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1 | INTRODUCTION

Abstract

In Parkinson’s disease (PD) impairments in decision making can occur, in par-
ticular because of the tendency toward risky and rewarding options. The Iowa
Gambling Task has been widely used to investigate decision processes involving
these options. The task assesses the ability to manage risk and to learn from
feedback. The present paper aims at critically examining those studies in which
this task has been administered to PD patients, in order to understand possible
anomalies in patients’ decision processes and which variables are responsible for
that. A meta-analysis has been conducted as well. Features of the task,
sociodemographic and clinical aspects (including daily drugs intake), cognitive
conditions and emotional disorders of the patients have been taken into account.
Neural correlates of decision-making competences were considered. It emerged
that PD patients show a trend of preference toward risky choices, probably due
to an impairment in anticipating the unrewarding consequences or to an insen-
sitiveness to punishment. The possible role played by dopamine medications in
decision making under uncertain conditions, affecting basal ganglia and struc-
tures involved in the limbic loop, was discussed. Attention has been focused on
some aspects that need to be investigated in further research, in order to delve
into this issue and promote patients’ quality of life.
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crucial role in solving adaptively everyday problems and
dealing with interpersonal, social and moral issues and

1.1 | Decision making in PD dilemmas. Therefore, impairments or alterations in the

normal way of making decisions have heavy conse-

Decision making is a fundamental activity in humans’ quences in managing practical and existential matters.
life because it occurs in a variety of situations and has a Overt and dramatic modifications in the decision-making

Abbreviations: DBS, deep brain stimulation; dIPFC, dorsolateral prefrontal cortex; ERPs, event-related potentials; fMRI, functional magnetic
resonance imaging; ICDs, impulse control disorders; IGT, Iowa Gambling Task; MDRS, Mattis Dementia Rating Scale; MMSE, Mini-Mental State
Examination; OFC, orbitofrontal cortex; PD, Parkinson’s disease; PET, positron emission tomography; PFC, prefrontal cortex; QUIP, Questionnaire
for Impulsive-Compulsive Disorders in Parkinson’s disease; SPN, stimulus preceding negativity; vimnPFC, ventromedial prefrontal cortex.
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process appear in patients with Parkinson’s disease (PD),
mostly as a consequence of dopamine replacement ther-
apy and stimulation of D3 receptor (Heiden et al., 2017;
Ibarretxe-Bilbao et al., 2009; Voon, 2017). The most com-
mon consequence is pathological gambling, namely, the
persistent, recurrent and impulsive tendency to gamble
despite the severe repercussions that repetitive high
losses of money have on personal, familiar and profes-
sional life (e.g., Dodd et al., 2005; Drapier et al., 2006;
Driver-Dunckley et al., 2003; Gschwandtner et al., 2001;
Molina et al., 2000; Seedat et al., 2000; for a review, Biars
et al., 2019; Gallagher et al., 2007). Such aberrant behav-
iours, which affect 2.3% to 9.3% of PD patients (Biars
et al., 2019; Vitale et al., 2011), have been mainly associ-
ated to dopamine tone and dopamine dysregulation,
although such disorders do not affect all the patients who
take the abovementioned medications (Kobayakawa
et al., 2017), suggesting the presence of other factors that
may contribute to their development (Kobayakawa
et al., 2017; Valenga et al., 2013). More generally, PD
patients display mild to moderate, non-pathological
increasing drive toward rewards (Cools, 2006).

It was conjectured that the tendency toward risk
taking and the inability to learn from negative
feedback—which are so blatant in pathological
gambling—are common characteristics of PD patients so
as to affect their decision processes, which involve differ-
ent anatomic substrates—such as the striatum, the amyg-
dala, the orbitofrontal cortex (OFC), both lateral and
medial portions, the anterior cingulate cortex and, more
generally, the prefrontal cortex (PFC) (Clark et al., 2004;
Gleichgerrcht et al., 2010; Ibarretxe-Bilbao et al., 2009;
Salvatore et al.,, 2021)—and require their integration
(Bechara, 2005; Clark et al, 2008; Zeeb &
Winstanley, 2011).

1.2 | TheIGT

The Iowa Gambling Task (IGT) (Bechara et al., 1994) is
the mostly employed task to test experimentally decision-
making processes in pathological conditions (Bechara
et al., 2005) and in PD specifically. This task is so used
because it is slightly correlated with the results of other
executive function tasks, it is considered a measure about
the functioning of PFC, hardly ever healthy subjects fail
to perform it and it is possible to account punishment-
reward conditions (Balconi et al., 2014; Poletti,
Cavedini, & Bonuccelli, 2011).

In the IGT, the participant is presented with four
decks of cards. Each card reports, on the side hidden to
the participant, the amount of money that is won and, if
it is the case, the amount of money that is lost as a

consequence of having selected that card (for instance,
‘Win $100 and lose $1,250°). The participant, who is
given an initial sum of money, is required to increase that
sum by selecting cards from the four decks. The partici-
pant is usually asked to make 100 choices. The four decks
are designed so that, over the course of several choices,
two of the decks are advantageous (or safe) because they
produce a net win, whereas the other two decks are dis-
advantageous (or risky) because they produce a net loss.
In fact, two decks allow the participant to win, and also
to lose, small sums of money, so producing, after many
selections, a positive outcome (if the player always
chooses these decks, his/her total gain will be larger than
the total loss), whereas the other two decks are
disadvantageous because they give players high winnings
and imply very high losses, so that, across several
selections, the total loss is larger than the total gain.
The two advantageous decks differ from each other in
the frequency of losses, and the same is true for the
disadvantageous decks.

When engaged in the task, players usually fail to
identify the advantageous decks in the first choices, by
showing selections near the chance level. However, as
the game goes on, they generally choose more and more
frequently cards from the advantageous decks.

In order to record such a change in behaviour, experi-
menters often analyse separately four to five blocks of
consecutive 25-20 trials. Many authors instead preferred
analysing only the latter blocks of the task, dividing the
IGT into two measures: decision under ambiguity
(namely, in the former blocks, in which the participant
does not know much about reward/punishment ratio of
each deck) and decision under risk (in the latter blocks,
when the advantageous/disadvantageous features of the
decks become clear to the participant) (Brand, Recknor,
et al., 2007; Buelow et al., 2014).

It is worth noting that a preference for safe decks
emerges before the players become aware of the differ-
ences existing among the two kinds of decks. In fact,
players are not able to verbalize any possible reason
supporting their selections even though they choose more
often cards from the advantageous decks. The occurrence
of a sort of tacit, unconscious form of identification of the
opposite features of the two kinds of decks, is testified by
skin conductance responses, which indicate an increased
psychophysiological emotional anticipatory response
when the participant selects a card from a disadvanta-
geous deck (which involves the opportunity to gain more,
but also the risk of losing much more), so showing that
the nervous system ‘recognizes’ the risky nature of that
deck (Bechara et al., 1997). Decision-making compe-
tences, mental flexibility, impulse control, reversal learn-
ing and reward/punishment sensitivity are necessary to
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successfully achieve the task (Fellows & Farah, 2005;
Mimura et al., 2006; Salvatore et al., 2021).

1.3 | Aims
The aim of this work was to examine experimental stud-
ies involving PD patients in which the IGT is adminis-
tered. More precisely, the first goal was to check whether
anomalies in the IGT emerge in PD patients in the
absence of other pathologies. The second one was to
identify which wvariables can be responsible for such
anomalies. The third one was to understand the possible
mechanism(s) which support the anomalies in question.
The paper has been organized as follows. After having
declared the procedure and criteria applied to identify
and select the studies to be taken into account, all studies
in which the IGT was presented to PD patients have been
reviewed by following a chronological order and their
main variables have been summarized in a series of
tables. A meta-analysis of the considered studies was car-
ried out, to verify the extent to which PD patients show a
different trend in choices in the IGT compared with
healthy controls. Afterwards, the performance in the IGT
was critically analysed according to the parameters of the
task recorded by the authors, the features of the task and
the patients’ characteristics (namely, the demographic
variables, the medical treatment and the cognitive and
emotional status). Correlations between scores in the IGT
and other measures recorded in the studies were also
taken into account. After having analysed thoroughly the
empirical findings, a possible explanation of the peculiar
behaviour of PD patients in the IGT is proposed, by dis-
carding alternative interpretations which are not
supported by evidence. Such an explanation is expanded
by considering data coming from the neurobiological
counterparts of decision making in PD patients
(as compared with healthy individuals). Finally, some
conclusions are drawn.

2 | SELECTION OF THE STUDIES

In this paper, only studies in which PD patients have
been matched to comparable healthy controls have been
reviewed (in only one case, two groups of idiopathic PD
patients, with or without alexithymia, were compared
with each other; Poletti, Frosini, et al., 2011).

Studies published from 2000 have been collected
through PubMed and PsycINFO entering the keywords:
Iowa Gambling Task AND (Parkinson’s Disease) AND
(decision making OR decisional processes). Moreover, a
cross-analysis of the references of the articles has been

made. Two categories of studies have been excluded:
studies where idiopathic PD patients with impulse con-
trol disorders (ICDs) or pathological gambling have been
compared with idiopathic PD patients without such
behavioural outcomes and studies in which idiopathic
PD patients have been matched to comparable idiopathic
PD who received deep brain stimulation (DBS), before
and after the surgical intervention. A total of 18 studies
were analysed.

Table 1 reports a brief description of the considered
studies. The performances of the clinical groups in the
IGT, as compared with those of the control groups, have
been summarized in Table 2. Table 3 reports an analysis
of the features of the versions of the IGT which was used
in the studies. Table 4 shows the main characteristics of
the clinical groups investigated. Tables 5a and 5b describe
in detail the relationships between the performances in
the IGT and demographic, clinical and pharmacological
variables, as well as the overall and fine-grained mea-
sures of cognitive functioning and of mood/emotional
state of the patients. In the considered studies, dementia
has been always excluded on the basis of a psychiatric
assessment and/or of the administration of specific
screening tests for dementia and/or for general intellec-
tual level.

3 | PERFORMANCE IN THE IGT BY
PD PATIENTS

From the description of the studies carried out to investi-
gate the application of the IGT to PD patients (see
Table 1), the fundamental question that arises is: As a
matter of fact, are PD patients impaired in making deci-
sions in the IGT? Results are controversial. However,
whereas in few studies clear differences between PD
patients and controls failed to emerge, most reported evi-
dence supporting such differences.

3.1 | A meta-analysis

To explore the average true effect in the considered stud-
ies regarding the difference in the IGT performance
between PD patients and healthy controls, we ran a fixed
effect meta-analysis, using Software R (version 4.1.0),
‘compute.es’ (Del Re, 2010) and ‘metafor’
(Viechtbauer, 2010) packages. We estimated the Cohen’s
d only for those studies in which the means and the stan-
dard deviations of the clinical group and the control one
in the IGT net score were reported. Otherwise, we used
F values derived from the difference of the two groups’
means. We excluded five studies (Buelow et al., 2014,
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Kobayakawa et al., 2010; Mapelli et al., 2014; Perretta
et al., 2005; Thiel et al., 2003) that did not include any of
the main information about the final net scores specified
above, as well as Poletti, Frosini, et al.’s (2011) study,
which had no healthy control group. For the meta-analy-
sis, 12 studies were considered (Czernecki et al., 2002.1
reported the ‘first-on’ condition of the clinical group,
whereas Czernecki et al., 2002.2 reported the ‘first-off’
condition).

The fixed effect analysis showed that the average
effect size was —.17 (95% CIL: —.34, .01), thus indicating a
small effect. We examined the heterogeneity using the
Q statistic, highlighting a high heterogeneity across the
studies at (I?) 92.28% (Q(df = 12=155.48, p < .0001),
from which it can be stated that the results across studies
showed a considerable variance. After the exclusion of
one study (Kobayakawa et al., 2008), which presented an
effect size highly different from the others, the heteroge-
neity remains high (I = 83.43%; Q(df=11) = 66.38,
p < .0001; ES = —.06, 95% CI: —.23, .12). Heterogeneity
can have manifold clinical and methodological causes,
that is, the presence of participants’ different clinical fea-
tures or differences in research designs (Del Re, 2015;
Higgins et al., 2003), as it has been highlighted in the fol-
lowing sections of the present paper.

We reported the forest plot across the studies, with
confidence intervals at 95% (Figure 1).

Then, we assessed the publication bias using the fun-
nel plot with the trim and fill method, reporting no esti-
mated number of missing studies on the right side
(SE = 2.36) (Figure 2).

Thus, we can maintain that, even if a small effect is
appreciable, the large heterogeneity of the effects and the
restricted number of the studies, which limits the possi-
bility of performing analyses with moderators, suggest
that results should be considered with caution. Moreover,
not all the studies had used the same parameters to ana-
lyse the task or had not reported the required data, so for
practical reasons, we considered only the total net score
as an indicator of the IGT performance.

Because of the limits that the meta-analytic
approach shows when applied to the set of papers we
considered, a complementary approach was followed,
consisting in analysing thoroughly the studies to identify
possible causes of the inconsistencies that appeared in
the findings.

3.2 | Performance measures

The first aspect that was analysed is the kind of measures
that authors computed to assess the performance in the
IGT, an aspect that hinders the direct comparisons
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FIGURE 1 Forest plot of the IGT net score
differences between PD group and healthy
control group
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FIGURE 2 Funnel plot of the effect sizes of the considered
studies
between the studies because different scoring

procedures—as appears from Table 2—were applied.
Only few papers reported the total amount of money
that players had at the end of the game (Table 2, second
row), a measure that expresses the overall efficacy of the
decision process. In all cases, PD patients showed a sig-
nificantly lower amount of money at the end of the game
compared with healthy controls (Kobayakawa
et al, 2008; Kobayakawa et al., 2010; Mimura
et al.,, 2006). The sum of money left when the game is
over depends mostly on the decision of the player to pick
up cards from advantageous rather than disadvantageous
decks, even if a partial role of chance cannot be discarded

(for instance, if the player is lucky, in the last part of the
game, he/she may pick up cards with no high penalties
from the risky decks, so increasing the total amount of
money earned).

Thus, counting the number of selections from the two
kinds of decks is a more proper measure of the decision
behaviour of the participants (Table 2, third and fourth
rows). In some studies (Perretta et al., 2005; Thiel
et al., 2003) the absolute number of choices of advanta-
geous decks, irrespectively of the number of risky selec-
tions, was computed. The same was done also for the
number of choices of disadvantageous decks (Kjeer
et al.,, 2020). In other studies (Euteneuer et al., 2009;
Gescheidt et al., 2012; Gescheidt et al.,, 2013; Kjer
et al.,, 2020; Kobayakawa et al., 2008; Kobayakawa
et al., 2010, 2017; Mapelli et al., 2014; Pagonabarraga
et al., 2007; Poletti, Frosini, et al., 2011; Xi et al., 2015),
the number of choices of disadvantageous decks was sub-
tracted from the number of advantageous choices in
order to have a weighted measure. Globally, PD patients
tended to show an overall preference toward disadvanta-
geous decks (even though the effects reached the level of
statistical significance in nine out of 14 studies). Also,
this measure, however, has the limit to be potentially
influenced by chance: In the first phase of the game, the
selection of cards from the decks is random, so that a
player might select a high number of risky cards without
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the intention of doing so. The total number of risky
choices might be therefore partially influenced by the
early, unaware selections. The role of chance can be
excluded considering the number of selections in each
block of trials. Unfortunately, investigators used different
criteria to collapse trials in blocks (block sizes ranged
from 10 to 60 trials; see Table 2, first row), so preventing
us from properly comparing the outcomes of the different
studies. Therefore, a valid alternative can be to consider
choices in the second phase of the game, namely, when
players have acquired enough experience to realize that
decks are not equally rewarding/punishing. By counting
the number of selections of advantageous choices in the
second part of the task (Table 2 fourth row), it appears
that the tendency toward this option was lower in PD
patients in 11 out of 14 studies, and in six of them, the
difference with healthy controls was significant
(Gescheidt et al., 2012; Kjer et al., 2020; Kobayakawa
et al., 2008; Kobayakawa et al., 2010, 2017; Mapelli
et al., 2014), while, among the other studies, it is worth
noting that controls chose a higher number of advanta-
geous cards in the middle part of the game (from the
50th to the 70th trials) than PD patients did, with a
decrease in the last 30 trials, which approximated their
selections to those of patients (Perretta et al., 2005), or a
lower performance of patients was recorded only in the
second round of the IGT (Czernecki et al., 2002). Instead,
Poletti, Frosini, et al. (2011) found that in de novo PD
patients, the total mean score of each block tended to
increase from the first to the fifth block, but, analysing all
the patients, the authors reported that 14 patients
recorded a score above 0, whereas 10 patients recorded a
score below 0. So, without a healthy control group for
comparing the performance, we can only hypothesize a
possible tendency to recognize disadvantageous and
advantageous decks. In this way, Stout et al. (2001) were
the only authors who failed to find a different increase of
the rates of selection of safe cards between controls and
PD patients along the course of the task.

However, the emerging discrepancy cannot be easily
put apart, because we have to highlight other controver-
sial findings concerning the diachronic aspects of players’
behaviour across the game. In fact, in three investigations
(Czernecki et al., 2002; Poletti et al.,, 2010; Stout
et al., 2001), PD patients showed to have learned to move
from the initial disadvantageous choices to an increased
rate of advantageous choices, a change along the task
which is typical in healthy subjects. However, in some
studies, the diachronic pattern of performance in the IGT
by PD patients did not differ from the healthy controls
one, even though the net score by the former group was
lower (Euteneuer et al., 2009; Xi et al., 2015). In other
studies, although a mild learning effect was appreciable,

it was lower than that obtained by healthy controls (Kjaer
et al., 2020; Mapelli et al., 2014; Perretta et al., 2005). If
we focus on the final stage of the IGT, in some studies
(Czernecki et al., 2002; Mapelli et al., 2014; Perretta
et al., 2005; Poletti et al., 2010; Poletti, Frosini,
et al., 2011; Stout et al., 2001; Xi et al., 2015), PD patients
finished the game by showing the preference for advanta-
geous decks, so proving to be not risk seekers, whereas six
studies (Gescheidt et al., 2012; Kobayakawa et al., 2008;
Kobayakawa et al.,, 2010, 2017; Mimura et al., 2006;
Pagonabarraga et al., 2007) reported an opposite trend,
namely, a progressive increase of risky selections across
the game in PD patients (Table 2, sixth row), and two
studies described a generalized overselection of risky
cards (Buelow et al., 2014; Thiel et al., 2003).

Finally, few studies reported additional measures, as
the number of shifts from advantageous to disadvanta-
geous cards and vice versa (Gescheidt et al., 2012; Kjaer
et al., 2020), the percentage of selection for each deck in
the latter blocks (including Trials 61-100) (Buelow et al.,
2014) and the percentage of used negative feedback
(Euteneuer et al., 2009), consisting in counting every
time the participant, after having received a negative
feedback, in the following trial did not persist in choos-
ing a disadvantageous option. By considering these mea-
sures, it appears that PD patients tend to adopt a more
disadvantageous strategy, compared with the healthy
controls, both choosing more frequently the decks that
led them to a loss (Buelow et al., 2014; Gescheidt
et al., 2012; Kjer et al., 2020) and using negative feed-
back to a lesser extent (Euteneuer et al., 2009) than the
healthy control group.

In conclusion, as far as the overall performance in the
IGT is concerned, investigations mostly showed that PD
patients are less proficient and choose risky decks in the
whole game more often than healthy individuals. How-
ever, it is unclear if the typical pattern that emerged in
healthy subjects—that is, the progressive change from
the prevalent choice of disadvantageous decks to that of
advantageous decks and the establishment of a risk-
avoidant attitude—fails to be shared by PD patients.

3.3 | Features of the task

How can we explain the inconsistencies among the stud-
ies? The first attempt was to give reasons for such incon-
sistencies by checking whether methodological issues can
explain the differences of the results. Thus, we re-
examined the papers by a thorough analysis of the fea-
tures of the versions of the IGT applied in the studies, as
well as of procedures (as far as they are described in the
papers; see Table 3).
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A possible variable influencing performance in the
IGT was the format of the game. However, as appeared by
comparing the version consisting of physical cards to be
picked up (Mimura et al., 2006; Perretta et al., 2005; Stout
et al., 2001) and the computerized, virtual version (where
the decks were displayed on a screen, as it appears in
most of the studies considered), in the majority of the
studies, both versions produced similar patterns of
responses (namely, lack of differences between PD
patients and controls in the first pair of studies and, at
least in part, the presence of differences in the
second ones).

Some perceptual features of the cards might constitute
a facilitation or obstacle to discover the advantageous/
disadvantageous nature of the deck. However, when the
cover sides of the decks were coloured differently
(as specified by Perretta et al., 2005)—a visual aspect that
might provide players an implicit hint at identifying the
different nature of the corresponding decks and/or might
serve as a memory aid—no clear benefit in PD patients
was found.

We have no reason to suspect that different ways of
responding—such as clicking on the mouse (Czernecki
et al., 2002) versus pressing a button on a keyboard
(Thiel et al., 2003) versus physically turning cards
(Mimura et al., 2006)—influenced performance in the
IGT, because in all these cases, simple actions to be done
with fingers were requested.

It is more likely that the feedback given after card
selection might affect the identification of the kinds of
decks, because such a feedback can reinforce the reward-
ing versus punishing consequences of the choice. In the
majority of the studies (Euteneuer et al., 2009; Gescheidt

et al, 2012; Gescheidt et al, 2013; Kobayakawa
et al, 2010, 2017; Mapelli et al, 2014; Mimura
et al., 2006; Poletti et al., 2010; Poletti, Frosini,

et al., 2011; Xi et al., 2015), it is reported that participants
won or lost some money after every selection of card, but
unfortunately, no additional information has been given.
In Stout et al.’s (2001) study, the amount of won or lost
related to the chosen card was written behind each of
them, and a reward/loss of money occurred immediately
after. In Thiel et al.’s (2003) study, participants were told
how much money they won and lost, whereas in
Czernecki et al.’s (2002) study, such a message appeared
onto the computer screen. Gains and losses were written
in different colours on the cards employed by Perretta
et al. (2005). All these devices seem to play no role in
modulating participants’ responses. Pagonabarraga
et al. (2007) stressed the positive or negative feature of
the consequence of the card choice by associating a
happy face and a specific sound with the message follow-
ing a winning choice and a sad face and a different sound

with the message following a losing choice. These visual
and auditory stimuli reinforce the hedonic valence of the
feedback and help the player to remember the conse-
quence of the cards picked up from that deck. However,
if we assume that in the papers where this kind of feed-
back was not described or specified (e.g., Buelow et al.,
2014; Kjeer et al., 2020; Kobayakawa et al., 2008) it did
not occur or it occurred as for the majority of the comput-
erized paradigms, we are induced to figure out that it is
not the factor responsible for the differences in PD
patients’ performance.

Finally, also the way in which the choices determined
changes in the player’s financial conditions was not influ-
ential. Similar responses were determined by using play
money to remunerate wins and to have money back in
case of losses (as it explicitly happened in 14 studies;
Euteneuer et al., 2009; Kjer et al., 2020; Kobayakawa
et al., 2008; Kobayakawa et al., 2010, 2017; Mapelli
et al, 2014; Mimura et al, 2006; Pagonabarraga
et al., 2007; Perretta et al., 2005; Poletti et al., 2010; Pole-
tti, Frosini, et al., 2011; Stout et al., 2001; Thiel
et al., 2003; Xi et al., 2015) and by showing the increase
and the decrease of the player’s money after each choice
by displaying a green bar onto the computer screen
which becomes longer or shorter as a consequence of,
respectively, gains and losses (Czernecki et al., 2002).

3.4 | Participants’ characteristics

The second attempt was to check whether the features of
the patients (Table 4) could give reason for the inconsis-
tencies in the results. The size of the sample—which
might explain, if small, the lack of statistical power in
testing the differences between patients and controls—
seems not to be responsible. It is true that two studies
with a large clinical sample (Kobayakawa et al., 2008;
Pagonabarraga et al., 2007) brought convincing evidence
of a PD patients’ impairment in the IGT. However, also
in Perretta et al.’s (2005) study, more than 30 patients
were recruited, but nevertheless, clear differences failed
to emerge.

The inspection of Table 4 suggests that age cannot be
responsible for the inconsistencies in the results, because
clear deficits in PD patients failed to emerge in studies
involving patients with both low (Czernecki et al., 2002)
and high (Euteneuer et al., 2009) mean ages.

Because of analogous motives, the possible influenc-
ing role of education, duration of the disease and dose of
medications can be excluded. The mean number of years
of education was both low (Czernecki et al., 2002; Poletti
et al., 2010; Poletti, Frosini, et al., 2011) and high (Stout
et al,, 2001) in studies failing to show PD patients’
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impairment in the IGT, as well as in studies reporting
such an impairment (Kjer et al., 2020; Kobayakawa
et al., 2008; Kobayakawa et al.,, 2017; Pagonabarraga
et al., 2007). The exclusion of age and education is also
supported by the lack of correlations between these two
variables and performance in the IGT (Table 5a), with
the exception of, respectively, the negative and positive
correlations found by Czernecki et al. (2002) (it has to be
noted that the clinical sample investigated by Czernecki
et al. was atypical: It is the only study in which such cor-
relations occurred; Table 5a).

The same was true for duration of the disease (low in
Stout et al’s, 2001 study and high in Czernecki
et al.’s, 2002 study, both failing to support PD patients’
impairment).

Other possible factors influencing the performance in
the IGT were the severity of the PD and the age of onset.
Indeed, we observe that the impaired responses in the
IGT emerged in studies where patients obtained the low-
est mean value in the Hoehn and Yahr index of PD sever-
ity (Gescheidt et al.,, 2012; Kobayakawa et al., 2008;
Kobayakawa et al., 2017). In this way, also when it was
higher than 3.0 (both in Czernecki et al.’s, 2002 study
about off-condition patients and in Perretta et al.’s, 2005
studies), the results were not consistent.

If we consider the investigations where the age of
onset of the illness was recorded, we realize that the
expected atypical pattern of responses in the IGT did not
emerge or tended to emerge when such age was low,
namely, below 45years old (Czernecki et al., 2002;
Gescheidt et al., 2012). When the age of onset was high,
the atypical pattern emerged in some cases (Kjer
et al., 2020; Kobayakawa et al., 2008) but not in others
(Poletti et al., 2010; Poletti, Frosini, et al., 2011). How-
ever, regarding this latter comparison, more data are
needed, because a large part of the considered studies did
not report this piece of information and in the studies
conducted by Poletti et al. (2010) and Poletti, Frosini,
et al. (2011), the patients showed peculiar conditions
(they were de novo patients). In general, neither the
severity of the illness nor the age of onset resulted to be
correlated to the performance in the IGT (Table 5a).

The dose of medications has to be excluded, too. It
was low in Perretta et al’s (2005) study and high in
Czernecki et al.’s (2002) study, with both studies showing
no significant differences between patients and controls
in the diachronic aspects of behaviour held in the IGT.
This conclusion is also supported by the findings of the
studies explicitly aimed at comparing different pharma-
cological treatments (Czernecki et al, 2002;
Pagonabarraga et al., 2007; Stout et al., 2001), which
failed to show differences depending on the pharmaco-
logical condition. Only in Kjer et al.’s (2020) study a

significant relation between levodopa and dopamine ago-
nist dosage and IGT performance was detected through
regression analysis, even if it explained only a very small
portion of variance (R®= .04, F = 68.28, p < .001). So
clear conclusions cannot be drawn regarding the possible
influence of different pharmacological treatments on the
IGT, even if when drug intake had never occurred,
patients performed similarly to healthy controls (Poletti
et al, 2010), also showing a learning effect (Poletti
et al., 2010; Poletti, Frosini, et al., 2011).

General intellectual efficiency has to be discarded as a
possible explaining factor as well. Mini-Mental State
Examination (MMSE) scores were within the normal
range in 10 studies (Table 4, Rows 10 and 11; Buelow
et al., 2014; Gescheidt et al., 2012; Gescheidt et al., 2013;
Kjer et al., 2020; Kobayakawa et al., 2008; Kobayakawa
et al, 2010, 2017; Mapelli et al, 2014; Mimura
et al., 2006; Xi et al., 2015) supporting PD patients’
impairment in the IGT and in three studies (Euteneuer
et al., 2009; Poletti et al., 2010; Poletti, Frosini,
et al., 2011) failing to support it. Executive functions
(Table 4, Row 12) were less proficient in PD patients rec-
ruited in two studies (Mimura et al., 2006; Xi et al., 2015)
strongly supporting the impairment and in three studies
(Czernecki et al., 2002; Euteneuer et al., 2009; Stout
et al., 2001) failing to support it. (The role of cognitive
and executive functions in the IGT will be discussed
later).

Finally, regarding the emotional states (Table 4, Rows
13-15), most of the studies excluded depression or
included only patients in the minimal depression range.
Where this variable was considered, in a study (Perretta
et al., 2005), the tendency to a typical trend in the IGT—
namely, the diachronically developing preference for
advantageous cards—emerged, whereas in others
(Kobayakawa et al., 2008; Mimura et al., 2006), it failed to
emerge. The same occurred with non-depressed patients,
who in some cases (Czernecki et al., 2002; Euteneuer
et al., 2009; Stout et al., 2001) exhibited the typical behav-
iour and in other cases (Gescheidt et al., 2012; Kjer
et al, 2020; Mapelli et al, 2014; Pagonabarraga
et al., 2007; Xi et al., 2015) failed to do so. In this regard,
Poletti, Frosini, et al. (2011) investigated differences
between mild depressed PD patients and PD patients with-
out this symptom, but no significant differences emerged
between the two groups. About the role of apathy, which
was measured by comparing patients and controls, only
few studies considered it (Buelow et al., 2014; Czernecki
et al., 2002; Stout et al., 2001) with conflicting results.
Other disorders related to emotions, such as alexithymia
(Table 4, Row 16), were investigated in PD patients only
in Poletti, Frosini, et al.’s (2011) study, so no comparison
can be done.
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3.5 | Conclusions

The application of the IGT to PD patients revealed in
most of the cases that they tend overall to prefer risky
choices, even when they might understand that this is
not the optimal behaviour to be held. The diachronic
development of such a tendency is unclear, with some
studies reporting that patients’ changes of their choices
across trials match what happens in healthy people
(namely, the progressive preference toward more advan-
tageous decks and final risk aversion) and other studies
showing discrepancies (lack of preference for advanta-
geous choices and lack of risk aversion). Reasons for the
controversial findings cannot be found solely in method-
ological differences due to the materials and/or the pro-
cedures. The only factors that might have affected the
results seem to concern a feature of the PD treatment:
Learning to choose the long-term remunerating options
and avoiding risk—that is, the trends which typically
occur in the IGT—failed to emerge when patients had
never taken dopamine medications. Unfortunately, only
two studies investigated de novo patients (and one of
them included no healthy controls), so that we need fur-
ther studies investigating this peculiar condition in order
to exclude a possible role played by other variables
(including the fact that de novo patients, being at the ini-
tial stage of the disease, can also present a lower cortico-
subcortical impairment, compared with more advanced
ones, which can affect the IGT performance, as also
Evens et al. (2016) assumed).

4 | RELATIONSHIPS BETWEEN
THE IGT AND GENERAL
COGNITIVE FUNCTIONING AND
EMOTIONAL STATUS

In several studies, PD patients were asked to perform,
besides the IGT, other tasks. Furthermore, the baseline
assessment that was carried out in some investigations
involved general measures of intellectual efficiency and
affective state. The overall consideration of the relation-
ships between IGT and these variables allows us to delve
into PD patients’ behaviour in the IGT.

41 | Cognitive functioning

As far as general intellectual functioning is concerned
(Tables 5a and 5b), we have already noted that in some
studies, where the preliminary assessment of the levels of
mental functioning showed that clinical subjects were
less efficient than controls, results about difference in the

diachronic pattern of response in the IGT between the
two groups were not consistent. In addition, MMSE
scores never resulted to be correlated to the IGT and
Mattis Dementia Rating Scale (MDRS) or other screening
tests for dementia failed to be correlated to the IGT in the
majority of cases. The only significant relationship was
found by Pagonabarraga et al. (2007), but it merits some
caveats (as well as correlations between the IGT and both
memory and verbal fluencies; see later), because it
emerged only in this study. Thus, the overall picture
induces us to maintain that impairments in the IGT
exhibited by PD patients are not due to the general intel-
lectual inefficiency.

4.2 | Emotional disorders

About depression, only in two out of 10 studies where this
variable was taken into account it was positively corre-
lated to the IGT (Kobayakawa et al., 2008; Perretta
et al., 2005). In case of apathy, just in one of three studies
where this variable was considered, a positive relation
with the preference for choosing long-term disadvanta-
geous decks emerged (Buelow et al., 2014).

4.3 | The ability to attribute emotions
The final remark concerns the ability to attribute emo-
tional states. The positive relation between the IGT and
this construct, mainly assessed through the Reading the
Mind in the Eyes Test, was strongly supported both by
Mimura et al. (2006) and by Xi et al. (2015), whereas it
was not supported by Euteneuer et al. (2009). Moreover,
regarding alexithymia, only one study investigated this
variable, in which a positive correlation was found
(Poletti, Frosini, et al., 2011).

5 | TOWARD AN EXPLANATION

Might the patterns of relationships between the IGT and
other variables help us in understanding the possible rea-
sons of the impairments in decision processes which were
observed in PD patients? As acknowledged by many
authors (e.g., Busemeyer & Stout, 2002), the IGT activates
a plurality of mechanisms. By summarizing the different
attempts made to provide a list of the mental processes
involved in the task, we can argue that performing the
IGT successfully requires three general kinds of skills:

1. Emotional skills: The player should both be sensible to
the concrete/emotional value (rewarding or
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punishing) of the outcomes and try to avoid losses
and increase gains.

2. Cognitive skills: The player is asked to focus and main-
tain attention on the decks, to remember the choice of
the decks he/she did and the consequent outcomes
and to identify the relationships between the kind of
decks and the corresponding kind of outcomes (con-
tingency learning).

3. Executive skills: The player is requested to suppress
the tendency to be attracted by high possible gains
(control of impulsivity and recklessness), to plan
choice strategies which allow him/her to obtain long-
term benefits and to shift from choices privileging
high immediate gains to choices guaranteeing delayed
cumulative gains.

The IGT requires a multiplicity of complex skills,
essential in decision-making processes, in order to under-
stand, identify and integrate relevant information toward
designated goals and inhibit impulsive replies
(Finucane & Gullion, 2010). So a focus on the cognitive
abilities underlying them is needed.

5.1 | Emotional components
As far as emotional skills are concerned, it was argued
that failures in the IGT may depend on the insensitivity
to reward and punishment and on the absence of care
about losses (Dunn et al., 2006; Witt, 2007). Functional
magnetic resonance imaging (fMRI) highlighted signifi-
cant differences between PD patients and healthy partici-
pants in functional connectivity of specific structures
involved in limbic loop following a punishment but not a
reward. In particular, when a punishment occurred, the
connectivity between the left anterior cingulate cortex
and the right globus pallidus internus was decreased in
PD patients, whereas it was increased in healthy controls
(Gescheidt et al., 2013). Coherently, analysing event-
related potentials (ERPs), Mapelli et al. (2014) found dif-
ferences between the clinical group and the control one
in processing feedback in the IGT. In detail, in the latter
group, there were significant differences in the ERPS’
morphology after loss and win outcomes, whereas in the
former group, the recorded morphology was the same
both after a reward and a punishment. Further evidence
is provided by the results about the lack of the typical
emotional psychophysiological response, revealed by skin
conductance, following the choice of risky decks in PD
patients (Euteneuer et al, 2009; Kobayakawa
et al., 2008).

From these data, we can conjecture that is not a gen-
eral indifference about what occurs (a trait which is

assessed by the self-report instruments mentioned above),
but an ineffective way to process different feedback and
the reduced emotional reaction to events, which have rel-
evant positive or negative consequences for the individ-
ual during the task, to be involved. The motivation to
maximize the performance in the IGT may be reduced
because of the emotional insensitivity to the expected
outcomes of one’s own choices (Xu et al., 2013).

5.2 | Cognitive components

Regarding cognitive skills, attention, even though never
directly tested, seems to play a minor role in the IGT
because each trial should stimulate the player’s arousal
due to the fact that he/she is asked to make a decision.
Furthermore, if players ceased to think of the choice to
be made because of the drop of attentional resources and
interest or boredom and tiredness, selections should
become erratic (Yechim et al.,, 2005), whereas studies
reported that not-random trends emerged.

Memory might be involved in the IGT, because if the
player focuses only on recent events and forget past
events, he/she fails to have in mind a sufficiently broad
repertoire of selections, which is the basis to identify the
specific features of the decks (Yechim et al., 2005). How-
ever, the accurate assessment carried out in some studies
by administering memory tests showed that verbal and
visual memory skills are not related to the IGT (with the
exception of the negative correlation between the IGT
and verbal memory found by Pagonabarraga et al., 2007).

A further possibility is that PD patients are impaired
in the IGT either because of their lack of capacity to form
stable associations between the choices they make and
the feedback that they receive as a consequence of their
choices (Brand et al., 2004) or because of their possible
slower learning, due to difficulties in associating each
deck with its benefits and risks (Buelow et al., 2014). To
prove the latter hypothesis, Buelow et al. (2014) added
100 additional trials to the IGT to test whether patients
only need more trials to associate negative and positive
outcomes to the corresponding decks. It emerged that
whereas in the prior traditional 100 trials, PD patients
significantly preferred one of the two disadvantageous
decks, in the additional trials, they preferred the other
disadvantageous one, so showing that it is not a matter of
further opportunities to learn deck—outcome associations.
However, when authors split the PD group into apathetic
and non-apathetic patients in their analyses, only the for-
mer group obtained significant differences regarding the
preference for disadvantageous decks in both the tradi-
tional and the additional trials, suggesting that the emo-
tional state may contribute to learning.
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Possible impairments in contingency learning were
tested both by Czernecki et al. (2002) and Perretta
et al. (2005). In both cases, participants had to learn to
associate symbols to the corresponding events (rewards
or punishments in the former and good or bad weather
in the latter case). Czernecki et al. (2002) reported data
only about participants’ performance after they had
acquired the symbol-feedback association, namely, when
such an association was reversed; so we cannot know if
PD patients were less efficient than controls in learning
stimulus-consequence contingencies. Perretta
et al. (2005) instead reported data about all the learning
process, by showing that late (but not early) PD patients
took more time than controls to learn the contingencies,
but reaching approximately the same rates of safe
responses as controls in the second phase of the task
(namely, after 50 out of 100 trials) (we have to keep in
mind that in the IGT the critical phase is the second one,
after players have experienced a wide series of deck-
wins/losses contingencies). Moreover, performance in the
IGT was not correlated to performance in the contin-
gency learning task. We also have to mention that
choices producing long-term negative wins/losses bal-
ance and preference toward risky selections were
observed by Brand et al. (2004) in PD patients engaged in
the Game of Dice Task, a task where the winning/losing
probabilities were explicitly set before the game started,
and so no stimulus—-consequence contingencies had to be
inferred. Thus, in PD patients, contingency learning does
not seem to be responsible for decision-making failures.
In conclusion, as Kobayakawa et al. (2008) maintained,
the lack of correlations between the IGT and cognitive
functions in PD patients supports the notion that their
anomalies in decision making cannot be attributed to
cognitive deficits.

Brand et al. (2004) argued that PD patients’ impair-
ment in the IGT is associated with deficits, besides in
emotional feedback processing, also in the executive func-
tion. In fact, Brand, Recknor, et al. (2007) remarked that
in normal participants, only performance in the second
part of the IGT resulted to be correlated to executive
functions and to the Game of Dice Task. These authors,
in line with others (Buelow et al., 2014; Ko et al., 2010),
claimed that two processes are involved in the IGT:

1. Making decision under uncertainty (when the proba-
bility of success/failure associated to the alternatives
to be chosen are unknown: It is the case of the first
part of the IGT).

2. Making decisions under risk (when probability is
known, either because they are explicitly set—as in the
Game of Dice Task—or inferred from previous experi-
ence: This happens in the second part of the IGT).

Failures in executive function should explain PD
patients’ impairments in making decisions under risk.
However, we have previously observed that in some
studies, failures in the IGT emerged both in PD patients
with normal and in patients with lower levels of execu-
tive function (Tables 5a and 5b). Furthermore, in the
majority of cases, measures of executive function did
not result to be correlated to the IGT, except in
Pagonabarraga et al.’s (2007) study regarding fluency
tasks and in Xi et al.’s (2015) one regarding only the
semantic fluency. The spurious ‘frontal score’ recorded
by Czernecki et al. (2002) has to be excluded because it
cannot be interpreted because such an indicator was a
mixed, unclear score resulting from collapsing scores
obtained in a variety of different executive function
tests and from behavioural observations. In this way, it
is worth reporting the conclusions of the study by
Poletti et al. (2012), in which de novo patients were
split according to their mean total scores into ‘IGT-fail’
and ‘IGT-succeed’. There were no significant differ-
ences between groups about cognitive functioning,
showing that IGT performance cannot be ascribed to
classic measures of cognitive functions in which crucial
cerebral regions for the IGT—as the OFC—are not
involved.

Some authors argued that the way in which PD
patients carry out the IGT is affected by a specific aspect
of executive control, that is, the lack of ability to inhibit
an automatized response. Dunn et al. (2006) suggested
that PD patients’ failures in the IGT may depend on
reversal inability, namely, on a deficit in response inhibi-
tion, and Witt (2007) maintained that they depend on
impaired shifting from initial random responding to
choices based on the advantage criterion. However,
some studies lead to cast doubts about such conjectures.
Czernecki et al. (2002) reported that PD patients were
less proficient than controls in the reversal phase of the
contingency learning task they used, that is, when par-
ticipants, after having learned to associate given symbols
to the corresponding rewards or punishments, were
faced to further trials in which the stimulus-
consequence associations were inverted, and so had to
inhibit the tendency to respond according to the previ-
ously learned associations. Indeed, we have to note that
the inhibition of responses based on previously acquired
associations was required also in the extinction phase of
the task, where PD patients did not differ from controls.
Furthermore, PD patients’ performance in the reversal
learning task was not associated with performance in
the IGT. It is true that Cools et al. (2003) reported poorer
performance by PD patients (even only in the ‘off’ but
not in the ‘on’ state) in the switch task they employed:
However, performance in this task and performance in
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the decisional task they presented to patients (the box
game) were not correlated. Finally, neuropsychological
tests involving the inhibition of an automatic (Stroop
test) or automatized response and the switch to a new
criterion to produce the correct answer (Wisconsin Card
Sorting Test and some items of the Frontal Assessment
Battery) never resulted to be correlated to the IGT in PD
patients. It has also to be noted that the IGT does not
actually require shifting, because the player has not
developed a specific response tendency before he/she
realizes that certain decks are advantageous and conse-
quently comes to select them preferably. Therefore, as it
is highlighted by other studies (Oyama et al., 2011; Rossi
et al.,, 2010), it seems that the anomalies in the IGT
showed by PD patients cannot be ascribed neither to
general executive function deficits nor to specific deficits
in response inhibition and shifting.

There is, however, a different kind of inhibition that
may play a role in the IGT. This kind of inhibition is dif-
ferent from the inhibition considered above because the
latter concerns blocking a response—and eventually
shifting to another response—which is emotionally neu-
tral and is acquired through a learning process in which
that response had been associated to a given stimulus in
a conventional way. In this case, the individual has to
inhibit the tendency to expect—on the basis of the prior
experience—that the previous stimulus will be followed
by a stimulus of the same gender (as in the switch task
used by Cools et al.,, 2003) or that a symbol will be
followed by a certain information about whether
(Perretta et al,, 2005) or by a point to be gained
(Czernecki et al., 2002). Different is the case of the inhibi-
tion of a response which is emotionally connoted and
naturally, but not conventionally rooted in the individ-
ual, as the tendency to choose risky options might be
(Biassoni et al., 2016; Salvatore et al., 2021). In this case,
inhibition concerns impulsivity, which has been shown
to be high in PD patients when they have to set a bet
(Cools et al., 2003). In the IGT, PD patients exhibited
their preference for risk (Dunn et al., 2006), choosing
options with higher winning but also with higher punish-
ment. Thus, the failure to shift from risky to safe deck
selections can be attributed to an impaired control of
impulses (Witt, 2007). This is in line with the negative
correlation between the IGT score and the Barratt Impul-
siveness Scale (self-control subscale) found by Poletti
et al. (2010). Moreover, the positive association between
performance in the IGT and depression reported in some
studies (Perretta et al., 2005 for early PD patients;
Kobayakawa et al., 2008) is consistent with this picture:
Depressed PD patients are less prompted to react impul-
sively to the options and so the need of inhibiting impul-
sive responses is low.
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5.3 | Conclusion

The behaviour that PD patients hold in the IGT is the
result of two types of dysfunction: an impairment in the
reward processing, depending on the lacking sensitivity
for negative consequences deriving from risky choices,
and an impairment in impulse control (two failures that
are shared by pathological gambling, in which the abnor-
malities in decision making which PD patients show in
the IGT are emphasized).

6 | WHAT NEURAL CORRELATES
OF DECISION MAKING CAN TELL
US ABOUT PD PATIENTS’
PERFORMANCE

Can the understanding of the neurobiological processes
associated with the execution of the IGT provide us fur-
ther insights to better comprehend the reasons for the
abnormalities in decision making shown by PD patients?
Even though Perretta et al. (2005) conjectured that in the
IGT a critical role is played by frontal regions, the actual
recording of neurobiological data during the IGT was
firstly carried out by Thiel et al. (2003) through positron
emission tomography (PET) data. These authors reported
the activation of both the cognitive loop (dorsolateral pre-
frontal cortex [dIPFC]-lateral OFC-left caudate nucleus)
and the limbic loop (mesial OFC-anterior cingulate
gyrus-ventral striatum-nucleus accumbens) in healthy
participants. On the contrary, in PD patients, the cogni-
tive loop was intact whereas the limbic loop was
impaired. If we consider other pathologies than PD, we
realize that abnormal behaviours in the IGT emerge in
patients with dysfunction in the ventromedial prefrontal
cortex (vmPFC) (Cavedini et al., 2002; Czernecki
et al., 2002; Dagher & Robbins, 2009)—a part of the PFC
involved in working memory, executive functions and
prediction of long-term consequences (Balconi
et al, 2018)—and in the limbic system (Thiel
et al., 2003), involved in feedback processing (Brand,
Grabenhorst, et al., 2007). Studies focusing on these two
lesion sites, namely, vmPFC and the limbic system,
showed no anticipatory electrodermal responses during
the IGT before choosing disadvantageous decks
(Bechara, 2004; Euteneuer et al., 2009), consistently with
Kobayakawa et al.’s (2008) and Euteneuer et al.’s (2009)
findings. Moreover, some authors (Clark et al., 2008;
Ibarretxe-Bilbao et al., 2009; Li et al., 2010) found that
the number of risky choices is linked to the OFC and the
limbic loop plays a key role in the performance of the
task. More specifically, according to neuroimaging stud-
ies, the limbic loop—bounding the mesial OFC to the
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ventral striatum and the OFC to the vimPFC—plays a key
role in ambiguous situations, such as the IGT (Bechara
et al., 1994; Hsu et al., 2005; Lawrence et al., 2009). Thus,
we are induced to search possible causes of the peculiari-
ties of decision making in PD in the limbic loop.

6.1 | The role of the limbic loop in
the IGT

Brand et al. (2004) observed that the processing of nega-
tive feedback (such as realising to have lost a high
amount of money in the IGT) is linked to the limbic loop,
even though also the temporopolar cortex and the amyg-
dala (which is involved in affectional-sensory integra-
tion)—which are connected to the OFC—might play a
role. The limbic loop connects the OFC to the ventral
striatum, and striatal dopamine transmission is impor-
tant for reward processing and learning contingencies in
probabilistic tasks (such as the IGT). The lack of dissocia-
tions between decision making and executive function
suggests, however, according to Brand et al. (2004), that
also the cognitive loop (mainly the dIPFC) is involved. In
conclusion, deficits in decision making depend on the
frontostriatal loop which connects basal ganglia with
both limbic and orbitofrontal projection cortices and
dIPFC, in line with conclusions of other studies
(Ibarretxe-Bilbao et al., 2009; Li et al., 2010; Salvatore
et al., 2021; Xi et al., 2015). These arguments were refined
by Brand et al. (2006), who claimed that in the first part
of the IGT—when players have to realize that the decks
have distinctive rewarding/punishing features—deficits
in reversal learning (associated with vmPFC) are rele-
vant; in the second part of the game, once such features
have been identified (namely, when it is only a matter of
risk, but not of uncertainty) and long-term strategies
have to be applied in a stable situation, executive func-
tions (associated with the dorsolateral sections of the
PFC) play a role. In sum, in taking a decision under
ambiguity or uncertainty the major role is played by the
OFC/ventromedial cortex, whereas deciding under risk
involves both the OFC/vmPFC (associated to feedback
processing) and the dIPFC (associated to the executive
function; Colombo et al.,, 2015; Oldrati et al.,, 2016;
Oldrati et al., 2018). Afterwards, decision-making pro-
cesses under risk result to be more dependent on execu-
tive functions than decision making under ambiguity
(Brand et al., 2006; Gleichgerrcht et al., 2010). These con-
jectures are in conflict with what emerged by analysing
thoroughly the behaviour of PD patients during the IGT
and the relationships between the IGT and other vari-
ables. Reversal learning does not seem to be impaired in
PD patients, who usually perform the first part of the IGT

as well as healthy people. PD patients—as the overall
prevalence of choosing risky decks in the IGT and the
lack of risk aversion in the IGT showed—are concerned
mostly with dealing with risk rather than with ambiguity
or uncertainty. However, the defective management of
risk exhibited by PD patients does not depend—as studies
showed—on failures on executive function.

Therefore, the dIPFC does not seem to be responsible
for the PD patients’ deficits in the IGT, as it was assumed
by Pagonabarraga et al. (2007), who rather argued in
favour of the role of the limbic loop only. They
maintained that the behaviour of the PD patients in the
IGT reveals a disorder in impulse control due to limbic
dysfunction: Excessive or pulsatile doses of dopaminergic
stimulation (needed to compensate motor changes) over-
stimulate the limbic regions, acting as a triggering factor
for impulse control. In their opinion, impairments in the
IGT do not depend on deficits in the dIPFC (because the
IGT performance is not related to executive function
tasks, which are associated with it).

6.2 | The effects of dopamine on the
limbic loop

It is worth mentioning the dopamine overdose hypothe-
sis. During the early stages of PD, putamen and dorsal
caudate nucleus are more damaged compared with ven-
tral striatum, which results less affected. It is assumed

that dopaminergic drugs overstimulate the
mesocorticolimbic dopaminergic system (Castrioto
et al, 2015), overdosing the ventral striatum

(Dirnberger & Jahanshahi, 2013; Gotham et al., 1988),
bound to the OFC. Consequently, on one hand, in tasks
involving putamen and dorsal caudate nucleus—like set-
shifting ones—performance is relatively preserved, reliev-
ing from the effect of medications. On the other hand, in
tasks depending on ventral striatum—Iike probabilistic
reversal learning and forms of implicit learning (like
those implicating rewards) (Pascucci et al., 2017; Vo
et al, 2018)—performance is impaired (Gotham
et al., 1988; Hiebert et al., 2019). Accordingly, it implies
that also the ability to use feedback may be involved
(Di Rosa et al., 2015).

The fact that in Pagonabarraga et al.’s (2007) study
IGT scores were negatively correlated to verbal fluency
can be explained by assuming that verbal fluency is a dis-
tinct aspect of executive function, which is associated to
inferior frontal gyrus, an area not involved in inhibition.
We observed that this ad hoc explanation is not needed if
the correlation between the IGT and verbal fluency is
conceived as an isolated finding which emerged only in
that study.
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The role of the limbic loop in impaired performance
in the IGT was stressed also by Torta and Castelli (2008).
They reminded that PD is associated to a cell loss in the
dopaminergic neural population in the mesolimbic and
mesocortical networks. Such loss, even though less pro-
nounced, occurs also to the ventral tegmental area
projecting to the nucleus accumbens, the amygdala and
the prefrontal cortices (including the OFC). Furthermore,
the mesolimbic pathways are activated when a reward
can be anticipated, but in PD patients, a striatal hyp-
oactivation was observed in this case. In addition, the
anticipation of a reward is reduced in PD, as revealed by
the amplitude of the stimulus preceding negativity (SPN),
a brain potential that occurs in the case of the anticipa-
tion of a motivationally relevant event. According to
these authors, the neural systems associated to reward
anticipation are impaired in PD, as it was mentioned pre-
viously. Reward anticipation is conceived by the authors
as follows. When the individual has to make a decision,
he/she represents to himself/herself the possible out-
comes so to be compared with information about internal
states and current goals. Such an integration yields an
outcome expectancy (namely, the representation of what
it is likely to occur as a consequence of the decision),
which is related to the OFC. In particular, midbrain
dopamine neurons respond to cues that predict reward
and to reward prediction errors (e.g., unexpected delivery
of reward) (Doya, 2008). Neural activity related to errors
in reward prediction has been recorded in the striatum,
and it is known that the anterior insula and the lateral
OFC respond to variance in predicted reward, as well as
that OFC is associated with risk taking and exploration
when action outcomes are uncertain. Furthermore, dopa-
mine in the anterior cingulate cortex plays a role when a
high reward is expected, so to motivate the subject to
choose an action requiring costs. The OFC is also con-
nected with the generation of emotions related to antici-
pate future events in making advantageous choices
(Bechara, 2004). In particular, lateral OFC seems to be
connected to punishment evaluation and recognition
(Lawrence et al., 2009), whereas medial OFC to reward
monitoring, important for choosing between immediate
and delayed reward or punishment (Elliott et al., 2000;
Kringelbach & Rolls, 2004). To confirm the importance of
the OFC in decision process under particular conditions,
Kobayakawa et al. (2017) showed an association between
IGT scores and decrease of the volume in lateral OFC in
both the hemispheres only in PD patients’ group, who
performed worse than the healthy group did.

To summarize, from literature, it emerges that dopa-
mine alterations can disrupt learning from the positive/
negative consequences of the actions (Frank et al., 2007;
Salvatore et al., 2021). In particular, the basal ganglia in

the substantia nigra, which is the primary source of dopa-
mine in the neostriatum, modulates the connections
between various parts of the PFC. More in details, these
mechanisms may affect the function of the striato-tha-
lamo-frontal pathways, with the possibility to impair the
function of the orbitofrontal and cingulated loops and to
disrupt the information flow to the ventromedial frontal
cortex and to the amygdala.

6.3 | The possible role of the amygdala
Other authors highlighted that not only OFC but also
amygdala can play a role in the tendency toward the pref-
erence of disadvantageous choices (Kobayakawa
et al., 2008; Peters et al., 2013; Tremblay et al., 2014). In
particular, the role of amygdala in the IGT was stressed
by Kobayakawa et al. (2008). They reminded that patients
with ventromedial prefrontal damages can produce skin
responses in the IGT, whereas PD patients failed to do
so. Furthermore, amygdala is also involved in emotion
reactions. When it is damaged, people can show impair-
ments also in mindreading and social cognition, as
proved by Mimura et al. (2006) and by Xi et al. (2015).
Coherently, Kawamura and Koyama (2007) concluded
that decision making in tasks similar to the IGT and
mindreading share the same brain mechanism involving
the amygdala. According to their explanation, amygdala
deficits produce the lack of triggering of emotional states
during the IGT, which in turn determines a reduced sen-
sitivity to risk, which induces PD patients to make risky,
disadvantageous choices.

6.4 | Conclusion

The conclusions most studies seem to agree with are
(1) the centrality of the limbic system, the basal ganglia
and the OFC in decision making involving rewards and
feedback processing; (2) the reduced involvement of the
dIPFC in the processes underlying the IGT and (3) the
possible role played by dopamine medications in deci-
sion making under uncertainty conditions, affecting
basal ganglia and structures involved in the
limbic loop.

7 | DISCUSSION

Because from literature an inconsistency about the pat-
tern of performance in the IGT emerged, we read in a
critical way the studies, with the aim to figure out possi-
ble causes of such variability among results, which also
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clearly appeared through the meta-analysis that was
reported in the present paper.

Wherever possible, we investigated the features of the
IGT and the demographic characteristics of the sample:
None of the considered variables seems to have an effec-
tive impact on the results. Further, we considered the fea-
tures of the disease: Data failed to show convincing
differences depending on them, in line with Evens
et al.’s (2016) review. In addition, we considered the dose
of medications taken by the patients. Direct correlations
with the IGT performance emerged only in the most
recent study (Kjer et al., 2020), showing that, at least in
part, dopamine intake can have an indirect effect on
the IGT.

7.1 | The role of cognitive functioning
We took into account the possible role played in the PD
patients’ performance in the IGT by intellectual function-
ing and the specific cognitive abilities. We found that a
particular case was the ability to attribute mental states. In
two out of three studies, the ability to recognize emotions
in non-executive and non-verbal conditions can be related
to the effective reference to emotions to generate appropri-
ate judgments in situations requiring choices. These results
seem to support Kawamura and Koyama’s (2007) conclu-
sions that mindreading ability and decision-making
tasks—such as the IGT—share a common brain mecha-
nism, involving the OFC and basal ganglia (Bodden
et al., 2013; Poletti & Bonuccelli, 2012). When damages
occurred, there is a lack of triggering emotional states.
This, during the IGT, can determine a reduced sensitivity
to risk and the consequent bias for PD patients to make
disadvantageous choices, accordingly with the assumption
that in PD, there is an impairment in the ability to antici-
pate the unrewarding consequences of risky decisions.
From studies that investigated the IGT performance
and its relation with cognitive abilities in patients with
focal lesions located in different brain regions, and specif-
ically in PFC, we can note that patients, when compared
with healthy controls, showed a worse performance in
the IGT, thus confirming that PFC is a crucial region for
decision-making abilities. On the other hand, mixed
results emerged concerning the association between the
IGT performance and cognitive abilities, with a particular
focus on the executive functions, presumably in part due
to the different aetiologies of the patients’ lesions. In
some studies, no correlation was found between the
decision-making performance and these functions
(Zinchenko & Enikolopova, 2017). In other cases, authors
(Ouerchefani et al., 2019) investigated the IGT dividing
the performance into two parts (according to Brand,

Recknor, et al.,, 2007). Regarding the second part, in
vmPFC-lesioned patients, the performance did not corre-
late with executive functions, whereas in patients with
lesions in dIPFC, whose performance did not significantly
differ from that of vmPFC patients, it was linked with
shifting and planning abilities. Moreover, the authors
highlighted that, whereas dIPFC patients acquired
explicit knowledge about which were the decks to be
selected as advantageous and which to be avoided as dis-
advantageous, patients with lesions in vmPFC did not.
Thus, even if the performance in IGT resulted similar in
both the clinical groups, it seems that difficulties in deci-
sion making were mainly due to different impairments in
the two groups: Whereas vimPFC patients failed both to
understand the long-term consequences based on previ-
ous experiences and to predict long-term consequences of
their choices (which may be read as a reversal learning
deficits), dIPFC patients failed to implement a consistent
and goal-oriented behaviour, which can be read as a
result of executive difficulties related to the IGT perfor-
mance. However, it is worth noting that these assump-
tions are to be meant with caution, because we cannot
exclude that, at least in part, deficits can be due not only
to the specific lesion site but also to possible disconnec-
tions between PFC regions (MacPherson et al., 2009). In
addition, analysing healthy samples, most of the studies
revealed that the IGT performance is linked to executive
functions, especially in their components of inhibition,
set shifting and planning abilities, mainly considering the
second part of the task (Brand, Recknor, et al., 2007;
Gansler et al.,, 2011; Ouerchefani et al., 2019; Suhr &
Hammers, 2010). This demonstrates that, in absence of
brain lesions, decision processes investigated through the
IGT can be associated to executive functions. Hence, an
interesting and complex picture emerges from these
results, comparing those found in PD patients (which
cannot be entirely overlapped to any of the situations
reported above about focal lesions, nor to the
aetiopathology, namely, focal vs. neurodegenerative):
The IGT can result sensitive to detect difficulties in deci-
sion making related to impairments attributable to PFC,
in which not only the total score or the number of advan-
tageous choices provides important information about
patients’ cognitive difficulties but also how he/she imple-
ments the decision strategy (e.g., asking patients the fea-
tures of the decks at the end of the task, with the aim of
understanding the reason of their choices).

7.2 | The role of emotions

The affective components may have a role in decision
making in cognitively unimpaired people, in which
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alexithymia, depression and anxiety modulate the deci-
sional process (see, e.g., Kano et al, 2011; Mueller
et al., 2010; Siqueira et al., 2018; Werner et al., 2009).
Hence, we can expect that PD patients’ behaviour in the
IGT can be affected by emotional variables.

Concerning emotional disorders, we considered
depression, indicating that it may contrast the impulsive
decision tendencies of PD patients. In this way, impulsiv-
ity should play a role in the IGT, leading to decisions
implying higher wins but also high losses, coherently
with Poletti et al.’s (2010) results.

A link between the IGT and the ability to recognize
emotions was reported by Poletti, Frosini, et al. (2011)
concerning alexithymia in de novo patients. Although
only this study considered such variable, it is worth not-
ing that the Authors suggested that this ability deserves
to be deepened in future investigations.

A better understanding of the emotional components
of the IGT would be of great value also for disentangling
the relation between motor and non-motor symptoms in
PD, which can affect information processing (Ehgoetz
Martens et al., 2015). On this way, it has been described a
link between anxiety, axial disturbances and motor symp-
toms, depression and cognitive functioning, including
decision making (Cubo et al., 2000; Sumec et al., 2017).
This can be of considerable importance especially in ref-
erence to patients’ everyday life and the negative conse-
quences that may occur. Understanding more deeply
these relationships can contribute to shed a light not only
on decision-making processing but also on innovative
ways to manage symptoms in PD, as Sumec et al. (2017)
suggested.

7.3 | The role of dopaminergic treatment
There may also be a more complex relationship between
the accounted variables and the individual characteristics
of the participants, more specifically differences in the
dopaminergic mechanisms.

Evens et al. (2016) argued that an impairment in PD
patients is appreciable in the IGT, but there is no evi-
dence that it is related to dopaminergic treatment effects,
according to results from few studies that assessed PD
patients during the ‘off’ state. Further research is needed,
considering that we cannot exclude that dopamine
replacement therapy can lead to neurobiological or
molecular long-term effects in circuits processing reward
(for neuroplasticity and plasticity in dopamine circuits,
see, e.g., Pignatelli & Bonci, 2015; Volkow & Morales,
2015) which may affect the IGT performance.

Therefore, it might be not exhaustive to study only
the short-term effects of withdrawals nor correlations or

regressions of performances of PD patients under treat-
ment to clarify the possible role played by dopamine
intake on decision making and feedback processing and
possible changes on these cognitive processes. This
claim, in combination with results from the studies of
Poletti et al. (2010) and Poletti, Frosini, et al. (2011)
with de novo patients, can provide an interesting pic-
ture, in which it is not only the dosage of drugs to be
investigated but also the presence or absence of dopa-
mine intake. From these findings, we propose two sug-
gestions for future research. The first one concerns the
need, as argued by Kjeer et al. (2018), for longitudinal
studies to verify the progression of effects of decisional
impairments due to medications. In this vein, it would
be interesting to investigate these abilities also before
the first intake of dopaminergic drugs. The second sug-
gestion, as argued by Salvatore et al. (2021), regards the
possibility that further studies would aim to verify if
the IGT might be useful to detect impairments before
the occurrence of frank motor symptoms, which are
unequivocally linked to a dopaminergic dysfunction.
This is due to the characteristic of the IGT to be
supported by the mesocorticolimbic system, and there-
fore, it may be sensitive to a loss of dopaminergic
neurons.

7.4 | The role of metacognitive processes
Other variables not taken into account may affect
decision-making processes assessed by the IGT, such as
metacognitive abilities (Balconi et al., 2015; Bechara &
Damasio, 2002). Metacognition is essential to understand
decision-making processes (Wokke et al., 2020), above all
in complex conditions. Studies using fMRI highlighted
the activation of the frontoparietal control network,
including regions involved in the decision-making pro-
cesses per se (such as regions belonging to the PFC) (Qiu
et al.,, 2018). Metacognition includes the ability to evalu-
ate the consequences of the choices, as well as monitor-
ing and control processes (Wokke et al., 2017; Wokke
et al., 2020), and so it allows individuals to change their
strategies when feedback differs from the objective. It is
argued that subjects can fail to discriminate the adequacy
of decision process per se and the desirability of the con-
sequence derived by the choice. Hence, if the result is
worse than the expected one (like a loss), the decision is
judged as a bad one; otherwise, if the result is positive
(like a reward), the decision can be valued as a good one
(Colombo et al., 2010), even though it takes a loss in a
long-term perspective, as it could happen in the IGT. So
also this aspect may be interesting to deepen in future
studies.



= L wiLEy DN

COLAUTTI ET AL.

8 | CONCLUSION

In recent decades, both clinicians and researchers
showed an increased attention toward cognitive, affective
and behavioural impairments in PD, including decision-
making processes.

This paper examined and compared results from the
studies involving the IGT, one of the most used tasks to
assess decision-making processes in PD patients. Results
highlighted the multiplicity of methodologies used in the
studies to investigate the performance to the IGT, which
is also reflected in the great heterogeneity stressed by the
meta-analysis. Overall, the meta-analysis showed a weak
effect, where patients tended to prefer disadvantageous
decks whereas healthy participants chose mostly the
advantageous ones. From the analysis of the studies, we
can understand that PD may lead people to prefer risky
choices, probably due to an impairment in the ability to
anticipate the unrewarding consequences of them and/or
to an insensitiveness for punishment, as neurophysiologi-
cal and electrophysiological findings discussed in the
paper suggest.

It seems that performance in the IGT is not associated
with demographic features or to the level of cognitive
and executive functions of PD patients. Instead, some fac-
tors until now little investigated may play a role in the
IGT and deserve to be deepen in future research: the abil-
ity to recognize emotions, the level of impulsivity and the
performance before the initial dopamine drugs intake.
These factors can open up crucial research perspectives
to delve into the mechanisms underpinning decision-
making competencies in PD patients, with the further
aim to prevent possible impairments and to support their
decisional processes.

Decision-making abilities play a key role in patients’
quality of life and can affect their long-term goals, likely
including therapeutic compliance (Evens et al., 2016;
Salvatore et al., 2021). In this regard, it is worth remem-
bering that the use of dopaminergic drugs, in particular
dopamine receptor agonists, can lead patients to develop
ICDs (e.g., see Maréchal et al., 2015), with detrimental
consequences also in everyday life decision making.
Accordingly, it may be of interest to do a screening before
the beginning of the therapy, using validated tools as the
Questionnaire for Impulsive-Compulsive Disorders in
Parkinson’s disease (QUIP) (Weintraub et al., 2009). Such
instruments, together with the assessment of decision
making using the IGT, could be helpful to prevent nega-
tive consequences from possible psychiatric conditions in
these patients.

The present work differs from other reviews
(e.g., Evens et al., 2016), not only because we considered
even the latest studies but also we discussed evidence

from different points of view, examining, through a care-
ful analysis, features of the IGT, cognitive and emotional
components, neuroimaging data, electrodermal responses
and neurobiological processes, with the aim to provide a
multidomain overview and to shed a light on factors of
different nature that may affect the IGT performance in
PD patients. With the present work, we wished to offer
an integrated and complementary approach to the issue,
capturing and discussing also interesting aspects and
mechanisms that emerged from the reported studies, in
order to grasp possible crucial aspects, until now little
considered, regarding decision making in PD patients.

ACKNOWLEDGEMENT

This article did not receive any specific grant from
funding agencies in the public, commercial or not-for-
profit sectors.

CONFLICT OF INTEREST

The authors have no conflict of interest to declare, nor
personal, commercial or financial relationships that
could be construed as a potential conflict of interest.

AUTHOR CONTRIBUTIONS

Laura Colautti designed the methodology, provided the
study materials, curated the data and reviewed and edited
the manuscript. Paola Iannello reviewed and edited the
manuscript and supervised the study. Maria Caterina Sil-
veri reviewed and edited the manuscript and supervised
the study. Alessandro Antonietti conceptualized the
study, designed the methodology, provided the study
materials, curated the data, reviewed and edited the man-
uscript and supervised the study. All the authors have
written, read and approved the manuscript.

PEER REVIEW
The peer review history for this article is available at
https://publons.com/publon/10.1111/ejn.15497.

DATA AVAILABILITY STATEMENT
Not applicable (this article reports no primary data).

ORCID

Laura Colautti ‘® https://orcid.org/0000-0002-7803-3721

REFERENCES

Balconi, M., Angioletti, L., Siri, C., Meucci, N., & Pezzoli, G. (2018).
Gambling behavior in Parkinson’s disease: Impulsivity, reward
mechanism and cortical brain oscillations. Psychiatry Research,
270, 974-980. https://doi.org/10.1016/j.psychres.2018.03.041

Balconi, M., Finocchiaro, R., & Canavesio, Y. (2014). Reward-
system effect (BAS rating), left hemispheric ‘“unbalance”
(alpha band oscillations) and decisional impairments in drug


https://publons.com/publon/10.1111/ejn.15497
https://orcid.org/0000-0002-7803-3721
https://orcid.org/0000-0002-7803-3721
https://doi.org/10.1016/j.psychres.2018.03.041

COLAUTTI T AL.

T Wiy L

addiction. Addictive Behaviors, 39, 1026-1032. https://doi.org/
10.1016/j.addbeh.2014.02.007

Balconi, M., Finocchiaro, R., & Canavesio, Y. (2015). Reward sensi-
tivity (Behavioral Activation System), cognitive, and meta-
cognitive control in gambling behavior: Evidences from
behavioral, feedback-related negativity, and P300 effect. The
Journal of Neuropsychiatry and Clinical Neurosciences, 27,
219-227. https://doi.org/10.1176/appi.neuropsych.14070165

Bechara, A. (2004). The role of emotion in decision making: Evi-
dence from neurological patients with orbitofrontal damage.
Brain and Cognition, 55, 30-40. https://doi.org/10.1016/j.
bandc.2003.04.001

Bechara, A. (2005). Decision making, impulse control and loss of
willpower to resist drugs: A neurocognitive perspective. Nature
Neuroscience, 8, 1458-1463. https://doi.org/10.1038/nn1584

Bechara, A., Damasio, A., Tranel, D., & Damasio, A. R. (2005). The
Iowa Gambling Task and the somatic marker hypothesis:
Some questions and answers. Trends in Cognitive Sciences, 9,
159-162. https://doi.org/10.1016/j.tics.2005.02.002

Bechara, A., & Damasio, H. (2002). Decision making and addiction
(part I): Impaired activation of somatic states in substance
dependent individuals when pondering decisions with nega-
tive future consequences. Neuropsychologia, 40, 1675-1689.
https://doi.org/10.1016/s0028-3932(02)00015-5

Bechara, A., Damasio, H., Tranel, D., & Anderson, S. (1994). Insen-
sitivity to future consequences following damage to human
prefrontal cortex. Cognition, 50, 7-15. https://doi.org/10.1016/
0010-0277(94)90018-3

Bechara, A., Damasio, H., Tranel, D., & Anderson, S. W. (1997).
Deciding advantageously before knowing the advantageous
strategy. Science, 275, 1293-1295. https://doi.org/10.1126/
science.275.5304.1293

Biars, J. W., Johnson, N. L., Nespeca, M. Busch, R. B,
Kubu, C. S., & Floden, D. P. (2019). Iowa Gambling Task per-
formance in Parkinson disease patients with impulse control
disorders. Archives of Clinical Neuropsychology, 34, 310-318.
https://doi.org/10.1093/arclin/acy036

Biassoni, F., Iannello, P., Antonietti, A., & Ciceri, R. (2016). Influ-
ences of fertility status on risky driving behavior. Applied Cog-
nitive Psychology, 30, 946-952. https://doi.org/10.1002/acp.
3283

Bodden, M. E. Kiibler, D., Knake, S., Menzler, K,
Heverhagen, J. T., Sommer, J.,, Kalbe, E., Krach, S., &
Dodel, R. (2013). Comparing the neural correlates of affective
and cognitive theory of mind using fMRI: Involvement of the
basal ganglia in affective theory of mind. Advances in Cognitive
Psychology, 9, 32-43. https://doi.org/10.2478/v10053-008-
0129-6

Brand, M., Grabenhorst, F., Starcke, K., Vandekerckhove, M. M., &
Markowitsch, H. J. (2007). Role of the amygdala in decisions
under ambiguity and decisions underrisk: Evidence from
patients with Urbach-Wiethe disease. Neropsychologia, 45,
1305-1317.  https://doi.org/10.1016/j.neuropsychologia.2006.
09.021

Brand, M., Labudda, K., Kalbe, E., Hilker, R., Emmans, D.,
Fuchs, G., Kessler, J., & Markowitsch, H. J. (2004). Decision-
making impairments in patients with Parkinson’s disease.
Behavioural Neurology, 15, 77-85. https://doi.org/10.1155/
2004/578354

Brand, M., Labudda, K., & Markowitsch, H. J. (2006). Neuropsycho-
logical correlates of decision making in ambiguous and risky
situations. Neural Networks, 19, 1266-1276. https://doi.org/10.
1016/j.neunet.2006.03.001

Brand, M., Recknor, E., Grabenhorst, F., & Bechara, A. (2007).
Decisions under ambiguity and decisions under risk: Correla-
tion with executive functions and comparisons of two different
gambling tasks with implicit and explicit rules. Journal of Clin-
ical and Experimental Neuropsychology, 29, 86-99. https://doi.
0rg/10.1080/13803390500507196

Buelow, M. T., Frakey, L. L., Grace, J., & Friedman, J. H. (2014).
The contribution of apathy and increased learning trials to
risky decision-making in Parkinson’s disease. Archives of Clini-
cal Neuropsychology, 29(1), 100-109. https://doi.org/10.1093/
arclin/act065

Busemeyer, J. R., & Stout, J. C. (2002). A contribution of cognitive
decision models to clinical assessment: Decomposing perfor-
mance on the Bechara Gambling Task. Psychological Assess-
ment, 14, 253-262. https://doi.org/10.1037/1040-3590.14.3.253

Castrioto, A., Funkiewiez, A., Deb(, B., Cools, R., Lhommée, E.,
Ardouin, C., Fraix, V., Chabardes, S., Robbins, T. W., &
Krack, P. (2015). Iowa gambling task impairment in
Parkinson’s disease can be normalised by reduction of dopami-
nergic medication after subthalamic stimulation. Journal of
Neurology, Neurosurgery, and Psychiatry, 86, 186-190. https://
doi.org/10.1136/jnnp-2013-307146

Cavedini, P., Riboldi, G., D’Annucci, A., Belotti, P., Cisima, M., &
Bellodi, L. (2002). Decision-making heterogeneity in obsessive-
compulsive disorder: Ventromedial prefrontal cortex function
predicts different treatment outcomes. Neuropsychologia, 40,
205-211. https://doi.org/10.1016/s0028-3932(01)00077-x

Clark, L., Bechara, A., Damasio, H., Aitken, M. R. F,
Sahakian, B. J., & Robbins, T. W. (2008). Differential effects of
insular and ventromedial prefrontal cortex lesions on risky
decision-making. Brain, 131(5), 1311-1322. https://doi.org/10.
1093/brain/awn066

Clark, L., Cools, R., & Robbins, T. W. (2004). The neuropsychology
of ventral prefrontal cortex: Decision making and reversal
learning. Brain and Cognition, 55, 41-53. https://doi.org/10.
1016/S0278-2626(03)00284-7

Colombo, B., Bartesaghi, N., Simonelli, L., & Antonietti, A. (2015).
The combined effects of neurostimulation and priming on cre-
ative thinking: A preliminary tDCS study on dorsolateral pre-
frontal cortex. Frontiers in Human Neuroscience, 9, 1-12.
https://doi.org/10.3389/fnhum.2015.00403

Colombo, B., Iannello, P., & Antonietti, A. (2010). Metacognitive
knowledge of decision making. In A. Efklides & P. Misailidi
(Eds.), Trends and prospects in metacognition research
(pp. 445-472). Springer. https://doi.org/10.1007/978-1-4419-
6546-2_20

Cools, R. (2006). Dopaminergic modulation of cognitive function-
implications for .-DOPA treatment in Parkinson’s disease.
Neuroscience and Biobehavioral Reviews, 30, 1-23. https://doi.
org/10.1016/j.neubiorev.2005.03.024

Cools, R., Barker, R. A., Sahakian, B. J., & Robbins, T. W. (2003).
L-Dopa medication remediates cognitive inflexibility, but
increases impulsivity in patients with Parkinson’s disease.
Neuropsychologia, 41, 1431-1441. https://doi.org/10.1016/
S0028-3932(03)00117-9


https://doi.org/10.1016/j.addbeh.2014.02.007
https://doi.org/10.1016/j.addbeh.2014.02.007
https://doi.org/10.1176/appi.neuropsych.14070165
https://doi.org/10.1016/j.bandc.2003.04.001
https://doi.org/10.1016/j.bandc.2003.04.001
https://doi.org/10.1038/nn1584
https://doi.org/10.1016/j.tics.2005.02.002
https://doi.org/10.1016/s0028-3932(02)00015-5
https://doi.org/10.1016/0010-0277(94)90018-3
https://doi.org/10.1016/0010-0277(94)90018-3
https://doi.org/10.1126/science.275.5304.1293
https://doi.org/10.1126/science.275.5304.1293
https://doi.org/10.1093/arclin/acy036
https://doi.org/10.1002/acp.3283
https://doi.org/10.1002/acp.3283
https://doi.org/10.2478/v10053-008-0129-6
https://doi.org/10.2478/v10053-008-0129-6
https://doi.org/10.1016/j.neuropsychologia.2006.09.021
https://doi.org/10.1016/j.neuropsychologia.2006.09.021
https://doi.org/10.1155/2004/578354
https://doi.org/10.1155/2004/578354
https://doi.org/10.1016/j.neunet.2006.03.001
https://doi.org/10.1016/j.neunet.2006.03.001
https://doi.org/10.1080/13803390500507196
https://doi.org/10.1080/13803390500507196
https://doi.org/10.1093/arclin/act065
https://doi.org/10.1093/arclin/act065
https://doi.org/10.1037/1040-3590.14.3.253
https://doi.org/10.1136/jnnp-2013-307146
https://doi.org/10.1136/jnnp-2013-307146
https://doi.org/10.1016/s0028-3932(01)00077-x
https://doi.org/10.1093/brain/awn066
https://doi.org/10.1093/brain/awn066
https://doi.org/10.1016/S0278-2626(03)00284-7
https://doi.org/10.1016/S0278-2626(03)00284-7
https://doi.org/10.3389/fnhum.2015.00403
https://doi.org/10.1007/978-1-4419-6546-2_20
https://doi.org/10.1007/978-1-4419-6546-2_20
https://doi.org/10.1016/j.neubiorev.2005.03.024
https://doi.org/10.1016/j.neubiorev.2005.03.024
https://doi.org/10.1016/S0028-3932(03)00117-9
https://doi.org/10.1016/S0028-3932(03)00117-9

= L wiLEy DN

COLAUTTI ET AL.

Cubo, E., Bernard, B., Leurgans, S., & Raman, R. (2000). Cognitive
and motor function in patients with Parkinson’s disease with
and without depression. Clinical Neuropharmacology, 23(6),
331-334. https://doi.org/10.1097/00002826-200011000-00006

Czernecki, V., Pillon, B., Houeto, J. L., Pochon, J. B., Levy, R., &
Dubois, B. (2002). Motivation, reward, and Parkinson’s
disease: Influence of dopatherapy. Neuropsychologia, 40,
2257-2267. https://doi.org/10.1016/S0028-3932(02)00108-2

Dagher, A., & Robbins, T. W. (2009). Personality, addiction, dopa-
mine: Insights from Parkinson’s disease. Neuron, 61, 502-510.
https://doi.org/10.1016/j.neuron.2009.01.031

Del Re, A. C. (2010). compute.es: Compute effect sizes. (Version R
Package Version 0.2).

Del Re, A. C. (2015). A practical tutorial on conducting meta-
analysis in R. The Quantitative Methods for Psychology, 11(1),
37-50. https://doi.org/10.20982/tqmp.11.1.p037

Di Rosa, E., Schiff, S., Cagnolati, F., & Mapelli, D. (2015). Motiva-
tion-cognition interaction: How feedback processing changes
in healthy ageing and in Parkinson’s disease. Aging Clinical
and Experimental Research, 27, 911-920. https://doi.org/10.
1007/s40520-015-0358-8

Dirnberger, G., & Jahanshahi, M. (2013). Executive dysfunction in
Parkinson’s disease: A review. Journal of Neuropsychology, 7,
193-224. https://doi.org/10.1111/jnp.12028

Dodd, M. L., Klos, K. J., Bower, J. H., Geda, Y. E., Jospehs, K. A., &
Ahlskog, J. E. (2005). Pathological gambling caused by drugs
used to treat Parkinson disease. Archives of Neurology, 62,
1377-1381. https://doi.org/10.1001/archneur.62.9.n0c50009

Doya, K. (2008). Modulators of decision making. Nature Neurosci-
ence, 11, 410-416. https://doi.org/10.1038/nn2077

Drapier, D., Drapier, S., Sauleau, P., Derkinderen, P., Damier, P.,
Allain, H., Vérin, M., & Millet, B. (2006). Pathological gam-
bling secondary to dopaminergic therapy in Parkinson’s dis-
ease. Psychiatry Research, 144, 241-244. https://doi.org/10.
1016/j.psychres.2006.04.017

Driver-Dunckley, E., Samanta, J., & Stacy, M. (2003). Pathological
gambling associated with dopamine agonist therapy in
Parkinson’s disease. Neurology, 61, 422-423. https://doi.org/10.
1212/01.WNL.0000076478.45005.EC

Dunn, B. D., Dalgleish, T., & Lawrence, A. D. (2006). The somatic
marker hypothesis: A critical evaluation. Neuroscience and Bio-
behavioral Reviews, 30, 239-271. https://doi.org/10.1016/].
neubiorev.2005.07.001

Ehgoetz Martens, K. A., Ellard, C. G., & Almeida, Q. J. (2015).
Virtually-induced threat in Parkinson’s: Dopaminergic interac-
tions between anxiety and sensory-perceptual processing
while walking. Neuropsychologia, 79, 322-331. https://doi.org/
10.1016/j.neuropsychologia.2015.05.015

Elliott, R., Dolan, R. J., & Frith, C. D. (2000). Dissociable functions
in the medial and lateral orbitofrontal cortex: Evidence from
human neuroimaging studies. Cerebral Cortex, 10, 308-317.
https://doi.org/10.1093/cercor/10.3.308

Euteneuer, F., Schaefer, F., Stuermer, R., Boucsein, W.,
Timmermann, L., Barbe, M. T., Ebersbach, G., Otto, JI.,
Kessler, J., & Kalbe, E. (2009). Dissociation of decision making
under ambiguity and decision making under risk in patients
with Parkinson’s disease: A neuropsychological and psycho-
physiological study. Neuropsychologia, 47, 2882-2890. https://
doi.org/10.1016/j.neuropsychologia.2009.06.014

Evens, R., Hoefler, M., Biber, K., & Lueken, U. (2016). The Iowa
Gambling Task in Parkinson’s disease: A meta-analysis on effects
of disease and medication. Neuropsychologia, 91, 163-172.
https://doi.org/10.1016/j.neuropsychologia.2016.07.032

Fellows, L. K., & Farah, M. J. (2005). Different underlying impair-
ments in decision making following ventromedial and dorso-
lateral frontal lobe damage in humans. Cerebral Cortex, 15,
58-63. https://doi.org/10.1093/cercor/bhh108

Finucane, M. L., & Gullion, C. M. (2010). Developing a tool for
measuring the decision-making competence of older adults.
Psychology and Aging, 25, 271-288. https://doi.org/10.1037/
a0019106

Frank, M. J., Samanta, J., Moustafa, A. A., & Sherman, S. J. (2007).
Hold your horses: Impulsivity, deep brain stimulation, and
medication in Parkinsonism. Science, 318, 1309-1312. https://
doi.org/10.1126/science.1146157

Gallagher, D. A, O’Sullivan, S. S., Evans, A. H., Lees, A. J., &
Schrag, A. (2007). Pathological gambling in Parkinson’s dis-
ease: Risk factors and differences from dopamine dys-
regulation. An anaysis of published case series. Movement
Disorders: Official Journal of the Movement Disorder Society, 22,
1757-1763. https://doi.org/10.1002/mds.21611

Gansler, D. A., Jerram, M. W., Vannorsdall, T. D., & Schretlen, D. J.
(2011). Does the Iowa Gambling Task measure executive func-
tion? Archives of Clinical Neuropsychology, 26(8), 706-717.
https://doi.org/10.1093/arclin/acr082

Gescheidt, T., Czekbéova, K., Urbanek, T., Marecek, R., Mikl, M.,
Kubikova, R., Telecka, S., Andrlova, H., Husarova, 1., &
Bares, M. (2012). Iowa Gambling Task in patients with early-
onset Parkinson’s disease: Strategy analysis. Neurological Sci-
ences, 33, 1329-1335. https://doi.org/10.1007/s10072-012-
1086-x

Gescheidt, T., Marecek, R., Mikl, M., Czekéova, K., Urbanek, T.,
Vanicek, J., Shaw, D. J., & Bare§, M. (2013). Functional anat-
omy of outcome evaluation during Iowa Gambling Task per-
formance in patients with Parkinson’s disease: An fMRI study.
Neurological Sciences, 34, 2159-2166. https://doi.org/10.1007/
$10072-013-1439-0

Gleichgerrcht, E., Ibanez, A., Roca, M., Torralva, T., & Manes, F.
(2010). Decision-making cognition in neurodegenerative dis-
eases. Nature Reviews. Neurology, 6, 611-623. https://doi.org/
10.1038/nrneurol.2010.148

Gotham, A. M., Brown, R. G., & Marsden, C. D. (1988). “Frontal”
cognitive function in patients with Parkinson’s disease “on”
and “off” levodopa. Brain, 111, 299-321. https://doi.org/10.
1093/brain/111.2.299

Gschwandtner, U., Aston, J., Renaud, S., & Fuhr, P. (2001). Patho-
logical gambling in patients with Parkinson’s disease. Clinical
Neuropharmacology, 24, 170-172.

Heiden, P., Heinz, A., & Romanczuk-Seiferth, N. (2017).
Pathological gambling in Parkinson’s disease: What are the
risk factors and what is the role of impulsivity? The European
Journal of Neuroscience, 45, 67-72. https://doi.org/10.1111/ejn.
13396

Hiebert, N. M., Owen, A. M., Ganjavi, H., Mendonga, D.,
Jenkins, M. E., Seergobin, K. N., & MacDonald, P. A. (2019).
Dorsal striatum does not mediate feedback-based, stimulus-
response learning: An event-related fMRI study in patients
with Parkinson’s disease tested on and off dopaminergic


https://doi.org/10.1097/00002826-200011000-00006
https://doi.org/10.1016/S0028-3932(02)00108-2
https://doi.org/10.1016/j.neuron.2009.01.031
https://doi.org/10.20982/tqmp.11.1.p037
https://doi.org/10.1007/s40520-015-0358-8
https://doi.org/10.1007/s40520-015-0358-8
https://doi.org/10.1111/jnp.12028
https://doi.org/10.1001/archneur.62.9.noc50009
https://doi.org/10.1038/nn2077
https://doi.org/10.1016/j.psychres.2006.04.017
https://doi.org/10.1016/j.psychres.2006.04.017
https://doi.org/10.1212/01.WNL.0000076478.45005.EC
https://doi.org/10.1212/01.WNL.0000076478.45005.EC
https://doi.org/10.1016/j.neubiorev.2005.07.001
https://doi.org/10.1016/j.neubiorev.2005.07.001
https://doi.org/10.1016/j.neuropsychologia.2015.05.015
https://doi.org/10.1016/j.neuropsychologia.2015.05.015
https://doi.org/10.1093/cercor/10.3.308
https://doi.org/10.1016/j.neuropsychologia.2009.06.014
https://doi.org/10.1016/j.neuropsychologia.2009.06.014
https://doi.org/10.1016/j.neuropsychologia.2016.07.032
https://doi.org/10.1093/cercor/bhh108
https://doi.org/10.1037/a0019106
https://doi.org/10.1037/a0019106
https://doi.org/10.1126/science.1146157
https://doi.org/10.1126/science.1146157
https://doi.org/10.1002/mds.21611
https://doi.org/10.1093/arclin/acr082
https://doi.org/10.1007/s10072-012-1086-x
https://doi.org/10.1007/s10072-012-1086-x
https://doi.org/10.1007/s10072-013-1439-0
https://doi.org/10.1007/s10072-013-1439-0
https://doi.org/10.1038/nrneurol.2010.148
https://doi.org/10.1038/nrneurol.2010.148
https://doi.org/10.1093/brain/111.2.299
https://doi.org/10.1093/brain/111.2.299
https://doi.org/10.1111/ejn.13396
https://doi.org/10.1111/ejn.13396

COLAUTTI T AL.

T Wiy L

therapy. Neurolmage, 185, 455-470. https://doi.org/10.1016/j.
neuroimage.2018.10.045

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. G.
(2003). Measuring inconsistency in meta-analyses. BMJ,
327(7414), 557-560. https://doi.org/10.1136/bmj.327.7414.557

Hsu, M., Bhatt, M., Adolphs, R., Tranel, D., & Camerer, C. F.
(2005). Neural systems responding to degrees of uncertainty in
human decision making. Science, 310(5754), 1680-1683.
https://doi.org/10.1126/science.1115327

Ibarretxe-Bilbao, N., Junque, C., Tolosa, E., Marti, M. I,
Valldeoriola, F., Bargallo, N., & Zarei, M. (2009). Neuroana-
tomical correlates of impaired decision making and facial emo-
tion recognition in early Parkinson’s disease. The European
Journal of Neuroscience, 30, 1162-1171. https://doi.org/10.
1111/j.1460-9568.2009.06892.x

Kano, M., Ito, M., & Fukudo, S. (2011). Neural substrates of deci-
sion making as measured with the Iowa Gambling Task in
men with alexithymia. Psychosomatic Medicine, 73(7),
588-597. https://doi.org/10.1097/PSY.0b013e318223c7{8

Kawamura, M., & Koyama, S. (2007). Social cognitive impairment
in Parkinson’s disease. Journal of Neurology, 254(4),
IV49-IV53. https://doi.org/10.1007/s00415-007-4008-8

Kjer, S. W., Callesen, M. B., Larsen, L., Borghammer, P.,
Ostergaard, K., & Damholdt, M. F. (2020). Applied strategy in
the Iowa Gambling Task: Comparison of individuals with
Parkinson’s disease to healthy controls. Journal of Clinical and
Experimental Neuropsychology, 42, 425-435. https://doi.org/10.
1080/13803395.2020.1749237

Kjeer, S. W, Damholdt, M. F., & Callesen, M. B. (2018). A system-
atic review of decision-making impairments in Parkinson’s
disease: Dopaminergic medication and methodological vari-
ability. Basal Ganglia, 14, 31-40. https://doi.org/10.1016/j.
baga.2018.07.003

Ko, C. H., Hsiao, S., Liu, G. C, Yen, J. Y., Yang, M. J., & Yen, C. F.
(2010). The characteristics of decision making, potential to
take risks, and personality of college students with internet
addiction. Psychiatry Research, 175, 121-125. https://doi.org/
10.1016/j.psychres.2008.10.004

Kobayakawa, M., Koyama, S., Mimura, M., & Kawamura, M.
(2008). Decision making in Parkinson’s disease: Analysis of
behavioural and physiological patterns in the Iowa gambling
task. Movement Disorders, 23, 547-552. https://doi.org/10.
1002/mds.21865

Kobayakawa, M., Tsuruya, N., & Kawamura, M. (2010). Sensitivity
to reward and punishment in Parkinson’s disease: An analysis
of behavioral patterns using a modified version of the Iowa
gambling task. Parkinsonism & Related Disorders, 16, 453-457.
https://doi.org/10.1016/j.parkreldis.2010.04.011

Kobayakawa, M., Tsuruya, N., & Kawamura, M. (2017). Decision-
making performance in Parkinson’s disease correlates with lat-
eral orbitofrontal volume. Journal of the Neurological Sciences,
372, 232-238. https://doi.org/10.1016/j.jns.2016.11.046

Kringelbach, M. L., & Rolls, E. T. (2004). The functional
neuroanatomy of the human orbitofrontal cortex: Evidence
from neuroimaging and neuropsychology. Progress in
Neurobiology, 72, 341-372. https://doi.org/10.1016/j.pneurobio.
2004.03.006

Lawrence, N. S., Jollant, F., O’Daly, O., Zelaya, F., & Phillips, M. L.
(2009). Distinct roles of prefrontal cortical subregions in the

Iowa gambling task. Cerebral Cortex, 19, 1134-1143. https://
doi.org/10.1093/cercor/bhn154

Li, X., Lu, Z. L., D’Argembeau, A., Ng, M., & Bechara, A. (2010).
The Iowa Gambling Task in fMRI images. Human Brain Map-
ping, 31, 410-423. https://doi.org/10.1002/hbm.20875

MacPherson, S. E., Phillips, L. H., Della Sala, S., & Cantagallo, A.
(2009). Iowa Gambling Task impairment is not specific to ven-
tromedial prefrontal lesions. The Clinical Neuropsychologist,
23, 510-522. https://doi.org/10.1080/13854040802396586

Mapelli, D., Di Rosa, E., Cavalletti, M., Schiff, S., & Tamburin, S.
(2014). Decision and dopaminergic system: An ERPs study of
Iowa gambling task in Parkinson’s disease. Frontiers in Psy-
chology, 5, 1-9. https://doi.org/10.3389/fpsyg.2014.00684

Maréchal, E., Denoiseux, B., Thys, E., Crosiers, D., Pickut, B., &
Cras, P. (2015). Impulse control disorders in Parkinson’s dis-
ease: An overview from neurobiology to treatment. Journal of
Neurology, 262(1), 7-20. https://doi.org/10.1007/s00415-014-
7361-4

Mimura, M., Oeda, E., & Kawamura, M. (2006). Impaired decision
making in Parkinson’s disease. Parkinsonism & Related Disor-
ders, 12, 169-175. https://doi.org/10.1016/j.parkreldis.2005.
12.003

Molina, J. A., Sdinz-Artiga, M. J., Fraile, A., Jiménez-Jiménez, F. J.,
Villanueva, C., Orti-Pareja, M., & Bermejo-P, F. (2000). Patho-
logical gambling in Parkinson’s disease: A behavioural mani-
festation of pharmacologic treatment? Movement Disorders, 15,
869-872. https://doi.org/10.1002/1531-8257(200009)15:5<869::
AID-MDS1016>3.0.CO;2-1

Mueller, E. M., Nguyen, J., Ray, W. J., & Borkovec, T. D. (2010).
Future-oriented decision-making in Generalized Anxiety Dis-
order is evident across different versions of the Iowa Gambling
Task. Journal of Behavior Therapy and Experimental Psychia-
try, 41(2), 165-171. https://doi.org/10.1016/j.jbtep.2009.12.002

Oldrati, V., Colombo, B., & Antonietti, A. (2018). Combination of a
short cognitive training and tDCS to enhance visuospatial
skills: A comparison between online and
neuromodulation. Brain Research, 678, 31-39. https://doi.org/
10.1016/j.brainres.2017.10.002

Oldrati, V., Patricelli, J., Colombo, B., & Antonietti, A. (2016). The
role of dorsolateral prefrontal cortex in inhibition mechanism:
A study on Cognitive Reflection Test and similar tasks through
neuromodulation. Neuropsychologia, 91, 499-508. https://doi.
org/10.1016/j.neuropsychologia.2016.09.010

Ouerchefani, R., Ouerchefani, N., Allain, P., Ben Rejeb, M. R,, & Le
Gall, D. (2019). Relationships between executive function,
working memory, and decision-making on the Iowa Gambling
Task: Evidence from ventromedial patients, dorsolateral
patients, and normal subjects. Journal of Neuropsychology,
13(3), 432-461. https://doi.org/10.1111/jnp.12156

Oyama, G., Shimo, Y., Natori, S., Nakajima, M., Ishii, H.,
Arai, H., & Hattori, N. (2011). Acute effects of bilateral sub-
thalamic stimulation on decision making in Parkinson’s dis-
ease. Parkinsonism & Related Disorders, 17, 189-193. https://
doi.org/10.1016/j.parkreldis.2010.12.004

Pagonabarraga, J., Garcia-Sanchez, C., Llebaria, G., Pascual-
Sedano, B., Gironell, A., & Kulisevsky, J. (2007). Controlled
study of decision making and cognitive impairment in
Parkinson’s disease. Movement Disorders, 22, 1430-1435.
https://doi.org/10.1002/mds.21457

offline


https://doi.org/10.1016/j.neuroimage.2018.10.045
https://doi.org/10.1016/j.neuroimage.2018.10.045
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1126/science.1115327
https://doi.org/10.1111/j.1460-9568.2009.06892.x
https://doi.org/10.1111/j.1460-9568.2009.06892.x
https://doi.org/10.1097/PSY.0b013e318223c7f8
https://doi.org/10.1007/s00415-007-4008-8
https://doi.org/10.1080/13803395.2020.1749237
https://doi.org/10.1080/13803395.2020.1749237
https://doi.org/10.1016/j.baga.2018.07.003
https://doi.org/10.1016/j.baga.2018.07.003
https://doi.org/10.1016/j.psychres.2008.10.004
https://doi.org/10.1016/j.psychres.2008.10.004
https://doi.org/10.1002/mds.21865
https://doi.org/10.1002/mds.21865
https://doi.org/10.1016/j.parkreldis.2010.04.011
https://doi.org/10.1016/j.jns.2016.11.046
https://doi.org/10.1016/j.pneurobio.2004.03.006
https://doi.org/10.1016/j.pneurobio.2004.03.006
https://doi.org/10.1093/cercor/bhn154
https://doi.org/10.1093/cercor/bhn154
https://doi.org/10.1002/hbm.20875
https://doi.org/10.1080/13854040802396586
https://doi.org/10.3389/fpsyg.2014.00684
https://doi.org/10.1007/s00415-014-7361-4
https://doi.org/10.1007/s00415-014-7361-4
https://doi.org/10.1016/j.parkreldis.2005.12.003
https://doi.org/10.1016/j.parkreldis.2005.12.003
https://doi.org/10.1002/1531-8257(200009)15:5%3c869::AID-MDS1016%3e3.0.CO;2-I
https://doi.org/10.1002/1531-8257(200009)15:5%3c869::AID-MDS1016%3e3.0.CO;2-I
https://doi.org/10.1016/j.jbtep.2009.12.002
https://doi.org/10.1016/j.brainres.2017.10.002
https://doi.org/10.1016/j.brainres.2017.10.002
https://doi.org/10.1016/j.neuropsychologia.2016.09.010
https://doi.org/10.1016/j.neuropsychologia.2016.09.010
https://doi.org/10.1111/jnp.12156
https://doi.org/10.1016/j.parkreldis.2010.12.004
https://doi.org/10.1016/j.parkreldis.2010.12.004
https://doi.org/10.1002/mds.21457

L wiLEy DN

COLAUTTI ET AL.

Pascucci, D., Hickey, C., Jovicich, J., & Turatto, M. (2017). Indepen-
dent circuits in basal ganglia and cortex for the processing of
reward and precision feedback. NeuroImage, 162, 56-64.
https://doi.org/10.1016/j.neuroimage.2017.08.067

Perretta, J. G., Pari, G., & Beninger, R. J. (2005). Effects of
Parkinson disease on two putative nondeclarative learning
tasks: Probabilistic classification and gambling. Cognitive and
Behavioral Neurology, 18, 185-192. https://doi.org/10.1097/01.
wnn.0000187939.81541.1d

Peters, J., Mied], S. F., & Buchel, C. (2013). Elevated functional con-
nectivity in a striatal-amygdala circuit in pathological gam-
blers. PLoS ONE, 8, e74353. https://doi.org/10.1371/journal.
pone.0074353

Pignatelli, M., & Bonci, A. (2015). Role of dopamine neurons in
reward and aversion: A synaptic plasticity perspective. Neuron,
86(5), 1145-1157. https://doi.org/10.1016/j.neuron.2015.04.015

Poletti, M., & Bonuccelli, U. (2012). Orbital and ventromedial pre-
frontal cortex functioning in Parkinson’s disease: Neuropsy-
chological evidence. Brain and Cognition, 79, 23-33. https://
doi.org/10.1016/j.bandc.2012.02.002

Poletti, M., Cavedini, P., & Bonuccelli, U. (2011). Iowa gambling
task in Parkinson’s disease. Journal of Clinical and Experimen-
tal Neuropsychology, 33, 395-409. https://doi.org/10.1080/
13803395.2010.524150

Poletti, M., Frosini, D., Lucetti, C., Del Dotto, P., Ceravolo, R., &
Bonuccelli, U. (2010). Decision making in de novo Parkinson’s
Disease. Movement Disorders, 25, 1432-1436. https://doi.org/
10.1002/mds.23098

Poletti, M., Frosini, D., Lucetti, C., Del Dotto, P., Ceravolo, R., &
Bonuccelli, U. (2012). Iowa Gambling Task in de novo
Parkinson’s disease: A comparison between good and poor
performers. Movement Disorders, 27, 331-332. https://doi.org/
10.1002/mds.23982

Poletti, M., Frosini, D., Pagni, C., Lucetti, C., Del Dotto, P.,
Tognoni, G., Ceravolo, R., & Bonuccelli U. (2011).
Alexithymia may modulate decision making in patients with
de novo Parkinson’s disease. Functional Neurology, 26,
127-131.

Qiu, L., Su, J., Ni, Y., Bai, Y., Zhang, X., Li, X., & Wan, X. (2018).
The neural system of metacognition accompanying decision
making in the prefrontal cortex. PLoS Biology, 16, €2004037.
https://doi.org/10.1371/journal.pbio.2004037

Rossi, M., Gerschcovich, E. R., de Achaval, D., Perez-Lloret, S.,
Cerquetti, D., & Cammarota, A. (2010). Decision making in
Parkinson’s disease patients with and without pathological
gambling. European Journal of Neurology, 17, 97-102. https://
doi.org/10.1111/j.1468-1331.2009.02792.x

Salvatore, M. F., Soto, I, Alphonso, H., Cunningham, R,
James, R., & Nejtek, V. A. (2021). Is there a neurobiological
rationale for the utility of the Iowa Gambling Task in
Parkinson’s disease? Journal of Parkinson’s Disease, 11,
405-419. https://doi.org/10.3233/JPD-202449

Seedat, S., Kesler, S., Niehaus, D. J. H., & Stein, D. J. (2000). Patho-
logical gambling behaviour: Emergence secondary to treat-
ment of Parkinson’s disease with dopaminergic agents.
Depression and Anxiety, 11, 185-186. https://doi.org/10.1002/
1520-6394(2000)11:4%3¢c185::AID-DA8%3e3.0.CO;2-H

Siqueira, A. S. S. D., Flaks, M. K., Biella, M. M., Mauer, S,
Borges, M. K., & Aprahamian, I. (2018). Decision making

assessed by the Iowa Gambling Task and Major Depressive Dis-
order A systematic review. Dementia & Neuropsychologia, 12,
250-255. https://doi.org/10.1590/1980-57642018dn12-030005

Stout, J. C., Rodawalt, W. C., & Siemers, E. R. (2001). Risky decision
making in Huntington’s disease. Journal of the International
Neuropsychological Society, 7, 92-101. https://doi.org/10.1017/
S1355617701711095

Suhr, J. A., & Hammers, D. (2010). Who fails the Iowa gambling
test (IGT)? Personality, neuropsychological, and near-infrared
spectroscopy findings in healthy young controls. Archives of
Clinical Neuropsychology, 25, 293-302. https://doi.org/10.1093/
arclin/acq017

Sumec, R., Rektorovd, I., Jech, R., Mensikova, K., Roth, I.,
Ruzi¢ka, E., Sochorovd, D., Dusek, L., Katiovsky, P., Rektor, 1.,
Pavlik, T., Filip, P., & Bare§, M. (2017). Motion and emotion:
Anxiety-axial connections in Parkinson’s disease. Journal of
Neural Transmission. Supplementum, 124(3), 369-377. https://
doi.org/10.1007/s00702-016-1652-0

Thiel, A., Hilker, R., Kessler, J., Habedank, B., Herholz, K., &
Hiess, W. D. (2003). Activation of basal ganglia loops in idio-
pathic Parkinson’s disease: A PET study. Journal of Neural
Transmission, 110, 1289-1301. https://doi.org/10.1007/s00702-
003-0041-7

Torta, D. M. E., & Castelli, L. (2008). Reward pathways in
Parkinson’s disease: Clinical and theoretical implications.
Psychiatry and Clinical Neurosciences, 62, 203-213. https://doi.
org/10.1111/j.1440-1819.2008.01756.x

Tremblay, M., Cocker, P. J., Hosking, J. G., Zeeb, F. D,
Rogers, R. D., & Winstanley, C. A. (2014). Dissociable effects
of basolateral amygdala lesions on decision making biases in
rats when loss or gain is emphasized. Cognitive, Affective, &
Behavioral Neuroscience, 14, 1184-1195. https://doi.org/10.
3758/s13415-014-0271-1

Valenca, G. T., Glass, P. G., Negreiros, N. N., Duarte, M. B.,
Ventura, L. M., Mueller, M., & Oliveira-Filho, J. (2013). Past
smoking and current dopamine agonist use show an indepen-
dent and dose-dependent association with impulse control dis-
orders in Parkinson’s disease. Parkinsonism & Related
Disorders, 19, 698-700. https://doi.org/10.1016/j.parkreldis.
2013.03.004

Viechtbauer, W. (2010). Conducting meta-analyses in R with the
metafor package. Journal of Statistical Software, 36, 1-48.
https://doi.org/10.18637/jss.v036.i03

Vitale, C., Santangelo, G., Trojano, L., Verde, F., Rocco, M.,
Grossi, D., & Barone, P. (2011). Comparative neuropsychologi-
cal profile of pathological gambling, hypersexuality, and com-
pulsive eating in Parkinson’s disease. Movement Disorders, 26,
830-836. https://doi.org/10.1002/mds.23567

Vo, A., Seergobin, K. N., & MacDonald, P. A. (2018). Independent
effects of age and levodopa on reversal learning in healthy vol-
unteers. Neurobiology of Aging, 69, 129-139. https://doi.org/10.
1016/j.neurobiolaging.2018.05.014

Volkow, N. D., & Morales, M. (2015). The brain on drugs: From
reward to addiction. Cell, 162(4), 712-725. https://doi.org/10.
1016/j.cell.2015.07.046

Voon, V. (2017). Decision making and impulse control disorders in
Parkinson’s disease. In L. Tremblay & J. C. Dreher (Eds.), Deci-
sion neuroscience (pp. 305-314). Academic Press. https://doi.
0rg/10.1016/B978-0-12-805308-9.00024-5


https://doi.org/10.1016/j.neuroimage.2017.08.067
https://doi.org/10.1097/01.wnn.0000187939.81541.1d
https://doi.org/10.1097/01.wnn.0000187939.81541.1d
https://doi.org/10.1371/journal.pone.0074353
https://doi.org/10.1371/journal.pone.0074353
https://doi.org/10.1016/j.neuron.2015.04.015
https://doi.org/10.1016/j.bandc.2012.02.002
https://doi.org/10.1016/j.bandc.2012.02.002
https://doi.org/10.1080/13803395.2010.524150
https://doi.org/10.1080/13803395.2010.524150
https://doi.org/10.1002/mds.23098
https://doi.org/10.1002/mds.23098
https://doi.org/10.1002/mds.23982
https://doi.org/10.1002/mds.23982
https://doi.org/10.1371/journal.pbio.2004037
https://doi.org/10.1111/j.1468-1331.2009.02792.x
https://doi.org/10.1111/j.1468-1331.2009.02792.x
https://doi.org/10.3233/JPD-202449
https://doi.org/10.1002/1520-6394(2000)11:4%3c185::AID-DA8%3e3.0.CO;2-H
https://doi.org/10.1002/1520-6394(2000)11:4%3c185::AID-DA8%3e3.0.CO;2-H
https://doi.org/10.1590/1980-57642018dn12-030005
https://doi.org/10.1017/S1355617701711095
https://doi.org/10.1017/S1355617701711095
https://doi.org/10.1093/arclin/acq017
https://doi.org/10.1093/arclin/acq017
https://doi.org/10.1007/s00702-016-1652-0
https://doi.org/10.1007/s00702-016-1652-0
https://doi.org/10.1007/s00702-003-0041-7
https://doi.org/10.1007/s00702-003-0041-7
https://doi.org/10.1111/j.1440-1819.2008.01756.x
https://doi.org/10.1111/j.1440-1819.2008.01756.x
https://doi.org/10.3758/s13415-014-0271-1
https://doi.org/10.3758/s13415-014-0271-1
https://doi.org/10.1016/j.parkreldis.2013.03.004
https://doi.org/10.1016/j.parkreldis.2013.03.004
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1002/mds.23567
https://doi.org/10.1016/j.neurobiolaging.2018.05.014
https://doi.org/10.1016/j.neurobiolaging.2018.05.014
https://doi.org/10.1016/j.cell.2015.07.046
https://doi.org/10.1016/j.cell.2015.07.046
https://doi.org/10.1016/B978-0-12-805308-9.00024-5
https://doi.org/10.1016/B978-0-12-805308-9.00024-5

COLAUTTI T AL.

Weintraub, D., Hoops, S., Shea, J. A., Lyons, K. E., Pahwa, R.,
Driver-Dunckley, E. D., Adler, C. H., Potenza, M. N,
Miyasaki, J., Siderowf, A. D., Duda, J. E., Hurtig, H. I,
Colcher, A., Horn, S. S., Stern, M. B., & Voon, V. (2009). Vali-
dation of the Questionnaire for Impulsive-Compulsive Disor-
ders in Parkinson’s Disease. Movement Disorders, 24(10),
1461-1467. https://doi.org/10.1002/mds.22571

Werner, N. S., Duschek, S., & Schandry, R. (2009). Relationships
between affective states and decision-making. International
Journal of Psychophysiology, 74(3), 259-265. https://doi.org/10.
1016/j.ijpsycho.2009.09.010

Wwitt, K. (2007). Decision making in Parkinson’s disease. Movement
Disorders, 22, 1371-1372. https://doi.org/10.1002/mds.21569

Wokke, M. E., Achoui, D., & Cleeremans, A. (2020). Action
information contributes to metacognitive decision making. Sci-
entific Reports, 10, 1-15. https://doi.org/10.1038/s41598-020-
60382-y

Wokke, M. E., Cleeremans, A., & Ridderinkhof, K. R. (2017). Sure
I'm sure: Prefrontal oscillations support metacognitive moni-
toring of decision making. The Journal of Neuroscience, 37,
781-789. https://doi.org/10.1523/INEUROSCI.1612-16.2016

Xi, C., Zhu, Y., Mu, Y., Chen, B., Dong, B., Cheng, H., Hu, P.,
Zhu, C., & Wang, K. (2015). Theory of mind and decision-
making processes are impaired in Parkinson’s disease. Behav-
ioural Brain Research, 279, 226-233. https://doi.org/10.1016/j.
bbr.2014.11.035

Xu, S., Zhu, S., Korczykowski, M., & Rao, H. (2013). Risk-taking
and impulsive behaviors: A comparative assessment of three

WILEYL™®

tasks. Social Behavior and Personality: An International Jour-
nal, 41, 477-486. https://doi.org/10.2224/sbp.2013.41.3.477

Yechim, E., Busemeyer, J. R., Stout, J. C., & Bechara, A. (2005).
Using cognitive models to map relations between neuropsy-
chological disorders and human decision-making deficits.
Psychological Science, 16, 973-978. https://doi.org/10.1111/j.
1467-9280.2005.01646.x

Zeeb, F. D., & Winstanley, C. A. (2011). Lesions of the basolateral
amygdala and orbitofrontal cortex differentially affect acquisi-
tion and performance of a rodent gambling task. The Journal
of Neuroscience, 31, 2197-2204. https://doi.org/10.1523/
JNEUROSCI.5597-10.2011

Zinchenko, O., & Enikolopova, E. (2017). The impact of executive
functions and emotional intelligence on Iowa gambling task

EJ N European Journal of Neuroscience FENS

performance: Focus on right frontal lobe damage. Archives of
Clinical Neuropsychology, 32(8), 1026-1036. https://doi.org/10.
1093/arclin/acx065

How to cite this article: Colautti, L., Iannello, P.,
Silveri, M. C., & Antonietti, A. (2021). Decision
making in Parkinson’s disease: An analysis of the
studies using the lowa Gambling Task. European
Journal of Neuroscience, 54(10), 7513-7549. https://
doi.org/10.1111/ejn.15497



https://doi.org/10.1002/mds.22571
https://doi.org/10.1016/j.ijpsycho.2009.09.010
https://doi.org/10.1016/j.ijpsycho.2009.09.010
https://doi.org/10.1002/mds.21569
https://doi.org/10.1038/s41598-020-60382-y
https://doi.org/10.1038/s41598-020-60382-y
https://doi.org/10.1523/JNEUROSCI.1612-16.2016
https://doi.org/10.1016/j.bbr.2014.11.035
https://doi.org/10.1016/j.bbr.2014.11.035
https://doi.org/10.2224/sbp.2013.41.3.477
https://doi.org/10.1111/j.1467-9280.2005.01646.x
https://doi.org/10.1111/j.1467-9280.2005.01646.x
https://doi.org/10.1523/JNEUROSCI.5597-10.2011
https://doi.org/10.1523/JNEUROSCI.5597-10.2011
https://doi.org/10.1093/arclin/acx065
https://doi.org/10.1093/arclin/acx065
https://doi.org/10.1111/ejn.15497
https://doi.org/10.1111/ejn.15497

	Decision making in Parkinson's disease: An analysis of the studies using the Iowa Gambling Task
	1  INTRODUCTION
	1.1  Decision making in PD
	1.2  The IGT
	1.3  Aims

	2  SELECTION OF THE STUDIES
	3  PERFORMANCE IN THE IGT BY PD PATIENTS
	3.1  A meta-analysis
	3.2  Performance measures
	3.3  Features of the task
	3.4  Participants' characteristics
	3.5  Conclusions

	4  RELATIONSHIPS BETWEEN THE IGT AND GENERAL COGNITIVE FUNCTIONING AND EMOTIONAL STATUS
	4.1  Cognitive functioning
	4.2  Emotional disorders
	4.3  The ability to attribute emotions

	5  TOWARD AN EXPLANATION
	5.1  Emotional components
	5.2  Cognitive components
	5.3  Conclusion

	6  WHAT NEURAL CORRELATES OF DECISION MAKING CAN TELL US ABOUT PD PATIENTS' PERFORMANCE
	6.1  The role of the limbic loop in the IGT
	6.2  The effects of dopamine on the limbic loop
	6.3  The possible role of the amygdala
	6.4  Conclusion

	7  DISCUSSION
	7.1  The role of cognitive functioning
	7.2  The role of emotions
	7.3  The role of dopaminergic treatment
	7.4  The role of metacognitive processes

	8  CONCLUSION
	ACKNOWLEDGEMENT
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  PEER REVIEW
	  DATA AVAILABILITY STATEMENT

	REFERENCES


