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Abstract. Up to 23% of newly diagnosed, non-demented, Parkinson’s disease (PD) patients experience deficits in exec-
utive functioning (EF). In fact, EF deficits may occur up to 39-months prior to the onset of motor decline. Optimal EF
requires working memory, attention, cognitive flexibility, and response inhibition underlying appropriate decision-making.
The capacity for making strategic decisions requires inhibiting imprudent decisions and are associated with noradrenergic and
dopaminergic signaling in prefrontal and orbitofrontal cortex. Catecholaminergic dysfunction and the loss of noradrenergic
and dopaminergic cell bodies early in PD progression in the aforementioned cortical areas likely contribute to EF deficits
resulting in non-strategic decision-making. Thus, detecting these deficits early in the disease process could help identify a
significant portion of individuals with PD pathology (14–60%) before frank motor impairment. A task to evaluate EF in the
domain of non-strategic decision-making might be useful to indicate the moderate loss of catecholamines that occurs early
in PD pathology prior to motor decline and cognitive impairment. In this review, we focus on the potential utility of the
Iowa Gambling Task (IGT) for this purpose, given significant overlap between in loss of dopaminergic and noradrenergic
cells bodies in early PD and the deficits in catecholamine function associated with decreased EF. As such, given the loss of
catecholamines already well-underway after PD diagnosis, we evaluate the potential utility of the IGT to identify the risk of
therapeutic non-compliance and a potential companion approach to detect PD in premotor stages.
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BACKGROUND

Parkinson’s disease (PD) is a debilitating neurode-
generative disease whose projected prevalence in the
US is expected to rise to over one million people by
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2030 [1]. While PD is known for progressive motor
deterioration, it also produces non-motor symptoms
(NMS) [2]. These NMS can also be progressive in
severity, and yet the neurobiological basis of these
NMS remain under-investigated. Findings from the
2016 Parkinson’s Disease Foundation Community
Choice Research Award Program indicate that up
to 50% of non-demented PD patients have some
type of cognitive problems [3]. Some data suggest
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that executive functioning (EF) impairments, such
as memory problems, non-strategic decision-making,
inattention, and decreased cognitive flexibility occur
in up to ∼24% of drug naı̈ve individuals in the
prodromal pre-motor phase of PD [4]. Similarly,
Durcan et al. (2019) found 36% of PD patients experi-
enced memory and attention problems approximately
39-months prior to motor symptom onset [5]. Any-
where from 4%–60% of PD patients (medicated and
de-novo patients alike) reportedly experience some
type of cognitive dysfunction described here as non-
strategic decision-making [6–11].

Recognizing non-strategic (i.e., careless or disad-
vantageous) decision-making as a cognitive marker
among other non-motor phenotypes (e.g., hyposmia,
constipation, REM disorder, etc.) may be another
way to identify a subset of individuals at-risk for
PD prior to motor decline. Without a diagnosis of
PD, a test to measure subtle impairments in decision-
making might be useful in identifying those at-risk
for an eventual PD diagnosis. For example, cogni-
tive functioning, therapeutic compliance, and disease
resilience are intricately woven together to affect
overall quality of life [12–15]. Once a PD diagnosis
has been made after motor decline, it is essential for
patients to adhere to medication regimens. Unfortu-
nately, compliance can be a problem for many PD
patients when their regimen is complex and con-
fusing [12]. If non-strategic decision-making could
be identified prior to a PD diagnosis or even with
the earliest indication of some motor decline, then
clinicians might have an opportunity to intervene ear-
lier in the management and education of health- and
therapeutic-related risks. Earlier recognition during
PD progression could increase the patient’s and care-
giver’s chances for the best quality of life possible.

An objective, emotionally salient, and well-known
test measuring decision-making in PD populations
is the Iowa Gambling Task (IGT) [16–23]. This is
just one of several neurocognitive tests that might
be used to evaluate decision-making in relation to
cognitive flexibility and response inhibition. Here,
however, we examine the IGT for its potential to iden-
tify problems with decision-making that could signal
the onset of at-risk behaviors leading to therapeu-
tic non-compliance. In fact, in other populations the
IGT has been identified as a predictive tool for prob-
lematic health behaviors. For example, Nejtek et al.
(2013) [24] found that a single baseline IGT score
predicted future negative behaviors within 4-weeks
after testing. Specifically, in a population known to
make non-strategic decisions (i.e., comorbid bipolar

and substance use), Nejtek and colleagues (2013) [24]
showed that the IGT predicted future relapse even
after 8- to 19-weeks of abstinence and scores were
not influenced by dopaminergic medication effects.
Moreover, non-strategic decision-making was evi-
dent, as net losses were based on emotional-salience
and the overriding thrill of winning rather than
strategy [24]. Although there are several clinical
investigations of the IGT in various stages of PD, the
results are mixed; and to our knowledge, the IGT has
not been characterized as a possible tool to predict
therapeutic non-compliance nor the possibility of PD
prior to clinical diagnosis.

Here, we also summarize the current neurobiologi-
cal evidence that deficient catecholamine function or
signaling can influence cognitive domains that lead
to non-strategic decision-making which can be inter-
rogated by the IGT [16–24]. We point out that given
the loss of these same catecholamine neuron popula-
tions, beginning early in PD and being progressive in
nature, there is strong plausible neurobiological basis
to expect that deficits in EF, specifically decision-
making in those at-risk for PD, could be evaluated
with the IGT. We discuss what the outcomes of IGT
use in the PD literature are in the context of deficient
catecholamine signaling, and how this may bring new
opportunities to increase our understanding about the
possible applicability of the IGT in relation to the
issue of therapeutic noncompliance. Given that PD
risk is greater in males, we also examine the pos-
sibilities and pitfalls of using the IGT to explain
evidence for differences in non-strategic decision-
making between men and women and how this may
be applicable, or not, in the context of PD.

Brief overview of the IGT

The IGT was originally developed as a clinical
research tool, to assess cognitive flexibility asso-
ciated with real-world decision-making in patients
with neurodegenerative disease secondary to ven-
tromedial prefrontal cortex (PFC) lesions [16–18].
Over time, accumulating evidence indicated that the
IGT also activated the orbitofrontal cortex (OFC)
and the amygdala involved with emotionally-salient
decision-making associated with response inhibi-
tion and perceptions of rewards versus punishments
[19–23]. Since its inception, the IGT has been a
reliable approach in examining the influence of emo-
tionally salient reward-based risk-taking on making
decisions that invariably lead to negative conse-
quences [16–24].
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Participants are instructed to consecutively choose
cards from four different decks that are assigned a
monetary gain or loss over the course of 100 trials.
The goal is to win as much money as possible. Unbe-
knownst to the participant, two of the four decks are
preset to pair low dollar winning cards with more
frequent high dollar losing cards. Cards in two of
the decks have higher monetary gains and will gen-
erate losses greater than that of the amount gained,
whereas cards in the two other decks will have less
monetary gain and will also have equal losses. Over
the course of 100 trials, the goal is to have a positive
net dollar amount at the end of the task. Thus, a player
must show cognitive flexibility in their learning abil-
ity that will enable them to adopt a strategy to avoid
the card decks that most often result in higher dollar
losses while figuring out that the low winning cards
ultimately result in a positive net gain over time.

A player with an intact OFC, amygdala, and PFC
will learn over the course of 100 trials to adopt a
decisional strategy to avoid the card decks that yield
high dollar wins paired with higher dollar losses.
Gaining a net profit at the end of the task requires
response inhibition and strategic decision-making.
This is something that is difficult for risk-takers
and those who have neuropathology in the afore-
mentioned brain structures, even after given multiple
test-taking opportunities [21, 24]. The IGT has also
been shown to predict disease trajectories such as
substance relapse in psychiatric disorders associated
with inherent dopaminergic dysfunction [24]. Impor-
tantly, this vulnerability was present, independent of
the subjects’ positive response to antipsychotics [24].
Taken together, these data suggest that the IGT has
potential to reveal an individual’s propensity towards
making non-strategic decision-making, and may be
used in clinically-based evaluations.

WHAT NEURAL AREAS AND
MECHANISMS OF PD ARE PROBED BY
THE IGT?

In addition to the OFC and PFC areas that are acti-
vated in the process of reward-based decision-making
that could be measured by the IGT in humans, the
ventral striatum has also been implicated in deci-
sions involving risk and reward in animal PD models
[18–20, 25, 26]. These regions are innervated by
noradrenergic terminals originating from the locus
ceruleus (LC) [27, 28], dopaminergic terminals orig-
inating from the substantia nigra (pars compacta

SNc), and the ventral tegmental area (VTA) [29–31].
Deficits in norepinephrine (NE) and dopamine (DA)
signaling in these three key areas have been iden-
tified as contributors to deficits in domains of EF
that lead to non-strategic, disadvantageous decision-
making [29–38].

Emerging animal PD models and clinical PD stud-
ies clearly show loss of these three catecholaminergic
neuronal populations contributing to disease symp-
tom characteristics [39, 40]. Conceivably, the neural
loss in PD constitutes a composite neurobiologi-
cal signature that is associated with non-strategic
decision-making. Taken together, the IGT might be an
additional diagnostic tool in the clinical armamentar-
ium to identify problems in strategic decision-making
in those who might be at-risk for PD or therapeutic
non-compliance.

So far, there is substantial evidence showing that
normal dopaminergic and noradrenergic function
is necessary for advantageous, strategic decision-
making. Animal models employ lesioning tech-
niques, direct circuit modulation, or pharmacological
interrogations to assess behaviors, making them
highly valuable to disentangle the neuronal pathways
and neurotransmitter signaling involved in decision-
making. As such, evaluating the neurobiological basis
of decision-making strategies and outcomes in animal
models should employ behavioral methods that have
face validity in comparison to human studies [30, 41,
42]. Given the evidence that deficits in dopaminer-
gic and noradrenergic signaling impair advantageous
and strategic decision-making, the question arises as
to whether these deficits could also be interrogated
in PD patients with the IGT. If so, when does DA
and NE loss in PD arise to a magnitude sufficient
to impair decision-making that could be detected by
the IGT, particularly in the preclinical, prodromal, or
early stages of PD? Evidence of impaired decision-
making prior to a PD diagnosis or onset of motor
decline could, at the very least, signal the need to
initiate interventions to slow PD progression, partic-
ularly if other reliable biomarkers or phenotypes of
PD are present.

The primary neuropathological basis for impaired
motor function in PD is nigrostriatal DA neuron loss.
It is well-established that the loss of DA markers
in the nigrostriatal terminals in the striatum must
reach near 80% prior to the onset of motor impair-
ment [43–45]. Prior to this remarkable magnitude of
nigrostriatal DA loss, it is conceivable that less than
80% nigrostriatal DA loss may impair EF compo-
nents, if nigrostriatal DA also subserves a component
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of executive functioning (EF) related to decision-
making. In fact, nigrostriatal DA function does affect
context-related reward or visual stimuli related to
working memory, given recent evidence of its inner-
vation of the PFC [31, 35, 36]. Thus, it is plausible
that some level of nigrostriatal DA loss will diminish
DA signaling in the PFC, thereby influencing com-
ponents of EF and specifically decision-making [35,
36]. In fact, PD animal model results support this pos-
sibility, as loss of DA to levels less than necessary for
motor impairment adversely impact responsivity to
salient cues or reversal learning [26, 33]. Therefore,
loss of nigrostriatal neurons in the prodromal or early
stages of PD could play a pivotal role in facilitating EF
deficits adversely affecting decision-making before
dopamine replacement therapy has been initiated.

Until recently, it was thought that PD pathology
largely affected only the nigrostriatal DA neurons and
spared the more medially-located DA neurons of the
VTA. However, more recent evidence clearly shows
loss of DA innervation originating from the VTA [46,
47], ranging from 40–77%. Our understanding of how
DA loss from the VTA affects EF related to decision-
making centers upon the clear evidence that efferent
projections from the VTA innervate regions involved
with EF, including nucleus accumbens, amygdala
(AMY), and medial PFC, wherein DA has profound
influence on physiological function of neuronal cir-
cuits therein [34–36]. In particular, DA function in
the PFC plays a major role in goal-directed behaviors
requiring strategic decision-making. For example,
interpreting the relevance of stimuli in the decision-
making process, controlling spontaneous impulses to
act without foresight, and deciding whether or not to
engage in a goal-directed response is subserved by
DA function in the PFC [30, 35, 48]. Moreover, if the
stimuli had any sort of emotional tone, for example
obtaining a reward, then the OFC and AMY would
also be involved.

Animal models suggest that loss of DA in cortical
regions, arising from PD-related loss of these neu-
rons from the VTA, would impair EF involved in
strategic decision-making and could therefore lead to
outcomes that are ultimately disadvantageous. In the
context of PD progression, loss of DA in the VTA is
detected within 2 years of PD diagnosis (Hoehn Yahr
stage 1-2), and at least according to a recent human
imaging study, this loss is comparable to that in the
SN during that time [47]. Since DA loss is greater
in the terminal regions in ventral striatum (more than
twice the effect size between PD and control) than the
VTA itself at this time point [47], it is conceivable that

DA loss would be similar in other VTA efferent tar-
gets, notably the PFC. As such, the loss of DA from
the VTA could affect the PD patient’s ability at the
early stage or even prodromal phase to discern stimuli
that are particularly relevant for advantageous out-
comes versus stimuli leading to negative outcomes.
From the perspective of using the IGT, persons with
or at-risk for PD may therefore demonstrate a dimin-
ished ability to inhibit poor choices by choosing cards
that are not associated with an advantageous, long-
term gain arising, in part, from early stages of VTA
neuron loss.

The locus ceruleus is the only source of NE effer-
ents that project to brain areas in decision-making;
the prefrontal cortex [27, 28]. The LC can also be
divided into subpopulations [49]. While it is not clear
whether certain subpopulations of LC neurons are
affected in PD, very recent evidence shows definitive
LC loss early in the disease process [50–52]. Based
upon the evidence that EF is affected in 30–40% of
early stage or prodromal PD [4, 5], it is very likely
that PD pathology involves LC subpopulations sub-
serving EF. In fact, the magnitude of LC neuron loss
in de novo PD (Hoehn and Yahr stage 1-2) corre-
lates to the severity of EF impairment [50]. The loss
of LC neurons in early stage PD may even con-
tribute in nigrostriatal neuron loss [53, 54]. Thus,
deficits in EF or decision-making may arise from
the loss of LC neurons themselves or the impact of
their loss on nigrostriatal neurons early in the disease
process.

Advantageous outcomes in decision-making in
goal-oriented behavior require attention shift and
memory retrieval needed for response inhibition
and LC neuron function affects these cognitive
domains needed to assign significance to a stimulus
[32, 55, 56]. This optimizes behavioral performance
and adaptions in decision-making necessary during
changing or ambiguous environmental cues [27, 37,
38]. Given the evidence for LC neuron loss and
EF-related impairments early in PD [50], examin-
ing the behavioral impact of LC lesion in animal
models could reveal whether similar deficits in EF
arise. Early work indicated that NE loss in the cor-
tex impaired behavior related to selective attention
and arousal [56]. Many years later, work in early
stage PD shows that mild impairment in cognitive
flexibility correlates with loss of LC neurons [50].
Thus, improving NE signaling in the cortical regions
would be expected to improve EF. In fact, blocking
NE uptake with atomoxetine in rat and primate mod-
els augments NE function, and improves attention
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in orienting to context-specific tasks and response
inhibition [57, 58]. In PD patients at mild-to-
moderate stage (Hoehn and Yahr 2,3), atomoxetine
improved tasks related to response inhibition and did
so with increased functionality of relevant cortical
areas [59]. In summary, very recent evidence in the
early to mid-stage PD patient indicates that the loss
of LC neurons may impairs EF underlying response
disinhibition and non-strategic decision-making. In
substantiating a role for NE function in EF, the IGT
could be useful to identify those at-risk for PD in the
preclinical phase, and those in a very early or prodro-
mal phase of PD, particularly if used in combination
with other indications of established indices of risk
phenotype (to be discussed in brief below).

In conclusion, animal models clearly show that
impairments in NE or DA function in the PFC
and OFC are associated with EF deficits that con-
tribute to disadvantageous decision-making. Loss of
dopaminergic and noradrenergic cell bodies in the
SN, VTA, and LC occurs in PD, and more recent
evidence substantiates loss of each neuronal popula-
tion in early stage PD. Such loss could impair EF
domains related to decision-making in early stage
PD, which is now recently reported in prodromal PD
[4, 5]. Although significant progress has been made
in identifying risk factors that strongly predict PD
in the prodromal phase, a firm diagnosis of PD cur-
rently requires the onset of motor impairment – at
which point substantial loss of these neuron popula-
tions has already occurred. Given the recent evidence
that specific populations of nigrostriatal neurons tar-
get the PFC, it is plausible that their loss could
also adversely affect EF (and thus possibly detected)
prior to onset of motor impairment, although notably
the metric for the magnitude of loss of these spe-
cific populations required for EF deficits has not
been established, as it has for the onset of motor
impairment [44, 45]. We therefore propose that an
additional measure to help establish the criteria for
identifying pre-motor symptoms related to the loss of
these neurons might be to substantiate impairments
to decision-making. Figure 1 illustrates the progres-
sive loss of the aforementioned neuronal populations
resulting in DA and NE signaling deficits in the cor-
tical regions with the expected impact upon specific
domains of EF affecting decision-making that may
be measured with the IGT. In combination with other
markers of PD, exploring the applicability of the IGT
may help detect problematic decision-making before
frank motor impairment, which is tied to loss of DA
and NE neurons.

CLINICAL LITERATURE SEARCH

The online database Scopus was used to iden-
tify relevant studies using the year of publication
range 1999–2019. A flow diagram shows search and
inclusion/exclusion criteria (Fig. 2). Searching for
‘Parkinson’s disease’ yielded 117,136 results, using
the key term ‘Iowa Gambling Task’ resulted in 1,267
results and we found 97 studies using the search term
‘Bechara Gambling Task’. When ‘Iowa Gambling
Task’ AND ‘Parkinson’s disease’ were combined, we
found 47 results and when changing the combina-
tion to ‘Bechara Gambling Task’ AND ‘Parkinson’s
disease’ we found 1 result. Case reports, confer-
ence abstracts, group sizes of less than 10, and those
specifically examining Pathological Gambling as an
Impulse Control Disorder were excluded. From this,
17 studies met our search criteria that focused on
decision-making in PD patients using the IGT. We
found no PD studies using the IGT to predict thera-
peutic compliance.

IS THERE A ROLE FOR USING THE IGT
TO PREDICT THERAPEUTIC
COMPLIANCE IN PD?

Roughly 17% of PD patients have problems with
response inhibition [60, 61], which is likely to be
associated with deficient catecholamine signaling in
the cortical regions subserving decision-making, as
suggested by previous studies [29, 30, 36, 39, 46,
47, 52, 55, 58, 59]. Therapeutic non-compliance is
a major issue in the PD patient, as only 3–10%
of PD patients adhere to multiple dosing inter-
vals inherent in DRT regimens [12, 61]. With five
or more years of multiple dosing regimens, com-
pliance drops to roughly 3% with up to 70% of
PD patients self-discontinuing DA therapy [12, 61].
Moreover, these PD patients have an increased risk
for life-threatening complications such as malignant
syndrome or parkinsonism-hyperpyrexia syndrome
(similar to neuroleptic malignant syndrome) with
mortality rates up to 4% [62]. Arguably, the decision
to self-discontinue or modify a therapeutic regi-
men may be related to the inability to foresee or
learn from the adverse consequences thereof. There-
fore, approaches to parse out the patient’s potential
inability to weigh the consequences of this decision
are critically important. At present, no prospective
study in PD patients with adequate controls for
disease duration and medication history exists to
show whether or not the IGT could possibly identify
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Fig. 1. Impact of catecholamine cell body loss in Parkinson’s disease on noradrenergic and dopaminergic signaling in cortical and subcortical
regions and executive functions. A schematic of Parkinson’s progression is presented by the arrow, wherein intact functions (green color) in
executive function (EF) are subserved by an intact population of cell bodies to the left of the arrow for each cell body region depicted; locus
ceruleus (LC), substantia nigra pars compacta (SNc), and ventral tegmental area (VTA). As loss of these neurons begins at the early (and likely
prodromal) stages of the disease (depicted in color by transition between green and red in the Parkinson’s progression arrow), progressively
less neurotransmitter (norepinephrine (NE) and dopamine (DA)) is released in the targeted cortical (prefrontal (PFC) and orbitofrontal
(OFC)) and subcortical (caudate, putamen, amygdala (AMY), and nucleus accumbens (NAc)) regions. In turn, these deficits in NE and DA
release lead to deficits in EF, including decreased ability to inhibit choices that lead to disadvantageous outcomes, impaired attention to
relevant stimuli associated with advantageous outcomes, impairment in recognizing reward saliency, and perseveration in decision-making
that leads to disadvantageous outcomes.

patients who may be at-risk for therapeutic non-
compliance.

However, we might infer the utility of the IGT in
this capacity from the currently available data from
17 clinical PD studies. Of these, the study designs,
the patient disease longevity and severity were varied.
Thus, it would be logical to presume a varying degree
of DA and NE loss in these patients, as well as varying
amount or type of DRT. These factors make it diffi-
cult to interpret what an IGT outcome would mean for
gauging therapeutic compliance. However, it would
be inferred that the greater the disease severity the
greater likelihood of catecholamine deficiency and
therefore decreased IGT performance. Table 1 illus-
trates that the use of the IGT in PD patients currently
shows inconsistent outcomes regarding performance,
which may be related to the aforementioned issue of
controlling for disease longevity and severity. The

majority of these studies investigated patients with a
PD diagnosis ranging from 3–15-years (mean = 7.6
years) and stages ranging from de novo Stage 1 to
stage 4.5 [60, 63–78]. Thus, it is likely that cortical
loss of NE or DA innervation may be well-advanced.
The neurobiological evidence presented earlier sug-
gests that too little DA or NE in the cortical regions
would conceivably impair strategic decision-making.

Of the 17 studies we reviewed, ten studies (two
with DBS in the studies) reported that PD patients
in the ON DRT state still performed worse than
healthy controls [63, 67, 70–78] and one study
showed a trend toward significantly worse scores
[66]. Therefore, on the assumption that therapeutic
non-compliance would be present in these patients
(a current unknown), this would support that defi-
cient catecholamine levels were present despite DRT
being on-board. However, we also found three stud-
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Fig. 2. Flow Diagram of Literature Search.

ies reporting no significant differences between PD
patients in the ON DRT state and healthy controls
[65, 68, 69]. This may suggest that the DRT therapy
could have elevated DA levels sufficiently enough
to mitigate non-strategic decision-making. If these
studies did evaluate under OFF DRT, and found dif-
ference between control and PD, this would further
support that deficient catecholamine signaling con-
tributes to non-strategic decision-making. Finally,
one study compared two PD groups with and with-
out impulse control disorder and found no IGT
differences, suggesting that a tendency toward non-
strategic decision-making may be inherent in PD
patients, notably the patients in this study were far-
advanced in years post-diagnosis [60]. One study
compared DBS to non DBS and healthy controls and

found the non-DBS PD groups in the ON DRT state
performed comparably to healthy controls [63] and
specific OFF DRT results were unclear. One study
examined de novo PD patients and found no sig-
nificant differences with healthy controls [64]. We
argue a cross-over design comparing IGT perfor-
mance in the ON and OFF DRT states would further
support the hypothesized contribution of decreased
catecholamine signaling in the cortical regions in IGT
performance. Three of the studies that found signif-
icant differences between PD patients and healthy
controls had a crossover design so that decision-
making in patients in the ON and OFF DRT states
could be examined [63, 67, 70]. One study showed
that patients in OFF DRT performed worse than ON
DRT [70].
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Table 1
Clinical Investigations of the IGT Used in PD Patients on DRT Except One De Novo Study (Poletti et al.)

Reference Study Design Group Description Years of Hoehn & Yahr IGT Total Scores
PD Diagnosis (mean +/– SD)
(mean +/– SD)

Biars et al. [60] Case control PD+ICD (n = 24) 13.2 + /– 7.1 not reported No significant group differences
PD (n = 24) 11.9 + /– 7.1

Evens et al. [63] Case Control PD-w/DBS (n = 33) 7.37 + /– 4.26 2.39 + /– 0.59 Significant differences between both PD DBS
groups vs. HC; no PD group differences

PD- nonDBS (n = 33) 15.27 + /– 5.37 3.17 + /– 0.51
HC (n = 34) n/a

Poletti et al. [64] Case control PD-de novo (n = 30) not reported not reported No significant group differences
HC (n = 25)

Gescheidt et al. [65] Case control PD-ON (n = 18) 6.33 + /– 2.87 1.97 + /–0.55 No significant group differences
HC (n = 18)

Gescheidt et al. [66] Case control PD-ON (n = 19) 11.32 + /– 6.42 1.68 + /– 0.58 PD had lower scores, but statistics inconclusive
HC (n = 20)

Czernecki et al. [67] Crossover ON/OFF PD-ON/OFF (n = 23) HC (n = 28) 14.9 + /– 1.2 ON–2.2 + /– 0.1 No significant group differences in 1st IGT test.
Significant differences in 2nd IGT testOFF–3.8 + /– 0.1

Mimura et al. [68] Case control PD-ON (n = 18) HC (n = 20) not reported Stage 2 –3 No significant group differences
Euteneur et al. [69] Case control PD-ON (n = 21) HC (n = 23) 7.1 + /– 6.1 Stage 1–3 No significant group differences
Castrioto et al. [70] Crossover, ON/OFF/DBS PD-ON/OFF/DBS (n = 20) 10.3 + /– 3.8 not reported PD in pre-DBS OFF state had significantly

lower scores than HC
HC (n = 24)

Delazer et al. [71] Case control PD-ON (n = 10) 5.25 + /– 6.38 1.8 + /– 0.6 PD and PDD groups performed similarly. Both
had significantly lower IGT scores than HC.

PDD-ON (n = 10) 8 + /– 4.83 2.5 + /– 0.6
HC (n = 20)

Kobayakawa et al. [72] Case control PD-ON (n = 20) HC (n = 37) 6.3 + /– 3.4 1.9 + /– 0.6 PD group had significantly lower IGT scores in
last half but not first half

Kobayakawa et al. [73] Case control PD-ON (n = 14) 5.6 + /– 2.7 1.4 + /– 0.6 PD group had significantly lower scores than HC
HC (n = 32)

Kobayakawa et al. [74] Case control PD-ON (n = 34) HC (n = 22) 6.4 + /– 3.4 1.52 + /– 0.75 PD group had significantly lower scores than HC
Ibarrexte-Bilboa et al. [75] Case control PD-ON (n = 24) 3.06 + /– 1.6 1.73 + /– 0.4 PD group had significantly lower scores than HC

HC (n = 24)
Pagonabarraga et al. [76] Case control PD-ON (n = 35) 8.4 + /– 5 2.2 + /– 0.6 PD group had significantly lower scores than HC

HC (n = 31)
Mapelli et al. [77] Case control PD-ON (n = 15) 4.8 + /– 3.4 not reported PD group had significantly lower scores than HC

HC (n = 15)
Xi et al. [78] Case control PD-ON (n = 15) 4.33 + /– 5.05 1.97 + /– 0.67 PD group had significantly lower scores than HC

HC (n = 15)

PD, Parkinson’s disease; HC, Healthy Control; PDD, Parkinson’s disease with dementia; ICD, impulse control disorder; DRT+, dopamine replacement therapy+concomittant meds; DBS, deep
brain stimulation.
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The neurobiological evidence suggests that
decreased cognitive flexibility and increased disin-
hibition are the most likely contributors promoting
decisions to self-discontinue prescribed medications
as a function of catecholamine imbalances and neu-
ronal loss in key brain areas associated with EF. To
illustrate, Fig. 1, shows the how the progressive neu-
ropathology in PD may decrease response inhibition
leading to cognitive inflexibility and non-strategic
decision-making. Studies specifically designed to
investigate therapeutic compliance and IGT per-
formance among PD patients in the ON vs. OFF
states vs. healthy controls in combination with sam-
ples of peripheral catecholamine biomarkers would
arguably provide a clearer picture of the relationship
between decisional capacity, catecholamine function,
and therapeutic compliance. As it stands now, it is
impossible to infer the potential for therapeutic com-
pliance or non-compliance with the available data
from these clinical trials. The findings that patients
ON DRT still results in worse performance on the IGT
compared to healthy controls indicate two possibili-
ties: 1) that DA deficiencies in cortical regions may
be too severe to be replenished to extent to improve
strategic-decision making, or 2) deficient NE signal-
ing in PD may be a stronger driving mechanism of
impaired decision-making than previously realized.

Thus, it is important to re-examine Fig. 1 and
the preclinical and translational data in relation to
imaging studies in PD patients undergoing the IGT.
Particularly, Kobayakawa et al. (2017) [72] captured
brain region activation during the IGT in PD patients
in comparison to healthy controls and found lateral
and medial orbitofrontal atrophy that significantly
correlated with non-strategic decision-making in the
PD group. Moreover, imaging research has shown
reduced volume, function, and activation in these
brain areas are associated with disinhibition which
may suggest the use of the IGT to identify prob-
lematic and disadvantageous decision-making in PD
populations [65, 72, 79].

As previously discussed, both DA and NE work
hand-in-hand towards regulating reward-perception,
response inhibition, and cognitive flexibility in par-
ticular brain areas that are associated with increased
spontaneity and careless decision-making. These
characteristics have strong potential to influence med-
ication non-compliance. To this point, baseline IGT
net total scores have been shown to predict future sub-
stance relapse in non-PD populations [24, 80–81].
Importantly, Stevens et al. (2014) [82] found that
the IGT predicted patients who dropped out of treat-

ment prematurely. Both Nejtek et al. (2013) [24]
and Stevens et al. (2014) [82] found that patients
who either relapsed or dropped out of treatment were
unable to learn to inhibit disadvantageous decisions
on the IGT, even after multiple test administrations
at different time points.

Given the evidence that a single assessment using
the IGT can predict relapse and treatment compli-
ance in other patient populations, this test may have
potential to identify individuals who might be prone
to spontaneously self-discontinue their medications.
We argue more controlled studies that evaluate IGT
performance in the ON and OFF states will help
strengthen the premise that a certain deficiency in cor-
tical catecholamine levels may predict the likelihood
of therapeutic non-compliance in the PD patient.
Thus, more work is also warranted to examine cog-
nitive characteristics in preclinical, prodromal PD,
and PD patients to identify those who may be at-risk
for therapeutic non-compliance. The little available
clinical data examining the use of the IGT in PD
populations provides a glimpse of its possible utility.
Prospective studies that control for disease duration,
disease severity, and DRT therapy levels, and pos-
sibly include cortical catecholamine image analysis
would go a long way to help advance our knowledge
to ascertain decision-making correlates medication
response and compliance.

DO MEN AND WOMEN WITH PD
PERFORM THE IGT DIFFERENTLY?

The prevalence and incidence of PD is approx-
imately two-fold higher in men than women with
women diagnosed at older ages than men [83–86].
In the early stages of PD, sex differences in PD
motor symptom phenotype include men more often
presenting with bradykinesia while tremors and pos-
tural instability are generally observed in women
[86–88]. While sex differences in PD motor symp-
tomatology are known, the influence of sex on
executive functioning is understudied. However,
since the seminal work of Maccoby and Jacklin
[89], it is well-documented in healthy populations
across the lifespan that females have better verbal
memory, faster psychomotor and processing speed
than males; and males have better visuospatial mem-
ory, spatial recognition, and mental rotation than
females [90–92]. The same EF differences hold true
for women and men with PD. The available data sug-
gests that women with PD have better verbal memory
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[86], executive and global cognitive functioning than
men [93–98]. Conversely, men with PD have bet-
ter visuospatial memory than women [93, 99–103].
Data suggest that women learn verbal lists faster,
have more efficient frontostriatal DA regulation, and
higher DA receptor expression in the striatum that
may be associated with higher estrogen levels [86,
104]. The intersection of catecholamines and estro-
gen in PD patients presents an interesting perspective
in possibly explaining the sex differences in decision-
making in the PD population [100, 104–109].

Although non-strategic decision-making is more
common in men with PD than in women [11,
109–112], both sexes may exhibit risk-taking behav-
iors (e.g., pathological gambling, compulsive buying,
etc.) while temporal discounting (e.g., inability to
delay gratification) is more associated with men than
women [6, 11, 109–111, 113]. In PD populations,
although both sexes may exhibit some non-strategic
decision-making [77, 78, 113], there remains a need
to determine the extent to which this cognitive domain
influences clinical outcomes in men compared to
women. The general consensus in healthy adult pop-
ulations performing the IGT is that men learn the
strategy of choosing advantageous cards quicker than
women, but over time women catch up to the strat-
egy and the end net result is the same for both sexes
[114–116]. Thus, performance on the IGT in the PD
population may not be uniquely reflective of PD as
overall sex differences in cognitive functioning exists
even in healthy controls.

To our knowledge, there are no studies specifi-
cally examining sex differences in IGT performance
in patients with PD in relation to advancing a clinical
perspective for sex-specific therapeutic compliance.
In contrast, some data suggests that women with PD
may have latent complications associated with DA
therapy [116] that may influence careless decision-
making. However, it is currently not possible to
determine the clinical applicability of IGT perfor-
mance in relation to predicting the apparent sex
differences found in PD. Although men with PD may
have a higher risk for making non-strategic decisions
than women, it is unclear whether or not this trans-
lates into men having more problems with therapeutic
compliance and disease resiliency.

INTEGRATING THE FINDINGS

It is evident that many PD patients will have
decision-making problems during the course of

their illness. Non-strategic decision-making may be
applied to therapeutic complications associated with
medication non-compliance leading to poor health
trajectories overall. As there are emerging reliable
physiological, image-based, and genetic biomarkers
associated with predicting risks for prodromal and
early stage PD [117, 118], the IGT may be a useful
companion to detect non-strategic decision-making
already on-board prior to motor impairment. Of the
phenotypic markers related to prodromal PD, the
most well-documented and conclusive markers of
prodromal PD is REM sleep behavior disorder (RBD)
[117, 118]. Given the emphasis on RBD as a predic-
tive marker of prodromal PD, we found one study that
that described IGT outcomes in RBD patients that
might provide a rationale for examining the IGT’s
applicability in PD.

In a non-PD sample, Delazer et al. (2012) [119]
used a neuropsychological battery measuring var-
ious domains of EF in RBD patients compared
to healthy age- and education-matched controls to
exclude cognitive impairment in their sample. The
researchers then used the IGT to specifically mea-
sure non-strategic decision-making, the Information
Sampling Task, Intra/Extra Dimensional Shift task,
One Touch Stockings of Cambridge (similar to Tower
of London), and the Go-NoGo Task to measure
cognitive impulsivity and complex problem solving.
The outcomes of this study showed that only the
IGT revealed significant group differences in RBD
compared to age-matched controls, as RBD patients
made significantly more non-strategic, disadvanta-
geous decisions. This study indicates that the IGT
may identify subtle cognitive problems by interrogat-
ing strategy-based decisional capacity in PD patients
that might not otherwise be revealed with other types
of neuropsychological tests specifically designed to
diagnose cognitive impairment. For example, many
of the neuropsychological tests require adequately
intact motor functioning (e.g., Trail-making Tests A
and B, Rey Osterrieth Complex Figure Test, Block
design, Bells Test, etc.) while others depend on visual
color accuracy (e.g., Wisconsin Card Sorting Task,
Stroop Color Word Test, etc.). As a computerized test
that does not depend on visuospatial capabilities nor
color accuracy, the IGT may be a viable alternative
assessment tool especially when decision-making is
of particular interest.

The most recent and interesting data elucidating
decisional capacity in PD suggests that there is sig-
nificant loss of noradrenergic functions from the LC
and DA loss from the SN impacting its connection to
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the PFC. This new finding of the SN-PFC connection
expands the traditional view of the roles DA and VTA
alone may have played in EF and decision-making
in PD populations. Now, accumulating evidence is
pointing towards a combined contribution of LC and
NE with nigrostriatal and mesolimbic DA signaling in
the OFC and PFC that are critically important neural
factors underlying cognitive flexibility and response
inhibition necessary for strategic decision-making.

The significant relationships among cognitive
and motor functioning, therapeutic compliance, and
disease resilience present a clinically challenging
rationale for using the IGT to assess decision-making
prior to global cognitive or motor decline. However,
in the absence of frank cognitive and motor impair-
ment, the IGT may have the potential to evaluate
an individual’s capacity to make strategic decisions
prior to a firm PD diagnosis. Particularly relevant to
PD patients is the high mortality rate associated with
therapeutic non-compliance with complex DA treat-
ment regimens that depends on a patients’ ability to
make strategic decisions while inhibiting impulses
to self-discontinue or adjust their medication regi-
men. Although more research is needed, when all
other domains of cognitive functioning are intact, the
IGT may help identify subtle, non-strategic decision-
making in those at-risk for preclinical or prodromal
PD and therapeutic non-compliance.

CONCLUSION

Evidence of impairments to catecholamine func-
tion can be interrogated at multiple levels, including
CNS-imaging and serum analysis. These biomarkers,
if seen in conjunction with subtle cognitive impair-
ments seen in premotor and early-stage PD or with
other indicators of compromised peripheral functions
such as dysautomnia [120], would increase the like-
lihood of detecting PD pathology or identify the
clinical issue facing the PD patient, which as we dis-
cussed, include therapeutic non-compliance. As such,
the IGT is argued to be a useful companion in this
regard.

This review presents the currently available data
from animal models and human studies investigating
the neurobiology of EF in PD and the applicability of
the IGT to reveal decisional capacity associated with
the neural areas, pathways, and/or catecholamine
dysfunction underlying PD neuropathology. Using
the IGT to identify potential problems with thera-
peutic compliance due to the high rate of mortality

in PD resulting from decisions to self-discontinue
or self-adjust DRT is worthy of future research. We
also found that the available data indicates that the
IGT interrogates the same neural areas involved in
PD neuropathology. Here, we have summarized the
available data that may point researchers toward a
more unified approach concerning the applicability
of using the IGT in PD, towards identifying risks
for preclinical or prodromal PD (if used alongside
other well-established markers), and therapeutic non-
compliance. However, the IGT may not differentiate
or predict decisional capacity in men versus women
with PD.
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I (2019) Noradrenaline is crucial for the substantia
nigra dopaminergic cell maintenance. Neurochem Int 131,
104551.

[55] Vazey EM, Aston-Jones G (2012) The emerging role of
norepinephrine in cognitive dysfunctions of Parkinson’s
disease. Front Behav Neurosci 6, 48.

[56] Carli M, Robbins TW, Evenden JL, Everitt BJ (1983)
Effects of lesions to ascending noradrenergic neurones

on performance of a 5-choice serial reaction task in rats;
implications for theories of dorsal noradrenergic bundle
function based on selective attention and arousal. Behav
Brain Res 9, 361-380.

[57] Bradshaw SE, Agster KL, Waterhouse BD, McGaughy JA
(2016) Age-related changes in prefrontal norepinephrine
transporter density: The basis for improved cognitive flex-
ibility after low doses of atomoxetine in adolescent rats.
Brain Res 1641, 245-257.

[58] Reynaud AJ, Froesel M, Guedj C, Ben Hadj Hassen S,
Clery J, Meunier M, Ben Hamed S, Hadj-Bouziane F
(2019) Atomoxetine improves attentional orienting in a
predictive context. Neuropharmacology 150, 59-69.

[59] Rae CL, Nombela C, Rodriguez PV, Ye Z, Hughes LE,
Jones PS, Ham T, Rittman T, Coyle-Gilchrist I, Regenthal
R, Sahakian BJ, Barker RA, Robbins TW, Rowe JB (2016)
Atomoxetine restores the response inhibition network in
Parkinson’s disease. Brain 139, 2235-2248.

[60] Biars J, Johnson N, Nespeca M, Busch R, Kubu C, Floden
D (2019) Iowa Gambling Task performance in Parkinson
disease patients with impulse control disorders. Arch Clin
Neuropsychol 34, 310-318.

[61] Daley DJ, Myint PK, Gray RJ, Deane KHO (2012) Sys-
tematic review on factors associated with medication
non-adherence in Parkinson’s disease. Parkinsonism Relat
Disord 18, 1053-1061.

[62] Newman EJ, Grosset DG, Kennedy PGE (2009). The
Parkinsonism-Hyperpyrexia Syndrome. Neurocrit Care
10, 136-140.

[63] Evens R, Stankevich Y, Dshemuchadse M, Storch A, Wolz
M, Reichmann H, Schlaepfer TE, Goschke T, Lueken U
(2016) The impact of Parkinson’s disease and subthalamic
deep brain stimulation on reward processing. Neuropsy-
chologia 75, 11-19.

[64] 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. Mov Disord 27, 330-332.

[65] Geshceidt T, Marecek R, Mikl M, Czekoova K, Urbanek T,
Vanicek J, Shaw DJ, Bares M (2013) Functional anatomy
of outcome evaluation during Iowa gambling task per-
formance in patients with Parkinson’s disease: An fMRI
study. Neurol Sci 34, 2159-2166.

[66] Gescheidt T, Czekoova K, Urbanek T, Marecek R, Mikl
M, Kubikova R, Telecka S, Andrlova H, Husarova I, Bares
M (2012) Iowa gambling task in patients with early-
onset Parkinson’s disease: Strategy analysis. Neurol Sci
33, 1329-1335.

[67] Czernecki V, Pillon B, Houeto JL, Pochon JB, Levy R,
Dubois B (2002) Motivation, reward, and Parkinson’s
disease: Influence of dopatherapy. Neuropsychologia 40,
2257-2267.

[68] Mimura M, Oeda R, Kawamura M (2006) Impaired
decision-making in Parkinson’s disease. Parkinsonism
Relat Disord 12, 169-175.

[69] Euteneuer F, Schaefer F, Stuermer R, Boucsein W, Tim-
mermann L, Barbe MT, Ebersbach G, Otto J, 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 psy-
chophysiological study. Neuropsycholigia 47, 2882-2890.

[70] Castrioto A, Funkiewiez A, Debu B, Cools R, Lhommee
E, Ardouin C, Fraix V, Chabardes S, Robbins TW, Pol-
lak P, Krack P (2014) Iowa gambling task impairment
in Parkinson’s disease can be normalized by reduction of



418 M.F. Salvatore et al. / Iowa Gambling Task in Parkinson’s Disease?

dopaminergic medication after subthalamic stimulation. J
Neurol Neurosurg Psychiatry 86, 186-190.

[71] Delazer M, Sinz H, Zamarian L, Stockener H, Seppi K,
Wenning GK, Benke T, Poewe W (2009) Decision making
under risk and under ambiguity in Parkinson’s disease.
Neuropsycholigia 47, 1901-1908.

[72] Kobayakawa M, Tsuruya N, Kawamura M (2017)
Decision-making performance in Parkinson’s disease cor-
related with lateral orbitofrontal volume. J Neurolog Sci
372, 232-238.

[73] Kobayakawa M, Tsuruya N, Kawamura M (2010) Sensi-
tivity to reward and punishment in Parkinson’s disease:
An analysis of behavioral patterns using a modified ver-
sion of the Iowa gambling task. Parkinsonism Relat Disord
16, 453-457.

[74] Kobayakawa M, Shinichi K, Mimura M, Kawamura M
(2008) Decision making in Parkinson’s disease: Analysis
of behavioral and physiological patterns in Iowa gambling
task. Mov Disord 23, 547-552.

[75] Ibarrexte-Bilboa N, Junque C, Tolosa E, Marti MJ, Vallde-
oriola F, Bargallo N, Zarei M (2009) Neuroanatomical
correlates of impaired decision-making and facial emotion
recognition in early Parkinson’s disease. Eur J Neurosci
30, 1162-1171.

[76] 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. Mov Disord 22, 1430-1415.

[77] 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. Front
Psychol 5, 684.

[78] Xi C, Zhu Y, Mu Y, Chen B, Dong B, Cheng H, Hu P,
Zhu C, Wang K (2015) Theory of mind and decisions-
making processes are impaired in Parkinson’s disease.
Behav Brain Res 279, 226-233.

[79] Geshceidt T, Marecek R, Mikl M, Czekoova K, Urbanek T,
Vanicek J, Shaw DJ, Bares M (2013) Functional anatomy
of outcome evaluation during Iowa gambling task per-
formance in patients with Parkinson’s disease: An fMRI
study. Neurol Sci 34, 2159-2166.

[80] DeWilde B, Verdejo-Garcia A, Sabbe B, Hulstijn W, Dom
G (2013) Affective decision-making is predictive of three-
month relapse in polysubstance-dependent alcoholics. Eur
Addict Res 19, 21-28.

[81] Verdejo-Garcia A, Albein-Urios N, Martinez-Gonzalez
JM, Civit E, de la Torre R, Lozano O (2014). Decision-
making impairment predicts 3-month hair-indexed
cocaine relapse. Psychopharmacology 231, 4179-4187.

[82] Stevens L, Betanzos-Espinosa P, Crunelle C, Vergara-
Moragues E, Roeyers H, Lozano O, Dom G, Gonzalez-
Saiz F, Vanderplasschen W, Verdejo-Garcı́a A, Pérez-
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