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Abstract

Objective: A subgroup of patients with Parkinson disease (PD) develops impulse control disorders (ICD) associated with their dopamine
replacement therapy. Patients and their families may be reluctant to report ICD symptoms or unaware these symptoms are related to PD
medication, which can make detecting an ICD difficult for clinicians. Ideally, a behavioral measure that is sensitive to ICD could be em-
ployed to ensure that patients with these behaviors are identified and treated. The Iowa Gambling Task (IGT), a standardized decision-
making task, has proven sensitive in other populations with impulse control problems. We hypothesized that the IGT would differentiate
between PD patients with and without ICD.

Methods: We compared IGT performance and disease variables in 24 PD patients with ICD and 24 PD patients without ICD. Patient
groups were matched in terms of age, sex, and duration of PD.

Results: There were no significant differences in IGT scores between PD groups. IGT performance declined with increasing age, but the
majority of patients performed within normal limits based on published age- and education-corrected normative data.

Conclusions: The IGT did not distinguish between PD patients with and without ICD. Increasing age negatively impacted performance in
both groups. Other studies have found that IGT performance may decline in normal aging. Our results suggest that the IGT lacks the sensi-
tivity and specificity needed to differentiate between age-related deficits and disruption in frontal-subcortical circuits underlying ICD associ-
ated with PD medications. Therefore, the IGT is not an appropriate behavioral measure for ICD in PD patients.
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Introduction

Parkinson’s disease (PD) is one of the most prevalent neurodegenerative diseases in the world, second only to Alzheimer’s
disease (Aarsland, Bronnick, & Fladby, 2011). Although PD is diagnosed on the basis of the cardinal motor symptoms—bra-
dykinesia, tremors, rigidity, and postural instability—there is also a consistent array of non-motor, cognitive symptoms, and
side effects. Among the most disruptive are Impulse Control Disorders (ICD) such as pathological gambling, hypersexuality,
binge eating, and compulsive shopping. ICD occur in approximately 17% of patients with Parkinson disease (PD).
Pathological gambling is the most common ICD, affecting 2.3%-9.3% of patients, followed by hypersexuality which affects
0.9%—-13% of patients and compulsive buying/eating which affects 0.4%-5.7% of patients (Evans, Strafella, Weintraub, &
Stacy, 2009; Vitale et al., 2011; Voon, Hassan, Zurowski, de Souza et al., 2006a; Voon, Hassan, Zurowski, Duff-Canning
et al., 2006b; Voon, Potenza, & Thomsen, 2007; Weintraub et al., 2006). These reward-based behaviors are typically the
result of excess stimulation of mesolimbic dopamine receptors by dopamine-replacement therapy intended to correct
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dopamine depletion in the nigrostriatal dopamine system (Santangelo et al., 2009; Tessitore et al., 2017; Vitale et al., 2011;
Weintraub et al., 2010; Weintraub, 2009; Zhang et al., 2016).

Dopamine agonists (DA) like pramipexole and ropinirole are the most frequent triggers of ICD in PD, although levodopa
has also been associated with some cases (Weintraub et al., 2006). DAs act more selectively on the D3 dopamine receptors
prevalent in the mesolimbic reward pathway (Brewer & Potenza, 2008; Broen, Duits, Visser-Vandewalle, Temel, &
Winogrodzka, 2011; Evans et al., 2009; Gerlach et al., 2003; Tessitore et al., 2017; Weintraub et al., 2006, 2010). The meso-
limbic system is less affected by pathological changes in PD and therefore DA use can lead to hyper stimulation which im-
pairs reversal learning, increases impulsivity, and increases sensitivity to reward while simultaneously decreasing sensitivity
to punishment (Cools, Altamirano, & D’Esposito, 2006; Cools, Barker, Sahakian, & Robbins, 2003; Evans et al., 2009;
Kubler, Schroll, Buchert, & Kuhn, 2017). PD patients with an impulsive personality or history of impulsive behavior, earlier
onset PD, prior substance abuse, male sex, or certain psychiatric conditions such as bipolar disorder are all at higher risk for
ICD (Ceravolo, Frosini, Rossi, & Bonuccelli, 2009; Weintraub, 2009), potentially due to prior sensitization of the mesolimbic
dopamine system. The typical strategy to reduce ICD symptoms is to reduce the patient’s dopaminergic medication, which
can lead to poorer control over the motor symptoms. However, an ICD can be even more disabling than motor symptoms as
the financial, psychosocial, or functional costs have the potential to become catastrophic.

ICDs can be difficult to detect. Health providers must rely on patient and caregiver reports of impulsive behaviors, either
through interview or questionnaire responses, because ICD is typically inconspicuous in the examination room. The
Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease (Weintraub et al., 2009) is a useful tool for this
purpose. Unfortunately, the disadvantages of using self-report methods when attempting to measure negative behaviors have
long been recognized in the field of psychology (Edwards, 1957). Patients with PD who have ICD (Thiel et al., 2003) often
have reduced insight into impulsive behaviors or may be ashamed to discuss aberrant behaviors that they do not realize are
likely a side effect of the DA medication. Likewise, caregivers may not feel at liberty to “tell on” or contradict the patient.

This becomes particularly problematic in the context of candidacy evaluation for Deep Brain Stimulation (DBS) treatment.
Patients and families may under-report problem behaviors out of fear that they will be denied surgery. However, identifying
ICD is crucial for determining candidacy and risk profiles for DBS therapy given that DBS, particularly targeting the subthala-
mic nucleus, may exacerbate or cause de novo ICD symptoms (Lim et al., 2009; Castrioto et al., 2015; Moum et al., 2012). A
review examining patient behavioral outcomes found that patients with an older age of onset (>56 years old) were most at
risk for worsening or inducing an ICD after STN-DBS. Thus, a patient’s risk for developing or worsening an ICD must be as-
sessed carefully before a decision to pursue DBS is made which can be very difficult when relying on patient or caregiver
report. A standardized behavioral measure sensitive to ICDs that does not rely on subjective report would be invaluable.

One existing measure with the potential to fulfill that need is the lowa Gambling Task (IGT), a computerized measure that
was originally developed to evaluate defective decision-making observed in patients with damage to the ventromedial (VM)
prefrontal cortex (Bechara, Damasio, Damasio, & Anderson, 1994). These patients often engaged in risky or impulsive behav-
ior during their daily lives and seemed unable to learn from the consequences of their poor judgment, but perform normally
on neuropsychological measures of executive function (Bechara et al., 1994; Bechara, Tranel, Damasio, & Damasio, 1996).
The IGT simulates a card game in which the player tries to win “money” by choosing cards from four decks. Each deck con-
tains cards that award money but may also take away money. Two of the decks are advantageous to the player, yielding lower
rewards but also imposing lower penalties. The other two decks are disadvantageous, yielding higher rewards but also impos-
ing higher penalties. Successful performance requires intact decision-making, reversal learning, impulse control, mental flexi-
bility, and reward/punishment sensitivity (Fellows & Farah, 2005; Mimura, Oeda, & Kawamura, 2006; Thiel et al., 2003).
Over time the players ideally learn that choosing from the two advantageous decks will maximize their winnings, but players
with damage to the ventromedial prefrontal cortex persist in choosing from the disadvantageous decks with the higher rewards
even as their losses mount (Bechara et al., 1994, 1996). Bechara and colleagues referred to this neglect of future consequences
and single-minded focus on the present outcome desired as “myopia for the future” (Bechara, Tranel, & Damasio, 2000;
Fellows & Farah, 2005). In addition to the original population of VM lesion patients, the IGT has also demonstrated sensitiv-
ity to poor decision-making skills in other patient groups with impulsive behaviors, including substance abuse patients and
pathological gamblers. These non-lesion groups are typically not as severely impaired and eventually developed some prefer-
ence for the advantageous decks (Goudriaan, Oosterlaan, de Beurs, & van den Brink, 2005; Rossi et al., 2010).

Although the IGT is a popular measure in the cognitive neuroscience literature, it has not been widely adopted in clinical
practice (Rabin, Barr, & Burton, 2005). In the movement disorders realm, this may reflect the fact that research using the IGT
in PD patients has produced mixed results. Several studies have found that PD patients score lower on the IGT and show a
marked preference for disadvantageous decks relative to healthy controls (Gescheidt et al., 2012; Ibarretxe-Bilbao et al.,
2009; Kobayakawa, Koyama, Mimura, & Kawamura, 2008; Mapelli, Di Rosa, Cavalletti, Schiff, & Tamburin, 2014; Mimura
et al., 2006).Other studies have demonstrated that PD patients will eventually develop a preference for the advantageous decks
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(Czernecki et al., 2002; Stout, Rodawalt, & Siemers, 2001). There are even fewer studies evaluating PD patients with ICD
and those findings are also mixed. One small study in seven patients found that PD patients with pathological gambling
achieved poorer scores on the IGT than PD patients without pathological gambling (Rossi et al., 2010). However, a second
study of 17 PD patients with mixed ICDs did not find any difference in IGT performance relative to a matched PD control
sample (Bentivoglio, Baldonero, Ricciardi, De Nigris, & Daniele, 2013). Given the importance of issue, the potential utility
of the IGT should be further evaluated. If the IGT can detect a response strategy indicative of reward hypersensitivity, punish-
ment insensitivity, and impaired decision-making in older PD patients, then it could be used to screen DBS candidates and
limit the risk of worsening an existing ICD.

Methods and Materials

The study was approved by the Cleveland Clinic Institutional Review Board.

Subjects

Forty-eight patients diagnosed with idiopathic PD (24 patients with ICD; 24 patients without ICD matched for age, gender,
education, and PD duration) were retrospectively identified from an IRB approved patient registry including patients who
completed clinical neuropsychological evaluations as part of a comprehensive candidacy evaluation for DBS. Exclusion crite-
ria included dementia, non-native English speakers, and any prior neurosurgical procedures. PD-related impulse control pro-
blems (pathological gambling N = 6, compulsive spending N = 10, hypersexuality N = 17) were identified through separate
clinical interviews with the patient and their spouse or caregiver using criteria conforming to Voon and Fox (2007). In most
cases, the ICD had been treated with medication reductions, but all patients reported continued behaviors associated with
ICD. Based on collateral report, eight patients continued to demonstrate significant behaviors associated with ICD (i.e., creat-
ing financial, legal, or marital problems) at the time of their neuropsychological evaluation. No patients had a history of ICD
prior to onset of PD. Non-ICD PD patients had no known history of impulse control problems. The demographic, neuropsy-
chological, and clinical characteristics of the sample are presented in Table 1. All patients completed the IGT while ON their
regular medications.

lowa Gambling Task

The IGT format used was a standardized computer-administered test (Bechara et al., 1994) wherein the examinee makes
100 selections from among the four decks of cards displayed in a horizontal array. After each selection, the computer displays
an associated abstract monetary reward and, occasionally, a monetary punishment. Two decks (A&B) are the disadvantageous
decks that provide large rewards but even larger punishments resulting in a net loss over time. The other two decks (C&D)
are the advantageous decks that provide small rewards but even smaller punishments resulting in a net gain over time.
Examinees are told in advance that there are good and back decks and they should try to avoid the bad decks and select from
the good decks to accrue as much “money” as possible. The primary dependent variable is the number of advantageous selec-
tions minus disadvantageous selections in each block of 20 trials [(C + D) — (A + B)].

Statistical Analysis

Independent samples #-tests were used to compare groups on baseline characteristics. IGT performance (number of advan-
tageous selections) was examined across five blocks (20 trials each) and compared across groups using repeated measures
General Linear Modeling. Similar analyses were repeated for the first and second blocks alone to examine decision making
under ambiguity as well as the third through fifth blocks to examine decision making under risk. Pearson correlations were
used to evaluate associations between total IGT performance and patient characteristics. Effect sizes were calculated using
partial eta squared (npz) or Cohen’s d. 95% confidence intervals are provided for correlation analyses. Corrected alpha of .01
was used for all analyses to offset multiple comparisons.
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Table 1. Sample characteristics
ICD PD t p Cohen’s d
N Mean SD N Mean SD

Age 61.2 8.3 60.5 7.8 0.3 0.775 0.09
Sex (#male) 21 21

Education 15.2 3.8 15.8 2.4 -0.7 0.499 0.20
PD duration (yrs) 13.2 7.1 11.9 7.1 0.6 0.544 0.18
# on Agonist 16 17

Agonist LEDD 179.8 164.8 166.0 185.8 0.3 0.787 0.08
Total LEDD 1582.3 898.6 1006.3 552.4 2.7 0.010 0.77
UPDRS-III Off 17 41.3 11.3 19 37.2 14.8 0.9 0.360 0.31
UPDRS-III On 23 21.6 9.9 20 18.3 10.5 1.0 0.301 0.32
DRS-1I 138.0 35 136.5 59 1.1 0.278 0.32
WASI Full Scale 1Q* 105.9 12.6 109.0 12.2 -0.9 0.395 0.25
WRAT Reading* 22 98.5 15.5 101.5 16.7 —-0.6 0.527 0.19
Boston Naming 53.7 5.1 56.2 2.0 -23 0.027 0.66
Phonemic Fluency 36.8 11.2 40.4 10.1 —1.1 0.257 0.33
Semantic Fluency 40.0 7.8 47.1 7.7 -3.2 0.003 0.92
Digit Span** 23 9.6 1.9 23 11.7 33 2.7 0.010 0.79
LNS** 9.3 2.5 23 11.1 33 -2.1 0.043 0.61
JOLO 23.6 6.6 23.8 44 —-0.1 0.939 0.02
SDMT 43.0 12.9 23 44.8 114 -0.5 0.618 0.15
WCST Persev Err* 86.3 134 86.8 12.3 -0.1 0.893 0.04
WCST Categories 2.5 2.3 3.7 22 -1.9 0.059 0.56
Logical Memory I** 9.0 2.6 10.1 2.6 -1.6 0.126 0.45
Logical Memory IT** 9.8 2.3 10.8 2.6 -1.3 0.204 0.37
RAVLT Immediate 37.9 10.5 43.1 9.1 -1.8 0.074 0.53
RAVLT Delay 6.3 4.0 7.2 4.2 -0.7 0.485 0.20
BDI-II 11.2 6.8 8.5 53 1.6 0.125 0.45
BAI 14.4 10.8 10.9 6.4 1.4 0.172 0.40

N =24 & df = 46 unless otherwise noted; values are raw scores unless otherwise noted.
Higher scores indicated better performance for: Mattis Dementia Rating Scale-second Edition (DRS-II) (Jurica, Leitten, & Mattis, 2001), and measures of gen-
eral intelligence (Wechsler Abbreviated Scale of Intelligence, WASI Full Scale), premorbid verbal abilities (Wide Range Achievement Test-fourth Edition
Reading Subscale, WRAT) naming (Boston Naming Test, BNT) (Kaplan, Goodglass, & Weintraub, 1983), phonemic fluency (Psychological Corporation,
1999), oral processing speed (Symbol Digit Modalities Test, SDMT) (Smith, 1982), attention span (Wechsler Memory Scale-third Edition Digit Span), work-
ing memory (Wechsler Memory Scale-third Edition Letter Number Sequencing, LNS), (visuospatial ability, Judgment of Line Orientation, JOLO) (Benton,
Sivan, Hamsher, Varney, & Spreen, 1983), problem solving (Wisconsin Card Sorting Test Categories completed, WCST Categories), Immediate and Delayed
List Memory (Trials 1-5 recall Rey Auditory Verbal Learning Test, RAVLT immediate; RAVLT Delay) (Lezak, 1983), and immediate and delayed story
recall (Wechsler Memory Scale-third Edition Logical Memory I and II Subtests) (Wechsler, 1997). Lower scores indicated better performance on measures of
perseverative tendencies (Wisconsin Card Sorting Test, Perseverative errors) (Heaton, 1981), depression symptoms (Beck Depression Inventory-second

Edition, BDI-II), and anxiety symptoms (Beck Anxiety Inventory, BAI).

*Standard Score.
#*Scaled Score.

Results

Sample Characteristics

Group comparisons are provided in Table 1. The ICD group was on a higher levodopa-equivalent daily dose but the num-
ber of patients taking dopamine agonists were similar in both groups. Patients with ICD scored lower on tests of semantic flu-

ency and verbal attention span. The groups did not differ on any other demographic or clinical variable.

IGT

IGT performance for the two groups is displayed in Fig. 1. There was a significant main effect of block [F(4,184) = 6.7,
p <.001, npz = .31] but no main effect or interaction involving group on IGT performance with small effect sizes [F < 1, np2
= .02-.04]. When a subset of eight patients with severe, functionally impairing ICD symptoms were selected and compared
with their matched control patients, the effect of group remained non-significant [F < 1, np2 = .09], indicating that the null
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Fig. 1. The total number of cards selected from “Good” decks minus the number of cards selected from “Bad” decks for patients with ICD (diamond symbol)
and without ICD (square symbol). Response bins represent 20 consecutive selections. Error bars represent 2 standard errors of the mean.

result is not attributable to variability in ICD “severity.” There was also no relation between the character/number of ICD
symptoms (i.e., hypersexuality, pathological gambling, and compulsive spending) and IGT performance.

Decision-making Context

To examine whether ICD was associated with difficulty making decisions under ambiguous conditions, we compared
group performance on the initial 40 trials of the IGT. As noted above, there was a significant shift away from disadvantageous
decks beginning with the second blocks of 20 trials [F(1,46) = 14.2, p < .001, np2 = .24]. There was no main effect or inter-
action involving group on IGT performance [F < 1.6, p > .2, np2 =.01-.03].

We also explored whether ICD groups differed in decision-making under risk (the last 60 trials). In this analysis, there was
no effect of block, group, or interaction [all F' < 1, all np2 < .01].

Normative Performance

According to the age- and education-corrected normative sample reported in the test manual, mean T-scores for total per-
formance (Total selections from C&D minus total selections from decks A&B) fell in the average range for both groups. The
proportion of patients demonstrating impaired total performance (7" < 40) per the normative data was equivalent for both
groups (four ICD patients, seven PD patients; y* = 2.26, p = .32). Likewise, mean T-scores for the final block of 20 trials
also revealed average range performance for both patient groups, with no difference in the proportion of subjects that demon-
strated impaired performance (five ICD, 7 PD; y* = 0.5, p = .5).

IGT Associations

To better understand the variables associated with performance on the IGT, we calculated Pearson correlations between
IGT and demographic and clinical variables across the entire sample. Better IGT performance was associated with younger
age (r = .52, p < .001; 95% CI = .28-.7), faster processing speed (r = .44, p = .002; 95% CI = .18-.64), and higher scores
on the Mattis Dementia Rating Scale (r = .47, p = .001; 95% CI = .21-.66) (see Fig. 2). There was no relationship between
IGT performance and any other measured characteristic including education, disease duration, DA agonist dosage, Levodopa-
equivalent daily dosage, or Unified Parkinson Disease Rating Scale-III scores on or off medications.

Discussion

The goal of this study was to evaluate the utility of a standardized decision-making test, the lowa Gambling Task, to distin-
guish PD patients with an ICD stemming from DRT from patients without an ICD. We found that the IGT did not differenti-
ate between Parkinson patients with and without ICD symptoms, consistent with the findings of Bentivoglio and colleagues
(2013). This was true even for the subgroup of patients with the most severe ICD symptoms. The type or number of impulse
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Fig. 2. Scatterplot of the relationship between patient age and overall percentage of selections from “good” decks.

control problems was also not related to IGT performance. Thus, the discrepant findings of Rossi cannot be attributed to the
fact that their sample consisted only of pathological gamblers (Rossi et al., 2010). There were no indications that our sample
of ICD patients was atypical. Our patient group was fairly consistent with other (Voon & Fox, 2007; Weintraub et al., 2010)
descriptions of PD patients with ICD: predominately male patients with young-onset PD treated with dopamine agonists
However, our sample consisted of patients with moderate to severe disease based on UPDRS-3 motor scores (on-medication),
which did diverge from some prior reports of impaired IGT scores in less impaired PD-ICD patients (Fellows & Farah, 2005).
It is unclear what influence disease severity might have on the IGT, although our results found no correlation between
UPDRS-3 scores and performance. Future research will examine this possible interaction.

The only significant variable found to affect the IGT T-score was age; IGT performance declined with age in PD patients
irrespective of ICD group. The influence of age on IGT performance is also reflected in the published norms which indicate
that, for ages 60 and above, total scores indicative of a slight preference for the disadvantageous decks (i.e., up to 60% of dis-
advantageous selections) still fall within the normal range. Indeed, the majority of our PD sample, with or without ICD, per-
formed within normal limits based on published normative data. Age may also be an important variable in understanding
discrepant results in prior studies of ICD in PD. Our sample was similar in age to the Bentivoglio and colleagues (2013) sam-
ple who showed no influence of ICD on IGT but older than that of the Rossi and colleagues (2010) sample who did demon-
strate IGT differences. It seems likely, therefore, that the IGT is not specific enough to detect and differentiate between an
ICD in older PD patient or normal age-related changes in decision-making skills. Older individuals appear less sensitive to
the game’s negative consequences and less able to learn over time, compared to younger subjects (Di Rosa et al., 2017; Fein,
McGillivray, & Finn, 2007). The frontal aging hypothesis would suggest that variations in IGT scores among healthy older
adults is due to decreased functionality in the frontal lobe but it is not clear that the neurological underpinnings of perfor-
mance in aging and ICD in PD are similar.

A direct comparison of our data and prior studies of other non-PD ICD groups revealed very similar performance levels.
As seen with substance dependent individuals (Bechara, & Martin, 2004) and pathological gamblers (Goudriaan et al., 2005),
our sample of PD patients developed a slight preference for the two advantageous decks. This contrasts starkly with the per-
formance of patients with known ventromedial prefrontal damage where patients maintained a clear preference for the two
disadvantageous decks (Bechara et al., 1994). This suggests that there may be important differences in the neuroanatomical
bases of impulsive behaviors associated with ICD in PD and addiction compared to those that arise in patients with ventrome-
dial frontal lobe damage. While the ventral striatum has been shown to be active during the IGT task (Tanabe et al., 2007),
function in this region may not influence performance to the same extent as frontal lobe damage. In other words, the IGT may
index frontal lobe function more than subcortical function. This will clearly limit its usefulness in populations with subcortical
disruption such as PD. The relative importance of frontal lobe dysfunction would also account for the salient age effects in
the IGT; age-related frontal lobe dysfunction leads to worsening of IGT performance. As such, if the patient or the control/
comparison population has some degree of frontal lobe dysfunction, this could obscure any performance changes associated
with subcortical dysfunction.

A more detailed analysis examining responses by block also failed to detect significant differences between the groups
after the first block. Some have proposed that the first 40 trials (blocks 1 and 2) represent decision making under ambiguity
while the last 60 trials (blocks 3, 4, & 5) represent decision-making under risk (Brand, Heinze, Labudda, & Markowitsch,
2008). To determine whether these types of decision making are differentially affected by ICD in PD, we performed separate
analyses for these trials. Our results indicate that presence of ICD is not a factor in either type of decision making. Both
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groups of PD patients undergoing DBS evaluation show a shift from disadvantageous preferences to advantageous decks
when making decisions under ambiguity, and show a stable preference for advantageous desks when making decisions under
risk. Unfortunately, this means that even a more detailed analysis of strategy on the IGT is not likely to be useful in identify-
ing PD patients with an ICD.

Despite the difficulty in identifying ICDs in our sample using the IGT, the general approach of using a risk-based task has
ecological validity. The cognitive neuroscience literature, where the IGT was first developed, contains many other paradigms
that could have utility for this purpose. There are several tasks that involve decisions under risky conditions including the
Cambridge Gambling task (Rogers et al., 1999), the Toronto Gambling task (Floden, Alexander, Kubu, Katz, & Stuss, 2008),
or the Balloon Analogue Risk Task (Lejuez et al., 2002). In particular, although it has not yet been standardized for clinical
populations, the Balloon Analogue Risk Test has also been used to examine ICD in patients with PD. Claassen and colleagues
(2011) compared BART scores of PD patients with and without ICD while they were on and off their DA medications. There
was no difference between the groups when patients were off their medications. However, when patients were on their medi-
cations, risk-taking behavior increased only in the PD patients with an active ICD. This suggests that future research in the
utility of the BART for clinical application is warranted. Alternatively, other paradigms that investigate sensitivity to reward
value (i.e., delayed discounting) or reward-based learning (i.e., reversal learning tasks) may be fruitful avenues to understand
and identify ICDs in patients with PD.

There are a few limitations of the current study that should be acknowledged. First, the sample studied here was fairly
small (N = 24 patients with ICD) and therefore, there could be concerns about generalizability or power. However, it should
be noted that the effect sizes for the main comparisons were small, suggesting that lack of power does not fully account for
the negative findings. Moreover, the size of our sample is 40% larger than the largest published study on IGT in PD with
ICD. Second, our study is retrospective which may lead to sampling bias. We took particular care to match control patients
and both groups are similar to our larger sample of PD patients seeking DBS at our center. Nonetheless, a prospective design
with consecutive enrollment would be preferable. Third, although our method of identifying participants with ICD using clini-
cal interviews with patients and families is the current gold standard, it is not without weaknesses as previously discussed.
Finally, most of the patients with ICD were being treated at the time of the study. It is possible that another study examining
patients with untreated, fulminant ICD might obtain different results. However, since an ICD may worsen after DBS surgery,
it is important to detect even the milder cases that our sample represents.

Our data indicate that the IGT is not sufficiently sensitive to identify ICD in PD patients who are seeking DBS treatment
and that any relative impairments detected may be ascribed to performance changes with normal aging. Clinicians seeking an
objective method to screen for ICD in the context of DBS candidacy evaluations are encouraged to look to alternative techni-
ques that are sensitive to reward processing deficits but relatively impervious to normal aging.
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