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a  b  s  t  r  a  c  t

This study  examined  neural  anticipation  of  monetary  reward  in  pathological  gamblers  (PG)  by vary-
ing  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  (proba-
bility  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  cor-
tex; 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  acti-
vation  while  anticipating  high-uncertain  monetary  rewards,  as  compared  with  lower-certain  rewards.
. Introduction

Through repetition of gambling behaviors, pathological gam-
lers (PG) acquire extensive experience in making complex

nancial decisions involving variable wins, losses, and proba-
ilities. This is likely to bias their neurocognitive approach to
ecision-making. Furthermore, unlike non-problem gamblers, who
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shape and maintain their behaviors according to their conse-
quences, 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 rep-
etition of behaviors, it becomes increasingly estranged from
variations in outcome value and reward probability [4]. In this
context, addiction-related stimuli may  elicit automatic, repeti-
tive 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, ven-
tral 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,

dx.doi.org/10.1016/j.bbr.2014.09.026
http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbr.2014.09.026&domain=pdf
mailto:dbrevers@ulb.ac.be
mailto:brevers@usc.edu
mailto:bechara@usc.edu
mailto:hermoye@imagilys.com
mailto:luisa.divano@chu-brugmann.be
mailto:charles.kornreich@chu-brugmann.be
mailto:paul.verbanck@chu-brugmann.be
mailto:xnoel@ulb.ac.be
dx.doi.org/10.1016/j.bbr.2014.09.026


Brain R

b
t
M
a
i
m
s
o
p
q
r
t
a
n
a
a
c
r
p
a
i
a
a
A
t
a
e
T
i
m
i
o
i
t
t
s
[
i
p
i
r
g
w

c
a
t
i
m
c
t
i
w
d
c
$
t
p
p
[
o
a
c
n
r
u

D. Brevers et al. / Behavioural 

eing embedded into gambling-related action is merely sufficient
o induce dopaminergic changes independently of its outcome.

oreover, recent fMRI studies showed that PG exhibited higher
ctivation in the brain-reward system during the pre-choice antic-
pation (i.e., when the subject is pondering potential options before

aking a decision; [9]) and the post-choice anticipation (i.e., the
ubject has made a decision and is awaiting the outcome; [10])
f high-uncertain monetary rewards. More specifically, as com-
ared with low-risk decisions, before taking high-risk decisions in a
uasi-realistic blackjack scenario [9], PG exhibited enhanced brain
esponses in the inferior frontal gyrus and lateral orbitofrontal cor-
ex region (OFC; region involved in the integration of emotional
nd cognitive input; [11]) and in the medial side of the pulvinar
ucleus (a relay thalamic nucleus that receives interoceptive input
nd in turn projects to the insular cortex all of which are brain
reas associated with impulsive urges [12]). On the other hand,
ontrols showed a significant signal increase before taking low-
isk decisions, as compared to high-risk decisions. With regard to
ost-choice anticipation, van Holst et al. [10] have observed that,
s compared to healthy controls, PG exhibited stronger activation
n the ventral striatum (a region involved in reward anticipation
nd reward processing [13]) and the medial OFC when anticipating

 large win (e.g., 5 euros) as opposed to a lower win (e.g., 1 euro).
dditionally, several brain imaging studies showed that, in con-

rast to non-gamblers, there is evidence of a reduction of cerebral
ctivity in the brain reward pathway during the processing of mon-
tary gambling rewards and losses in PG [[14–16], but see [17]].
ogether, these findings support the notion that PG exhibit a cue-
nduced signal increase toward the anticipation of high-uncertain

onetary rewards. Nevertheless, a couple of recent imaging stud-
es reported decreased neural activations during the anticipation
f monetary gains in PG [18,19]. More specifically, while perform-
ng an incentive delay task (which requires an individual to react
o a target stimulus presented after an incentive cue to win or
o avoid losing the indicated reward), PG exhibited less fronto-
triatal activation than controls while anticipating monetary gains
18,19]. One possible explanation for these contradictory findings
s the use of different task designs [20–23]. Indeed, experimental
aradigms more closely related to gambling (e.g., a blackjack task

n [9]; a guessing card game in [10]) may  generate increased neu-
al activation in PGs’ brain-reward system, as compared with less
ambling-related paradigms (such as the incentive delay task [22]),
hich may  be less significant and incentive for gamblers.

The goal of the present study is to further explore the neural
orrelates of gambling-related choices in PG. More specifically, we
im to examine whether PGs’ decision-making is modulated by the
ype of uncertainty associated with high monetary rewards. Indeed,
f PGs’ desire to gamble is triggered by the feeling that a large part of

oney is at stake [9,10], a variation in the type of uncertainty asso-
iated with this amount might have a low impact on their decision
o gamble. In other words, the type of uncertainty should not signif-
cantly modulate risk-taking in PG. In order to test this assumption,

e used an adapted version of the Card-Deck paradigm initially
eveloped by Hsu et al. [24]. In this task, participants are asked to
hoose between a “safe” option, which offers a sure payoff (e.g.,
9), and a “bet” option which offers larger (e.g., $25) but uncer-
ain reward. The bet choice carried either some risk (i.e., where
robability of reward is known) or some ambiguity (i.e., where
robability of reward is unknown). Using this paradigm, Hsu et al.
24] reported differential brain activations according to the type
f uncertainty associated with the “bet” option. More specifically,
s compared with decision-making under ambiguity, explicit out-

ome probability during decision-making under risk heightened
eural activation within brain region involved in the prediction of
eward (i.e., the dorsal striatum [25]). By contrast, decision-making
nder ambiguity activated a vigilance-evaluative neural network
esearch 278 (2015) 262–270 263

(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 con-
trols, 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 antici-
pation 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 adver-
tisements in the casino complex VIAGE in Brussels, Belgium. All
gamblers had to meet the criteria for DSM-IV-TR Gambling Disor-
der. 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 sam-
ple of gamblers was categorized as slot machines gamblers (i.e., the
gambling game reported at a higher frequency, by the gambler par-
ticipants, 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 sever-
ity 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 cor-
tex), 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 per-
sonnel 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 con-
trol 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.,
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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% �2(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

V h Oak
v  Anxie

“
n
f

2

p
c
m
t
a
p
i
a
a
b
t
p

o
t
w
s
s
o
o

t
i
o
s

F
c
i

AUDIT 5.01 (5.04) 

alues shown are the mean and standard deviations on each measure; SOGS, Sout
ersion  of the State-Trait Anxiety Inventory; STAI-T, Trait version of the State-Trait

I crave gambling right now”) and relief (e.g., “If I were gambling
ow, I could think more clearly”). There are nine items (three items

or each of the three factors) assessed on a seven-point scale.

.4. Paradigm and materials

The stimuli (see Fig. 1) were adapted from the Card-Deck
aradigm [24]. Stimuli were presented through a computer-
ontrolled projector, which directs visual information onto a mirror
ounted inside the scanner that the participant could see through

he coil’s mirror. Before entering the scanner, subjects received
 standardized verbal description of the task and completed a
ractice session. Participants were told that they would be mak-

ng a series of choices between a gamble with an uncertain payoff,
nd a certain payoff. Importantly, participants were informed that,
t the end of the experiment, the outcome of one trial (simulated
y computer) would be chosen at random, and the outcome of that
rial would determine their pay. The participants earned D 50 for
articipating, plus the earning from the randomly chosen trial.

For each trial, a Card-Deck made of red and blue cards was  drawn
n a black screen. The total number of cards in the deck was writ-
en at the center-left of the screen. For each choice, three options
ere given. Two of two of those options involved to bet on either

ide of a binary choice gamble (i.e., red or blue card) that carried
ome uncertainty of winning either a positive sum or zero. The third
ption was the sure payoff that paid a lower-but-certain amount
f money.

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

he risky condition, the respective number of red and blue cards
ncluded in the deck was indicated. By contrast, under the ambigu-
us condition, these numbers were replaced by a question mark. A
creenshot for one trial of the risky and the ambiguous conditions

ig. 1. Schematic depiction of the Card-Deck paradigm. In this task, participants decided
arried (a1) some risk (explicit probability for red and blue cards) or (a2) some ambigu
nformation in this figure legend, the reader is referred to the web  version of the article.)
6.87 (6.31) t(19) = 0.40, p = 0.64

s Gambling Screen; AUDIT, Alcohol Use Disorder Identification Test; STAI-E, State
ty Inventory; BDI, Beck Depression Inventory.

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 tri-
als were randomly displayed throughout the four runs of 15 trials.
Trials were separated by a fixation cross on a black screen. The dura-
tion of the fixation cross was  randomly distributed within a 10–20 s
range. Each trial ended directly after subject’s choice, with a max-
imum 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 = 250 mm × 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

 whether to take the sure payoff, or bet on either red or black card. The bet choice
ity (no explicit probability for red and blue cards) (For interpretation of the color
.
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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
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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, �2 = 0.52), indicating that controls bet more under the
risky condition (M = 50.50, SD = 22.07) than under the ambiguous
Craving anticipation, after 6.00 (2.00) 

Craving desire, after 7.50 (2.71) 

Craving relief, after 3.42 (0.51) 

ocations of activated brain region across participants, all anatom-
cal as well as the functional volumes were spatially normalized
32] and the statistical maps computed were overlaid to the 3D
1-weighted scans in view to calculate Talairach coordinates for
ll relevant activation clusters.

.6. Statistical analysis

Demographic and clinical data were analyzed using indepen-
ent sample t-tests. Non-normally distributed data (i.e., craving
cores, cigarettes/day, BDI) were analyzed using Mann-Whitney
-tests for the between-groups comparisons. Within-group dif-

erences for scores of craving at pre- and post-experiment were
nalyzed using Friedman’s analyses of variances (ANOVAs). A
epeated-measures ANOVA was used to analyze choice reaction
imes (RTs), with group as a between-subjects factor (PG versus
ontrols) and type of condition (risky versus ambiguous) as a
ithin-subjects factor. The percentage of bet choice was  examined
sing one-sample t-tests, for each group, with level of chance (0.50)
s test value. This was followed by a repeated-measures ANOVA
o analyze percentage of bet versus safe choice, with group as
etween-subjects factor (PG versus controls) and type of condition
risky versus ambiguous) as within-subjects factor. All behavioral
nalyses were thresholded at  ̨ = 0.05.

Imaging analyses were performed using Brain Voyager QX
Version 2.3, Brain Innovation, Maastricht, The Netherlands). The
ata were modeled at the first level using a general linear model
GLM) with uncertainty (risk versus ambiguity) and decision
ype (bet choice versus safe choice) as regressors. These were
hen input into an ANOVA-based random-effect model for group
nalyses, comprising two within-subjects factors (uncertainty:
isk versus ambiguity; decision type: bet choice versus safe choice)
nd one between-subjects factor (group: pathological gamblers
ersus controls). All analyses were generated bi-directionally
sing Brain Voyager’s standard convention: orange/red color
ighlighting activation, blue color highlighting deactivation. All
ontrasts were generated at an uncorrected voxel p-value of
.001, with a minimum cluster size of 30 voxels. This threshold is
quivalent to p corrected <0.05 based on Monte Carlo simulations
33]. Tables for within-group activations include anatomical
ocation and Brodmann area (as localized by Münster’s T2T-
onverter—http://wwwneuro03.uni-muenster.de/ger/t2tconv/),
ctivation/deactivation, cluster size, hemisphere, coordinate of
he cluster’s center in the Talairach coordinate system, and mean
-value of the cluster.

. Results

.1. Sample characteristics

Analyses revealed that PG and controls were similar in terms of
ge, BDI scores, cigarettes/day, and AUDIT scores (see Table 1).
Before and after scanning, PG had significantly higher average
cores of gambling-related craving than controls (except for scores
n the “Relief” subscale, before scanning; see Table 2). After per-
orming the Card-Deck experiment, gambling craving scores were
17.67 (3.14) U = 1.0, p = 0.000
11.67 (3.84) U = 20.5, p = 0.003

8.50 (4.17) U = 8.5, p = 0.000

increased in both groups: PGs’ scores increased for each three sub-
scales of the GACS (Anticipation: �2(1) = 7.00, p = 0.008; Desire:
�2(1) = 10.00, p = 0.002; Relief: �2(1) = 9.00, p = 0.003) whereas
scores of controls increased for anticipation and desire subscales
but not the relief subscale (Anticipation: �2(1) = 10.00, p = 0.002;
Desire: �2(1) = 7.00, p = 0.008; Relief: �2(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).

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 per-
centage 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 com-
pared 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
Fig. 2. Percentage of bet choice for the risky and the ambiguous conditions in con-
trols and pathological gamblers. Error bars are the standard errors of the mean.

http://wwwneuro03.uni-muenster.de/ger/t2tconv/
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Fig. 3. Regions activated (p < 0.001) during decision-making under risk minus decision-making under ambiguity in controls.

Table 3
Significant brain activation (p < 0.001) within the control group (n = 10).

Card-Deck task contrast Regions Left/right Activation/deactivation BA k MNI  coordinates t-value

x y z

Decision-making under risk minus
Decision-making under ambiguity

Superior frontal gyrus R A 8 32 21 44 42 5.07

Dorsolateral prefrontal cortex L A 9 94 −12 60 28 4.98
Middle frontal gyrus R A 10 41 44 44 20 4.94
Superior temporal gyrus L A 43 435 −64 −22 13 5.77
Putamen R A – 303 26 −8 4 5.27
Insular cortex R A 13 37 −49 13 3 5.05

Bet  choices minus safe choices Precentral gyrus L D 4 108 −37 −27 56 4.90
Superior temporal gyrus L D 42 630 −64 −23 14 6.07
Posterior insular cortex L D 13 146 −38 −23 15 5.26
Superior temporal gyrus L D 22 269 −64 −40 8 5.28
Middle frontal gyrus R D 10 308 30 54 3 5.20

Bet  choices under risk minus
Bet choices under ambiguity

Superior frontal gyrus R A 8 45 1 34 51 3.85

Dorsolateral prefrontal cortex L A 9 298 −40 3 23 4.02
Middle frontal gyrus R A 10 232 30 58 9 3.98
Middle temporal gyrus L A 21 194 −44 −28 −7 4.07
Putamen R A – 195 16 −11 7 3.83
Insular cortex R A 13 179 42 15 10 3.95

L, Left; R, right; A, activation; D, deactivation; BA, Brodmann area; k, voxel cluster size (each voxel = 3 mm3); MNI, Montreal Neurological Institute.
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results suggest that significant activations observed in controls,
through the contrast: “Decision-making under risk versus decision-
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Fig. 4. Regions activated (p < 0.001) prior bet choice min

ondition (M = 29.80, SD = 14.06). With regard to PG, within-group
epeated measures analysis showed no significant effect of the
ype of condition on the percentage of bet choice (F(1,9) = 0.53,

 = 0.48, �2 = 0.056). This indicates that PG did not bet differently
nder the risky (M = 67.10, SD = 14.91) and the ambiguous condi-
ions (M = 61.40, SD = 19.83). These results are depicted in Fig. 2.

.3. Imaging results

.3.1. Decision-making under risk versus decision-making under
mbiguity
.3.1.1. Controls. We  observed increased neural activations
p < 0.001, uncorrected) in the right superior frontal gyrus, the
eft dorsolateral prefrontal cortex, the right middle frontal gyrus,
he right putamen, and the right insular cortex (see Fig. 3 and
able 3) during decision under risk, as compared with decision
nder ambiguity.

.3.1.2. Pathological gamblers. We  found that the two types of
ncertainty (i.e., risk versus ambiguity) did not significantly mod-
late brain activation in PG.

.3.1.3. Controls versus pathological gamblers. As compared with
ontrols, PG showed decreased neural activity in the right globus
allidus for decision-making under risk, as opposed to decision-
aking under ambiguity (see Fig. 5 and Table 5).
.3.2. Bet choice versus safe choice

.3.2.1. Controls. Prior safe choices, as compared with bet deci-
ions, we observed increased neural activations (p < .001,

able 4
ignificant brain activation (p < 0.001) within the pathological gambler group (n = 10).

Card-Deck task contrast Regions Left/right Ac

Decision-making under risk minus
Decision-making under ambiguity

Precentral gyrus L D 

Precentral gyrus R A 

Caudate nucleus L A 

Posterior insular cortex R A 

Middle temporal gyrus L A 

Putamen L A 

Putamen R A 

Cerebellum L A 
e choice in (a1) pathological gamblers and (a2) controls.

uncorrected) in the left posterior insular cortex and the right middle
frontal gyrus (see Fig. 4 and Table 3).

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 poste-
rior 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 puta-
men  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 signifi-
cant activation was  observed in controls when we contrasted safe
choices under risk versus safe choices under ambiguity. These
making under ambiguity”,  were due to neural activity induced by bet
choices undertaken during decision-making under risk. No signifi-
cant result was observed in the PG group for these two additional
contrasts.

tivation/deactivation BA k MNI  coordinates t-value

x y z

4 916 −43 −30 53 5.78

4 965 36 −27 53 5.98
– 226 −15 −5 19 4.85

13 53 37 −22 15 4.80
39 143 −58 −57 13 4.87

– 65 −22 6 10 4.87
– 290 28 −16 7 4.97
– 248 −18 −54 −21 4.85
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Table 5
Brain regions activated (p < 0.001) between pathological gamblers minus controls.

Card-Deck task contrast Regions Left/right Activation/deactivation BA k MNI  coordinates t-value

x y z

Decision-making under risk minus
Decision-making under ambiguity

Globus pallidus R D 

Bet  choices minus safe choices Putamen R A 

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.

F
(
t

4

u
g
p

ig. 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
o  the safe option.

. Discussion
In this study, we examined neural correlates of decision-making
nder risk and under ambiguity in a sample of individuals with
ambling addiction and a sample of non-gambler control partici-
ants. We  used an experimental task in which they had to choose
– 208 22 −10 4 3.88

– 113 21 −4 7 3.94

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 probabil-
ity (dorsolateral prefrontal cortex; superior frontal gyrus; middle
frontal gyrus; [35]). Hence, during the Card-Deck paradigm, con-
trols 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 dif-
ferences 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 low-
ered 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 activation in indi-
viduals 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 pre-
vious 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
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rior choosing of the “bet” option. Activation observed within these
rain areas might reflect high-risk sensitivity in control participants
uring the elaboration of “safe” decisions. More specifically, the
ctivation of the insular cortex prior to safe choice observed in con-
rols is consistent with several studies on decision-making under
ncertainty, which observed an activation within the insula when
nticipating both monetary loss [41,42] and gain [43–46]. Other
tudies have shown that the insula is sensitive to risk level [47] and
riggered by excessive product price when deciding on whether
r not to purchase an item [48]. In other words, insular activation
ight play a key role in representing somatic states that can be

sed to simulate the potential negative consequences of an action
34,49], such as when people reject unfair offers in an economic
ame at substantial cost to themselves [50]. By working together
ith brain regions involved in high-order cognitive processes, the

nsula can trigger bodily states, map  bodily states, and represent the
elationship between physiological changes and the environmental
ues that elicited them [51].

By contrast, PG exhibited higher neural activation prior to
hoosing the “bet” option, and within brain areas involved in
eward anticipation (caudate and putamen; [13]), and in the for-
ation of interoceptive representation (posterior insular cortex;

34]). Higher activation in motivational-arousal brain areas dur-
ng reward anticipation in PG may  reflect higher saliency for
ambling-like choices (i.e., the “bet” option) compared to safe
hoices. Importantly, between-groups contrasts revealed that, as
ompared to controls, PG showed increased neural activity within
he striatum (putamen) prior to bet choices, as opposed to safe
hoices. These results are in line with findings obtained by Mield
t al. [10], who observed enhanced activation in motivational-
rousal brain networks in PG prior to taking high-risk choices.
oreover, we observed that, during reward anticipation of uncer-

ain choices PG failed to increase activity of brain areas involved
n high-order cognitive control, such as the dorsolateral prefrontal
ortex and the middle frontal gyrus. As a whole, these findings
oint to the persistent motivational relevance of gambling-related
ehaviors and cues in PG. To a broader extent, the present results
re in line with recent neurocognitive models of addiction [51–56]
hich advance that hyperactivity in motivational-arousal brain

reas toward addiction-related behavior might disable the oper-
tion of a reflective high-order cognitive control system.

Before and after scanning, PG had a significantly higher average
raving for gambling score than controls. Besides, after performing
he Card-Deck experiment, gambling craving scores were increased
n both groups: scores of PG increased for each three subscales of
he GACS, whereas scores of controls increased for the anticipa-
ion and the desire subscales but not for the relief subscale. These
esults are consistent with theoretical understandings advancing
hat states of craving in addiction are characterized by the desire
o encounter pleasant experiences superimposed on a negative
ffective sate [57]. Nevertheless, we did not find significant corre-
ation between gambling-related craving (baseline score and mean
hange) and brain activation. Thus, we cannot objectively attest
hat brain activations observed in the present study were involved
n the increase of gambling craving score. One possible explanation
or this lack of association is that gambling-related craving was
ssessed a few minutes after that the participant had left the scan-
er, rather than immediately after each choice or each block of the
ard-Deck task. Another option would have been to implement a
areful measurement of autonomic arousal during performance of
he Card-Deck task measurement during fMRI scanning [58].
.3. Limitations, strengths and future directions

The experimental task used in the present study was not
esigned to examine neural activity related to choice expected
esearch 278 (2015) 262–270 269

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. Neverthe-
less, 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, result-
ing 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]. Impor-
tantly, brain imaging results reported in this study also should be
interpreted with caution due to the use of an uncorrected thresh-
old (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 dif-
ferent decision-making paradigms [37,60]. In addition, based on
several technical papers, the use of a p < 0.001 uncorrected thresh-
old 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 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 uninflu-
enced by outcomes of previous trials (i.e., absence of between-trials
collinearity effect).

5. Conclusion

In this brain imaging study, we observed that providing infor-
mation on probability associated with high-uncertain monetary
rewards did not moderate brain activation in a sample of indi-
viduals 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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