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Background: Decision-making impairments have been repeatedly evaluated in severe alcohol use
disorders (SAUD) using the Iowa Gambling Task (IGT). The IGT, capitalizing on strong theoretical
background and ecological significance, allowed identifying large-scale deficits in this population and is
now a standard decision-making assessment in therapeutic settings. However, the clinical usefulness of
the IGT, particularly regarding its ability to predict relapse and its link with key cognitive-physiological
deficits, remains to be clarified.

Methods: Thirty-eight recently detoxified patients with SAUD and 38 matched healthy controls
performed the IGT, a neuropsychological task using monetary rewards to assess decision making under
uncertainty and under risk. Disease characteristics (e.g., duration and intensity), cognitive abilities, psy-
chopathological comorbidities, and physiological damage were also measured, as well as relapse rates
6 months later.

Results: Compared to controls, patients with SAUD presented a dissociation between preserved
decision making under uncertainty and impaired decision making under risk. In the SAUD group,
while relapsers (55% of the sample) presented lower global cognitive functioning and stronger liver
damage than nonrelapsers at detoxification time, no difference was found between these subgroups for
the IGT. IGT results were not related to alcohol-consumption characteristics or cognitive-physiological
deficits.

Conclusions: SAUD is not related to a global IGT deficit, as suggested earlier, but rather to a speci-
fic impairment for decision making under risk. This deficit is not associated with other disease-related
variables and has no relapse prediction power. These results question the clinical usefulness of the IGT
as a tool identifying key treatment levers and guiding (neuro)psychological rehabilitation.

Key Words: Alcohol Dependence, Decision Making, Executive Functions, Liver Dysfunction,
Cognitive Impairments.

IT HAS LONG been established that alcohol-related neu-
rotoxicity causes large-scale cerebral modifications in sev-

ere alcohol use disorders (SAUD) (B€uhler and Mann, 2011).
These brain changes are associated with intense cognitive
impairments encompassing a wide range of functions such as
perceptive, attentional, memory, and executive abilities
(Stavro et al., 2013). Among these cognitive consequences,
decision-making deficits are considered as a central feature
of SAUD. Decision making, globally defined as the selection
of a behavioral response among alternatives (based on a

cost–benefit evaluation of the estimated consequences), lead-
ing to various cognitive, psychological, and social outcomes
(Paulus, 2007), is a key ability in human beings. Addictive
states have thus been centrally conceptualized as “decision-
making diseases”: The joint influence of increased substance-
related reactivity (i.e., limbic overactivation, manifested by
craving and attentional biases) and reduced executive control
(i.e., prefrontal underactivation, leading to reduced inhibi-
tion abilities) drives patients to promote drug-related
choices, leading to addiction persistence (Wiers and Stacy,
2006). While this classical dual-process view (Stacy and
Wiers, 2010) is currently challenged (Hommel and Wiers,
2017; Melnikoff and Bargh, 2018), the most influential neu-
rocognitive models of addictions still consider altered deci-
sion making as a key theoretical and clinical factor (e.g.,
Koob and Volkow, 2016; Volkow and Baler, 2015; Wise and
Koob, 2014).

The most commonly used neurocognitive task to explore
decision making in SAUD is the Iowa Gambling Task (IGT;
Bechara et al., 1994, 1997), in which participants receive an
amount of money and are asked to pick up cards from 4
decks to increase their gains (each card selection leading to a

From the Laboratory for Experimental Psychopathology (LEP)
(PM, SL, VD), Psychological Science Research Institute, Universit�e
catholique de Louvain, Louvain-la-Neuve, Belgium; Service d’Addictolo-
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specific win and/or loss). Two decks (A and B, unfavorable
decks) lead to high gains but also high losses, with a negative
total outcome in the long run, while the 2 others (C and D,
favorable decks) lead to lower gains but very reduced losses,
with a positive total outcome. Participants are not aware of
this gain/loss ponderation between decks and have to pro-
gressively infer it and sharpen their decision making to maxi-
mize gains. The IGT, initially developed to quantify
decision-making abilities in neurological patients presenting
ventromedial prefrontal cortex lesions, has since been exten-
sively used in psychiatric and addictive disorders (Gowin
et al., 2018). This computerized task presents a double
strength. First, it is anchored in a strong theoretical model,
the “somatic marker hypothesis” (Damasio, 1994), arguing
that, when confronted with uncertainty, human beings con-
sider the expected positive or negative outcomes of their
future actions by using emotional or somatic markers (i.e.,
anticipatory affective states based on the reactivation of pre-
vious experiences). Second, it presents a strong ecological
value. Indeed, the IGT is based on real monetary rewards,
thus mimicking real-life decision making (i.e., being con-
fronted with uncertain or risky situations with potential
rewarding or punishing outcomes). The IGT thus efficiently
models real-life decision making, notably regarding alcohol
consumption, as it implies obtaining deferred positive out-
comes by avoiding immediate gratification.
Reduced IGT performance has been repeatedly found in

alcohol use disorders. Initial studies have identified a globally
reduced net score (i.e., subtraction between the number of
cards selected from advantageous minus disadvantageous
decks) in recently detoxified alcohol-dependent patients
(Goudriaan et al., 2005). This result has been confirmed in
more recent explorations including patients at early (Cor-
dovil De Sousa Uva et al., 2010) or midterm (Tomassini
et al., 2012) alcohol detoxification stages, but also people
presenting prolonged abstinence (Fein et al., 2004). Reduced
IGT performance has also been documented among SAUD
patients presenting psychopathological comorbidities (e.g.,
borderline personality disorder [Dom et al., 2006; George-
miller et al., 2013]; antisocial traits or conducts [Kim et al.,
2006; Miranda et al., 2009]). The brain correlates of deci-
sion-making deficits have also been identified (Le Berre
et al., 2014), suggesting that IGT-reduced performance is
strongly correlated with gray matter loss in ventromedial
prefrontal cortex, dorsal anterior cingulate cortex, and right
hippocampus in SAUD. Two recent meta-analyses (Kov�acs
et al., 2017; Stephan et al., 2017), reviewing IGT results in
alcohol use disorders, confirmed this general trend by con-
cluding that, while some contradictory results have been
reported (Zorlu et al., 2013), SAUD is associated with signif-
icantly reduced IGT net score. However, several concerns
still remain about the empirical and clinical significance of
such a deficit.
A first issue relates to the usefulness of IGT to predict

relapse. While the measure of decision-making impairment is
worthwhile per se at the fundamental level, the inclusion of

IGT measure (and the associated neuropsychological reha-
bilitation proposals) in clinical settings should only be rec-
ommended if this tool has a proven relation with clinical
outcomes, and centrally with relapse risk. Quite surprisingly,
the link between IGT performance and midterm relapse (i.e.,
after 6 months, the classical threshold used in relapse predic-
tion studies) has not been measured in SAUD. Preliminary
data (Bowden-Jones et al., 2005; De Wilde et al., 2013) have
suggested that IGTmight constitute a reliable prediction tool
to distinguish relapsers from nonrelapsers, but follow-up
measures have only been performed at 3 months postdetoxi-
fication, offering limited insights on the midterm impact of
IGT scores on relapse. Moreover, these data were obtained
on very small and unmatched groups (i.e., only 6 relapsers;
Bowden-Jones et al., 2005) or on polysubstance abusers (i.e.,
De Wilde et al., 2013). Further explorations are thus needed,
which is even reinforced by studies showing that (i) IGT defi-
cits are stable across the consecutive detoxification stages
(Cordovil De Sousa Uva et al., 2010); (ii) IGT deficit persists
after long-term abstinence, suggesting that SAUD patients
can achieve persistent abstinence despite remaining decision-
making deficits (Fein et al., 2004). These results suggest a
stability of decision-making deficits across the successive
stages of the disease, which is in contradiction with the pro-
posal that IGT results might constitute an efficient relapse
predictor.
A second issue is related to the link between IGT perfor-

mance and other alcohol-related deficits. It has been shown
that decision-making deficits could be at least partly under-
lain by memory or executive function impairments (Barry
and Petry, 2008; No€el et al., 2007), but their relations with
general cognitive measures usually performed in therapeutic
settings (e.g., Montreal Cognitive Assessment [MoCA]), as
well as with clinical (e.g., disease duration and intensity) and
physiological (e.g., liver impairments) alcohol-related factors
are unknown. As the IGT deficit presented by SAUD
patients is actually identical (Bottesi et al., 2015) or even
lower than the one reported in gambling disorder (Kov�acs
et al., 2017), impaired decision making may not be linked to
substance consumption itself but rather to stable personality
factors, thus questioning its position as a core deficit in
SAUD. A better characterization of these links appears as a
strong prerequisite to evaluate how IGT measures could be
implemented in clinical settings to complement the current
routine examinations proposed.
A third issue concerns the dissociation between decision

making under uncertainty and decision making under risk.
Although most earlier studies only reported the global net
score, several works (Bechara and Martin, 2004; Brand
et al., 2006) have suggested that the IGT might not consti-
tute a unitary task, as it could actually be divided into 2 sub-
parts, each related to a specific psychological process:
During the IGT, participants progressively learn the respec-
tive reinforcement contingencies associated with each deck,
leading them to switch from decision making under uncer-
tainty (early part of the task, where the win/loss ratio of each
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deck is not identified yet) to decision making under risk (late
part of the task, where the participant can consciously decide
to opt more frequently for the identified risky decks). The
IGT impairment shown by SAUD patients might be mostly
related to less efficient decision making under risk (Brevers
et al., 2014; No€el et al., 2007), but the differential links
between these 2 phases and alcohol-related variables or
relapse remain totally unexplored.

Clarifying these concerns would thus help to establish the
clinical usefulness of the IGT, as pointed out by the above-
mentioned meta-analyses (Kov�acs et al., 2017; Stephan
et al., 2017). These works have indeed underlined that the
actual link between IGT score and disease outcomes like
relapse has never been experimentally explored, and that
studies specifically examining decision-making deficits in
SAUD are needed to clarify the contribution of impaired
decision making to therapeutic outcomes. The present study
will thus explore the clinical usefulness of the decision-mak-
ing deficit observed in SAUD through the IGT, to determine
(i) whether performance at this task constitutes a reliable pre-
dictor of relapse 6 months later and is related to other key
deficits in SAUD, and (ii) whether SAUD is related to a dis-
sociation between uncertainty-related and risk-related sub-
scores, and whether these subscores are differentially related
to clinical and physiological factors.

MATERIALS ANDMETHODS

Participants

Thirty-eight patients diagnosed with SAUD according to DSM-
5 criteria (American Psychiatric Association, 2013), and 38
matched healthy controls took part in the study. SAUD diagnosis
was established during an exhaustive interview performed by a
trained psychiatrist. The mean number of DSM-5 criteria met
among patients was 8.21 (SD = 1.91). The mean Alcohol Use
Disorders Identification Test (AUDIT; classically used as a global
screening of the dangerousness of alcohol consumption; Saunders
et al., 1993) score was 27.66 (SD = 7.40), and the mean Michigan
Alcoholism Screening Test (MAST; Selzer, 1971) score was 31.92
(SD = 9.54), clearly confirming the presence of SAUD. The
semistructured interview was also used to determine medical his-
tory, alcohol-consumption characteristics, and psychopathological
comorbidities. SAUD participants were recruited during their
detoxification stay (Emile Roux Hospital, Limeil-Br�evannes,
France) and had all abstained from alcohol for at least 14 days
(mean abstinence duration: 31.66 days, SD = 16.33). They were
free of any current other psychiatric diagnosis except nicotine
dependence, as 29 patients were occasional or regular smokers
(mean number of cigarettes per day: 3.73, SD = 7.47). Their mean
daily alcohol consumption before detoxification was 16.45 stan-
dard alcohol units (SD = 8.66), an alcohol unit corresponding to
10 grams of pure ethanol. The mean number of previous detoxifi-
cation treatments was 1.89 (SD = 2.17), and the mean duration of
SAUD was 24.68 years (SD = 12.79). The Hospital Anxiety and
Depression scale (Zigmond and Snaith, 1983) showed that the
mean depressive (5.92, SD = 2.07) and anxious (7.87, SD = 3.03)
scores presented by patients were below the cutoff scores for mild
depression/anxiety (Stern, 2014), only 1 patient presenting severe
anxious symptomatology. Healthy participants were free of any
past or current psychiatric disorder, drug/substance abuse, or
(sub)clinical psychopathological states. The mean alcohol

consumption in the control group was 1.13 standard alcohol units
per day (SD = 1.08), and their mean AUDIT score was 3.79
(SD = 1.97), all control participants being in a low-risk alcohol
consumption (i.e., AUDIT score lower than 8). Education level
was assessed according to the number of years of education com-
pleted since starting primary school. Exclusion criteria for both
groups included major medical problems, neurological disease, and
polysubstance abuse. Participants were informed with full details
regarding the aims of the study, provided written informed consent
to take part in the study, and were tested individually in a quiet
room. Participants were not paid for their participation. SAUD
patients were individually contacted by phone 6 months after start-
ing the detoxification process to determine their alcohol-consump-
tion status, namely the presence of relapse (i.e., reappearance of
SAUD as evaluated by DSM-5 criteria): Twenty-one patients were
classified as relapsers and 17 as nonrelapsers. The study protocol
was approved by the ethical committee of the University of Cr�eteil
and was conducted in accordance with the Declaration of Helsinki,
as revised in 2008.

Measures

Cognitive and Physiological Measures. Global cognitive abilities
were evaluated through the MoCA (Nasreddine et al., 2005), assess-
ing visuospatial abilities, short-term memory, executive functions,
attention, working memory, language, and orientation. MoCA
scores range from 0 to 30, a score below 23 indicating mild cognitive
impairments (Carson et al., 2018). Physiological measures related
to liver functions were also performed, as liver lesions were esti-
mated using liver stiffness measurement performed with a FibroS-
can� device (EchosensTM Paris, France). The measurement was
performed after at least 2 hours fasting during the first week after
alcohol withdrawal. Results were considered as reliable if at least 10
valid measurements were obtained and if the interquartile range was
below one-third of the median.

Experimental Measure. The IGT consists of a computerized
neuropsychological task in which participants were facing 4 virtual
card decks (A, B, C, and D). Participants were instructed to
choose, for each trial, a card from 1 deck by clicking on it with
the mouse. Immediately after each choice, the resulting gain (up-
per part of the screen, e.g., 150 points) and loss (lower part of the
screen, e.g., �200 points) were indicated, as well as participants’
total gain/loss for the whole task. Instructions underlined the pos-
sibility for the participant to switch between decks at each trial,
the aim of the task being to maximize their net income (gain/loss
ratio). It was explicitly stated that the gain/loss ratio was not ran-
dom and varied across decks, some decks being more advanta-
geous. Participants started with 2,000 points and performed 100
trials, without feedback regarding their strategy. The A and B
decks were disadvantageous, leading to higher gains (150 points)
but also higher losses (�100 to �1,600), leading to a negative net
result (250 points lost for each 10 cards chosen in A and B). The
C and D decks were advantageous, leading to lower gains (100
points) but also lower losses (�50 to �650), leading to a positive
net result (250 points won for each 10 cards chosen in C and D).
Healthy participants learn the distinction between advantageous
and disadvantageous decks, leading to a progressive switch toward
C-D decks. The IGT net score is calculated by subtracting the
total number of selections from disadvantageous decks (A + B)
from the total number of selections from advantageous decks
(C + D), and subscores can be calculated using the same formula
on subparts of the task (i.e., items 1 to 20, 21 to 40, 41 to 60, 61
to 80, and 81 to 100). A comparison of first (decision making
under uncertainty) and second (decision making under risk) parts
of the task is also classically performed by comparing the first 40
items to the 40 last ones (Brevers et al., 2014; No€el et al., 2007).
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Statistical Analyses

Statistical analyses were performed using IBM SPSS Statistics
(Version 25.0; IBM Corp., Armonk, NY), and the following
strategy was used. First, between-group comparisons were per-
formed on demographic characteristics (age, gender, education
level). Second, a repeated-measures analysis of variance was per-
formed, with groups (SAUD patients, controls) as between-sub-
ject factor and IGT parts (early [trials 1 to 40] vs. late [trials 61
to 100]) as within-subject variable, to explore the distinction
between decision making under uncertainty and decision making
under risk. Third, 2 SAUD groups were determined, namely
patients who had relapsed after 6 months and patients who had
remained abstinent, and group comparisons were performed on
demographic, psychopathological, cognitive, and physiological
measures (through independent-samples t-tests), as well as
repeated-measures analysis of variance, with groups (relapsers,
nonrelapsers) as between-subjects factor and IGT parts as
within-subject variable. Significant main effects and interactions
(corrected through Greenhouse-Geisser correction when needed)
were followed by univariate contrasts (post hoc independent-
samples t-tests). Alpha level was set at 0.05. Finally, correla-
tional analyses were performed using Pearson’s correlations to
explore the links between IGT scores and psychological, cogni-
tive, and physiological factors in the SAUD group.

RESULTS

Group Comparisons on Demographic Measures

As shown in Table 1, there were no significant group dif-
ferences for age, t(74) = 0.10, p = 0.92, gender, v2(1,
n = 74) = 0.00, p = 1, and education level, t(74) = 0.09,
p = 0.93.

Group Comparisons on Experimental Measures

As illustrated in Fig. 1, a main group effect was found for
IGT performance, SAUD patients presenting globally lower
scores than controls, F(1, 74) = 6.42, p = 0.013. A main sub-
part effect was also identified, which indexes an increasing

performance during task as lower scores were observed for
trials 1 to 40 compared to trials 61 to 100, F(1, 74) = 15.21,
p < 0.001. These main effects were qualified by a
group 9 subpart interaction, F(1, 74) = 10.81, p = 0.002:
SAUD patients were impaired for the second part of the
task, that is, decision making under risk, t(74) = 3.30,
p = 0.001, but not for the first part, that is, decision making
under uncertainty, t(74) = 0.15, p = 0.88.

Relapsers Versus Nonrelapsers Comparison on Experimental
Measures

As shown in Table 2, relapsers and nonrelapsers did not
significantly differ on demographic, age, t(36) = 1.92,
p = 0.062, gender, v2(1, n = 36) = 0.23, p = 0.52, education
level, t(36) = 0.33, p = 0.74, and psychopathological, depres-
sion t(36) = 0.52, p = 0.60, anxiety, t(36) = 0.67, p = 0.51,
measures, but relapsers presented lower MoCA scores than
nonrelapsers, t(36) = 2.24, p = 0.032, as well as increased
liver damage, that is, liver stiffness score, t(36) = 2.48,
p = 0.021. Nevertheless, regarding the comparison of IGT
subparts between relapsers and nonrelapsers, no significant
main group effect, F(1, 36) = 0.75, p = 0.394, subpart effect,
F(1, 36) = 0.17, p = 0.679, or group 9 subpart interaction,
F(1, 36) = 0.95, p = 0.337, were found.

Complementary Correlational Analyses

In the SAUD group, IGT results (total score and sub-
scores) were not correlated with demographic (r < 0.262,
p > 0.112), alcohol-consumption (r < 0.156, p > 0.305), psy-
chopathological (r < 0.235, p > 0.122), cognitive (r < 0.244,
p > 0.140), or physiological (r < 0.334, p > 0.102) measures.

Table 1. Demographic Characteristics and Experimental Results of the
Severe Alcohol Use Disorders (SAUD) and Healthy Control (CTRL)

Groups: Mean (SD)

SAUD
(N = 38)

CTRL
(N = 38)

Group
comparison
(p-value)

Demographic measures
Gender ratio (M/F) 29/9 29/9 1
Age (in years) 46.95 (11.30) 46.66 (13.42) 0.92
Education level (in years) 12.50 (2.42) 12.45 (2.88) 0.93

Experimental measures
IGT total score 4.47 (23.33) 24.74 (28.76) 0.001
IGT—trials 1 to 20 1.37 (5.86) �1.21 (6.65) 0.077
IGT—trials 21 to 40 0.27 (7.53) 3.21 (7.48) 0.091
IGT—trials 41 to 60 0.37 (8.34) 6.53 (8.54) 0.002
IGT—trials 61 to 80 2.42 (5.35) 7.37 (10.76) 0.013
IGT—trials 81 to 100 0.05 (7.39) 8.84 (10.14) <0.001

IGT, Iowa Gambling Task.

Fig. 1. lowa Gambling Task (IGT) net scores (i.e., number of cards
taken from advantageous minus disadvantageous decks) for each subpart
of the task (i.e., trials 1 to 20, 21 to 40, 41 to 60, 61 to 80, and 81 to 100)
among patients with severe alcohol use disorders (SAUD) and matched
controls (CTRL). Error bars represent the standard error. *p < 0.05,
**p < 0.01, ***p < 0.001.

DECISIONMAKING IN SEVERE ALCOHOL USE DISORDERS 2269



DISCUSSION

Using the IGT, a theoretically anchored and ecological
task, we investigated decision-making abilities in SAUD,
to explore their predictive role in relapse, their links with
cognitive-physiological deficits, and the possible dissocia-
tion between decision making under uncertainty and risk.
Among the numerous neurocognitive consequences of
SAUD, decision-making impairments are considered as a
cornerstone symptom, addictions being centrally charac-
terized by a reduced ability to make efficient behavioral
choices in everyday life. However, while reduced IGT per-
formance has been recurrently observed in SAUD, and
while the IGT is now often integrated as a clinical tool in
therapeutic settings, the processes underlying this deficit
and its role in disease maintenance remained to be deter-
mined. Here, we centrally show that (i) SAUD is not
related to a global decision-making deficit, but rather to a
dissociation between preserved decision making under
uncertainty and impaired decision making under risk; (ii)
this deficit, while clearly related to a core ability for
adapted behaviors, does not appear associated with
increased relapse risk in SAUD, nor with other cognitive-
physiological deficits. These results cast doubts on the
usefulness of the IGT as a tool to estimate SAUD relapse
risk through decision-making evaluation in clinical
settings.

First, the observed dissociation between decision making
under uncertainty and decision making under risk,

confirming earlier results (Brevers et al., 2014; No€el et al.,
2007), is crucial as these 2 parts of the IGT are related to dis-
tinct underlying processes. During the first part, participants
have to learn the reinforcement contingencies related to each
card deck, using an exploratory strategy. This initial phase,
based on effective learning through negative and positive
feedbacks (i.e., somatic markers), is thought to rely on
unconscious processes. Conversely, the second part of the
task implies to switch to decision making under risk, when
the contingencies are learned and conscious, leading to the
emergence of rationale and strategy-based choices (Persaud
et al., 2009). Our results suggest that SAUD patients, as they
have a preserved performance in the first part, do not present
an impaired ability to evaluate the contingencies associated
with each deck (e.g., the absence of perseverative deck choice
or systematic bias in the exploratory phase) and to perform
decision making under uncertainty. Conversely, the large-
scale deficit presented in the second part shows that SAUD is
related to a reduced ability to benefit from this preserved
exploration phase to extract efficient decision strategies,
resulting in suboptimal deck choices. However, it should be
noted that this deficit in decision making under risk, usually
interpreted as reflecting an increased sensitivity to short-term
rewards (Cordovil De Sousa Uva et al., 2010; Tomassini
et al., 2012), can result from different sources of impair-
ments. As suggested earlier (Dunn et al., 2006), the mecha-
nisms involved in the second phase are heterogeneous,
reduced performance being potentially related to intensified
appetence toward immediate wins (underlain by sensation-

Table 2. Demographic, Psychopathological, and Experimental Characteristics at Detoxification Time of Patients with SAUDWho Relapsed or
Remained Abstinent 6 Months Later: Mean (SD)

Relapsers (N = 21) Nonrelapsers (N = 17) Group comparison (p-value)

Demographic measures
Gender ratio (M/F) 17/4 12/5 0.52
Age (in years) 50.00 (12.17) 43.18 (9.12) 0.062
Education level (in years) 12.62 (2.71) 12.35 (2.09) 0.74
Alcohol-consumption characteristics
Number of DSM-5 criteria 8.33 (2.01) 8.06 (1.82) 0.66
AUDIT score 27.95 (8.17) 27.29 (6.56) 0.78
MAST score 30.95 (9.54) 33.12 (9.71) 0.50
SAUD duration 26.95 (14.66) 21.88 (9.72) 0.21
Abstinence duration (in days) 34.57 (17.94) 28.06 (13.76) 0.21
Consumption before detoxification 17.24 (8.85) 15.47 (8.59) 0.54
Number of previous detoxifications 2.38 (2.57) 1.29 (1.36) 0.11
Psychopathological measures
HAD anxiety 7.57 (2.89) 8.24 (3.25) 0.51
HAD depression 5.76 (1.81) 6.12 (2.39) 0.60
Cognitive and physiological measures
MoCA 23.52 (5.04) 26.65 (3.06) 0.032
Liver stiffness score 8.52 (4.68) 5.26 (1.86) 0.021
Experimental measures
IGT total score 1.52 (23.71) 8.12 (23.02) 0.39
IGT—trials 1 to 20 0.29 (6.01) 2.71 (5.56) 0.21
IGT—trials 21 to 40 �1.14 (8.01) 2.00 (6.71) 0.20
IGT—trials 41 to 60 0.29 (9.28) 0.47 (7.29) 0.95
IGT—trials 61 to 80 3.23 (5.60) 1.41 (4.99) 0.30
IGT—trials 81 to 100 �1.14 (7.44) 1.53 (7.26) 0.27

AUDIT, Alcohol Use Disorders Identification Test; HAD, Hospital Anxiety and Depression scale; IGT, Iowa Gambling Task; MAST, Michigan Alco-
holism Screening Test; MoCA, Montreal Cognitive Assessment; SAUD, severe alcohol use disorders.
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seeking traits or impulsive personality), but also to impaired
executive control abilities (Brevers et al., 2013), or even to
difficulties in working memory, updating or cognitive flexi-
bility, hampering the identification, encoding, and/or imple-
mentation of efficient decision strategies. It can even be
proposed that the reduced performance observed in the sec-
ond part is merely resulting from the absence of learning dur-
ing the first one, SAUD patients being unable to infer the
win/loss ratio associated with each deck, thus remaining
under a decision making under uncertainty context during
the whole task (Kim et al., 2011). These various possible
interpretations of the psychological processes responsible for
impaired performance point out a main limitation of the
IGT, namely its multidetermined nature, which hampers to
spot the impaired cognitive subcomponents and reduces its
clinical usefulness, as underlined below.
Indeed, the second key result is that the IGT perfor-

mance has not been identified here as a reliable relapse pre-
dicting factor in SAUD. While a clear impairment for
decision making under risk was observed among SAUD
patients compared to healthy controls, this deficit was not
significantly different between patients who maintained
abstinence and those who had relapsed after 6 months.
Earlier results (Bowden-Jones et al., 2005; De Wilde et al.,
2013) had suggested that IGT might predict relapse, but
these preliminary data suffered from important limitations,
including short-term relapse measures (6 weeks to
3 months after IGT testing), limited unmatched samples,
and uncontrolled comorbidities. Our study, measuring
relapse after the gold-standard period (6 months) and on
larger as well as more controlled samples, casts doubt on
this proposal: Neither the IGT global net score nor the
subscores have been identified as relapse predictors. This
result is in line with studies showing persisting IGT impair-
ments even among SAUD patients achieving long-term
abstinence (K€orner et al., 2015). Actually, we even suggest
that unspecific cognitive measures like the MoCA or gen-
eral physiological damage measures (i.e., liver stiffness)
might constitute more efficient relapse predictors than the
IGT (excluding the alternative proposal that the lack of
link between IGT and relapse would be explained by lim-
ited statistical power). Again, this lack of observed predic-
tive value of the IGT might be related to its
multidetermined nature: The IGT only offers, through the
net score and subscores, composite outputs summing up
various and unrelated deficits (Billieux et al., 2010; No€el
et al., 2007) which might be differentially involved in
relapse. For some patients, the IGT deficit observed here
might result from modifications of processes strongly deter-
minant for relapse (e.g., reward sensitivity and inhibitory
control impairments). However, for other patients, IGT
score might mainly reflect impairments in processes not
directly pertinent for disease maintenance (e.g., logic infer-
ence abilities, limited understanding of task instructions,
and reduced interest for monetary rewards). While future
studies are needed to clarify the underlying processes

involved in reduced IGT score among SAUD patients, the
large variety of deficits that can possibly end up in a simi-
larly reduced performance might explain the globally weak
predictive power of the task. The observed inability of the
IGT to detect future relapsers strongly questions its clinical
usefulness. This task has been the focus of many experi-
mental works in SAUD and might still be useful for
research purposes, as it reliably indexes high-level decision-
making impairments in this population. However, a com-
pulsory condition for a task to be implemented in thera-
peutic settings relates to its clinical meaning, that is, its
ability to measure a specific factor involved in disease
maintenance, which could then be targeted by remediation
programs. While the present results should be confirmed
and extended in future studies, they suggest that the IGT
might doubly fail in this regard: On the one hand, its mul-
tidimensional nature might hamper to spot the processes
involved in decision-making deficit, thus offering no infor-
mation regarding the cognitive factors to be addressed. On
the other hand, reduced IGT performance does not appear
to give key information regarding the expected course of
SAUD and thus appears of reduced interest for clinicians.
This limited clinical validity of the IGT is further rein-
forced by the complementary analyses showing a total
absence of correlation between IGT scores and other dis-
ease-related factors: No link was observed with global cog-
nitive abilities, alcohol-consumption characteristics, or
physiological impairments. The dissociation between IGT
performance and alcohol-severity indexes (i.e., SAUD
duration, alcohol-consumption intensity, and abstinence
duration) had already been reported earlier (Le Berre et al.,
2014), suggesting that the decision-making impairments
might actually constitute a premorbid risk factor for addic-
tive disorders rather than a consequence of excessive alco-
hol consumption. The IGT might thus constitute an
efficient tool to identify the risk for developing SAUD in
preclinical populations, as reported earlier (Goudriaan
et al., 2011), rather than a recommendable tool for assess-
ing relapse risk once SAUD is installed.
These results should be replicated on larger samples, with

a stronger control of psychiatric comorbidities (e.g., person-
ality disorders, which were not evaluated here) and of
patients’ postdetoxification treatment (which might have var-
ied across individuals in the present sample). Moreover, the
relapse assessment chosen here (i.e., patient’s self-report
obtained through phone call) might have been influenced by
uncontrolled factors (e.g., social desirability). More reliable
methods (e.g., face-to-face clinical interviews) should be
favored in future studies. Despite these limits, the absence of
relapse predicting power shown here by the IGT, as well as
its lack of links with disease-related variables, suggest that
this task presents limited usefulness for clinical guidance,
despite its apparent ecological value. In line with recent pro-
posals (Kwako et al., 2016), we thus urge clinical practition-
ers to replace multidetermined tasks like the IGT by process-
specific tasks, focusing on the evaluation of the key
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psychological variables involved in relapse (e.g., executive
subcomponents, attentional biases, and emotional process-
ing) and offering clear guidelines for accurate neuropsycho-
logical rehabilitation programs in SAUD.

ACKNOWLEDGMENTS

PM is a senior research associate at the Fund for Scientific
Research (F.R.S.-FNRS, Belgium). This research has been
supported by a grant from the “Fondation pour la
Recherche en Alcoologie” (FRA, France). The FibroScan�

device was provided by the “Association Francilienne pour
la Recherche, l’Enseignement et les Soins en Addictologie.”
These funds did not exert any editorial direction or censor-
ship on any part of this article.

CONFLICT OF INTEREST

All authors report no competing financial interests or
potential conflict of interests and no connection with
tobacco, alcohol, pharmaceutical, or gaming industries.

REFERENCES

American Psychiatric Association (2013) Diagnostic and Statistical Manual

of Mental Disorders. 5th ed. American Psychiatric Association, Washing-

ton, DC.

Barry D, Petry NM (2008) Predictors of decision-making on the Iowa

Gambling Task: independent effects of lifetime history of substance

use disorders and performance on the Trail Making Test. Brain Cogn

66:243–252.
Bechara A, Damasio AR, Damasio H, Anderson SW (1994) Insensitivity to

future consequences following damage to human prefrontal cortex. Cogni-

tion 50:7–15.
Bechara A, Damasio H, Tranel D, Damasio AR (1997) Deciding advanta-

geously before knowing the advantageous strategy. Science 275:1293–
1295.

Bechara A, Martin EM (2004) Impaired decision making related to working

memory deficits in individuals with substance addictions. Neuropsychol-

ogy 18:152–162.
Billieux J, Gay P, Rochat L, Van der Linden M (2010) The role of urgency

and its underlying psychological mechanisms in problematic behaviours.

Behav Res Ther 48:1085–1096.
Bottesi G, Ghisi M, Ouimet AJ, Tira MD, Sanavio E (2015) Compulsivity

and impulsivity in pathological gambling: does a dimensional-transdiag-

nostic approach add clinical utility to DSM-5 classification? J Gambl Stud

31:825–847.
Bowden-Jones H, McPhillips M, Rogers R, Hutton S, Joyce E (2005) Risk-

taking on tests sensitive to ventromedial prefrontal cortex dysfunction pre-

dicts early relapse in alcohol dependency: a pilot study. J Neuropsychiatry

Clin Neurosci 17:417–420.
Brand M, Labudda K, Markowitsch HJ (2006) Neuropsychological corre-

lates of decision-making in ambiguous and risky situations. Neural Netw

19:1266–1276.
Brevers D, Bechara A, Cleeremans A, Kornreich C, Verbanck P, No€el X
(2014) Impaired decision-making under risk in individuals with alcohol

dependence. Alcohol Clin Exp Res 38:1924–1931.
Brevers D, Bechara A, Cleeremans A, No€el X (2013) Iowa Gambling Task

(IGT): twenty years after – gambling disorder and IGT. Front Psychol

4:665.

B€uhlerM,MannK (2011) Alcohol and the human brain: a systematic review

of different neuroimaging methods. Alcohol Clin Exp Res 35:1771–1793.

Carson N, Leach L, Murphy KJ (2018) A re-examination of Montreal Cog-

nitive Assessment (MoCA) cutoff scores. Int J Geriatr Psychiatry 33:379–
388.

Cordovil De Sousa Uva M, Luminet O, Cortesi M, Constant E, Derely M,

De Timary P (2010) Distinct effects of protracted withdrawal on affect,

craving, selective attention and executive functions among alcohol-depen-

dent patients. Alcohol Alcohol 45:241–246.
Damasio AR (1994) Descartes’ Error: Emotion, Reason, and the Human

Brain. 1st ed. Grosset/Putnam, NewYork.

De Wilde B, Verdejo-Garc�ıa A, Sabbe B, Hulstijn W, Dom G (2013) Affec-

tive decision-making is predictive of three-month relapse in polysubstance-

dependent alcoholics. Eur Addict Res 19:21–28.
Dom G, De Wilde B, Hulstijn W, van den Brink W, Sabbe B (2006) Deci-

sion-making deficits in alcohol-dependent patients with and without

comorbid personality disorder. Alcohol Clin Exp Res 30:1670–1677.
Dunn BD, Dalgleish T, Lawrence AD (2006) The somatic marker hypothe-

sis: a critical evaluation. Neurosci Biobehav Rev 30:239–271.
Fein G, Klein L, Finn P (2004) Impairment on a simulated gambling task in

long-term abstinent alcoholics. Alcohol Clin Exp Res 28:1487–1491.
Georgemiller R, Machizawa S, Young KM, Martin CN (2013) Neuropsy-

chological assessment of decision making in alcohol-dependent commer-

cial pilots. Aviat Space EnvironMed 84:980–985.
Goudriaan AE, Grekin ER, Sher KJ (2011) Decision making and response

inhibition as predictors of heavy alcohol use: a prospective study. Alcohol

Clin Exp Res 35:1050–1057.
Goudriaan AE, Oosterlaan J, de Beurs E, van den Brink W (2005) Decision

making in pathological gambling: a comparison between pathological

gamblers, alcohol dependents, persons with Tourette syndrome, and nor-

mal controls. Cogn Brain Res 23:137–151.
Gowin JL, Sloan ME, Ramchandani VA, Paulus MP, Lane SD (2018) Dif-

ferences in decision-making as a function of drug of choice. Pharmacol

Biochem Behav 164:118–124.
Hommel B, Wiers RW (2017) Towards a unitary approach to human action

control. Trends Cogn Sci 21:940–949.
Kim YT, Lee SJ, Kim SH (2006) Effects of the history of conduct disorder

on the Iowa Gambling Tasks. Alcohol Clin Exp Res 30:466–472.
Kim YT, Sohn H, Jeong J (2011) Delayed transition from ambiguous to

risky decision making in alcohol dependence during Iowa Gambling Task.

Psychiatry Res 190:297–303.
Koob GF, Volkow ND (2016) Neurobiology of addiction: a neurocircuitry

analysis. Lancet Psychiatry 3:760–773.
K€orner N, Schmidt P, Soyka M (2015) Decision making and impulsiveness

in abstinent alcohol-dependent people and healthy individuals: a neu-

ropsychological examination. Subst Abuse Treat Prev Policy 10:24.

Kov�acs I, RichmanMJ, Janka Z, Maraz A, And�o B (2017) Decision making

measured by the Iowa Gambling Task in alcohol use disorder and gam-

bling disorder: a systematic review and meta-analysis. Drug Alcohol

Depend 181:152–161.
Kwako LE, Momenan R, Litten RZ, Koob GF, Goldman D (2016) Addic-

tions neuroclinical assessment: a neuroscience-based framework for addic-

tive disorders. Biol Psychiatry 80:179–189.
Le Berre AP, Rauchs G, La Joie R, M�ezenge F, Boudehent C, Vabret F,

Segobin S, Viader F, Allain P, Eustache F, Pitel AL, Beaunieux H (2014)

Impaired decision-making and brain shrinkage in alcoholism. Eur Psychia-

try 29:125–133.
Melnikoff DE, Bargh JA (2018) The mythical number two. Trends Cogn Sci

22:280–293.
Miranda R Jr, MacKillop J, Meyerson LA, Justus A, Lovallo WR (2009)

Influence of antisocial and psychopathic traits on decision-making biases

in alcoholics. Alcohol Clin Exp Res 33:817–825.
Nasreddine ZS, Phillips NA, B�edirian V, Charbonneau S,Whitehead V, Col-

lin I, Cummings JL, Chertkow H (2005) The Montreal Cognitive Assess-

ment, MoCA: a brief screening tool for mild cognitive impairment. J Am

Geriatr Soc 53:695–699.
No€el X, Bechara A, Dan B, Hanak C, Verbanck P (2007) Response inhibi-

tion deficit is involved in poor decision making under risk in nonamnesic

individuals with alcoholism. Neuropsychology 21:778–786.

2272 MAURAGEET AL.



Paulus MP (2007) Decision-making dysfunctions in psychiatry – altered

homeostatic processing? Science 318:602–606.
Persaud N, McLeod P, Cowey A (2009) Post-decision wagering objectively

measures awareness. Nat Neurosci 10:257–261.
Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M (1993)

Development of the Alcohol Use Disorders Identification Test (AUDIT):

WHO collaborative project on early detection of persons with harmful

alcohol consumption–II. Addiction 88:791–804.
Selzer ML (1971) The Michigan Alcoholism Screening Test: the quest for a

new diagnostic instrument. Am J Psychiatry 127:1653–1658.
Stacy AW, Wiers RW (2010) Implicit cognition and addiction: a

tool for explaining paradoxical behavior. Annu Rev Clin Psychol

6:551–575.
Stavro K, Pelletier J, Potvin S (2013) Widespread and sustained cognitive

deficits in alcoholism: a meta-analysis. Addict Biol 18:203–213.
Stephan RA, Alhassoon OM, Allen KE, Wollman SC, Hall M, Thomas WJ,

Gamboa JM, Kimmel C, SternM, Sari C, Dalenberg CJ, Sorg SF, Grant I

(2017) Meta-analyses of clinical neuropsychological tests of executive

dysfunction and impulsivity in alcohol use disorder. Am J Drug Alcohol

Abuse 43:24–43.
Stern AF (2014) The hospital anxiety and depression scale. Occup Med

64:393–394.
Tomassini A, Struglia F, Spaziani D, Pacifico R, Stratta P, Rossi A (2012)

Decision making, impulsivity, and personality traits in alcohol-dependent

subjects. Am J Addict 21:263–267.
Volkow ND, Baler RD (2015) NOW vs LATER brain circuits: implications

for obesity and addiction. Trends Neurosci 38:345–352.
Wiers RW, Stacy AW (2006) Implicit cognition and addiction. Curr Dir Psy-

chol Sci 15:292–296.
Wise RA, Koob GF (2014) The development and maintenance of drug

addiction. Neuropsychopharmacology 39:254–262.
Zigmond AS, Snaith RP (1983) The hospital anxiety and depression scale.

Acta Psychiatr Scand 67:361–370.
Zorlu N, Gelal F, Kuserli A, Cenik E, Durmaz E, Saricicek A, Gulseren S

(2013) Abnormal white matter integrity and decision-making deficits in

alcohol dependence. Psychiatry Res 214:382–388.

DECISIONMAKING IN SEVERE ALCOHOL USE DISORDERS 2273


