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Abstract

Background—Jumping to conclusions due to impulsivity has been shown to be a sensitive
marker for dopamine dysregulation and addictive behaviour patterns in treated patients with
Parkinson's disease (PD). It is unknown whether drug naive PD patients, who have never received
dopaminergic therapy also have deficits in information sampling.

Methods—Twenty five de novo PD patients and twenty matched healthy controls were recruited
and tested on the beads task, which is a validated information sampling task to assess reflection
impulsivity and a temporal discounting questionnaire.

Results—Patients gathered significantly less information and made more irrational choices than
matched controls. There was, however, no group difference on the temporal discounting
questionnaire.

Conclusions—Poor information sampling and irrational decision making may be an inherent
component of the neuropsychological deficit in Parkinson's disease. These findings suggest that
underlying impulsivity detected by a metric task is common in de novo PD.

Introduction

Impulsive compulsive behaviours (ICBs) are increasingly recognized as a devastating
complication of Parkinson's disease (PD) treatment, and include pathological gambling,
compulsive sexual disorder, excessive inappropriate shopping, binge eating, compulsive
shopping, and the dopamine dysregulation syndrome (Lees syndrome) [1, 2]. ICBs have
been reported to be no more frequent in untreated PD than in the general population, which
would suggest that PD pathology alone is unlikely to increase the risk of addictive
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behaviours [3, 4]. However, the relevance of pre-morbid neuropsychological characteristics
in the subsequent development of ICBs is suggested by studies describing high novelty
seeking personality traits and a history of alcohol or substance dependence and depression as
ICB risk factors [5, 6].

The nature of the neuropsychological deficits in early de novo PD is still under investigation
despite the first studies being carried out more than thirty years ago [7, 8]. Difficulties in set
switching as well as perseverative errors on the Wisconsin Card Sorting Test and on verbal
fluency task [7], impairments in reward learning, novelty processing, visuospatial functions
and verbal memaory have been described in untreated PD patients [9-11] but see [12].

In this study we use the “beads task” to examine “reflection impulsivity” in untreated PD,
which is the ability to gather and evaluate information before making a definitive decision.
Reflection impulsivity correlates with the presence of impulsive behavior in PD patients
treated with dopamine replacement therapies, and is also abnormal in other populations with
addictive behaviours including substance abusers and non-PD pathological gamblers [6].
Considering that dopaminergic drugs are regarded as the main cause of ICBs in PD [13] we
hypothesized that untreated PD patients would not differ from controls in an information
sampling task.

Patients and Methods

All participants provided written informed consent according to the declaration of Helsinki
and were recruited consecutively in outpatient clinics to avoid a selection bias. The study
was approved by the Ethics Committee of Clementino Fraga Filho University Hospital.

Twenty five PD patients that have never been treated with dopaminergic drugs and twenty
healthy controls were recruited from the Federal University of Rio de Janeiro-Brazil. All
patients fulfilled the Queen Square Brain Bank criteria for the diagnosis of PD [14] and were
screened for subclasses of ICBs in a semi structured interview using accepted diagnostic
criteria for pathological gambling [15], compulsive sexual behavior [16] and punding [17].
We also used a self-rated validated questionnaire for impulsive compulsive disorders in
Parkinson's disease (QUIP)[18]. Subjects screening positive for ICBs were excluded. Major
depression as well as a history of anxiety disorder or apathy was an exclusion criteria.

The Frontal Access Battery (FAB), the Mini-Mental State Examination (MMSE) and
UPDRS part Il were performed in all participants. Participants who scored less than 26
points on the MMSE were excluded.

Beads Task

The “beads task” [6, 19] was explained to the participants by the first author (FC) who made
sure that all participants fully understood the task before conducting the trial in a quiet room.
Participants were told that there were two cups with 200 beads each, one cup containing
mostly green beads and fewer blue beads, the other with mostly blue beads and fewer green
beads. The computer would pick one of the two cups and begin drawing beads from the cup
one at a time. After each bead the participant had to decide whether they knew which cup
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the bead was being drawn from (i.e. guess either blue or green cup) or ask to see another
bead (see figure 1). At the start of the trial they had been told they could draw up to 10 beads
before deciding. In general, the more beads drawn by the participant, the better their
expected outcome will be, but participants were not told this. Participants had to complete
four blocks with two blocks containing an 80:20 ratio of beads and the other two a 60:40
ratio. Incorrect choices resulted in either a loss of nothing (two blocks) or a loss of 10 units
(two blocks). All participants had also been informed of the loss condition and the beads
ratio (e.g. 80:20 versus 60:40) before each trial and knew each draw would be “charged”
with 0.2 units. Each of the four blocks (80:20 loss condition, 80:20 no loss, 60:40 loss
condition and 60:40 no loss) was repeated 3 times making a total of twelve trials and was
randomly started. We recorded the number of beads drawn before the participant guessed a
cup and whether the choice represented a rational (e.g. if more blue beads were drawn the
participant guessed blue) or irrational (“opposite”- i.e. guessing the less likely cup colour)
choice. Participants were not paid at the end of the study.

Kirby temporal discounting questionnaire

The Kirby delayed discounting questionnaire was obtained from all participants to assess
temporal discounting[20]. A series of 27 choices between smaller, immediate rewards, and
larger, delayed rewards was presented e.g. “would you prefer 300 Reais today, or 450 Reais
in 30 days?”. The delayed larger rewards were subdivided into three small (150 —200 Reais),
medium (300-350 Reais), and large (400-450 Reais) rewards. The hyperbolic discount
parameter (k) was calculated for each participant for high, low, and medium monetary
rewards. Higher & values correlate with steeper temporal discounting, (taking the smaller
immediate reward preferentially).

Data Analysis

Results

Statistical analysis was performed using SPSS, version 21. For the demographic variables,
age, gender, years of education, age of disease onset, UPDRS scores, were separately used
as dependent variables and group (PD versus controls), where appropriate, was modelled as
a between subject factor. We used ANOVA, t-test or x 2 test where appropriate.

For the behavioral variables we performed analyses using a generalized linear model (SPSS)
as described elsewhere [6]. As a dependent variable we used either the number of draws
before making a decision or the number of decisions that were contrary to the evidence
participants had at the time (opposite colour choice, eg. green bead shown, blue cup
selected). A Poisson model which had a log-linear link function was used. For the analyses,
beads ratio (80/20 or 60/40) and loss condition (loss, no loss), were modeled as fixed factors.
Group (PD versus controls) was modeled as a between factor and subject was a random
factor nested under group.

Demographic variables (Table 1) were analyzed using analysis of variance, t-test, or chi-
square tests. There were no differences between the control and the patient group on any of
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the demographic variables. Two patients were taking serotonin reuptake inhibitors but were
on stable doses for more than 6 months.

Beads Task

We examined the number of draws each participant made in the different conditions: 80/20
split (loss or no loss) and 60/40 split (loss and no loss) (Fig 2A). Groups (PD and controls),
beads ratio (80:20 or 60:40), condition (loss, no loss) were modelled as fixed factors. We
found significant effects of group (Wald XZ = 36,2, p<0.001) and ratio (80/20 versus 60/40)
(Wald XZ = 35,2, p<0.001), but no effect of loss condition (loss or no loss) (Wald XZ =07,
p>0.5). Pairwise comparison showed that all patients gathered less evidence than controls
(p<0.001).

We then examined the number of times participants guessed the less probable cup given the
evidence they had (Fig. 2B). We found a main effect of group (Wald x 2= 12.1, p<0.001)
with patients making more irrational choices. Furthermore, there was an effect of ratio (Wald
XZ =20.1, p<0.001) but no effect of condition (Wald XZ:O.OZ, p=0.8) and no interaction of
group and ratio (Wald 2 =0.6, p=0.4).

Finally, we have also assessed response time, which did not show a significant group
difference (t=1.07, p=0.11).

Kirby temporal discounting questionnaire—There was no group difference in the K
scores (large K, p=0.25, medium K, p=0.55 and small K p=0.83).

There were also no significant relationships between the beads draws with Large K (=0.100,
p=0.64); Medium K (0.113, p=0.59) or Small K (- 0.150, p= 0.48).

FAB Go-NoGo score and beads task—~Furthermore, there was no significant
correlation between the FAB Go-NoGo score and the beads task (Pearson's correlation
coefficient =0.198, p=0.79) and between drug naive PD versus healthy controls (t=1.72,
p=0.08).

Discussion

This is the first study to assess reflection impulsivity in untreated PD, demonstrating that
patients gathered significantly less information and made more irrational decisions than
healthy controls. These results are surprising as previous studies using the same task showed
that PD patients on levodopa monotherapy performed as well as healthy controls, while
those who took dopamine agonists jumped to conclusions and made more irrational choices
[6, 13]. Furthermore, none of our patients had any ICB symptoms as assessed by the semi
structured interview or the QUIP. While premature choices and jumping to conclusions are
found in about 20% of the general population [21], our results suggest that subtle underlying
impulsivity, only detectable by metric tasks may be even more common in the early stages of
PD. Computerized tasks may be more valid than using self-filled questionnaires as people
may either lack insight into their impulsivity or deliberately deny such impulsive tendencies
[22].
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In line with a previous study some patients justified their irrational behaviour by saying that
they anticipated the drawn bead belonged to the opposite cup, or that they had “enough
evidence” after a single bead was shown [6].

An uneven pattern of dopamine loss, particularly affecting the dorsal striatum, has been
described in early PD patients [23]. Recent studies have shown that the dorsal striatum is
important for several cognitive tasks including task shifting [24]. Difficulties with decision
making, such as reward learning [9] and task switching behavior [25, 26], can be improved
by dopamine replacement therapy.

Dorsal striatal dysfunction which has been also linked with impulsivity [27, 28] may thus be
responsible for reflection impulsivity in our cohort.

Given the poor task performance in both PD patients on dopamine agonists [13, 29] and de
novo patients, it is also possible that an inverted U-shaped curve, where too little or too
much dopamine D2/D3 receptor stimulation causes poor task performance, may cause
reflection impulsivity. Further studies in a larger cohort of PD patients treated only with
dopamine agonists in their on and off state are necessary to confirm this hypothesis.

Finally, it is also possible that cultural differences, which are known in PD [30] are
responsible for the results presented here.

It is unlikely that early decisions in our patient cohort are driven by immediate reward
seeking behavior, given the lack of effect of punishment condition for incorrect choices in
this task and results of a recent functional magnetic imaging study in drug naive PD patients,
showing attenuated mesolimbic and mesocortical regions during gambling [31].

As the beads task is also related to temporal discounting [32] we obtained a temporal
discounting questionnaire to assess whether jumping to conclusion is driven by “waiting
impulsivity”, which is the inability to wait for a larger but delayed reward over a small
immediate gratification. In line with a previous study in the non-PD population [33] there
was no correlation between the beads task and temporal discounting and no difference
between the PD group and controls. While in standard temporal discounting tasks rewards
are delayed by weeks, in the beads task, drawing more of the beads delays a possible reward
only by a few seconds and correct responses resulted in small fixed rewards, compared to
anticipated large rewards in temporal discounting tasks. Furthermore, the neuronal correlate
of waiting impulsivity has been associated with slightly different brain areas including the
hippocampus, the amygdala [34]. Furthermore, a lower connectivity of the subthalamic
nucleus with ventral striatum has been recently also linked with waiting impulsivity, albeit in
the non PD population [35].

A potential limitation of this study is that while we investigate reflection impulsivity and
temporal discounting, we cannot assess all other postulated aspects of impulsivity, such as
motor impulsivity and risk taking [36-38]. We have, however, found no correlation between
the NoGo scores of the FAB and the beads task, making motor impulsivity as the main
trigger for poor performance on the beads task unlikely.
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Both reflection impulsivity and risk taking fall into the broad category of “cognitive
impulsivity” [36, 39]. While altered reward learning and risk taking as well as increased
reflection impulsivity can be found in PD [6, 40, 41], the relationship between feedback
learning, risk taking and reflection impulsivity is not clear. A functional magnetic resonance
imaging (fMRI) study in healthy controls showed activation of a wide brain network
including the parietal and prefrontal cortex, the anterior insula, and also the striatum when
participants decided to stop sampling and made a decision making on the beads task [19]
whereas activation of networks including the orbitofrontal cortex are more associated with a
feedback learning task [41]. Behaviourally these tasks are also distinct. For example,
previous studies on substance abusers showed this cohort gather significantly less evidence
on the beads task but did not perform worse on feedback learning and risk taking tasks [42].
Furthermore, a recent study has suggested that the beads task may be particularly sensitive
to assess impulsivity as it is visually less explicit and requires individuals to rely on their
internal task representation [33], which is not the case in classical risk taking [43] and
feedback learning tests.

Although this is one of the largest behavioural studies in de hovo PD patients, the sample
size is still small, reflecting the world wide difficulty in obtaining patients for research prior
to the initiation of treatment.

Conclusions

We found that irrational decision making and poor ability to gather information is seen in de
novo PD patients, who have never been exposed to dopamine replacement therapy.
Dysfunction of a brain network including the prefrontal cortex, the striatum and the insula,
which is necessary for decision making and inhibitory control may underlie this
phenomenon. A follow up study on this patient cohort is currently underway to assess
whether levodopa or dopamine agonists can influence this impairment, and whether
reflection impulsivity in an untreated state correlates with a subsequent increased risk of
ICBs when on dopamine replacement therapies.
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Fig 1.

A:gSubjects were told that beads could be drawn from one of two cups. One of the cups
contained more blue beads than green beads and one contained more green beads than blue
beads. One cup was drawn from in each trial. A bead was drawn from the cup and shown to
the participant. After seeing the bead the participant could either guess which urn was being
drawn from, or choose to see another bead. B: Two different ratios were used. One 60/40
ratio (above) and one 80/20 split (below).
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Fig 2.

Oge bead is always shown before the participant must make a decision, so total beads seen
are mean draws plus one. A: Average number of draws per condition by group. B: Number
of times participants chose the opposite colour. Error bars are +/— 1 SE. Significant
differences have been labelled with “*”.
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Table 1
Demographic characteristics.
PD Controls t-value, x2 | p

Participants (n) 25 20

Age (years) 54.2+10.5 52.5+10.3 36.0 0.57

Gender n (%) (male) | 17 (68) 12 (60) x2=100 | 058

Disease Duration(yrs) | 1.4+0,9

Education(yrs) 140+37 143+322 | 270 0.83

Hoehn Yahr 19+09

UPDRSIII 20.6 +9.9

MMSE 29.1+0.8 293+11 197.6 0.55

FAB 155+28 165+1.3 45.7 0.16

FAB Go-NoGo 2.53+0.92 2.7+0.46 1.72 0.08

RT (ms) 5535 + 2898 | 5066 + 3692 | 1.60 0.11
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All values are mean + standard deviation. FAB = Frontal Access Battery, MMSE = Mini-Mental State Examination, UPRS = Unified Parkinson

Disease Rating Scale, yrs = years. RT (ms)= Response Time.
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