 

(2.3) 

30.35 

(12.01) 

69.58 

(24.12) 

3.16 

(1.92) 
- 

5.62 

(2.96) 

26.39 

(9.1) 

61.71 

(18.18) 
9.75 >0.05 

 

Flexible 

Power Model 

 

9.5 

(10.23) 

5.6 

(8.63) 

2.08 

(0.98) 

19.95 

(7.3) 

53.21 

(14.74) 

3.89 

(1.74) 

3.77 

(6.39) 

5.33 

(9) 

17.93 

(8.65) 

49.27 

(17.25) 
36.59 >0.05 

 

Quadratic 

Model 

 

5.31 

(3.63) 
- 

1.69 

(0.79) 

25.06 

(10.08) 

59 

(20.24) 

4.11 

(2.73) 
- 

2.31 

(1.5) 

23.01 

(7.5) 

54.95 

(14.97) 
34.15 >0.05 

Note. All data is presented as M(SD). Lower BIC value indicates the best-fitting model at a group level; Flexible 

Power Model is the best-fitting model for our sample. %  column; depicts the percentage of participants best-fit 

by each model. p; depicts between-group difference in BIC values.  

 

 

 

5. Image Acquisition  

Images were obtained at the Imaging Research Centre at St. Josephôs Healthcare 

Hamilton (SJHH) using a 3T GE MRI system. Conventional T1-weighted spin-echo sagittal 

anatomic images acquired slice localization (TR=300ms, TE=2.5ms, FOV=220 X 220, and 32 4 

mm thick slices with 0mm skip). Functional images used a T2*-sensitive gradient-recalled single 

shot gradient echo echoplanar sequence (TR=2000ms, TE=30ms, FOV=22.4cm (3.5mm 

isotropic voxel), ASSET=2, and 36 slices, with 0mm skip, covering whole brain, straight axial. 

High resolution, 3-D Magnetization Prepared Rapid Acquisition Gradient Echo (MPRAGE) T1-

weighted sequence acquired anatomical images. The fMRI Trigger Selector was programmed to 
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ñonce per sliceò and a regular 2-button button box was used. Functional images were 

preprocessed using SPM12 (Welcome Functional Imaging Laboratory, London, UK), including 

slice-time correction, motion correction, realignment, segmentation, and normalization to the 

Montreal Neurological Institute (MNI) template with a 6mm smoothing kernel FWHM. Artifacts 

such as head movement were visually inspected and runs with motion in excess of 1 voxel were 

rejected. First-level modeling used robust regression to reduce the influence of outliers. Motion 

parameters and high-pass filter parameters were included as additional regressors of no interest. 

NeuroElf analysis package (www.neuroelf.net) was used for second level random effects 

analysis. Cluster-extent based thresholding analytic and reporting practices for fMRI were 

applied and correction for multiple comparisons were conducted using Monte-Carlo simulation 

(i.e. AlphaSim) using a combined voxel-wise (p<0.005) and cluster thresholds to result in a 

family-wise error (FWE) rate of pFWE<0.05 [60]. 

 

6. Demographics and Descriptive Statistics  

A multivariate analysis of variance (MANOVA) with age and CUDIT scores entered as 

dependent variables and participant group (HC vs. CUD) as fixed-factors revealed significant 

group differences; individuals with CUD were significantly older (F(1,39)=11.78, p<0.05) and 

had significantly higher CUDIT scores (F(1,39)=53.85, p<0.05). Chi-square tests revealed 

similar gender (X2(1,N=41)=0.73, p>0.05), ethnicity (X2(1,N=41)=12.116, p>0.05), marital status 

(X2(1,N=41)=3.511, p>0.05), education level (X2(1,N=41)=0.836, p>0.05) and employment 

status (X2(1,N=41)=2.882, p>0.05) between groups. Significantly more individuals with CUD 

smoked tobacco (X2(1,N=41)=8.039, p<0.01) and earned less than $60,000 yearly (X2(1,N 

=41)=9.438, p<0.05) relative to controls. Within our CUD sample, the average age of first 
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cannabis use was 17.8 years old (SD=6.39), 43% consumed between 1-2.5g of cannabis on a 

daily basis, with 86% preferred smoking cannabis relative to vaping or consuming edibles. Data 

available from 14 CUD participants showed the average time since last cannabis consumption 

was 34 hours (SD=37, range 10ï144) prior to scanning.  

 

7. Cannabis Use Disorder (CUD) Symptom Count  

The Diagnostic and Statistical Manual of Mental Disorders [54] defines CUD as the presence 

of clinically significant impairment or distress in 12 months, manifested by at least 2 of the 

following [61]: 

¶ Cannabis is taken in larger amounts or used over a longer period than intended 

¶ Persistent desire to cut down with unsuccessful attempts 

¶ Excessive time spent acquiring cannabis, using cannabis, or recovering from its effects 

¶ Cravings for cannabis use 

¶ Recurrent use resulting in neglect of social obligations 

¶ Continued use despite social or interpersonal problems 

¶ Important social, occupational, or recreational activities foregone to be able to use 

cannabis 

¶ Continued use despite physical harm 

¶ Continued use despite physical or psychological problems associated with cannabis use 

¶ Tolerance 

¶ Withdrawal symptoms when not using cannabis 
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8. Behavioural Results 

There was a main effect of Run (F(1,38)=6.295, p<0.05), showing a significant decrease 

in the number of accepted trials during Run2. Additionally, there was a nonsignificant main 

effect of group during Run1 (p>0.05) and Run2 (p>0.05; Supplementary Figure 1) of the task. 

The RunĬGroup interaction was also nonsignificant (F(1,38)=0.642, p >0.05). Importantly, 

groups did not significantly differ from one another with regards to mean reaction times during 

Run1 (F(1,39)=0.694, p >0.05) and Run2 (F(1,39)=0.532, p >0.05) of the task. 

 

Supplementary Figure 1. Main effect of Run. Both groups showed a significant fewer accepted 

trials during Run2 of the sequential effort-based decision-making task. Groups did not differ in 

the number of accepted trials during both runs of the task. CUD = Cannabis Use Disorder, HC = 

Healthy Controls.
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9. Neuroimaging Results (Collapsed across groups N=41) 

 
9.1. Prospect Phase (Cue1-Reward or Effort). Relative to reward information (Cue1-

Effort>Cue1-Reward), effort information presented at Cue1 increased bilateral precentral gyrus, 

right culmen, right superior occipital gyrus, left superior parietal lobule, left inferior frontal gyrus 

and left inferior occipital gyrus activity (Supplementary Table 2).  

 9.2. Information Integration (Cue2-Reward or Effort). Relative to reward information 

(Cue2-Effort>Cue2 Reward), effort information presented at Cue2 increased left lingual gyrus, 

right fusiform gyrus, left frontal gyrus, right precentral gyrus, right inferior gyrus and left 

paracentral lobule activity (Supplementary Table 2).  

 9.3. Choice Phase. Relative to rejected effort cues (Chosen-Effort>Unchosen-Effort), 

accepted effort cues decreased bilateral cerebellar tonsil, right declive, bilateral cuneus, left 

cingulate gyrus, left precentral gyrus, left inferior parietal lobule, right inferior frontal gyrus and 

left putamen activity (Supplementary Table 2). Relative to rejected reward cues (Chosen-

Reward>Unchosen-Reward), accepted reward cues increased left postcentral gyrus activity 

(Supplementary Table 2).  

 

Supplementary Table  2. Sequential Effort-Based Decision-Making Neuroimaging Results 

(Effort>Reward; N=41) 

    MNI coordinates   

Contrast Region H BA x y z k t max 

Cue1-Effort 

> Cue1-

Reward 

Precentral Gyrus/ 

Postcentral 

Gyrus/ Middle 

Frontal Gyrus/ 

Medial Frontal 

Gyrus/ Inferior 

Parietal Lobule/ 

Cingulate 

Gyrus/Superior 

L 4 -36 -15 57 703 6.03 
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Frontal Gyrus/ 

Inferior Frontal 

Gyrus/ Sub-Gyral 

 

Culmen/ 

Fusiform Gyrus/ 

Inferior Occipital 

Gyrus/ Middle 

Occipital Gyrus/ 

Cuneus/ Lingual 

Gyrus/ 

R - 21 -54 -24 395 5.29 

 

Superior 

Occipital Gyrus/ 

Precuneus/ 

Superior Parietal 

Lobule  

R 39 30 -66 30 379 4.99 

 

Precentral Gyrus/ 

Middle Frontal 

Gyrus/ Inferior 

Frontal Gyrus/ 

R 6 45 6 30 268 5.33 

 
Superior Parietal 

Lobule/Precuneus 
L 7 -21 -63 48 194 5.81 

 
Inferior Frontal 

Gyrus/Insula 
L 47 -27 24 -6 108 5.98 

 

Inferior Occipital 

Gyrus/ Middle 

Temporal Gyrus 

L 19 -36 -72 -9 81 4.84 

Cue2-Effort 

> Cue2-

Reward 

Lingual Gyrus/ 

Inferior Occipital 

Gyrus/ Middle 

Occipital Gyrus/ 

Cuneus/ Superior 

Occipital Gyrus/ 

Fusiform Gyrus/ 

Precuneus/ 

Superior Parietal 

Lobule/ Declive  

L 18 -18 -72 -9 2015 5.94 

 

Fusiform Gyrus/ 

Culmen/ Lingual 

Gyrus/ Middle 

Occipital Gyrus/ 

Declive / 

Parahippocampal 

Gyrus 

R 37 30 -45 -21 326 5.50 
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Middle Frontal 

Gyrus/ Precentral 

Gyrus/ 

Postcentral Gyrus  

L 6 -30 -3 48 224 5.79 

 

Precentral Gyrus/ 

Inferior Frontal 

Gyrus 

R 6 39 0 45 200 6.07 

 
Inferior Frontal 

Gyrus 
R 13 33 27 3 119 5.47 

 

Paracentral 

Lobule/Cingulate 

Gyrus 

L 5 -15 -39 48 58 4.28 

Chosen > 

Unchosen 

 

- - - - - - - - 

Chosen > 

Unchosen 

(effort) 

Cerebellar   

Tonsil/ Lingual 

Gyrus/ Tuber/ 

Cuneus/ Fusiform 

Gyrus/ Declive/ 

Culmen/ Inferior 

Semi-Lunar 

Lobule/ Middle 

Occipital Gyrus/ 

Inferior Occipital 

Gyrus 

L - -36 -63 -39 586 -6.41 

 

Declive/ Pyramis/ 

Tuber/ Culmen/ 

Lingual Gyrus 

R - 30 -60 -21 250 -5.05 

 
Cuneus/ Middle 

Occipital Gyrus  
R 17 18 -87 9 122 -4.97 

 

Cingulate Gyrus/ 

Medial Frontal 

Gyrus/ Superior 

Frontal Gyrus 

L 24 -6 6 51 93 -5.03 

 
Precentral Gyrus/ 

Postcentral Gyrus 
L 4 -33 -12 54 87 -5.27 

 Cuneus L 18 -24 -78 21 73 -4.84 

 
Cerebellar   

Tonsil/ Uvula 
R - 15 -63 -45 69 -5.04 
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Inferior Parietal 

Lobule 
L 40 -45 -42 54 65 -5.10 

 

Lentiform 

Nucleus 

(Putamen) 

L - -21 18 -3 53 -5.52 

Chosen > 

Unchosen 

(reward) 

Postcentral 

Gyrus/ Precentral 

Gyrus 

L 40 -42 -27 54 112 4.47 

Note. H = Hemisphere; L = Left; R = Right; BA = Brodmann Area; MNI = Montreal 

Neurological Institute; Cue1 represents prospective information; Cue2 represents integration 

of information.  

 

10. Neuroimaging Results: Group Differences (n=21 CUD; n=20 HC) 

10.1. Prospect Phase. Between-group contrasts (CUD>HC) of neural activity for Cue1-

Effort showed that CUD participants had lower left medial frontal gyrus activation (Fig.3a, Table 

2). For Cue1-Reward, CUD participants had decreased activity in the left culmen, posterior 

cingulate and superior temporal gyrus relative to controls (Fig.3b, Table 2).  

10.2. Integration Phase. For Cue2-Effort, CUD participants had greater left inferior 

parietal lobule and right superior temporal gyrus activation relative to controls (Fig.4a, Table 2). 

For Cue2-Reward, CUD participants had greater left fusiform gyrus, right medial occipital gyrus, 

left cingulate and left claustrum activity compared to controls (Fig.4b, Table 2).  

10.3. Choice Phase. Additionally, greater postcentral gyrus activation was observed on 

rejected reward trials in CUD participants compared to controls (Supplementary Fig.2, Table 2). 

There were no group differences across accepted trials for effort or reward, or for rejected effort 

trials. 
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Supplementary Figure 2. Between-group contrast (CUD>HC) during Choice phase. 

Unchosen trials during reward information resulted in greater right postcentral gyrus activation 

(57, -15, 21) in CUD participants compared to controls. Contrast map is thresholded at an 

uncorrected level of p<0.005 two-tailed and family-wise-error-corrected at p<0.05. Red colour 

demonstrates area where the CUD group show significantly more activation compared to 

controls. The right side of the brain is on the right. 

 

Supplementary Figure 3. Between-group contrasts (CUD>HC) during prospective reward 

coding (Cue1). For reward-information at Cue1 (Cue1-Reward), CUD participants showed 

decreased vmPFC activation (-12, 48, -15) compared to controls. All contrast maps are 

thresholded at an uncorrected level of p<0.01 two-tailed and family-wise-error-corrected at 

p<0.05. Blue colour demonstrates areas where the CUD group show significantly less activation 

compared to controls. The right side of the brain is on the right. 
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Foreword to Chapter 4 

 

Chapter 4 consists of a manuscript in preparation for submission to Addictive Behaviors.  

 

Brassard, S., Froude, A., Barkovich, L., Pangborn, N., & Balodis, I. (in preparation). 

Relationships between childhood trauma and stress processing on gambling urges in 

gambling disorder.  
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Abstract 

Childhood trauma is noted in addictive disorders and is linked to altered stress responses. 

However, few studies assess associations between childhood trauma with subjective and 

physiological stress responses in behavioural addictions. In this cross-sectional study, we assess 

how childhood trauma relates to perceived stress and acute stress responses in individuals with 

problem gambling behaviours (PG), and assess how these relationships further relate to gambling 

urges. This is important as stress-induced gambling urges constitute a major factor in the 

maintenance of PG. Thirty-five individuals with PG and thirty-five healthy controls (HCs) 

completed self-report measures of childhood trauma, perceived stress and problem gambling. A 

subsample of participants (n=21 PG; n=21 HC) underwent an acute psychosocial stress 

paradigm, providing self-report measures of mood, gambling urges, and salivary samples for 

cortisol measurement at multiple timepoints. Results demonstrate that individuals with PG self-

report significantly more childhood traumatic events and past-30-day stress perceptions relative 

to HCs. Specific trauma forms had stronger PG links; experiencing physical neglect significantly 

predicted problem gambling severity. Following the acute psychosocial stressor, individuals with 

PG experienced heightened negative affect, but displayed blunted physiological stress responses, 

relative to HCs. Within the PG group specifically, childhood trauma predicted changes in cortisol 

levels. Acute stress, however, did not heighten gambling urges which remained high pre- and 

post-stressor. Experiencing physical neglect in childhood, however, predicted gambling urges 

post-stress in the PG group. This study is the first to assess links between childhood trauma and 

stress processing on gambling urges in individuals with PG. Understanding these links is vital for 

developing novel trauma-informed emotion-regulation treatment programs for individuals with 

PG. 
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1. Introduction 

 Childhood maltreatment comprises a range of mistreatment, abuse, neglect, and 

exploitation, resulting in harm to a child's well-being, development, or sense of dignity (World 

Health Organization, 2022). While some maltreated children develop resilience (Meng et al., 

2018), for many, chronic experience results in trauma (Gilbert et al., 2009). Adverse childhood 

experiences (ACEs) like experiencing or witnessing physical, emotional, sexual abuse and/or 

neglect, are consistently noted as risk factors in the development of physical and mental health 

conditions. For instance, childhood maltreatment is associated with earlier substance use 

initiation and increased risk for substance-based addictions in adolescence and adulthood, 

including cocaine, cannabis, tobacco, alcohol and polysubstance (Brockie et al., 2015; Capusan 

et al., 2021; Chatterjee et al., 2018; Dube et al., 2002; Dube et al., 2003; Dube et al., 2006; 

Giordano et al., 2014; Jester et al., 2015; Martin et al., 2023). More recently, childhood 

maltreatment has also been associated with behavioural addictions like gambling disorder (GD), 

defined as a persistent and recurring pattern of gambling associated with substantial stress and 

functional impairment (APA, 2013). Individuals with a history of maltreatment are more likely to 

report higher gambling frequency and problematic gambling behaviours (see Lane et al., 2016 

for review; Hodgins et al., 2010; Horak et al., 2021; Roberts et al., 2017; Sharman et al., 2019) 

and report more severe levels of maltreatment relative to the general population and comparative 

substance use groups (Horak et al., 2021; Petry et al., 2005).  

Similar to maltreatment, traumatic experiences during childhood are important risk 

factors for adult mental health problems, including substance use disorders (Kessler et al., 2010; 

Rasmussen et al., 2018); experiencing childhood trauma is linked with younger initiation and 

heavier substance abuse (Taplin et al., 2014; Tonmyr et al., 2010). Similar patterns are observed 
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in GD; individuals with GD report significantly more childhood trauma relative to healthy 

controls (HCs) (Felsher et al. 2010; Hodgins et al. 2010, 2012; Lane et al. 2016; Petry et al., 

2005; Roberts et al. 2017; Sharman et al., 2019), and childhood trauma predicts gambling 

severity and frequency among those with GD (Petry et al., 2005). Early GD studies describe a 

high prevalence of individuals in treatment programs reporting physical or sexual traumas 

(Kausch et al., 2006; Taber et al., 1987). Felsher and colleagues (2010) found that individuals 

with GD most commonly experienced emotional and physical neglect (independent of 

maltreatment severity), whereas individuals at-risk for GD (DSM score 3ï4) most commonly 

experience emotional abuse and neglect. Recently, Horak and colleagues (2021) underscore 

physical neglect as being the single trauma subtype to significantly increase GD odds in 

adulthood. In problem gambling (PG), where individuals exhibit symptoms of GD that are not 

identified using formal diagnostic criteria or exist below the clinical threshold (Jazaeri et al., 

2012), neglect, sexual and physical abuse predict gambling frequency and problem gambling 

severity in individuals with PG, even when controlling for alcohol and other drug use disorders, 

family environment, psychological distress, and symptoms of antisocial disorder (Hodgins et al., 

2010). Additionally, increased ACEs significantly predict gambling severity in individuals with 

PG relative to individuals with PG with no ACEs (Poole et al., 2017).  

1.1.      Trauma, Stress Responses and Gambling  

Importantly, associations between childhood trauma and gambling behaviours may be 

influenced by factors like alterations in stress processing (Horak et al., 2021; Roberts et al., 

2017; Teicher et al., 2003). Stress is often reported as a gambling trigger (Buchanan et al., 2020; 

Elman et al., 2010; Morasco et al., 2007) and is also linked with gambling severity (Luce et al., 

2016; Ronzitti et al., 2018). In individuals with GD, for example, reports of psychosocial stress, 
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frequency of daily stressful events, and trait and state perceptions of stress are greater compared 

to HCs (Elman et al., 2010; Wemm et al., 2018). Nonetheless, the mechanisms underlying 

associations between stress responses, childhood trauma and gambling behaviours remain largely 

unexplored.  

In the body, acute stress triggers a physiological response involving the hypothalamic-

pituitary-adrenal (HPA) axis which releases signaling hormones such as corticotropin-releasing 

hormone (CRH), adrenocorticotropin hormone (ACTH), and cortisol, preparing the body for 

ñfight-or-flightò responses (Chu et al., 2022; Isowa et al., 2006; Tsigos & Chrousos, 2002). The 

acute physiological stress response is typically short-lived with a return to physiological baseline 

(i.e., a homeostatic balance) after a short period. However, overactive, prolonged or repeated 

exposure to stress (i.e., chronic stress) alters this system over time (Sinha, 2008). Notably, the 

relationships between child maltreatment and HPA axis system are complex, with a significant 

body of literature indicating links between increased childhood adversity and blunted cortisol 

reactivity (alôAbsi et al., 2021; Brindle et al., 2022; Bunea et al., 2017; Carpenter et al., 2011; 

Counts et al., 2022; Lovallo et al., 2012; Voellmin et al., 2015; Young et al., 2021). As such, HPA 

dysregulation may play a critical role in PG and GD (Pangborn et al., 2024). Specifically, 

individuals with PG show blunted physiological stress responses relative to non-gambling 

individuals (Meyer et al., 2004), with some studies suggesting a smaller cortisol increase 

following acute stress and an inverse relationship between baseline cortisol and chronicity of PG 

(Maniaci et al., 2018; Paris et al., 2010; Wemm et al., 2018). Nevertheless, one study reported 

greater cortisol levels following acute stress in a GD group (Maniaci et al., 2018). To date, no 

studies have examined acute stress responses in light of childhood trauma in PG populations.  
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1.2.      Trauma, Stress and Gambling Urges 

Childhood maltreatment and trauma also play a critical role in influencing cravings and 

urges to indulge in addictive disorders, which can then lead to behaviour maintenance or relapse 

(Gardner, 2011; Preston & Epstein, 2011; Sinha et al., 2006, 2011, 2012; Stalcup et al., 2006). In 

substance use disorders, emotional abuse is linked with substance craving at treatment admission 

(Gerhardt et al., 2022). In alcohol use disorder, negative emotion dysregulation is related to 

increased alcohol craving and use (Petit et al., 2015), and childhood trauma further exacerbates 

this craving following stress exposure, with decreased cortisol concentration, increased heart 

rate, and heightened skin conductance showing the strongest associations with alcohol cravings 

(Trautmann et al., 2018).  

To date, research has primarily focused on assessing the impact of stress processing on 

gambling urges. For example, the perceived severity and amount of daily stressors relate to 

gambling urges (Elman et al., 2010). Stress-induced gambling urges in particular, are considered 

major factors in GD maintenance and relapse (Buchanan et al., 2020; Elman et al., 2010) and 

poor stress tolerability is linked to gambling relapse (Daughters et al., 2005). Only one study to 

date comparatively assessed stress-induced craving between substance based and behavioural 

addictions, showing that although groups share similar stress response patterns, experiencing a 

stressor only enhanced cigarette cravings in smokers, but not gambling urges in those with PG 

(Wemm et al., 2018). Physiological responses related to stressful life encounters and/or negative 

emotions associated with traumatic events may therefore become conditioned stimuli that elicit 

urges (Stewart et al., 1984). As such, it is important to consider both the roles of childhood 

trauma and stress processing in PG.  
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1.3.      Current Study 

The current study cross-sectionally assessed relationships between stress and childhood 

trauma in a community PG sample. A subsample of participants underwent an acute psychosocial 

stressor with acute mood states, gambling urges and cortisol measured throughout the 

experimental protocol. Based on the finding that individuals with GD report significantly more 

childhood trauma relative to HCs (Felsher et al. 2010; Hodgins et al. 2010, 2012; Lane et al. 

2016; Petry et al., 2005; Roberts et al. 2017; Sharman et al., 2019), we expected similar patterns 

to emerge in our study. More specifically, we expected higher reports of childhood trauma 

(including physical abuse and neglect, emotional abuse and neglect, and sexual abuse) would 

exist in a PG community sample relative to an HC group. Furthermore, based on the finding that 

state and trait levels of stress perception are significantly greater in individuals with PG relative 

to a matched control group (Elman et al., 2010), we expected similar patterns to emerge in our 

study such that past 30-day stress perceptions would be significantly higher in our PG 

community sample. Additionally, given that childhood trauma predicts gambling severity among 

those with GD and PG (Hodgins et al., 2010; Petry et al., 2005), we sought to replicate these 

associations by establishing links between greater childhood trauma experiences with PG 

severity in our community sample. Building on the findings of greater trait and state levels of 

stress perceptions in PG (Elman, 2010), we also examined links between childhood trauma and 

past 30-day stress perceptions in participants with PG, and hypothesized that greater childhood 

trauma would significantly associate with greater past 30-day stress perceptions in our sample.  

We sought to replicate patterns of subjective and physiological stress responses following 

an acute stress paradigm (Elman et al., 2010; Maniaci et al., 2018; Meyer et al., 2004; Paris et al., 

2018; Wemm et al., 2018). Specifically in the PG group, we predicted heightened self-reported 
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stress following the psychosocial stressor, but blunted HPA-axis reactivity, as measured by the 

cortisol response. Building upon these findings, we sought to examine links between childhood 

trauma, subjective and physiological stress responses and gambling urges. As such, we 

hypothesized that greater experiences of childhood trauma would significantly associate with 

increased mood disturbances following an acute stressor, as well as lower changes in average 

cortisol concentrations in our problem gambling sample. Given the widespread consensus that 

stress induces dramatic physiological changes, but no agreement on the appropriate quantitative 

parameters to measure these responses (Balodis et al., 2010; Pruessner et al., 2003), the current 

study applied different calculated parameters for physiological measures of stress across 

individuals, namely raw cortisol levels, percent change in cortisol concentrations, óArea under 

the curve with respect to groundô (AUCG), and óArea under the curve with respect to increaseô 

(AUCI).  

Finally, given the literature suggesting stress-induced urges to gamble (Buchanan et al., 

2020; Daughters et al., 2005; Elman et al., 2010), we sought to replicate these associations by 

showing greater gambling urges following an acute stress paradigm. Building on these findings, 

the present study tested for links between experiences of childhood trauma with increased 

gambling urges following stress exposure. To this end, we also assessed association between 

subjective and physiological stress responses with gambling urges. Links between past 30-day 

stress perceptions, subjective and physiological stress responses and stress-induced gambling 

urges were also investigated.  
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2. Methods 

2.1.      Participants and Procedure 

 A total of 70 individuals (39 females) were recruited from around Hamilton, Ontario, 

Canada, aged 19-85 (M=44.01, SD = 15.23). Participants primarily identified as European 

(64.3%), with 8.6% identifying as Native North American, 5.7% as South Asian (India, Sri 

Lanka, Pakistan, Nepal, and Bangladesh), 2.9% as African, 1.4% as Persian, 1.4% as Arab, 1.4% 

as other Asian (Korean, Papua New Guinea, Thailand, Philippines, Indonesia, Vietnam, 

Cambodia, Laos, Myanmar/Burma, Bhutan, and Singapore) and 14.3% as other. To take part in 

the study, participants were required to be at least 18 years of age. Healthy controls (HC; n=35) 

were required to have no current medical or psychiatric conditions, and no active or history of 

substance or alcohol use disorders. Participants with PG (n=35) were individuals who scored Ó 5 

on the Problem Gambling Severity Index (PSGI; Ferris, & Wynne, 2001; Jazaeri & Habil, 2012).  

The current study consists of data from part of a larger ongoing multi-session study 

examining stress effects on decision-making and motivation. After obtaining informed consent, 

participants completed a battery of questionnaires including the MINI Psychiatric Assessment, 

standard demographics, the Problem Gambling Severity Index (PGSI), Childhood Trauma 

Questionnaire (CTQ) and Perceived Stress Scale (PSS-10). A subsample of participants (HC; 

n=21 and PG; n=21) underwent an acute stress paradigm, including measures of mood and 

gambling urges and provided saliva samples at 5 timepoints. The current study is primarily 

focused on subjective and physiological measures collected immediately prior to and following 

the acute stress paradigm (i.e., timepoints 2 and 3). The full sample (N=70) was used for all 

analyses. A total subsample size of n=42 participants was used for our analyses relating to acute 

stress responses and gambling urges. To conduct our AUC analyses, it was necessary to infer the 
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timestamp for the saliva sample collected prior to stress exposure (timepoint 2) for one HC 

participant. This was done by calculating the midpoint between the first saliva sample collected 

upon their arrival at the research center (timepoint 1, which is outside the scope of this project) 

and their saliva sample following the stress paradigm (timepoint 3). Similarly, for one PG 

participant, the timestamps for saliva samples collected prior to and immediately after stress 

exposure (timepoints 2 and 3) were inferred. This was achieved by determining the time elapsed 

from their first saliva sample upon arrival (timepoint 1) to the completion of a neuropsychiatric 

task (timepoint 4, also outside the scope of this study), knowing that approximately 45 minutes 

elapses between each saliva sample collection. All study procedures for this project were 

approved by the Hamilton Integrated Research Ethics Board (HiREB, Project 1600). 

2.2.      Self-report Measures 

2.2.1. Mini-International Neuropsychiatric Interview (MINI; Sheehan et al., 1998). The 

Mini-International Neuropsychiatric Interview (MINI) is a widely utilized structured 

clinical assessment tool designed for the evaluation of major psychiatric disorders 

outlined in the DSM 3rd edition revised (DSM-III-TR), 4th edition (DSM-IV), 5th 

edition (DSM-V), and the International Classification of Disease 10th Revision (ICD-10). 

In the context of this research, the MINI was employed to confirm the absence of Axis 1 

psychiatric diagnoses. The MINI demonstrate excellent concordance with other 

structured clinical interviews (Sheehan et al., 1997; Lecrubier et al., 1997) and has 

demonstrated excellent interrater and retest reliability, as indicated by Cohenôs kappa 

values ranging from 0.52 to 1.0 (Sheehan et al., 1998). 

2.2.2. Childhood Trauma Questionnaire (CTQ; Bernstein et al., 1994). The CTQ is a 

retrospective measure of child abuse and neglect including factors specific for physical 
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and emotional abuse, emotional neglect, sexual abuse, physical neglect and 

minimization/denial. The CTQ shows high validity and good test-retest reliability over a 

2- to 6-month interval (intraclass correlation=0.88; Bernstein et al., 1994). The CTQ also 

yields high internal consistency with Cronbach's alpha for the factors ranging from 0.79 

to 0.94 (Bernstein et al., 1994). Within the current sample, the CTQ demonstrated 

excellent internal consistency (Ŭ=0.88).  

2.2.3. Problem Gambling Severity Index (PGSI; Ferris & Wynne, 2001; Holtgraves, 2009). 

The PGSI is a widely-used self-report questionnaire that provides a severity measure 

gambling problems in the general population. The PGSI consists of nine items, four of 

which assess problem gambling behaviours (i.e., bet, tolerance, chase and borrowed), and 

five that assess gambling consequences (i.e., felt problem, criticized, felt guilty, health 

problem, financial problem). Items are answered on a four-point Likert scale (0=never, 

1=sometimes, 2=most of the time, 3=almost always). The PGSI shows good internal 

consistency (Ŭ=0.84) and test-retest reliability (r=0.78; Ferris & Wynne, 2001). Within 

the current sample, the PGSI demonstrated excellent internal consistent (Ŭ=0.94).  

2.2.4. Perceived Stress Scale ï 10 (PSS-10; Cohen et al., 1983). The PSS-10 is a 10-item self-

report questionnaire used to assess the degree to which an individual has perceived life 

events as unpredictable, uncontrollable and overloading over the past month in 

individuals aged 12 and above. Individuals completing the PSS-10 are asked to indicate 

how often they have felt a certain way on a 5-point Likert scale from 0 (Never) to 4 (Very 

Often). The PSS-10 demonstrates good internal consistency, adequate test-retest 

reliability and good concurrent validity (Lee, 2012; Liu et al., 2020). Within the current 

sample, the PSS-10 demonstrates excellent internal validity (Ŭ=0.87).   
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2.2.5. Profile of Moods (POMS; Curran, Andrykowski & Studts, 1995; McNair, Lorr & 

Droppleman, 1981). The POMS is a self-report adjective list of 65 items rating current 

mood states. The tension-anxiety subscale, which consists of such items as ñtenseò, ñon 

edgeò and ñnervousò is a valid measure of psychosocial stress. A Total Mood Disturbance 

(TMD) score is calculated to assess changes in mood throughout the study and is 

calculated by subtracting a positive affect subscale score (vigor) from negative affect 

subscale scores (tension, depression, anger, fatigue, and confusion; McNair, 1971).  

2.2.6. Gambling Urges Scale (GUS; Raylu & Oei, 2004). Based on the Alcohol Urges 

Questionnaire, the GUS is a 6-item self-report measure assessing acute gambling urges 

by requiring participants to indicate how much they agree or disagree with specific 

statements. The GUS demonstrates good internal consistency (Ŭ=0.81) and good 

predictive and concurrent validity and reliability, suggesting that it is a suitable screening 

tool for assessing gambling urges in nonclinical gamblers (Raylu & Oei, 2004).  

2.3.      Trier Social Stress Test (TSST; Kirschbaum, Pirke & Hellhammer, 1993) 

The TSST is a widely-used protocol for effectively inducing moderate forms of 

psychosocial stress. The TSST comprises two phases: the anticipation phase and the testing 

phase; the anticipation phase gives participants 10 minutes to prepare a speech for a research 

assistant position in front of a panel of judges, and the testing phase requires the participant to 

deliver their speech for 5 minutes and complete a 5-minute mental arithmetic task. Participant 

are told that they are being recorded for further assessment on body language. 

2.4.      Saliva Sample Collection and analysis 

Saliva samples were collected by passively drooling into plastic tubes (5mL 

polypropylene vials) which were aliquoted and stored in a -80ÁC freezer until analysis. Samples 
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were assayed using an expanded range high sensitivity salivary cortisol enzyme immunoassay kit 

(Salimetrics Cortisol Enzyme Immunoassay Kit; Salimetrics, LLC, State College, PA, USA; 1-

3002) to determine free cortisol concentrations in each sample (results are expressed in ɛg/dL). 

Samples were centrifuged at 1500 x g for 15 minutes and the assay was conducted according to 

the manufacturer's instructions. Plates were read at 450 nm using a microplate reader (EPOCH 2 

microplate spectrophotometer, BioTek, Vermont, USA). Samples with cortisol values greater 

than 3.0 ɛg/dL were diluted with assay diluent and rerun to obtain more accurate results. Average 

optical density (OD) was computed for all duplicate wells. The percent bound (B/Bo) was 

calculated for each standard, control, and saliva sample by dividing the OD of each well (B) by 

the average OD for the zero (Bo). Data were analysed using the software MyAssays. The sample 

concentrations were determined by interpolation using data reduction software with a 4-

parameter nonlinear regression curve fit. The assay was performed blinded regarding the clinical 

information of the samples.  

2.5.      Statistical Analyses 

Analyses were conducted using IBM SPSS 29.0 (IBM Corp. Armonk, NY). Data were 

screened for outliers and normality. A one-way multivariate  ANOVA was conducted with 

demographic, and PGSI scores (DV: age, height, weight, and PGSI total score; IV: participant 

group) to test for group differences in group characteristics. A second one-way multivariate 

ANOVA was conducted with the CTQ and PSS-10 scales (DV: CTQ total score, Emotional 

Abuse, Physical Abuse, Sexual Abuse, Emotional Neglect, Physical Neglect, 

Minimization/Denial and PSS-10 Total Score; IV: participant group) to test for group differences 

on childhood trauma experiences and perceived stress.   
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 To assess whether measures of childhood trauma associate with PG severity (n=35), a 

forward stepwise linear regression was performed with candidate variables Emotional Abuse, 

Physical Abuse, Sexual Abuse, Emotional Neglect, Physical Neglect, and Minimization/Denial. 

Similarly, to evaluate whether childhood trauma significantly associates with stress perceptions 

in the PG sample (n=35), a forward stepwise linear regression with the same candidate variables 

was conducted to assess perceived past 30-day stress levels (PSS-10 total scores). Linear versus 

multiple linear regression were conducted to examine specific influences of specific types of 

trauma on PG severity and past-30 day stress perceptions. 

 To assess subjective and physiological stress responses, a 2(Stress)Ĭ2(Group) repeated 

measures ANOVA examined the acute stressor effects on subjective ratings of Total Mood 

Disturbance (TMD) following the TSST. Another 2(Stress)Ĭ2(Group) repeated measures 

ANOVA assessed the effects of stress on average cortisol concentrations immediately before and 

after the TSST. Importantly, we also assessed percentage change in cortisol concentration using 

following Formula (1): 

   ((SLV3 ï SLV2)/ SLV2) Ĭ 100                                                  (1) 

where SLV3 is the average cortisol concentration collected post-TSST, SLV2 is the average 

cortisol concentration collected pre-TSST. 

 Given the repeated nature of our study design, our cortisol concentrations can also be 

assessed using two AUC formulas; one being the óArea under the curve with respect to groundô 

(AUCG), and the second formula being óArea under the curve with respect to increaseô (AUCI) 

(Pruessner et al., 2003). Formula (2) serves as an index of AUCG: 

AUCG = SLV3 + SLV2 Ĭ t1.                                                                        (2) 

           2 
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where SLV3 is the average cortisol concentration collected post-TSST, SLV2 is the average 

cortisol concentration collected pre-TSST and t1 represents the time elapsed in minutes between 

when SLV2 and SLV3 samples were collected.  

Formula (3) serves an index for AUCI: 

AUCI = AUCG ï SLV2 Ĭ t1                                                     (3) 

where SLV2 is the average cortisol concentration collected pre-TSST and t1 represents the time 

elapsed in minutes between when SLV2 and SLV3 samples were collected. 

 Once AUCG and AUCI values were generated, a multivariate ANOVA was run using 

percentage change in cortisol concentration, AUCG and AUCI as dependent variables and 

participant group as a fixed factor to test for group differences in changes in cortisol 

concentrations following an acute stress paradigm. Covariates appearing in all analyses relating 

to cortisol concentrations included: the number of hours since the participant woke up and saliva 

sample pre-TSST was taken (rounded) = 4.7448 hours, the number of hours since the participant 

woke up and saliva sample post-TSST was taken (rounded) = 5.2728 hours, the number of hours 

since the participant ate their last meal and saliva sample pre-TSST was taken (rounded) = 

4.6445 hours, and the number of hours since the participant ate their last meal and saliva sample 

post-TSST was taken (rounded) = 5.2403 hours. 

To assess whether childhood trauma associates with acute subjective and physiological 

stress responses in our sample of PG participants (n=21), forward stepwise linear regressions 

were performed with candidate variables Emotional Abuse, Physical Abuse, Sexual Abuse, 

Emotional Neglect, Physical Neglect, and Minimization/Denial with acute subjective stress 

reactivity (i.e., the change in TMD calculated by subtracting pre-TSST TMD scores from post-

TSST TMD scores) and acute physiological stress reactivity (i.e., the percent change in average 
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cortisol concentrations calculated using formula (1), AUCG values computed using formula (2) 

and AUCI values generated from formula (3)). Linear versus multiple linear regression were 

conducted to examine specific influences of specific types of trauma on acute subjective and 

physiological stress responses. 

Considering the literature supporting stress-induced urges to gambling, we conducted a 

third 2(Stress)Ĭ2(Group) repeated measures ANOVA to test the effects of an acute stress on urges 

to gamble. To assess whether measures of childhood trauma associate with gambling urges, 

forward stepwise linear regressions were performed with candidate variables Emotional Abuse, 

Physical Abuse, Sexual Abuse, Emotional Neglect, Physical Neglect, and Minimization/Denial to 

identify gambling urges prior to and following the TSST within our subsample of PG participant 

who completed our stress paradigm (n=21). Linear versus multiple linear regression were 

conducted to examine specific influences of specific types of trauma on gambling urges pre- and 

post-TSST. 

Lastly, to assess whether stress perceptions associate with acute either subjective 

physiological stress responses and gambling urges prior to following the TSST in our sample of 

PG participants (n=21), a forward stepwise linear regression was run with PSS-10 scores, acute 

subjective stress reactivity, acute physiological stress reactivity measures (i.e., the percent 

change in cortisol concentrations, AUCG values and AUCI values) and gambling urge scores post-

TSST. Linear versus multiple linear regressions were conducted to examine specific influences 

of stress perceptions on acute subjective and physiological stress responses and gambling urges 

pre- and post-TSST. 
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3. Results 

3.1.      Demographics and Descriptive Statistics 

 Table 1 presents the demographic characteristics of our full sample N=70, followed by 

mean PGSI scores. Within the full sample, a Chi square test revealed significant group 

differences on smoking status; significantly more PG participants reported smoking 

(X2(1,N=70)=4.629, p<0.05) relative to HC participants. The PG group was older 

(F(1,68)=6.243, p<0.05) and had higher weight (in kgs; F(1,68)=5.61, p<0.05). Within our 

subset of participants undergoing the TSST (n=42), individuals in the PG group reported a 

significantly higher prevalence of medication use in the past 48hours (X2(1,n=42)=4.2, p<0.05) 

relative to the HC group (Supplementary Table 1).  

Table 1. Demographics and Descriptive Statistics (N = 70) 

 PG (n=35) HC (n= 35) 

Gender  16 females 

19 males 

23 females 

11 males 

1 other 

 

Smoker*  10 yes 

25 no 

 

3 yes 

32 no 

Caffeine intake 14 yes 

21 no 

12 yes 

23 no 

 

Medication intake 14 yes  

21 no 

 

8 yes  

26 no 

1 missing 

 

Ethnicity 20 European 

3 South Asian 

2 African 

3 Native North American 

7 Other 

 

25 European 

3 Native North American 

1 South Asian 

1 Arab 

1 Persian 

1 Other Asian 

3 Other 

 

Marital status 18 single 

9 married 

16 single 

10 married 
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3 common law 

5 divorced 

 

5 common law 

3 divorced 

1 widowed 

 

Employment status 17 employed 

11 unemployed 

7 retired 

 

25 employed 

8 unemployed 

2 retired 

 

Highest level of education 8 grade 9-12(13) 

24 college/ university 

2 Masterôs 

1 PhD 

6 grade 9-12(13) 

2 trade school 

22 college/ university 

5 Masterôs 

 

Pre-tax household income 12 < $15,000-$30,000 

6 $30,000-$60,000 

1 $75,000-$90,000 

2 $90,000-$105,000 

2 $105,000-> $120,000 

1 prefer not to answer 

11 missing  

 

8 < $15,000-$30,000 

7 $30,000-$60,000 

4 $60,000-$75,000 

1 $75,000-$90,000 

6 $105,000-> $120,000 

2 prefer not to answer 

7 missing 

 

Age* 48.4 (14.43) 

 

39.63 (14.95) 

Height (cms) 170.21 (10.89) 

 

170.68 (8.33) 

Weight (kgs)* 90.36 (20.65) 

 

79.22 (18.64) 

PGSI*** 12.31 (5.05) 0.25 (0.78) 

Note. Data presented as M (SD) unless otherwise noted. *p<0.05, ***p < 0.001 two-tailed 

significance. PGSI = Problem Gambling Severity Index. South Asian ethnicity includes India, Sri 

Lanka, Pakistan, Nepal and Bangladesh. Other Asian ethnicity includes Korea, Papua New 

Guinea, Thailand, Philippines, Indonesia, Vietnam, Cambodia, Lao, Myanmar/Burma, Bhutan 

and Singapore.   
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3.2.      Group Differences on Childhood Trauma and Stress Perceptions 

Figure 1 demonstrates the between-group differences on measures of childhood trauma 

and perceived stress. A one-way MANOVA revealed significant group differences; PG 

participants (M=71.65, SD=9.32) scored significantly higher CTQ Total Scores (F(1,67)=12.295, 

p<0.001) relative to HC participants (M=64.31, SD=8.02). On the CTQ subscales, PG 

participants reported significantly more Emotional Abuse (F(1,67)=15.957, p<0.001), Physical 

Abuse (F(1,67)= 18.332, p<0.001), Sexual Abuse (F(1,67)=8.886, p<0.01), Emotional Neglect 

(F(1,67)=10.609, p<0.01), Physical Neglect (F(1,67)=13.269, p<0.001) and significantly less 

Minimization/Denial (F(1,67)=16.568, p<0.001) experiences relative to HCs. Individuals with 

PG (M=21.5882, SD=5.43) also had significantly higher PSS-10 scores (F(1,67)=31.14, 

p<0.001) relative to HCs (M=14.17, SD=5.61) (Figure.1).  
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Figure 1. Mean scores and standard errors on the Childhood Trauma Questionnaire (CTQ) and 

Perceived Stress Scale (PSS-10). Mean scores are shown for the CTQ Total Score and the six 

subscales: Emotional Abuse, Physical Abuse, Sexual Abuse, Emotional Neglect, Physical 

Neglect, Minimization/Denial and PSS-10 Total Score (PG group: n=34; HC group: n=35);  

** p<0.01; *** p<0.001. 
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3.3. Childhood Trauma and Problem Gambling Severity in Individuals with Problem 

Gambling 

 

 Emotional Abuse, Physical Abuse, Sexual Abuse, Emotional Neglect, Physical Neglect, 

and Minimization/Denial were used as independent variables in a forward stepwise linear 

regression assess associations with problem gambling severity (i.e., PGSI Total Scores). The 

correlations of the variables are shown in Supplementary Table 2; only Physical Abuse (r=0.351, 

p<0.05) and Physical Neglect (r=0.39, p<0.05) significantly correlated with PGSI scores. The 

prediction model contained 1 significant predictor and was reached in one step (Table 2). The 

model was statistically significant (F(1,33)=5.756, p<0.05), and accounted for roughly 13% of 

the variance (R2=0.152, Adjusted R2=0.126). Problem gambling severity (i.e., PGSI Total Scores) 

was primarily associated with higher levels of Physical Neglect (ɓ=0.667, p<0.05) within our PG 

sample (Figure.2).  

Table 2. Childhood Trauma and Problem Gambling Severity Regression 

Variable Beta SE 
95% CI 

ɓ t p 
LL UL 

Model 1 

Physical 

Neglect 

 

0.667 0.278 0.101 1.234 0.39 2.399 0.022 

Excluded Variables 

Emotional 

Abuse 

 

-0.073 - - - - -0.396 0.8 

Physical 

Abuse 

 

0.203 - - - - 1.066 0.731 

Sexual Abuse 

 
-0.01 - - - - -0.055 0.866 

Emotional 

Neglect 

 

0.087 - - - - 0.475 0.816 

Minimization/ 

Denial 

 

0.041 - - - - 0.231 0.864 

Note. SE = Standard Error; CI = Confidence Interval, LL = Lower Limit; UL = Upper Limit. 
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Figure 2. Scatterplot demonstrating a significant positive association between Physical Neglect 

scores on the Childhood Trauma Questionnaire and gambling severity calculated using the 

Problem Gambling Severity Index Total Score. Within the PG group, a forward stepwise linear 

regression showed that Physical Neglect significantly associated with problem gambling severity 

(ɓ=0.667, p<0.05). Black dots denote individual participants within our PG group (n=34).  

 

 

 

3.4.      Childhood Trauma and Stress Perceptions in Individuals with Problem Gambling 

 

 Emotional Abuse, Physical Abuse, Sexual Abuse, Emotional Neglect, Physical Neglect, 

and Minimization/Denial were used as independent variables in a second forward stepwise linear 

regression assessing associations with past 30-day stress perceptions (i.e., PSS-10 Total Scores). 

The correlations of the variables are shown in Supplementary Table 3; no significant correlations 

emerged between PSS-10 and CTQ measures. The prediction model contained no significant 

predictors; past 30-day stress perception (i.e., PSS-10 Total Scores) did not associate with any 

CTQ subscale within our PG sample. 
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3.5.      Acute Stress Effects on Subjective Stress Responses 

 A repeated measures ANOVA revealed a significant main effect of the acute stressor on 

ratings of Total Mood Disturbance; participants in both groups experienced a significant increase 

in mood disturbance post-TSST (F(1,40)=35.142, p<0.001; Figure 3), however, the Total Mood 

Disturbance Ĭ Group interaction was not significant (F(1,40)=2.698, p>0.05). Examination of 

the POMS subscales more closely demonstrated that increases in Total Mood Disturbance 

following the TSST appeared to be driven by significant increases on each negative emotion 

subscale of the POMS (Supplementary Figure 1 A-F). More specifically, a repeated measures 

ANOVA revealed a significant main effect of stress on ratings of Tension (F(1,40)=48.207, 

p<0.001), Depression (F(1,40)=9.981, p<0.01), Anger (F(1,40)=19.397, p<0.001), Fatigue 

(F(1,40)=6.617, p<0.05), Confusion (F(1,40)=38.162, p<0.001) and Vigor (F(1,40)=18.858, 

p<0.001) whereby participants in both groups experienced significantly higher negative affect 

and a significant decrease in vigor post-TSST. Similar to our results for overall Total Mood 

Disturbance, interaction effects were not significant between TensionĬGroup (F(1,40)=0.739, 

p>0.05), DepressionĬGroup (F(1,40)=2.121, p>0.05), FatigueĬGroup (F(1,40)=1.39, p>0.05), 

ConfusionĬGroup (F(1,40)=0.315, p>0.05) nor VigorĬGroup (F(1,40)=0.065, p>0.05). Only a 

significant AngerĬGroup interaction emerged (F(1,40)=9.319, p<0.01), suggesting that 

individuals with PG experienced a greater rise in Anger scores post-TSST relative to controls.  

 Supplementary Table 4 shows the mean and standard deviation of POMS scores 

between-groups pre- and post-TSST. Significant between-group differences emerged; pre-TSST, 

PG participants reported significantly higher Total Mood Disturbance (F(1,40)=13.115, 

p<0.001), higher Tension (F(1,40)=11.906, p<0.01), higher Depression (F(1,40)=11.304, 

p<0.01), higher Anger (F(1,40)=4.526, p<0.05), higher Fatigue (F(1,40)=9.326, p<0.01) and 
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higher Confusion (F(1,40)=11.422, p<0.01) relative to HCs. Post-TSST, PG participants reported 

significantly higher Total Mood Disturbance (F(1,40)=16.030, p<0.001), higher Tension 

(F(1,40)=9.62, p<0.01), higher Depression (F(1,40)=13.725, p<0.001), higher Anger 

(F(1,40)=14.589, p<0.001), higher Fatigue (F(1,40)=10.517, p<0.001) and higher Confusion 

(F(1,40)=11.088, p<0.01) relative to HCs. Groups did not significantly differ from one another 

on pre- and post-TSST Vigor scores (p>0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Repeated measures ANOVA demonstrating stress effects on Total Mood Disturbance 

scores. Significant between-group difference pre-TSST and post-TSST denoted as *** p<0.001.  
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3.6.      Stress Effects on Physiological Stress Responses 

 3.6.1. Raw cortisol values  

 Figure 4 demonstrates the within- and between-group differences of cortisol 

concentrations pre- and post-TSST (i.e., raw average cortisol concentration values). A 

2(Group)Ĭ(2Timepoint) repeated measures ANOVA revealed no significant main effect of stress 

on cortisol concentrations post-TSST (F(1,35)=0.006, p>0.05). Further, the Cortisol 

ConcentrationĬGroup interaction was also nonsignificant (F(1,35)=1.166, p>0.05). Importantly, 

groups did not differ on pre-TSST (F(1,35)=1.740, p>0.05) and post-TSST (F(1,35)=0.088, 

p>0.05) cortisol concentrations (Figure 4).   

 3.6.2. Indices of cortisol reactivity  

 A MANOVA with percent change in cortisol concentrations, AUCG and AUCI entered 

as dependent variable and participant group as fixed factors revealed no significant differences in 

percent change in cortisol concentrations (F(1,35)=1.694, p>0.05; Figure 5 and Supplementary 

Figure 2 with HC outlier removed), AUCG (F(1,35)=3.15, p>0.05; Figure 6a) or AUCI values 

(F(1,35)=1.183, p>0.05; Figure 6b) between groups.  
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Figure 4. Repeated measures ANOVA revealed no significant main effect of stress on average 

cortisol concentrations, nor between-groups pre- and post-TSST (p > 0.05). PG group: n=20; HC 

group: n=21.  
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Figure 5. Percent change in average cortisol concentrations did not significantly differ between 

groups (F(1,35)=1.694, p>0.05). PG group: n=20; HC group: n=21.  

 

 

 

 

 

Figure 6. No significant differences between groups on A) AUCG (F(1,35)=3.15, p>0.05) and B) 

AUCI (F(1,35)=1.183, p>0.05) values between groups. Black bars represent the PG group 

(n=20); light grey bars denote the HC group (n=21). 
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3.7.       Associations Between Childhood Trauma and Stress Responses 

 3.7.1. Subjective stress responses  

 For subjective stress responses, a forward stepwise linear regression, with candidate 

variables Emotional Abuse, Physical Abuse, Sexual Abuse, Emotional Neglect, Physical Neglect, 

and Minimization/Denial was run to assess associations with changes in TMD (i.e., difference 

between post-TSST and pre-TSST self-reported TMD scores) in our PG group. The correlations 

of the variables are shown in Supplementary Table 5; no significant correlations emerged 

between changes in TMD and CTQ measures. The prediction model contained no significant 

predictors and therefore, changes in TMD following an acute stress paradigm was not associated 

to any CTQ measures within our PG group. 

 3.7.2. Cortisol stress responses 

 For the physiological stress responses, Emotional Abuse, Physical Abuse, Sexual Abuse, 

Emotional Neglect, Physical Neglect, and Minimization/Denial were used as independent 

variables in three separate forward stepwise linear regression analyses to assess associations with 

percent change in cortisol concentrations, AUCG and AUCI values following the TSST in our PG 

group. The correlations of the variables are shown in Supplementary Tables 6-8 respectively. The 

prediction models for percent change in cortisol concentration and AUCG contained no 

significant predictors; neither percent change in cortisol concentration or AUCG associated with 

any CTQ subscale within our PG sample. The prediction models for AUCI values, on the other 

hand, contained 1 significant predictor and was reached in one step (Table 3). The AUCI model 

was statistically significant (F(1,19)=4.598, p<0.05), and accounted for roughly 15% of the 

variance (R2=0.195, Adjusted R2=0.152). AUCI values were primarily associated with higher 

Physical Abuse (ɓ=0.003, p<0.05) within our PG group (Figure 7). 
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Table 3. Childhood Trauma and Cortisol Stress Response Regression 

Variable Beta SE 
95% CI 

ɓ t p 
LL UL 

Model 1 

Physical 

Abuse 

 

0.003 0.001 0 0.006 0.441 2.144 0.045 

Excluded Variables 

Emotional 

Abuse 

 

-0.294 - - - - -1.224 0.237 

Sexual Abuse 

 
0.059 - - - - 0.26 0.798 

Emotional 

Neglect 

 

-0.461 - - - - -2.057 0.054 

Physical 

Neglect 
-0.534 - - - - -1.925 0.07 

Minimization/ 

Denial 

 

0.17 - - - - 0.661 0.517 

Note. SE = Standard Error; CI = Confidence Interval, LL = Lower Limit; UL = Upper Limit. 
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Figure 7. Scatter plot demonstrating the significant positive association between Physical Abuse 

scores on the Childhood Trauma Questionnaire and Area Under the Curve relative to the increase 

(AUCI) values. Within the PG group, a forward stepwise linear regression showed that Physical 

Abuse significantly associated with AUCI values (ɓ=0.003, p<0.05). Black dots denote 

individual participants within our PG group (n=21). 

 

3.8.      Stress Effects on Gambling Urges in Individuals with Problem Gambling 

 Figure 8 demonstrates the within- and between-group differences in GUS scores pre- and 

post-TSST. A repeated measures ANOVA revealed no significant main effect of stress on 

gambling urges following the TSST (p>0.05). Further, the GUS Ĭ Group interaction was also 

nonsignificant (p>0.05). Significant group differences pre- and post-TSST emerged; individuals 

with PG (M=16.67, SD=12.74) reported significantly more gambling urges both pre-TSST 

(F(1,40)=13.743, p<0.001) relative to HCs (M=6.33, SD=0.913) as well as post-TSST 

(MPG=17.9, SD=12.73;  (F(1,40)=15.3, p<0.001) relative to HCs (MHC=6.86, SD=2.35). 
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Figure 8. Repeated measures ANOVA demonstrating stress effects on gambling urges (i.e., GUS 

scores). Significant between-group difference pre-TSST and post-TSST denoted as *** p<0.001. 

 

3.9.      Childhood Trauma Predicts Gambling Urges in PG 

 3.9.1. Pre-TSST Gambling Urges 

 Emotional Abuse, Physical Abuse, Sexual Abuse, Emotional Neglect, Physical Neglect, 

and Minimization/Denial were used as independent variables in a forward stepwise linear 

regression analysis to assess associations with gambling urges pre-TSST. The correlations of the 

variables are shown in Supplementary Table 9; Sexual Abuse (r=0.477, p<0.05), Emotional 

Neglect (r=0.593, p<0.01) and Physical Neglect (r=0.552, p<0.01) significantly associated with 

gambling urges pre-TSST. The prediction model contained 1 significant predictor and was 

reached in one step with no variables removed (Table 4). The model was statistically significant 

(F(1,19)=10.301, p<0.01), and accounted for roughly 32% of the variance (R2=0.352, Adjusted 

R2=0.317). Gambling urges pre-TSST was primarily associated with higher levels of Emotional 

Neglect (ɓ=1.332, p<0.01) within our PG group (Figure 9). 

йй йй
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Table 4. Childhood Trauma and Gambling Urges Pre Stressor Regression 

Variable Beta SE 
95% CI 

ɓ t p 
LL UL 

Model 1 

Emotional 

Neglect 

 

1.332 0.415 0.464 2.201 0.595 3.21 0.005 

Excluded Variables 

Emotional 

Abuse 

 

-0.447 - - - - -0.315 0.176 

Physical 

Abuse 

 

-0.194 - - - - -0.889 0.386 

Sexual Abuse 

 
0.26 - - - - 1.274 0.219 

Physical 

Neglect 
0.307 - - - - 1.362 0.19 

Minimization/ 

Denial 

 

0.13 - - - - 0.503 0.621 

Note. SE = Standard Error; CI = Confidence Interval, LL = Lower Limit; UL = Upper Limit. 

Figure 9. Scatter plot demonstrating the significant positive association between Emotional 

Neglect scores on the Childhood Trauma Questionnaire and gambling urges prior to completing 

the Trier Social Stress Test. Within the PG group, a forward stepwise linear regression showed 

that Emotional Neglect significantly associated with urges to gambling before an acute stressor 

(ɓ=1.332, p<0.01). 
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 3.9.2. Post-TSST Gambling Urges  

 Emotional Abuse, Physical Abuse, Sexual Abuse, Emotional Neglect, Physical Neglect, 

and Minimization/Denial were used as independent variables in a forward stepwise linear 

regression analysis to assess associations with gambling urges post-TSST. The correlations of the 

variables are shown in Supplementary Table 10; Sexual Abuse (r=0.47, p<0.05), Emotional 

Neglect (r=0.515, p<0.01) and Physical Neglect (r=0.595, p<0.01) significantly associated with 

gambling urges post-TSST. However, the prediction model contained 1 significant predictor and 

was reached in one step with no variables removed (Table 5). The model was statistically 

significant (F(1,19)=10.394, p<0.01), and accounted for roughly 32% of the variance (R2=0.354, 

Adjusted R2=0.32). Gambling urges post-TSST was primarily associated with higher levels of 

Physical Neglect (ɓ=2.309, p<0.01) within our PG group (Figure 10).  

 

Table 5. Childhood Trauma and Gambling Urges Post Stressor Regression 

Variable Beta SE 
95% CI 

ɓ t p 
LL UL 

Model 1 

Physical 

Neglect 

 

2.309 0.716 0.81 3.807 0.595 3.224 0.004 

Excluded Variables 

Emotional 

Abuse 

 

-0.137 - - - - -0.62 0.543 

Physical 

Abuse 

 

-0.474 - - - - -1.903 0.073 

Sexual Abuse 

 
0.22 - - - - 1.016 0.323 

Emotional 

Neglect 
0.247 - - - - 1.079 0.295 

Minimization/ 

Denial 

 

0.124 - - - - 0.575 0.573 

Note. SE = Standard Error; CI = Confidence Interval, LL = Lower Limit; UL = Upper Limit. 
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Figure 10. Scatter plot demonstrating the significant positive association between Physical 

Neglect scores on the Childhood Trauma Questionnaire and gambling urges following the Trier 

Social Stress Test. Within the PG group, a forward stepwise linear regression showed that 

Physical Neglect significantly associated with urges to gambling following acute stress (ɓ=2.309, 

p<0.01). 

 

3.10. Associations Between Stress Perceptions, Stress Responses and Gambling Urges 

 Lastly, a final forward stepwise linear regression revealed no significant associations 

between PSS-10 Total Scores with both acute subjective and physiological stress responses, nor 

with gambling urges pre- and post-TSST in our PG group (n=21). 
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4. Discussion 

The aim of this study was to assess relationships between childhood trauma with stress 

processing and on gambling urges in individuals with PG. Individuals with PG reported 

significantly more childhood traumatic experiences as well as greater perceptions of past 30-day 

stress relative to HCs. From the CTQ subscales, physical neglect significantly associated with 

PG severity. Following acute stress, the PG group self-reported significantly more negative mood 

disturbance, yet demonstrated a blunted cortisol response relative to controls. Within the PG 

group, childhood trauma significantly associated with cortisol changes. Acute stress, however, 

did not heighten gambling urges which remained high pre- and post-stressor in the PG group; 

nevertheless, emotion and physical neglect were linked with gambling urges pre- and post-stress 

exposure within the PG group, respectively. 

Consistent with prior research, our results suggest that individuals with PG report 

significantly more ACEs relative to HCs. Breakdown by CTQ subscale revealed that individuals 

with PG experience significantly more emotional neglect, physical neglect, emotional abuse, 

physical abuse sexual abuse and lower minimization/denial relative to controls (lower 

minimization/denial scores = greater trauma). Moreover, although gambling severity 

significantly correlated with each form of childhood trauma, after accounting for shared 

variability in the regression model, only physical neglect appeared to significantly associate with 

gambling severity. These results are consistent with prior findings in GD reporting heightened 

emotional and physical neglect (Flesher et al., 2010) and physical neglect in particular as the 

single trauma subtype to significantly increase odds of GD in adulthood (Horak et al., 2021). 

Nevertheless, other studies have also reported links between sexual abuse and PG severity within 

a community sample of men and women (Hodgins et al., 2010), suggesting that the relationship 
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between childhood trauma and gambling severity may vary depending on the specific type of 

trauma experienced. Discrepancies in the association with sexual abuse may be attributed to 

variations in sample characteristics, cultural factors, or methodological differences between 

studies. Nevertheless, our findings collectively suggest that failures of caretakers to provide for 

physical and emotional needs to children may serve as a vulnerability factor for PG behaviour 

later on in life. Furthermore, contrary to prior findings that recent stressful life events moderate 

the links between childhood trauma and gambling severity when recent stress is low (Horak et 

al., 2021), we found no significant associations between childhood trauma and past-30 day stress 

perceptions in individuals with PG. These findings suggest that while recent stressors may have a 

moderating effect, the enduring effects of childhood trauma do not necessarily depend on short-

term stress perceptions in the context of PG. Nevertheless, our results are consistent with prior 

findings of significantly higher childhood trauma in individuals with PG relative to HCs (Felsher 

et al. 2010; Hodgins et al. 2010; Lane et al. 2016; Petry et al., 2005; Roberts et al. 2017; 

Sharman et al., 2019) and collectively underscore the need for a more nuanced understanding of 

distinct pathways through which recent stress and childhood trauma contribute to gambling 

pathology. 

We also replicated patterns of heightened subjective stress responses following an acute 

stress paradigm (Elman et al., 2010; Maniaci et al., 2018; Meyer et al., 2004; Wemm et al., 

2018); individuals with PG reported significantly higher levels of mood disturbance, across all 

negative emotion subscales, including Tension, Depression, Anger, Fatigue, and Confusion. In 

particular, our finding that individuals with PG experience greater baseline and rises in Anger 

scores following acute stress exposure relative to controls extends previous observations of 

higher state-anger and trait-anger levels in individuals with GD relative to controls, underscoring 
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increased sensitivity to experiencing intense negative emotions during challenging situations 

(Maniaci et al., 2017). Taken together, these findings indicate a greater sensitivity and perception 

of acute stress and that those with PG may struggle more with regulating negative emotions 

(Elmas et al., 2017; Poole et al., 2017; Rogier & Velotti, 2018). This observation is consistent 

with previous research and theories suggesting a link between PG and difficulties in managing 

negative emotions, possibly stemming from childhood adversity. Blaszczynski and Nowerôs 

pathways model to problem gambling (Blaszczynski & Nowerôs, 2002) suggests that addictive 

behaviours stem from a harmful cycle governed by biological adaptations to stress, which further 

increases engagement in harmful behaviours (Sinha, 2001). For example, those with PG or at-

risk experience long-lasting impacts of maltreatment and may turn to gambling to cope with 

emotional distress and to escape past experiences. Nevertheless, while gambling may serve as a 

stress or negative emotion coping mechanism, few studies have specifically examined acute 

subjective and physiological stress responses and links with gambling urges. Our study did not 

find significant associations between acute subjective stress responses and measures of 

childhood trauma, indicating that the relationship may not be as straightforward. Nevertheless 

research has shown that emotion dysregulation may mediate the link between ACEs and problem 

gambling (Poole et al., 2017). Although we aimed to investigate the connection between acute 

stress reactivity and childhood trauma history, the absence of significant associations suggests 

that other factors, such as individual coping strategies or the specific nature of stressors, may 

play a role in shaping this relationship (Center for Substance Abuse Treatment (US), 2014). 

Therefore, future studies should consider these external factors to better understand the complex 

interplay between childhood trauma, acute stress responses, and problem gambling behaviours. 
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Contrary to the observed increases in subjective stress responses, our study revealed a 

different pattern of blunted physiological stress effects among individuals with PG compared to 

HC. While not statistically significant due to large variability between groups, healthy 

individuals exhibited higher average cortisol concentration levels both before and immediately 

after exposure to an acute stress paradigm compared to those with PG behaviours. These findings 

challenge previous studies indicating heightened cortisol levels in response to the TSST among 

gamblers (Maniaci et al., 2018), instead aligning with research indicating that those with PG may 

display attenuated HPA responses to gambling-related and stimulating situations compared to 

recreational gamblers (Paris et al., 2010). Moreover, our results highlight the significant role of 

childhood trauma in associating with changes in cortisol levels following acute stress. Research 

suggests that chronic stress exposure during early developmental stages can dampen 

physiological stress responses (VanTieghem & Tottenham, 2018), with individuals reporting 

ACEs demonstrating dysregulated stress responses, including reduced cortisol reactivity to 

laboratory-induced stressors (Bunea et al., 2017; Carpenter et al., 2011; Voellmin et al., 2015). 

Although the current study observed blunted physiological stress responses in our PG 

community sample, our findings nevertheless extend Maniaci and colleagues (2018) findings by 

demonstrating significant positive associations between AUCI values and measures of Physical 

Abuse. Thus, while physiological stress system adaptations may occur over time in individuals 

with PG resulting in lowered basal cortisol, those who have experienced higher levels of physical 

abuse can show a heightened acute reactivity within this lowered level.  Collectively, these 

findings underscore the potential importance of HPA hypo-responsivity in both the onset and 

perpetuation of problematic gambling behaviours (Paris et al., 2010).    
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 Finally, despite the literature supporting stress-induced gambling urges (Buchanan et al., 

2020; Elman et al., 2010), our findings revealed no amplifying effects of acute stress on 

gambling urges within the PG group. Instead, participants with PG exhibited heightened urges to 

gamble, unaffected by the stress manipulation. Nevertheless, our regression analyses 

demonstrated that emotional neglect significantly associated with gambling urges prior to, while 

physical neglect significantly associated with gambling urges following stress manipulations in 

the PG group, suggesting closer links with childhood maltreatment, rather than with immediate 

stress perceptions (Horak et al., 2021). Our finding that physical neglect singularly associates 

gambling urges underscores the unique influence of certain forms of ACEs in shaping 

vulnerability to stress-induced gambling urges, relating perhaps to elements of behavioural 

adaptation to stress over time. These results emphasize a need to further explore underlying 

mechanisms through which childhood neglect shapes stress system adaptations in both tonic 

levels and phasic reactivity, maladaptive coping strategies and addictive behaviours. 

Additionally, contrary to previous findings suggesting a significant relationship between 

perceived severity and quantity of daily stressors and gambling urges (Elman et al., 2010), our 

study failed to replicate these findings. Instead, neither past-30 stress perceptions nor acute 

subjective and physiological stress reactivity exhibited significant associations with urges to 

gamble pre- and post-TSST. Collectively, these findings underscore the differential relationships 

between childhood trauma, gambling severity and different stress facets in those with PG. 

4.1.      Strengths, Limitations and Future Directions 

To the best of our knowledge, this is the first study to examine how early life experiences 

relate to stress processing and gambling urges in individuals with PG. The study successfully 

replicated and extended previous research findings related to childhood trauma, stress 
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processing, and GD, enhancing the reliability and generalizability of this relationship. The 

current study also employed multiple measures of cortisol reactivity, to examine both basal and 

multiple indices of reactivity (i.e. AUCG, AUCI, percent change etc.) as recommended by 

Pruessner and colleagues (2003). Nevertheless, our findings should be considered in light of 

some limitations. First, given the small exploratory sample of our study, we did not implement 

adjustments for multiple comparisons, and were powered to only detect small to medium effect 

size relationships for physiological and subjective stress measures respectively. This is important, 

as optimism in research can increase as the number of participants decreases, yet number of 

predictors increases (Whelan & Garavan, 2014). Future research should consider replicating 

these findings in larger clinical samples to enhance the statistical power, attenuate optimism and 

increase generalizability of the findings. Replication of our findings in larger, independent 

samples is also essential to validate the observed effects, and assess whether the p-values 

obtained withstand some correction. Doing so can also address concerns related to overfitting, 

whereby a model created from a specific sample will partially represent the distinctive data 

characteristics of the sample, and not necessarily generalize to a larger representation (Whelan & 

Garavan, 2014). Additionally, our study sample primarily consisted of individuals from European 

backgrounds, limiting the generalizability of the findings to more diverse populations. 

Nevertheless, we were able to replicate and extend findings from previous studies, and as such, 

our findings are still consistent with findings from other SUD and cortisol studies and place PG 

stress physiology within this framework. Second, future studies should address sex differences in 

stress processing and PG to better understand gender-specific risk factors and treatment 

approaches. Although sex differences in stress processing are evident (Kajantie & Phillips, 2006; 

Liu et al., 2017), our study did not adequately address potential sex differences in stress 
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processing, which could have provided valuable insights into gender-specific patterns. This is 

important to highlight as cognitive-affect processes may differ between sexes (Paris et al., 2010). 

Additionally, significant heterogeneity in salivary cortisol output across sexes has been shown 

(Liu et al., 2017), such that males have higher cortisol values at baseline and immediately after 

the TSST compared to women. The cross-sectional design of the study further limits the ability 

to establish causal relationships between childhood trauma, stress processing, and PG over time 

(Russell et al., 2021). Longitudinal studies can provide valuable insights into the temporal 

relationships between childhood trauma, stress processing, and the development and progression 

of gambling disorder. Given the nature of the TSST, this acute stress paradigm may also not fully 

capture the complexities of real-life stressors experienced by individuals with PG, limiting the 

ecological validity of the findings. Subjective reports following the psychosocial stress in the 

current study shows that the paradigm successfully elicited significant negative affect across 

participants. Administering stress paradigms that closely mimic real-life stressors faced by 

individuals with problematic gambling can additionally provide more ecologically valid insights 

into the relationship between stress and gambling urges.  

Further research is still needed to understand childhood trauma and stress processing in 

order to facilitate the development of targeted interventions for PG. Considering that individual 

coping strategies, resilience, or the specific nature of stressors may affect relationships between 

childhood trauma and acute subjective stress responses, research should explore potential 

moderating variables that may influence relationship between childhood trauma and both 

subjective and physiological stress responses, thereby providing a more holistic understanding of 

how early life experiences shape an individual's response to acute stressors and subsequent 

choice behaviour. Such insights are crucial for advancing both theoretical models and targeted 
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interventions aimed at addressing the complex interplay between childhood trauma and stress 

reactivity in individuals with GD. 

4.2.      Conclusion 

This study is the first to preliminarily assess relationships between childhood trauma and 

stress processing on gambling urges in individuals with PG. Findings from our study support 

relationships between childhood trauma and problem gambling behaviours, and further suggest 

potential biopsychosocial processes formed in the development and maintenance. We replicated 

patterns of subjective and physiological stress responses following an acute stress paradigm ð

specifically, demonstrating heightened negative affect but lowered cortisol levels in the PG 

group. Importantly, we did not find significant effects on stress on urges to gamble in PG. 

Examining past trauma on current stress responses can shed light on the mechanistic properties 

of negative affect in initiating and maintaining problem gambling behaviours. 
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Supplementary Material  

Supplementary Table 1. Demographics and Descriptive Statistics in subsample of participants 

undergoing the Trier Social Stress Test (n=42). 

 PG (n=21) HC (n=21) X2 p 

Gender  9 females 14 females 4.087 0.130 
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12 males 6 males 

1 other 

 

Smoker  4 yes 

17 no 

 

2 yes 

19 no 

0.778 0.378 

Caffeine intake 10 yes 

11 no 

7 yes 

14 no 

 

0.889 0.346 

Medication intake 9 yes  

12 no 

 

3 yes  

18 no 

4.2 0.04 

Ethnicity 14 European 

2 South Asian 

1 Native North 

American 

4 Other 

 

18 European 

2 Native North 

American 

1 Arab 

 

7.833 0.098 

Marital status 8 single 

7 married 

2 common law 

4 divorced 

 

7 single 

6 married 

5 common law 

2 divorced 

1 widowed 

 

3.096 0.542 

Employment status 11 employed 

4 unemployed 

6 retired 

 

14 employed 

5 unemployed 

2 retired 

 

2.471 0.291 

Highest level of 

education 

5 grade 9-12(13) 

14 college/ university 

2 Masterôs 

 

1 grade 9-12(13) 

1 trade school 

16 college/ university 

3 Masterôs 

 

4 0.261 

Pre-tax household 

income 

2 < $15,000 

3 $15,000-$30,000 

4 $30,000-$45,000 

1 $45,000-$60,000 

1 $75,000-$90,000 

2 $90,000-$105,000 

1 $105,000-$120,000 

1 > $120,000 

6 missing 

 

1 < $15,000 

2 $15,000-$30,000 

2 $30,000-$45,000 

4 $45,000-$60,000 

3 $60,000-$75,000 

1 $75,000-$90,000 

1 $105,000-$120,000 

1 > $120,000 

1 prefer not to answer 

5 missing 

 

8.977 0.439 

Age 48.86 (14.66) 

 

44.95 (13.75)   
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Height (cms) 170.1 (11.5) 

 

170.99 (8.83)   

Weight (kgs) 86.73 (17.73) 

 

86.47 (18.78)   

PGSI*** 12.47 (5.46) 0.19 (0.68)   

Note. Data presented as M (SD) unless otherwise noted. ***p < 0.001 two-tailed significance. 

PGSI; Problem Gambling Severity Index. South Asian ethnicity includes India, Sri Lanka, 

Pakistan, Nepal and Bangladesh. Other Asian ethnicity includes Korea, Papua New Guinea, 

Thailand, Philippines, Indonesia, Vietnam, Cambodia, Lao, Myanmar/Burma, Bhutan and 

Singapore.   

 
 
 
Supplementary Table 2. Correlation of variables in forward stepwise linear regression assessing 

associations between childhood trauma and problem gambling severity in PG group (n=34). 

Variable 2 3 4 5 6 7 8 

1. PGSI 

Total Score 
0.194 

 

0.116 0.351 

* 

0.134 0.238 0.39 

* 

-0.109 

2. CTQ  

Total Score 

- 0.518 

*** 

0.617 

*** 

0.61 

*** 

0.257 0.496 

*** 

-0.331 

* 

3. Emotional  

Abuse 

 - 0.401 

** 

0.443 

** 

0.779 

*** 

0.447 

** 

-0.794 

*** 

4. Physical  

Abuse 

  - 0.06 0.370 

* 

0.519 

*** 

-0.406 

** 

5. Sexual  

Abuse 

   - 0.486 

** 

0.366 

* 

-0.286 

6. Emotional 

Neglect 

    - 0.428 

** 

-0.641 

*** 

7. Physical  

Neglect 

     - -0.369 

* 

8. Minimization/ 

Denial 

      - 

Note. Dependent variable: Problem Gambling Severity Index (PGSI) Total Score. CTQ = 

Childhood Trauma Questionnaire. Correlations are significant (1-tailed) at * p < 0.05, ** p < 

0.01, and *** p  < 0.001.  

 
 
 
 
 
Supplementary Table 3. Correlation of variables in forward stepwise linear regression assessing 

associations between childhood trauma and past 30=day stress perceptions in PG group (n=34). 

Variable 2 3 4 5 6 7 8 

1. PSS-10  

Total Score 
0.160 0.164 0.042 0.277 0.211 0.159 -0.215 
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2. CTQ  

Total Score 

- 0.518 

*** 

0.617 

*** 

0.61 

*** 

0.257 0.496 

*** 

-0.331 

* 

3. Emotional  

Abuse 

 - 0.401 

** 

0.443 

** 

0.779 

*** 

0.447 

** 

-0.794 

*** 

4. Physical  

Abuse 

  - 0.06 0.370 

* 

0.519 

*** 

-0.406 

** 

5. Sexual  

Abuse 

   - 0.486 

** 

0.366 

* 

-0.286 

6. Emotional 

Neglect 

    - 0.428 

** 

-0.641 

*** 

7. Physical  

Neglect 

     - -0.369 

* 

8. Minimization/ 

Denial 

      - 

Note. Dependent variable: Perceived Stress Scale-10 (PSS-10) Total Score. CTQ = Childhood 

Trauma Questionnaire. Correlations are significant (1-tailed) at * p < 0.05, ** p < 0.01, and *** 

p  < 0.001.  
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Supplementary Figure 1. Repeated measures ANOVA demonstrating stress effects on A) 

Tension scores, B) Depression scores, C) Anger scores, D) Fatigue scores, E) Confusion scores 

and F) Vigor scores. Significant between-group difference pre-TSST and post-TSST denoted as  

* p<0.05; ** p<0.01, *** p<0.001. 
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Supplementary Table 4. Mean and standard deviation of scores on POMS subscales between-

groups pre- and post-TSST (n=42). 

POMS Subscale 
         PG (n=21)          HC (n=21) 

M SD M SD 

pre-TSST 

Total Mood Disturbance 26.76 36.41 -3.43 11.57 

Tension 7.43 6.353 2.33 2.33 

Depression 10.33 12.595 1 1.789 

Anger 4.33 6.974 0.86 2.726 

Fatigue 8.29 7.302 3 3.098 

Confusion 6.9 4.182 2.67 2.058 

Vigor 10.52 5.259 13.29 5.711 

post-TSST 

Total Mood Disturbance 55.95 43.76 13.10 22.17 

Tension 15.86 7.73 8.9 6.77 

Depression 15.24 14.872 2.81 3.894 

Anger 11.95 10.557 2.24 4.939 

Fatigue 9.95 8.065 3.62 3.879 

Confusion 11.19 5.382 6.24 4.182 

Vigor 8.24 4.918 10.71 6.566 
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Supplementary Figure 2. Results of a univariate ANOVA with percent change in cortisol 

concentrations entered as a dependent variable and participant group as a fixed factor after 

removing 1 HC outlier. Percent change in average cortisol concentrations did not significantly 

differ between groups (F(1,34)=1.046, p>0.05). PG group: n=20; HC group: n=20.  
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Supplementary Table 5. Correlation of variables in forward stepwise linear regression assessing 

associations between childhood trauma and changes in Total Mood Disturbance in PG group 

(n=21). 

Variable 2 3 4 5 6 7 8 

1. Change in TMD 

 
-0.113 0.224 0.327 -0.034 0.418 0.146 -0.361 

2. CTQ  

Total Score 

- 0.503 

* 

0.732 

*** 

0.686 

*** 

0.28 0.547 

** 

-0.443 

* 

3. Emotional  

Abuse 

 - 0.534 

* 

0.466 

* 

0.823 

*** 

0.532 

* 

-0.819 

*** 

4. Physical  

Abuse 

  - 0.357 0.528 

* 

0.719 

*** 

-0.582 

** 

5. Sexual  

Abuse 

   - 0.456 

* 

0.522 

* 

-0.429 

6. Emotional 

Neglect 

    - 0.599 

** 

-0.684 

*** 

7. Physical  

Neglect 

     - -0.492 

* 

8. Minimization/ 

Denial 

      - 

Note. Dependent variable: Change in Total Mood Disturbance (TMD). CTQ = Childhood 

Trauma Questionnaire. Correlations are significant (1-tailed) at * p < 0.05, ** p < 0.01, and *** 

p  < 0.001.  
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Supplementary Table 6. Correlation of variables in forward stepwise linear regression assessing 

associations between childhood trauma and percent change in cortisol concentrations in the PG 

group (n=21). 

Variable 2 3 4 5 6 7 8 

1. Percent change 

in cortisol 

concentration.  

0.632 

*** 

0.075 0.469 

* 

0.27 -0.04 0.82 -0.189 

2. CTQ  

Total Score 

- 0.503 

** 

0.732 

*** 

0.686 

*** 

0.28 0.547 

** 

-0.443 

* 

3. Emotional  

Abuse 

 - 0.534 

** 

0.466 

* 

0.823 

*** 

0.532 

** 

-0.819 

*** 

4. Physical  

Abuse 

  - 0.357 

 

0.528 

** 

0.719 

*** 

-0.582 

** 

5. Sexual  

Abuse 

   - 0.456 

* 

0.522 

** 

-0.429 

* 

6. Emotional 

Neglect 

    - 0.599 

** 

-0.684 

*** 

7. Physical  

Neglect 

     - -0.492 

* 

8. Minimization/ 

Denial 

      - 

Note. Dependent variable: Percent change in cortisol concentrations from pre- to post-TSST. 

CTQ = Childhood Trauma Questionnaire. Correlations are significant (1-tailed) at * p<0.05, ** 

p<0.01, and *** p <0.001.  
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Supplementary Table 7. Correlation of variables in forward stepwise linear regression assessing 

associations between childhood trauma and AUCG in the PG group (n=21). 

Variable 2 3 4 5 6 7 8 

1. AUCG  0.501 

** 

0.184 0.348 0.291 0.043 0.039 -0.206 

2. CTQ  

Total Score 

- 0.503 

** 

0.732 

*** 

0.686 

*** 

0.28 0.547 

** 

-0.443 

* 

3. Emotional  

Abuse 

 - 0.534 

** 

0.466 

* 

0.823 

*** 

0.532 

** 

-0.819 

*** 

4. Physical  

Abuse 

  - 0.357 

 

0.528 

** 

0.719 

*** 

-0.582 

** 

5. Sexual  

Abuse 

   - 0.456 

* 

0.522 

** 

-0.429 

* 

6. Emotional 

Neglect 

    - 0.599 

** 

-0.684 

*** 

7. Physical  

Neglect 

     - -0.492 

* 

8. Minimization/ 

Denial 

      - 

Note. Dependent variable: Area Under the Curve relative to the ground (AUCG) values calculated 

using formula (2). CTQ = Childhood Trauma Questionnaire. Correlations are significant (1-

tailed) at * p<0.05, ** p<0.01, and *** p <0.001.  
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Supplementary Table 8. Correlation of variables in forward stepwise linear regression assessing 

associations between childhood trauma and AUCI in the PG group (n=21). 

Variable 2 3 4 5 6 7 8 

1. AUCI  0.589 

** 

0.026 0.441 

* 

0.209 -0.099 0.06 -0.144 

2. CTQ  

Total Score 

- 0.503 

** 

0.732 

*** 

0.686 

*** 

0.28 0.547 

** 

-0.443 

* 

3. Emotional  

Abuse 

 - 0.534 

** 

0.466 

* 

0.823 

*** 

0.532 

** 

-0.819 

*** 

4. Physical  

Abuse 

  - 0.357 

 

0.528 

** 

0.719 

*** 

-0.582 

** 

5. Sexual  

Abuse 

   - 0.456 

* 

0.522 

** 

-0.429 

* 

6. Emotional 

Neglect 

    - 0.599 

** 

-0.684 

*** 

7. Physical  

Neglect 

     - -0.492 

* 

8. Minimization/ 

Denial 

      - 

Note. Dependent variable: Area Under the Curve relative to the increase (AUCI) values 

calculated using formula (3). CTQ = Childhood Trauma Questionnaire. Correlations are 

significant (1-tailed) at * p<0.05, ** p<0.01, and *** p <0.001.  
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Supplementary Table 9. Correlation of variables in forward stepwise linear regression assessing 

associations between childhood trauma and gambling urges pre-TSST in PG group (n=21). 

Variable 2 3 4 5 6 7 8 

1. GUS  

pre-TSST 

0.097 0.344 

 

0.173 0.477 

* 

0.593 

** 

0.552 

** 

-0.336 

2. CTQ  

Total Score 

- 0.503 

** 

0.732 

*** 

0.686 

*** 

0.28 0.547 

** 

-0.443 

* 

3. Emotional  

Abuse 

 - 0.534 

** 

0.466 

* 

0.823 

*** 

0.532 

** 

-0.819 

*** 

4. Physical  

Abuse 

  - 0.357 

 

0.528 

** 

0.719 

*** 

-0.582 

** 

5. Sexual  

Abuse 

   - 0.456 

* 

0.522 

** 

-0.429 

* 

6. Emotional 

Neglect 

    - 0.599 

** 

-0.684 

*** 

7. Physical  

Neglect 

     - -0.492 

* 

8. Minimization/ 

Denial 

      - 

Note. Dependent variable: Gambling Urges Scale (GUS) pre-TSST. CTQ = Childhood Trauma 

Questionnaire. Correlations are significant (1-tailed) at * p<0.05, ** p<0.01, and *** p <0.001.  

 
Supplementary Table 10. Correlation of variables in forward stepwise linear regression 

assessing associations between childhood trauma and gambling urges post-TSST in PG group 

(n=21). 

Variable 2 3 4 5 6 7 8 

1. GUS  

post-TSST 

0.135 0.218 

 

0.199 0.47 

* 

0.515 

** 

0.595 

** 

-0.198 

2. CTQ  

Total Score 

- 0.503 

** 

0.732 

*** 

0.686 

*** 

0.28 0.547 

** 

-0.443 

* 

3. Emotional  

Abuse 

 - 0.534 

** 

0.466 

* 

0.823 

*** 

0.532 

** 

-0.819 

*** 

4. Physical  

Abuse 

  - 0.357 

 

0.528 

** 

0.719 

*** 

-0.582 

** 

5. Sexual  

Abuse 

   - 0.456 

* 

0.522 

** 

-0.429 

* 

6. Emotional 

Neglect 

    - 0.599 

** 

-0.684 

*** 

7. Physical  

Neglect 

     - -0.492 

* 

8. Minimization/ 

Denial 

      - 

Note. Dependent variable: Gambling Urges Scale (GUS) post-TSST. CTQ = Childhood Trauma 

Questionnaire. Correlations are significant (1-tailed) at * p<0.05, ** p<0.01, and *** p <0.001.  
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Chapter 5: General Discussion & Conclusion 

1. Summary 

The present series of investigations examined how emotions influences various aspects of 

EBDM. Using a neurobiological approach, these studies employed self-report, behavioural, 

neurological, subjective, and physiological measures as indices of affect and emotional arousal. 

The findings provide some insights into how emotions impact behavioural control and decision-

making across psychiatric disorders. In Chapter 2, we demonstrated that higher disgust 

sensitivity in individuals with BED is related to greater behavioural inhibition. Inhibitory control 

reaction times were positively associated with aspects of eating pathology, such as Restraint 

scores. This suggests that general, non-food-related disgust sensitivity may indirectly influence 

eating behaviours through its effects on self-control processes. Consistent with prior research 

(Schienle et al, 2009), our findings also suggest that BED is not characterized by a general over- 

or under-sensitivity to disgust. However, our null results related to disgust sensitivity 

associations with eating pathology suggest that neither diagnosis nor severity of BED symptoms 

are related to disgust stimuli that are not specific to ED concerns. If disgust sensitivity reflected 

emotional process associated with psychosocial aspects of eating behaviour or body image, we 

would have expected to see greater eating pathology associated with heightened disgust 

sensitivity in our BED sample. Thus, future studies examining more food- and shape-specific 

disgust may shed light on particular aspects of disgust more directly related to ED pathology, and 

allow examination of possible links with dysregulated eating behaviours.  

In Chapter 3, we applied a sequential EBDM task during fMRI to quantify motivation 

and test for potential neurofunctional differences during effort/reward prospect, integration and 

choice in individuals with CUD relative to healthy controls. Our results revealed distinct 
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behavioural patterns: both healthy controls and individuals with CUD made fewer high-effort 

choices as effort levels increased, but made more high-reward choices as reward magnitude 

increased. This demonstrates clear decision-making biases driven by reward sizes. Importantly, 

reduced vmPFC activation in the CUD group during the prospective coding of effort, combined 

with reduced cerebellar, cingulate and temporal gyrus activity during the prospective coding of 

reward suggests that individuals with CUD may exhibit altered neural processing related to the 

anticipation and evaluation of effortful and rewarding tasks. Conversely, increased inferior 

parietal lobule and superior temporal gyrus activity during effort integration cues in CUD 

participants relative to healthy controls, combined with increased fusiform gyrus, medial 

occipital gyrus, cingulate and claustrum activation during reward integration, suggests increased, 

compensatory, or modified integration processing in brain regions responsible for aggregating 

information related to attentional control and uncertainty in the CUD group relative to controls. 

Lastly, our positive associations between prospective effort VS activity and number of accepted 

high-reward trials support existing theories about the functional value-related role of the VS (i.e., 

encoding expected subjective values driven by reward size; Peters & B¿chel, 2009; Pr®vost et 

al., 2010). Overall, this research begins clarifying emotional valuation signaling mechanisms 

related to effort expenditure and reward processing that may contribute to maladaptive decision-

making in individuals with CUD. 

In Chapter 4, we broadened our analysis of how emotions impact behavioural control by 

investigating the relationships between childhood trauma, acute subjective and physiological 

stress responses, and gambling urges in individuals with problem gambling behaviours. 

Consistent with prior studies (Felsher et al, 2010), we demonstrated that individuals with 

problem gambling self-report significantly more traumatic experiences in childhood and have 
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greater perceptions of past 30-day stress relative to healthy controls. Although experiencing 

physical neglect in childhood significantly predicted problem gambling severity in individuals 

with problem gambling behaviours, childhood trauma did not predict past 30-day stress 

perceptions in these individuals. Our results also supported differential relationships between 

subjective and physiological stress responses (Felsher et al, 2010; Meyer et al., 2004); 

individuals with problem gambling are more likely to experience heightened negative emotions 

(particularly tension, depression, anger, and fatigue) yet display blunted physiological stress 

responses following an acute stressor relative to healthy controls. Importantly, experiencing 

childhood trauma also significantly predicts changes in cortisol concentrations following an 

acute stress paradigm in our sample of individuals with problem gambling. Lastly, whereas 

previous research emphasizes stress-induced urges to gamble (Elman et al., 2010), we found that 

individuals with gambling problems typically have stronger urges to gamble compared to healthy 

controls, but acute stress exposure does not notably raise gambling urges. Nevertheless, the 

experience of physical neglect in childhood did significantly predict gambling urges following an 

acute stress paradigm in our sample of individuals with problem gambling.  

Taken as a whole, these studies suggest that processing both negative and positive 

emotions influences higher-order cognitive functioning in multiple ways across impulse control 

disorders. 

2. Influence of biomarkers on decision-making  

Emotional processes and physiological responses play a crucial role in influencing 

behaviour and decision-making through biomarkers. These biomarkers, generated in response to 

specific stimuli, shape decisions by linking physiological reactions with anticipated outcomes. 

The studies discussed in this thesis support the notion that biomarkers, shaped by early 
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experiences and emotional states (i.e., trait versus state responses), play a critical role in 

disorders characterized by impulse control deficits. Heightened disgust sensitivity in BED, 

altered reward processing in CUD, and diminished subjective and physiological stress responses 

in PG all reflect the influence of biomarkers on behaviour and decision-making. 

In BED, heightened disgust sensitivity may act as an altered emotional state response 

leading to behavioural adaptations when faced with environmental challenges. Recent research 

by Spinelli et al. (2021) and Liu et al. (2019) examined food-related stimuli among 

undergraduate students and non-obese individuals, revealing inverse relationships between 

disgust sensitivity and behavioural inhibition. Our findings, which associate disgust sensitivity 

with inhibitory control in a clinical BED population, extend these observations and suggest that 

general disgust can disrupt higher-order cognitive functions such as self-control, a key feature in 

BED (Manasse et al., 2015; Miller & Cohen, 2001; Tiego et al., 2018). Emotions and inhibitory 

control are interconnected through shared brain networks, including the insula and inferior 

frontal gyrus, allowing emotions to impede inhibitory processes and vice versa (Kalanthroff et 

al., 2013; Steward & Berner, 2020). The limbic-prefrontal junction, in this case, becomes a 

crucial site where external events acquire emotional significance and motivational qualities, 

capable of integrating emotional states and regulating behaviour (Carroll et al., 2017). The 

anterior insula, for instance, impacts inhibitory control by integrating sensory inputs from 

disgust-evoking stimuli (Flynn et al., 1999; Droutman et al., 2015; Naqvi et al., 2007; Craig, 

2009; Naqvi & Bechara, 2009; Naqvi & Bechara, 2010) and influences activity in brain networks 

crucial for inhibiting responses, such as the bilateral inferior and middle frontal gyri, right 

superior frontal gyrus, anterior cingulate cortex, subthalamic nucleus, pre-supplementary motor 

area, and dorsal striatum. By serving as a central relay station for sensory information, the 
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anterior insula allows heightened disgust sensitivity to lead to behavioural adaptations over time, 

resulting in prominent alterations in trait responses, such as changes in self-control processes and 

increased impulsivity (Carroll et al., 2017; Flynn et al., 1999; Steward & Berner, 2020). Under 

this premise, disgust sensitivity may indirectly affect eating behaviours through its impact on 

self-control processes. 

Additionally, early initiation of drug use and adverse childhood experiences have 

enduring impacts on shaping trait and state responses that influence decision-making and 

behavioural control. In individuals with CUD, for example, earlier chronic cannabis use has been 

associated with reduced motivation for goal-directed behaviours, contributing to observed 

deficits in decision-making characterizing the disorder (Fontes et al., 2011; Gruber et al., 2012; 

Lane et al., 2005; Petrucci et al., 2020; Solowij & Pesa, 2010; Volkow et al., 2016). Consistent 

with these prior findings, our results show significant associations between the age of first 

cannabis use and the likelihood of accepting high-effort (80%) and low-reward choices, 

suggesting that earlier initiation of cannabis use may result in diminished effort expended for 

high-value rewards. Combined with reduced activation in fronto-striatal regions of the brain 

during both prospective effort and reward-related cues in the CUD population relative to 

controls, our findings preliminarily highlight altered anticipatory processing in this group. These 

neural patterns may reflect changes in trait responses, particularly in failing to respond 

effectively to effort and reward information, indicating suboptimal functioning in motivational 

and emotional processing systems among those with CUD (Carroll et al., 2017). Thus, early 

cannabis use may create (dys)functional neuroadaptations, influencing future decision-making 

effort valuation and reward processes.  
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In individuals with PG, on the other hand, childhood trauma often results in maladaptive 

behavioural responses and in modifications in physiological functions (Carroll et al., 2017). 

Childhood trauma influences subjective and physiological stress responses (Teicher et al., 2003), 

and stress is frequently reported as a gambling trigger (Buchanan et al., 2020; Elman et al., 2010; 

Morasco et al., 2007). To date, studies assessing physiological stress responses in individuals 

with PG have yielded mixed results; one study reported blunted physiological stress responses 

compared to non-gambling individuals (Meyer et al., 2004), while others noted small cortisol 

increases following acute stress and inverse relationships between baseline cortisol and the 

chronicity of PG (Maniaci et al., 2018; Paris et al., 2010; Wemm et al., 2018). Conversely, 

another study observed greater cortisol levels following acute stress in a GD group (Maniaci et 

al., 2018). Our findings extend these earlier reports by highlighting heightened negative 

emotional experiences, yet blunted physiological responses in individuals with PG following 

acute stress. Blunted cortisol stress reactivity, in this sense, may serve as a critical marker of 

motivational dysregulation in PG (Carroll et al., 2017; Stewart et al., 1984). Importantly, many 

outcomes associated with blunted stress reactivity are also associated with reduced activation in 

frontal and subcortical limbic regions (Stice et al., 2008). Specifically, cortisol receptors are 

densely located in prefrontal regions of the brain, and in particular, ventromedial prefrontal 

regions; areas known to regulate decision-making and for adaptive responses to motivationally 

significant situations (Dedovic et al., 2009). As such, adverse childhood experience may produce 

physiological adaptations forming trait-based alterations to stress reactivity in individuals with 

PG which may maintain problematic behaviours characterizing the disorder. Indeed, a model 

developed by Carroll and colleagues (2017) proposes that early adversity affects fronto-limbic 

function, which in turn results in reduced stress reactivity, subsequently increasing the likelihood 
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of impulsivity and risk-taking. In addition to our observed findings of heightened negative 

emotional experiences combined with blunted physiological responses in individuals with PG, 

associations were also observed between adverse childhood experiences with gambling urges 

following an acute exposure. Stress-induced gambling urges are major factors in GD 

maintenance and relapse (Buchanan et al., 2020; Elman et al., 2010), and poor stress tolerance is 

linked to gambling relapse (Daughters et al., 2005). Thus, physiological adaptations stemming 

from childhood trauma may be significant risk factors in developing trait-based alterations that 

affect dysfunctional self-control processes, potentially worsening impulsive behaviours and risk-

taking in gambling situations.  

Taken together, integrating the findings from these studies underscores the central role of 

emotional processes and early experiences in shaping biomarkers that guide behaviour and 

decision-making in BED, CUD, and PG. Accordingly, some individuals may be characterized by 

a broad failure in peripheral and central responding to rewards and stress, reflecting critical 

fronto-limbic deficiencies (Carroll et al., 2017). Understanding the mechanistic properties 

underlying affective processes can drive the development of novel, personalized treatment 

programs that enhance emotion regulation and mitigate negative emotional responses. This, in 

turn, can improve decision-making and reduce maladaptive behaviours in these disorders. 

3. Limitations and future directions 

It should be noted that the findings from this thesis should be considered in light of some 

limitations that are relevant to all three studies. First, the relatively small sample sizes in these 

studies may limit the generalizability of the findings. Small sample sizes can lead to reduced 

statistical power, increasing the risk of Type II errors and making it more difficult to detect true 

effects. Additionally, smaller samples may not adequately represent the diversity within the 
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broader populations of those with BED, CUD, and PG. Future studies should aim to include 

larger and more diverse samples to enhance the robustness and applicability of the results. 

Furthermore, the cross-sectional design of the studies precludes the ability to establish causality 

between psychoneuroendocrinological factors, affective processing, and behavioural outcomes. 

While cross-sectional data can highlight associations, they cannot determine the directionality of 

these relationships. Longitudinal research is necessary to better understand the temporal 

dynamics and causal pathways, potentially identifying whether psychoneuroendocrinological 

changes precede affective and behavioural symptoms or vice versa.  

 Importantly, the presence of comorbid conditions, such as depression, anxiety, and other 

substance use disorders, is common in individuals with BED, CUD, and PG (Grilo et al., 2009; 

Hartmann & Blaszczynski, 2018; Hasin & Walsh, 2021). These comorbidities can influence the 

results, making it difficult to isolate the role of specific factors on affective processing and 

decision-making. Although comorbidity was considered across each study included in this thesis 

via structured clinical interviews like the MINI, thorough assessments and control of 

comorbidities in study designs and analyses are essential to accurately interpret the findings. 

Future studies should aim to disentangle these complex relationships through rigorous 

methodologies.  

Sex and gender differences are also apparent in neurobiological processes, affective 

responses, behavioural control and decision-making (Cross et al., 2011; Fiorenzato et al., 2024; 

Kluen et al., 2017; Lighthall et al., 2012; van den Bos et al., 2013). Thus, it is crucial to stratify 

analyses by sex and gender and to consider hormonal influences, such as testosterone, estrogen 

and progesterone levels, which vary between sexes and across different phases of the menstrual 

cycle. For female participants, hormonal fluctuations across the menstrual cycle impact affective 
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processing, behavioural control, decision-making and importantly, brain activity (Ambrase et al., 

2021; Hornung et al., 2020). While participants across studies were either all female, or matched 

on sex and gender identified, inconsistencies in precise menstrual cycle phases and sample 

characteristics may introduce variability and obscure true relationships. Future studies should 

consider the timing of assessments in relation to the menstrual cycle and potentially control for 

or stratify by cycle phase to minimize this source of variability. Future research should also 

incorporate sex- and gender-specific analyses to provide a more comprehensive understanding of 

these differences. 

Finally, the accuracy and reliability of the neurobiological assessments themselves can be 

a limitation. Variability in the timing, methods, and biomarkers used across these studies can 

impact the findings. Ensuring standardized and validated measurement protocols is critical. 

Additionally, neurobiological markers can be influenced by external factors such as stress, diet, 

and medication use, which should be accounted and controlled for in all study designs. The 

controlled laboratory conditions under which the studies were conducted may also significantly 

differ from real-world and/or clinical settings. Behavioural and emotional responses in a 

laboratory environment may not fully capture the complexity of these processes in everyday life. 

Future research should aim to validate findings in more naturalistic settings to enhance 

ecological validity and ensure that interventions based on these findings are effective in practical 

applications.  

4. Conclusion 

Collectively, this thesis underscores the intricate links between emotions, behavioural 

control, and decision-making. By integrating findings from studies on disgust sensitivity in BED, 

alteration in effort and reward processing in CUD, and childhood trauma effects on stress 
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responsivity in PG, the findings from this thesis contribute to a deeper understanding of the 

transdiagnostic mechanisms underlying psychiatric disorders. By addressing the outlined 

limitations, future research can build on the current findings to develop a more comprehensive 

understanding of the interplay between neurobiological factors, emotions, and behavioural 

control in BED, CUD, and PG. This, in turn, can inform more effective prevention and treatment 

strategies for these disorders. 
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