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Abstract

This study examined neural anticipation of monetary reward in pathological gamblers (PG) by 

varying the type of uncertainty associated with the reward. Ten PG and ten controls were scanned 

while deciding whether to accept (“bet” option, featuring high-uncertain monetary rewards) or 

reject (“safe” option, featuring low-certain rewards) a bet, within situations of decision-making 

under risk (probability of the “bet” reward is known) or ambiguity (probability of the “bet” reward 

is unknown). During decision under risk (as compared to ambiguity), controls exhibited activation 

in brain areas involved in reward processing (putamen), interoception (insula) and cognitive 

control (dorsolateral prefrontal cortex; middle frontal gyrus). By contrast, PG exhibited no 

differential brain activation as a function of the type of uncertainty associated with the “bet” 

option. Moreover, prior choosing of the “safe” option (as compared to “bet” choices), controls 

exhibited activation in the posterior insula, dorsolateral prefrontal cortex and middle frontal gyrus. 

By contrast, PG exhibited higher neural activation during the elaboration of “bet” choices, and in 

motivational-arousal areas (caudate; putamen; posterior insula). Between-groups contrasts 

revealed that, as compared to controls, PG showed (i) decreased neural activity in the globus 

pallidus for decision-making under risk, as opposed to decision under ambiguity, and (ii) increased 

neural activity within the putamen prior to bet choices, as opposed to safe choices. These findings 

suggest that (i) unlike control participants, a variation in the level of uncertainty associated with 

monetary rewards seems to have no significant impact on PGs' decision to gamble and (ii) PG 

exhibit stronger brain activation while anticipating high-uncertain monetary rewards, as compared 

with lower-certain rewards.
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1. Introduction

Through repetition of gambling behaviors, pathological gamblers (PG) acquire extensive 

experience in making complex financial decisions involving variable wins, losses, and 

probabilities. This is likely to bias their neurocognitive approach to decision-making. 

Furthermore, unlike non-problem gamblers, who shape and maintain their behaviors 

according to their consequences, PG continue to gamble despite the accumulation of 

financial losses [1]. One explanation for this stereotyped pattern of decision-making is that 

response output directed at gambling trigger automated and habit-like processes [2,3].

One key characteristic of habits is that, through the repetition of behaviors, it becomes 

increasingly estranged from variations in outcome value and reward probability [4]. In this 

context, addiction-related stimuli may elicit automatic, repetitive and inflexible behavioral 

sequences [5–7]. In other words, gambling-seeking behaviors may become persistent and 

ultimately insensitive to devaluation or punishment. For instance, a recent PET study 

highlighted that, while gambling on a slot machine, ventral striatal dopamine (the 

mesolimbic dopamine neurotransmitter that plays a major role in reward-driven learning) 

release in PG was not modulated by gambling outcome [8]. This suggests that, in PG, being 

embedded into gambling-related action is merely sufficient to induce dopaminergic changes 

independently of its outcome. Moreover, recent fMRI studies showed that PG exhibited 

higher activation in the brain-reward system during the pre-choice anticipation (i.e., when 

the subject is pondering potential options before making a decision; [9]) and the post-choice 

anticipation (i.e., the subject has made a decision and is awaiting the outcome; [10]) of high-

uncertain monetary rewards. More specifically, as compared with low-risk decisions, before 

taking high-risk decisions in a quasi-realistic blackjack scenario [9], PG exhibited enhanced 

brain responses in the inferior frontal gyrus and lateral orbitofrontal cortex region (OFC; 

region involved in the integration of emotional and cognitive input; [11]) and in the medial 

side of the pulvinar nucleus (a relay thalamic nucleus that receives interoceptive input and in 

turn projects to the insular cortex all of which are brain areas associated with impulsive 

urges [12]). On the other hand, controls showed a significant signal increase before taking 

low-risk decisions, as compared to high-risk decisions. With regard to post-choice 

anticipation, van Holst et al. [10] have observed that, as compared to healthy controls, PG 

exhibited stronger activation in the ventral striatum (a region involved in reward anticipation 

and reward processing [13]) and the medial OFC when anticipating a large win (e.g., 5 

euros) as opposed to a lower win (e.g., 1 euro). Additionally, several brain imaging studies 

showed that, in contrast to non-gamblers, there is evidence of a reduction of cerebral activity 

in the brain reward pathway during the processing of monetary gambling rewards and losses 

in PG [[14–16], but see [17]]. Together, these findings support the notion that PG exhibit a 

cue-induced signal increase toward the anticipation of high-uncertain monetary rewards. 

Nevertheless, a couple of recent imaging studies reported decreased neural activations 

during the anticipation of monetary gains in PG [18,19]. More specifically, while 
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performing an incentive delay task (which requires an individual to react to a target stimulus 

presented after an incentive cue to win or to avoid losing the indicated reward), PG 

exhibited less frontostriatal activation than controls while anticipating monetary gains 

[18,19]. One possible explanation for these contradictory findings is the use of different task 

designs [20–23]. Indeed, experimental paradigms more closely related to gambling (e.g., a 

blackjack task in [9]; a guessing card game in [10]) may generate increased neural activation 

in PGs' brain-reward system, as compared with less gambling-related paradigms (such as the 

incentive delay task [22]), which may be less significant and incentive for gamblers.

The goal of the present study is to further explore the neural correlates of gambling-related 

choices in PG. More specifically, we aim to examine whether PGs' decision-making is 

modulated by the type of uncertainty associated with high monetary rewards. Indeed, if PGs' 

desire to gamble is triggered by the feeling that a large part of money is at stake [9,10], a 

variation in the type of uncertainty associated with this amount might have a low impact on 

their decision to gamble. In other words, the type of uncertainty should not significantly 

modulate risk-taking in PG. In order to test this assumption, we used an adapted version of 

the Card-Deck paradigm initially developed by Hsu et al. [24]. In this task, participants are 

asked to choose between a “safe” option, which offers a sure payoff (e.g., $9), and a “bet” 

option which offers larger (e.g., $25) but uncertain reward. The bet choice carried either 

some risk (i.e., where probability of reward is known) or some ambiguity (i.e., where 

probability of reward is unknown). Using this paradigm, Hsu et al. [24] reported differential 

brain activations according to the type of uncertainty associated with the “bet” option. More 

specifically, as compared with decision-making under ambiguity, explicit outcome 

probability during decision-making under risk heightened neural activation within brain 

region involved in the prediction of reward (i.e., the dorsal striatum [25]). By contrast, 

decision-making under ambiguity activated a vigilance-evaluative neural network (amygdala 

and orbitofrontal cortex activations), which suggests that ambiguous choices carry more 

unknown consequences, and that cognitive and behavioral resources must be mobilized in 

order to seek out additional information from the environment [24].

In the current study, we hypothesize that, at a behavioral level, the frequency of PGs' “bet” 

choices will be less modulated by the type of uncertainty (decision-making under risk versus 

under ambiguity), as compared to non-gambler control participants. At a neural level, we 

test the hypothesis that, as compared to controls, PG will exhibit less differential brain 

activation according to the type of uncertainty associated with the “bet” option. Moreover, 

based on recent findings on pre- [9] and post- [10] decision anticipation in gambling 

disorder, we expect that PG will exhibit higher brain activation prior taking the “bet” option, 

as compared to the “safe” one.

2. Methods

2.1. Participants and recruitment

Twelve pathological gamblers (PG) and twelve controls were recruited for this study. All 

subjects provided informed consent according to the Declaration of Helsinki. The CHU-

Brugmann ethics committee approved the study. PG were recruited through advertisements 

in the casino complex VIAGE in Brussels, Belgium. All gamblers had to meet the criteria for 
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DSM-IV-TR Gambling Disorder. Problem gambling severity was assessed using the South 

Oaks Gambling Screen (SOGS; [26]). All gambler participants scored at least a five on the 

SOGS, indicative of gambling disorder. Our sample of gamblers was categorized as slot 

machines gamblers (i.e., the gambling game reported at a higher frequency, by the gambler 

participants, on the SOGS). We excluded any subject who was (a) over 65 years, or (b) had 

any substance use disorder during the prior year before enrolling in the study. Participants 

were judged to be medically healthy on the basis of their medical history. The severity of 

problems related to substance use and medical history were also examined with items taken 

from the Addiction Severity Index Short Form ([27]; selection of items undertaken by S.M. 

and P.V.; CHU-Brugmann board-certified psychotherapists). In addition, we excluded 

participants who exhibited either excessive motion (i.e., >3 mm and/or >3°, or motion 

correlated with the task) or BOLD signal instability in a task-independent area (i.e., the 

occipital cortex), larger than 5%. Based in these thresholds, we excluded two pathological 

gamblers and two control participants who exhibited BOLD signal instabilities. Hence, our 

final sample consisted of ten PG and ten controls (see Table 1 for demographics and current 

clinical status).

Control participants were recruited by word of mouth from the community, excluding 

psychiatrists, psychologists, and other personnel with previous psychological training. Based 

on the SOGS, none of the controls gambled frequently (see Table 1).

2.2. Clinical and neuropsychological measures

Current clinical status of depression was rated with the Beck Depression Inventory (BDI; 

[28]). Alcohol use was estimated through the Alcohol Use Disorder Identification Test 

(AUDIT; [29]). The number of cigarettes per day was also included in order to control for 

the effect of nicotine dependence on cognitive processing [30].

2.3. Gambling related craving

All subjects completed the Gambling Craving Scale (GACS; [31]) before and after fMRI 

scanning. The GACS contains three factors: anticipation (e.g., “Gambling would be fun 

right now”), desire (e.g., “I crave gambling right now”) and relief (e.g., “If I were gambling 

now, I could think more clearly”). There are nine items (three items for each of the three 

factors) assessed on a seven-point scale.

2.4. Paradigm and materials

The stimuli (see Fig. 1) were adapted from the Card-Deck paradigm [24]. Stimuli were 

presented through a computer-controlled projector, which directs visual information onto a 

mirror mounted inside the scanner that the participant could see through the coil's mirror. 

Before entering the scanner, subjects received a standardized verbal description of the task 

and completed a practice session. Participants were told that they would be making a series 

of choices between a gamble with an uncertain payoff, and a certain payoff. Importantly, 

participants were informed that, at the end of the experiment, the outcome of one trial 

(simulated by computer) would be chosen at random, and the outcome of that trial would 

determine their pay. The participants earned €50 for participating, plus the earning from the 

randomly chosen trial.
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For each trial, a Card-Deck made of red and blue cards was drawn on a black screen. The 

total number of cards in the deck was written at the center-left of the screen. For each 

choice, three options were given. Two of two of those options involved to bet on either side 

of a binary choice gamble (i.e., red or blue card) that carried some uncertainty of winning 

either a positive sum or zero. The third option was the sure payoff that paid a lower-but-

certain amount of money.

There were two types of conditions: ambiguous and risky. In the risky condition, the 

respective number of red and blue cards included in the deck was indicated. By contrast, 

under the ambiguous condition, these numbers were replaced by a question mark. A 

screenshot for one trial of the risky and the ambiguous conditions is depicted in Fig. 1.The 

task consisted of 60 trials (30 trials for the risky condition and 30 trials for the ambiguous 

condition) divided into four runs (330s) of 15 trials. The 30 ambiguous and 30 risky trials 

were randomly displayed throughout the four runs of 15 trials. Trials were separated by a 

fixation cross on a black screen. The duration of the fixation cross was randomly distributed 

within a 10–20 s range. Each trial ended directly after subject's choice, with a maximum 

allowed time of 15 s. Responses were made by pressing the button corresponding to the 

location of the options (left-middle-right) on the screen. Choices were made using an MRI-

compatible button box. No feedback were given throughout the task.

2.5. Imaging data acquisition and preprocessing

Imaging data were obtained using a 1.5-T MRI scanner (Siemens Avanto, Siemens AG, 

Erlangen, Germany), with repeated single-shot echo-planar imaging: repetition time (TR) = 

3.000 ms, echo time (TE) = 41 ms, flip angle (FA) = 90°, matrix size = 64 × 64, field of 

view (FOV) = 240 mm × 240 mm, 33 slices ordered descending and interleaved, slice 

thickness = 3.6 mm. A three-dimensional (3D) T1-weighted (MPRAGE) data set 

encompassing the whole brain was acquired to provide detailed anatomy (TR = 8 ms, TE = 

2.85 ms, FA = 10°, matrix size = 256 × 256, FOV= 250mm × 250 mm, 192 slices, slice 

thickness = 1 mm, no gap). The functional data sets were subjected to a series of 

preprocessing operations: linear trend removal for excluding scanner-related signal drift, a 

temporal high-pass filtering applied to control for temporal frequencies, and a correction for 

small interscan head movements by a rigid body algorithm rotating and translating each 

functional volume in 3D space. The data were corrected for the difference between the scan 

times of the different slices. Data were smoothed in the spatial domain (kernel = 8 mm). In 

order to be able to compare the locations of activated brain region across participants, all 

anatomical as well as the functional volumes were spatially normalized [32] and the 

statistical maps computed were overlaid to the 3D T1-weighted scans in view to calculate 

Talairach coordinates for all relevant activation clusters.

2.6. Statistical analysis

Demographic and clinical data were analyzed using independent sample t-tests. Non-

normally distributed data (i.e., craving scores, cigarettes/day, BDI) were analyzed using 

Mann-Whitney U-tests for the between-groups comparisons. Within-group differences for 

scores of craving at pre- and post-experiment were analyzed using Friedman's analyses of 

variances (ANOVAs). A repeated-measures ANOVA was used to analyze choice reaction 
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times (RTs), with group as a between-subjects factor (PG versus controls) and type of 

condition (risky versus ambiguous) as a within-subjects factor. The percentage of bet choice 

was examined using one-sample t-tests, for each group, with level of chance (0.50) as test 

value. This was followed by a repeated-measures ANOVA to analyze percentage of bet 

versus safe choice, with group as between-subjects factor (PG versus controls) and type of 

condition (risky versus ambiguous) as within-subjects factor. All behavioral analyses were 

thresholded at α = 0.05.

Imaging analyses were performed using Brain Voyager QX (Version 2.3, Brain Innovation, 

Maastricht, The Netherlands). The data were modeled at the first level using a general linear 

model (GLM) with uncertainty (risk versus ambiguity) and decision type (bet choice versus 

safe choice) as regressors. These were then input into an ANOVA-based random-effect 

model for group analyses, comprising two within-subjects factors (uncertainty: risk versus 

ambiguity; decision type: bet choice versus safe choice) and one between-subjects factor 

(group: pathological gamblers versus controls). All analyses were generated bi-directionally 

using Brain Voyager's standard convention: orange/red color highlighting activation, blue 

color highlighting deactivation. All contrasts were generated at an uncorrected voxel p-value 

of 0.001, with a minimum cluster size of 30 voxels. This threshold is equivalent to p 

corrected <0.05 based on Monte Carlo simulations [33]. Tables for within-group activations 

include anatomical location and Brodmann area (as localized by Münster's T2T-Converter–

http://wwwneuro03.uni-muenster.de/ger/t2tconv/), activation/deactivation, cluster size, 

hemisphere, coordinate of the cluster's center in the Talairach coordinate system, and mean 

t-value of the cluster.

3. Results

3.1. Sample characteristics

Analyses revealed that PG and controls were similar in terms of age, BDI scores, cigarettes/

day, and AUDIT scores (see Table 1).

Before and after scanning, PG had significantly higher average scores of gambling-related 

craving than controls (except for scores on the “Relief” subscale, before scanning; see Table 

2). After performing the Card-Deck experiment, gambling craving scores were increased in 

both groups: PGs' scores increased for each three sub-scales of the GACS (Anticipation: 

χ2(1) = 7.00, p = 0.008; Desire: χ2(1) = 10.00, p = 0.002; Relief: χ2(1) = 9.00, p = 0.003) 

whereas scores of controls increased for anticipation and desire subscales but not the relief 

subscale (Anticipation: χ2(1) = 10.00, p = 0.002; Desire: χ2(1) = 7.00, p = 0.008; Relief: 

χ2(1) = 0.33, p = 0.56).

3.2. Behavioral performance

3.2.1. Reaction time—Analyses revealed no main effect of choice type, F(1,19) = 0.35, p 

= 0.56, no main effect of type of condition, F(1,19) = 1.69, p = 0.21, no main effect of 

group, F(1,19) = 0.27, p = 0.61, and no interaction effect for RTs (estimated in 

milliseconds).
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3.2.2. Percentage of bet choice—The mean percentage of bet choice was 40.15%. 

One-sample t-test showed that mean percentage of bet choice was significantly lower than 

chance (50.0%) (t(9) = 8.21, p < 0.0001). This indicates that controls took more safe choice 

than bet choices during the Card-Deck experiment. With regards to PG, the mean percentage 

of bet choice was 64.25%. One-sample t-test showed that mean percentage of bet choice was 

significantly greater than chance (50.0%) (t(9) = 16.17, p < 0.0001), indicating that PG took 

more bet choice than safe choices during the Card-Deck experiment. Independent sample t-

test revealed that percentage of bet choice was greater in PG than in controls (t(19) = −3.87, 

p = 0.001).

There was a main effect of type of condition (risky versus ambiguous), F(1,19) = 6.31, p = 

0.019, indicating that participants bet more under the risky condition than under the 

ambiguous condition. There was also a main effect of group, F(1,19) = 5.55, p = 0.027, 

indicating more frequent bet decisions in PG as compared with the controls. No interaction 

group × condition effect was observed. Additional exploratory repeated measures analyses 

were then undertaken separately for the control and the gambler groups. In controls, these 

analyses showed a significant effect of type of condition on the percentage of bet choice 

(F(1,9) = 9.79, p = 0.012, η2 = 0.52), indicating that controls bet more under the risky 

condition (M = 50.50, SD = 22.07) than under the ambiguous condition (M = 29.80, SD = 

14.06). With regard to PG, within-group repeated measures analysis showed no significant 

effect of the type of condition on the percentage of bet choice (F(1,9) = 0.53, p = 0.48, η2 = 

0.056). This indicates that PG did not bet differently under the risky (M = 67.10, SD = 

14.91) and the ambiguous conditions (M = 61.40, SD = 19.83). These results are depicted in 

Fig. 2.

3.3. Imaging results

3.3.1. Decision-making under risk versus decision-making under ambiguity

3.3.1.1. Controls: We observed increased neural activations (p < 0.001, uncorrected) in the 

right superior frontal gyrus, the left dorsolateral prefrontal cortex, the right middle frontal 

gyrus, the right putamen, and the right insular cortex (see Fig. 3 and Table 3) during 

decision under risk, as compared with decision under ambiguity.

3.3.1.2. Pathological gamblers: We found that the two types of uncertainty (i.e., risk versus 

ambiguity) did not significantly modulate brain activation in PG.

3.3.1.3. Controls versus pathological gamblers: As compared with controls, PG showed 

decreased neural activity in the right globus pallidus for decision-making under risk, as 

opposed to decision-making under ambiguity (see Fig. 5 and Table 5).

3.3.2. Bet choice versus safe choice

3.3.2.1. Controls: Prior safe choices, as compared with bet decisions, we observed 

increased neural activations (p < .001, uncorrected) in the left posterior insular cortex and 

the right middle frontal gyrus (see Fig. 4 and Table 3).
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3.3.2.2. Pathological gamblers: Prior bet choices, as compared with safe decisions, we 

observed increased brain activations (p < 0.001, uncorrected) in the left caudate, the right 

posterior insula and the right and left putamen (see Fig. 4 and Table 4).

3.3.2.3. Controls versus pathological gamblers: As compared with controls, PG showed 

increased neural activity in the right putamen prior bet choice, as opposed to safe choice (see 

Fig. 6 and Table 5).

3.4. Additional analyses

Complementary analyses showed increased neural activity (p < 0.001, uncorrected) in the 

control group for bet choices under risk, when compared to bet choices under ambiguity (see 

Table 3). These activations were observed in the same brain regions than those highlighted 

through the contrast:“Decision-making under risk versus decision-making under ambiguity” 

(see Table 3). No significant activation was observed in controls when we contrasted safe 

choices under risk versus safe choices under ambiguity. These results suggest that 

significant activations observed in controls, through the contrast: “Decision-making under 

risk versus decision making under ambiguity”, were due to neural activity induced by bet 

choices undertaken during decision-making under risk. No significant result was observed in 

the PG group for these two additional contrasts.

4. Discussion

In this study, we examined neural correlates of decision-making under risk and under 

ambiguity in a sample of individuals with gambling addiction and a sample of non-gambler 

control participants. We used an experimental task in which they had to choose between 

low-but-certain (“safe” option) versus high-but-uncertain (“bet” option) monetary rewards.

4.1. Lack of sensitivity to the type of uncertainty in pathological gamblers

In control participants, by contrast to decision-making under ambiguity, we observed higher 

neural activation during decision-making under risk, and within brain areas involved in the 

reward processing (putamen; [13]), in the perception of viscero-sensory activity (insular 

cortex; [34]), and in the computation of probability (dorsolateral prefrontal cortex; superior 

frontal gyrus; middle frontal gyrus; [35]). Hence, during the Card-Deck paradigm, controls 

exhibited less neural activity during decision-making under ambiguity than during decision-

making under risk. These results contradict those obtained by Hsu et al. [24], who found 

higher brain activation within the amygdala and the orbitofrontal cortex activations during 

decision-making under ambiguity, as compared to decision-making under risk. Nevertheless, 

in contrast to control participants of Hsu et al. [24] (where no significant bet score 

differences were found between decision-making under ambiguity and under risk, see 

supporting online materials [24]), our sample of controls chose more often the “bet” option 

during decision-making under risk than during decision-making under ambiguity. In other 

words, it turns out that our current group of controls was averse to choosing the bet option 

during decisions made under ambiguity (i.e., ambiguity aversion; [36]), which could have 

lowered the mobilization of cognitive and attentional resources within these situations of 

decision-making. This assumption is in line with Huettel et al. [37], who found higher brain 
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activation in individuals who exhibited a preference for uncertain rewards during decision-

making under risk, as compared to decision-making under ambiguity.

Importantly, in the PG group, we observed that the type of uncertainty (i.e., risk versus 

ambiguity) did not trigger differential brain activation. Moreover, between-groups 

comparisons revealed that controls exhibited higher neural activity than PG in a brain area 

involved in goal-directed behavior (globus pallidus; [38]), during decision-making under 

risk (as opposed to decision-making under ambiguity). In addition, behavioral analyses 

highlighted that PG did not modify their choices according to the type of uncertainty. Taken 

together, these neural and behavioral findings suggest that PG were not sensitive to the 

variation of the type of uncertainty associated with gambling-related outcomes (i.e., the 

“bet” option).

4.2. Hypersensitization for “bet” choices in pathological gamblers

Compared to controls, PG chose more often the “bet” option over the “safe” option, in both 

situations of decision-making under risk and under ambiguity. This behavioral finding is 

consistent with previous studies that have highlighted a preference for alternatives featuring 

high-uncertain rewards in PG [39,40].

Brain imaging analyses showed that, prior to choosing the “safe” option, controls exhibited 

higher neural activation in brain areas related to the formation of interoceptive 

representation (posterior insular cortex; [34]), and in cognitive control function (dorsolateral 

prefrontal cortex and middle frontal gyrus; [35]), as compared to prior choosing of the “bet” 

option. Activation observed within these brain areas might reflect high-risk sensitivity in 

control participants during the elaboration of “safe” decisions. More specifically, the 

activation of the insular cortex prior to safe choice observed in controls is consistent with 

several studies on decision-making under uncertainty, which observed an activation within 

the insula when anticipating both monetary loss [41,42] and gain [43–46]. Other studies 

have shown that the insula is sensitive to risk level [47] and triggered by excessive product 

price when deciding on whether or not to purchase an item [48]. In other words, insular 

activation might play a key role in representing somatic states that can be used to simulate 

the potential negative consequences of an action [34,49], such as when people reject unfair 

offers in an economic game at substantial cost to themselves [50]. By working together with 

brain regions involved in high-order cognitive processes, the insula can trigger bodily states, 

map bodily states, and represent the relationship between physiological changes and the 

environmental cues that elicited them [51].

By contrast, PG exhibited higher neural activation prior to choosing the “bet” option, and 

within brain areas involved in reward anticipation (caudate and putamen; [13]), and in the 

formation of interoceptive representation (posterior insular cortex; [34]). Higher activation 

in motivational-arousal brain areas during reward anticipation in PG may reflect higher 

saliency for gambling-like choices (i.e., the “bet” option) compared to safe choices. 

Importantly, between-groups contrasts revealed that, as compared to controls, PG showed 

increased neural activity within the striatum (putamen) prior to bet choices, as opposed to 

safe choices. These results are in line with findings obtained by Mield et al. [10], who 

observed enhanced activation in motivational-arousal brain networks in PG prior to taking 
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high-risk choices. Moreover, we observed that, during reward anticipation of uncertain 

choices PG failed to increase activity of brain areas involved in high-order cognitive control, 

such as the dorsolateral prefrontal cortex and the middle frontal gyrus. As a whole, these 

findings point to the persistent motivational relevance of gambling-related behaviors and 

cues in PG. To a broader extent, the present results are in line with recent neurocognitive 

models of addiction [51–56] which advance that hyperactivity in motivational-arousal brain 

areas toward addiction-related behavior might disable the operation of a reflective high-

order cognitive control system.

Before and after scanning, PG had a significantly higher average craving for gambling score 

than controls. Besides, after performing the Card-Deck experiment, gambling craving scores 

were increased in both groups: scores of PG increased for each three subscales of the GACS, 

whereas scores of controls increased for the anticipation and the desire subscales but not for 

the relief subscale. These results are consistent with theoretical understandings advancing 

that states of craving in addiction are characterized by the desire to encounter pleasant 

experiences superimposed on a negative affective sate [57]. Nevertheless, we did not find 

significant correlation between gambling-related craving (baseline score and mean change) 

and brain activation. Thus, we cannot objectively attest that brain activations observed in the 

present study were involved in the increase of gambling craving score. One possible 

explanation for this lack of association is that gambling-related craving was assessed a few 

minutes after that the participant had left the scanner, rather than immediately after each 

choice or each block of the Card-Deck task. Another option would have been to implement a 

careful measurement of autonomic arousal during performance of the Card-Deck task 

measurement during fMRI scanning [58].

4.3. Limitations, strengths and future directions

The experimental task used in the present study was not designed to examine neural activity 

related to choice expected value (probability of reward for the bet option multiplied by the 

amount of bet/safe options ratio). In addition, the sample sizes of our groups were modest. 

Hence, non-significant fMRI results (e.g., risk versus ambiguity contrasts within the PG 

group) observed in the present study must be interpreted with caution. Nevertheless, our 

final sample is similar to other fMRI studies investigating decision-making in pathological 

gambling, with samples ranging from ten to 16 subjects per group [9,10,15]. Furthermore, 

our cohort of PG was selected using stringent selection criteria, resulting in a rather 

homogeneous cohort with no psychiatric disorders other than gambling disorder. In addition, 

the current sample of PG was homogenous in terms of gambling game preferences (i.e., slot 

machines games). Indeed, subtypes of gambling habit (e.g., slot machine gamblers versus 

poker players) may be associated with distinct performance on several decision-making 

tasks [59]. Importantly, brain imaging results reported in this study also should be 

interpreted with caution due to the use of an uncorrected threshold (p < 0.001). Nevertheless, 

a similar uncorrected threshold was used in previous studies with the same decision-making 

task used in the present paper [24], and others studies that used slightly different decision-

making paradigms [37,60]. In addition, based on several technical papers, the use of a p < 

0.001 uncorrected threshold produces a desirable balance between Types I and II error rates, 

especially for tasks that allow for multiple cognitive solutions to a problem (such as the 
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Card-Deck task used in the present study) and/or variability across trials in degree or timing 

of cognitive processing (e.g., tasks involving emotional regulation in response to a particular 

stimulus) [61,62]. Furthermore, based on Monte Carlo simulations, we used a stringent 

cluster size of 30 voxels in order to correct for the probability of false-positive at a threshold 

level that is equivalent to a corrected p < 0.05. Another limitation of the present study is the 

absence of feedback after participants make a choice, which may have affected the monetary 

anticipation process. Nevertheless, similarly as in Hsu et al. [24], participants were made 

aware that one trial would be chosen at random after the scanning session, and that the 

outcome on that trial would determine their final pay. Moreover, by adopting this type of 

design, neural activity related to the assessment of a given decision remained uninfluenced 

by outcomes of previous trials (i.e., absence of between-trials collinearity effect).

5. Conclusion

In this brain imaging study, we observed that providing information on probability 

associated with high-uncertain monetary rewards did not moderate brain activation in a 

sample of individuals with gambling disorder. In addition, pathological gamblers exhibited 

increased striatal activation during the elaboration of “bet” choices, when compared to 

“safe” choices. These findings might reflect (i) a lack of sensitivity to uncertainty and (ii) a 

cue-induced signal increase toward the anticipation of high-uncertain monetary rewards in 

gambling disorder, which may be a moderator of the greatest importance to gamble 

“reasonably”.
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Fig. 1. 
Schematic depiction of the Card-Deck paradigm. In this task, participants decided whether 

to take the sure payoff, or bet on either red or black card. The bet choice carried (a1) some 

risk (explicit probability for red and blue cards) or (a2) some ambiguity (no explicit 

probability for red and blue cards) (For interpretation of the color information in this figure 

legend, the reader is referred to the web version of the article.).
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Fig. 2. 
Percentage of bet choice for the risky and the ambiguous conditions in controls and 

pathological gamblers. Error bars are the standard errors of the mean.
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Fig. 3. 
Regions activated (p < 0.001) during decision-making under risk minus decision-making 

under ambiguity in controls.
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Fig. 4. 
Regions activated (p < 0.001) prior bet choice minus safe choice in (a1) pathological 

gamblers and (a2) controls.

Brevers et al. Page 18

Behav Brain Res. Author manuscript; available in PMC 2016 February 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 5. 
Compared to controls, pathological gamblers showed decreased activation (p < 0.001) 

within in the right globus pallidus, during decision-making under risk as opposed to 

decision-making under ambiguity.
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Fig. 6. 
Compared to controls, pathological gamblers showed increased activation (p < 0.001) within 

in the right putamen, prior choosing of the bet option as opposed to the safe option.
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Table 1

Demographical data and current clinical status for controls and pathological gamblers.

Controls Gamblers Test statistics

n 10 10

Age 36.20 (12.95) 34.00 (8.53) t(19) = 0.45, p = 0.66

Years of study ≤12:70.0% ≤12:80.0% χ2 (1,20) = 0.27, p = 0.60

>12:30.0% >12:20.0%

Males/females 8/2 8/2

Gambling frequency (day/month) 0.69 (0.48) 16.42 (9.53)

DSM-IV / 7.58 (1.59)

SOGS 0.00 8.53 (3.48)

Cig/day 2.80 (4.73) 4.80 (7.16) U = 87.50, p = 0.24

BDI 3.80 (3.76) 5.50 (4.62) U = 34.00, p = 0.22

AUDIT 5.01 (5.04) 6.87 (6.31) t(19) = 0.40, p = 0.64

Values shown are the mean and standard deviations on each measure; SOGS, South Oaks Gambling Screen; AUDIT, Alcohol Use Disorder 
Identification Test; STAI-E, State version of the State-Trait Anxiety Inventory; STAI-T, Trait version of the State-Trait Anxiety Inventory; BDI, 
Beck Depression Inventory.
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Table 2

Mean and standard deviations for pathological gamblers (PG) and controls on the GACS, before and after 

fMRI scanning.

Controls (n = 10) PG (n = 10) Signifiance Mann-Whitney U

Craving anticipation, before 4.58 (2.02) 14.25 (4.93) U = 4.5, p = 0.000

Craving desire, before 5.75 (2.26) 8.58 (3.29) U = 32.0, p = 0.020

Craving relief, before 3.25 (0.45) 5.41 (3.50) U = 52.5,p = 0.18

Craving anticipation, after 6.00(2.00) 17.67 (3.14) U = 1.0, p = 0.000

Craving desire, after 7.50 (2.71) 11.67 (3.84) U = 20.5, p = 0.003

Craving relief, after 3.42 (0.51) 8.50 (4.17) U = 8.5, p = 0.000
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