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ABSTRACT

Roulette addiction—clinically captured within Gambling Disorder a DSM-5-TR diagnosis marked by persistent, recurrent
gambling cansing significant impairment or distress—emerges from the interaction of fast, reward-driven learning, biased
beliefs about randomness, and weakened cognitive control. This exposition synthesizes key neurobiological brain
and body mechanisms and cognitive information-processing mechanisms implicated in roulette play, integrating evidence
from functional MRI (fMRI) a brain-imaging method tracking blood-oxygen changes as a proxy for neunral activity, lesion studies,
psychophysiology objective measures of bodily arousal such as heart rate and skin conductance, genetics, and computational
models formal mathematical accounts of learning and decision-making. We conclude with implications for treatment evidence-
based psychological, pharmacological, and nenromodulation approaches. (American Psychiatric Association, 2022/2013;
Limbrick-Oldfield etal, 2017; Clark etal, 2009, 2014). ( ,

; )

b

1) What makes roulette so “sticky”? The brain’s reward machinery

The core driver is the mesolimbic dopamine system dopamine-releasing nenrons in midbrain (V'T.A/ SIN) projecting to lintbic
and striatal targets that encode reward and motivation. In this circuit, dopamine a neuromodulator that signals differences between
expected and received outcomes approximates a reward prediction error (RPE) actual minus expected reward, a teaching signal
formalized in temporal-difference reinforcement learning an algorithm that updates value estimates from successive
prediction errors. When a spin pays off unexpectedly, phasic dopamine bursts strengthen action—outcome associations;
when expected wins fail to arrive, dopamine dips update beliefs—slowly—toward loss (Schultz, Dayan, & Montague,
1997). This RPE framework explains why intermittent, hard-to-predict wins in roulette keep behavior persistent
despite net losses. ( , )

Two striatum a set of subcortical nuclei important for reward and habit hubs matter: the ventral striatum/nucleus
accumbens valnation and “wanting” and the dorsal striatum action selection and habits. Roulette outcomes (and even
“near-miss”-like events—see Section 2) recruit these regions, blending reward pursuit with habit formation (Clark
etal., 2009). ( )

2) Cognitive distortions that hijack roulette play
Roulette produces a perfect storm of cognitive distortions systematic thinking errors about chance and control:
e Near-miss effect losses that look close to wins increase motivation to continue. Although a near-miss is objectively a
loss, it lights up win-responsive regions (ventral striatum, fnsula a cortical region for interoception, salience, and
uncertainty) and heightens arousal, nudging continued play (Clark et al., 2009). Physiologically, near-misses

increase heart rate and electrodermal activity skin conductance linked to  sympathetic arousal in
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wheel-of-fortune/roulette-like tasks, especially among people with worse gambling symptoms. (Clark et al.,
2009; Studer & Clark data; Autonomic studies). ( , )

o Gambler’s fallacy the false belief that a random process “balances out” locally—e.g., after “red, red, red,” black is “due”.
Classic work on the law of small numbers over-generalizing from tiny samples explains this bias (Tversky &
Kahneman, 1971). Strikingly, patients with focal insula lesions show reduced gambler’s fallacy and near-miss
effects—causal evidence that the insula helps generate these distortions (Clark et al., 2014). (

)

o Illusion of control overestimating one’s influence on random ontcomes intensifies with personal choice (e.g., choosing

bl

numbers), coupling to activity in striatum/insula and increasing persistence on risky bets (Clark et al., 2009).

( )

Together these distortions amplify RPE signals and bodily arousal, simulating “almost winning” and “win is due”
states that keep bets flowing. ( )

3) From urge to action: craving, cues, and control

Casino cues—spinning wheels, chip stacks, table chatter—become conditioned stimuli neutral signals that, through
patring with outcomes, trigger anticipatory responses. In cue reactivity paradigms exposure to gambling cues during
JMRI/ psychaphysiology, people with Gambling Disorder show heightened activity in bilateral insula and ventral
striatum, and stronger reported craving a motivational state to gamble; connectivity between ventral striatum and medial
prefrontal cortex (mPFC) valuation/ control hub is often reduced, linking “wanting” with weaker top-down control
(Limbrick-Oldfield et al., 2017). This pattern fits incentive sensitization a theory proposing that repeated cue—reward pairings
make cues hyper-salient and “wanted,” even if the rewards themselves feel less pleasurable (Robinson & Berridge, 1993;
contemporary applications to Gambling Disorder). ( , ,

, )

At the same time, executive functions cognitive control processes like inbibition and working memory—supported by
prefrontal cortex (PFC), especially dorsolateral PFC (dIPFC) and anterior cingulate cortex (ACC)—are reliably
weaker in Gambling Disorder. A meta-analysis shows significant deficits in response inhibition, attentional control,
decision-making, and delay discounting preference for smaller-sooner over larger-later rewards (loannidis et al., 2019), with
complementary evidence that Gambling Disorder features steeper discounting across studies (systematic

reviews/meta-analyses, 2021). These control deficits leave cue-triggered urges less checked at the table. ( ,

)

4) Stress physiology and the “rush” of roulette

Roulette sessions elevate sympathetic arousal antonomic activation increasing heart rate, sweating and recruit the
hypothalamic-pituitary-adrenal (HPA) axis a hormone cascade (CRH—ACTH— cortisol) orchestrating stress responses.
Reviews show altered cortisol responses in problem gambling/Gambling Disorder and robust neat-miss arousal
signatures; stress can bias choice toward immediate rewards and heighten cue reactivity—conditions ripe for chasing
losses (systematic reviews, psychophysiology experiments). ( , )

5) Individual differences: genes and learning histories

Twin studies indicate substantial heritability the proportion of variance attributable to genetic differences in a population of
disordered gambling (~50%), similar in men and women, with shared vulnerabilities to alcohol use disorder (Slutske
etal., 2010; subsequent replications). Candidate dopamine receptor gene variants (e.g., DRD2/ANKKI TaqlA)

have been discussed across addictions, though findings are mixed and effect sizes modest—useful to explain
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vulnerability, not destiny (reviews). These inherited propensities likely interact with early learning (wins, nearmisses)

and environmental exposure (casino proximity, online access). ( ,

: )

6) Why roulette, specifically?

Roulette offers independent events each spin unaffected by the last with crystal-clear feedback and frequent partial
reinforcement. That structure cultivates distortions about randomness (gambler’s fallacy; representativeness),
inviting loss chasing escalating bets to recoup losses, and a compelling pace (short inter-trial intervals) that tightly couples
cue—arousal-betting loops—conditions under which RPE-driven learning, cue sensitization, and weakened control
most readily snowball. fMRI work shows that “just missed” outcomes and sequences that look streaky shift striatal
connectivity and recruit insula, mapping directly onto behaviors seen on the wheel (Clark et al., 2009; Phil. Trans. /
Neurolmage-style studies). ( )

7) Clinical implications: what helps, and why it makes sense neuropsychologically

o Cognitive-behavioral therapy (CBT) a structured psychotherapy targeting thoughts and behaviors reduces gambling
severity; meta-analytic evidence supports techniques that restructure explicitly challenge and replace gamblet’s
fallacy/illusion of control and train stimulus control and urge surfing skills to ride out cravings without acting.
By weakening insula-driven distortions and boosting dorsolateral prefrontal control, CBT maps neatly onto

the circuit dysfunctions above. ( , )

e Opioid antagonists (e.g., naltrexone, nalmefene) modulate the endogenous opioid contribution to
reward and craving and have the strongest current pharmacologic support in network meta-analysis, though
effects are moderate and patient-selection matters (e.g., higher urge may predict benefit). These agents likely
dampen “wanting” in the ventral striatum/insula loop. ( )

e Noninvasive neuromodulation (e.g., rTMS, tDCS) aimed at dIPFC/mPFC shows eartly promise for
reducing craving/improving control in small RCTs and case series; protocols are still evolving. The
mechanistic logic is to upregulate prefrontal control over striatal/insula salience signals. ( , )

e Harm-reduction tactics (pre-commitment, self-exclusion, cooling-off periods, slowing spin rate) directly
target the rapid cue—bet loop and intermittent reinforcement that sustain play, giving prefrontal systems “time

to engage.” (Conceptual tie-in to Sections 2-3.)
8) Putting it together—an integrative model

1. Cue-driven “wanting” (insula/ventral striatum) spikes as the wheel spins.

2. RPE-based learning (dopamine) reinforces bet selection after random wins and near-misses.

3. Cognitive distortions (gambler’s fallacy/illusion of control) are generated—and in partt maintained—Dby
insula-centered circuits, proven by lesion evidence.

4. Stress/arousal potentiates these loops and biases choice toward immediate relief (bet now, win soon).

5. Control systems (dIPFC/ACC) underpetform, especially under affective load and time pressure.
This convergence explains why roulette’s rapid, salient, “almost-win” feedback can produce persistent,
harmful play—and why interventions that cool arousal, re-educate beliefs about randomness, and strengthen

control show benefit. ( , ) ) > )
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A brief glossary (first appearance of each term is bolded and defined in the text)

e Gambling Disorder — DSM-5-TR diagnosis of persistent, recurrent gambling causing impairment or distress.

( )

e Mesolimbic dopamine system — midbrain—striatal reward pathway supporting motivation and learning.

( )

e Reward prediction error (RPE) — difference between expected and received reward that teaches wvalue.

( )

o Temporal-difference learning — algorithm updating value via successive prediction errors over time. ( )

o Insula— cortical region integrating bodily signals, salience, and uncertainty; pivotal in gambling biases. ( )

o Near-miss effect — losses that resemble wins increase motivation and arousal. ( )

o Gambler’s fallacy — expecting immediate reversal in random sequences (local representativeness). )

o Cue reactivity —  craving and  brain  responses  evoked by  conditioned  gambling  stimuli.
( )

o Delay discounting — overvaluing immediate rewards relative to delayed ones. ( )

o HPA axis — CRH—ACTH— cortisol stress cascade influencing arousal and decision-making. )

In-text APA citations (selected examples used above)

e (American Psychiatric Association, 2013/2022) ( )

e (Clark et al., 2009; Clark et al., 2014) ( , )
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e (loannidis etal., 2019) ( )

e (Schultz etal., 1997) ( )

e (Tversky & Kahneman, 1971) ( )

e (Pangborn et al., 2024; review of stress physiology) ( )

e (Pfund etal.,, 2023; CBT) ( )

e (Elsevier NMA, 2024; opioid antagonists) ( )
e (Slutske et al., 2010; heritability) ( )
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Closing note

By placing dopaminergic prediction errors, insula-generated distortions, cue sensitization, stress physiology,
and executive-control weaknesses in the same frame, roulette addiction becomes scientifically legible—and,
crucially, therapeutically tractable. The most effective interventions either reduce the salience of cues and distortions
(CBT; paced play/harm-reduction) or strengthen top-down control and dampen “wanting” (neuromodulation; opioid

antagonists), making the spin less hypnotic and the exit easier to choose. ( ,

)
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accuracy and clarity.
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