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Abstract

Objectives The aim was to explore the correlations between Jumping to Conclusions (JtC) tendency and neuropsychiatric
features in patients with early Parkinson’s disease (PD).

Background According to few reports, PD patients with impulsive—compulsive behaviors (ICBs) are prone to working
memory difficulties including JtC bias. The correlation of psychotic features and JtC tendency remains still unclear.
Methods Healthy controls and patients within 3 years of PD onset were recruited. Participants were examined for psychotic
symptoms using a 10 question PD-specific psychosis severity scale. JtC was measured by a probalistic reasoning scenario
(beads task). In PD group, medication use, motor and non-motor symptoms were documented. Impulsivity was evaluated
using the Questionnaire for Impulsive—-Compulsive Disorders in PD (QUIP).

Results The prevalence of JtC bias was 9% (6/70) in healthy individuals, compared to 32% (22/68) of PD group [p=0.001].
No association was detected between the presence of JtC tendency and PD-associated psychosis (p=0.216). Patients with
JtC had shorter duration of PD, more tremor-dominant PD subtype and higher QUIP scores, regardless of the dopaminergic
therapy (p=0.043, p=0.015, p=0.007, respectively). A trend towards attention and inhibition control deficit was noticed
in JtC patients.

Conclusions We found a high prevalence of JtC bias in early, cognitively intact PD population and a potential link between
subthreshold ICBs and poor performance on beads task. Additional studies are needed to confirm our results and elaborate
on the mechanisms that correlate impulsivity with JtC tendency, which are likely to be different from those mediating psy-
chotic features in early PD.
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Introduction Methods
The reasoning bias of jumping to conclusions (JtC) consists  Participants

of a tendency to have an impaired decision process in which
assumptions are made on limited data-gathering [1]. This
style of information process has been suggested to favor the
formation of abnormal inferences leading to the adoption of
delusional beliefs. It has been studied in several psychotic
states including individuals with delusions, at-risk psychotic
groups and delusion-remitted subjects [2]. The underlying
mechanisms for this cognitive bias are not yet clear, although
some hypotheses involve emotional processes or neurocog-
nitive deficits, such as working memory impairment [3].

Apart from schizophrenia-spectrum disorders, JtC bias
and dysfunctions in decision-making are cardinal features
in a range of mental disorders including addiction [4], eat-
ing and anxiety disorders [5, 6], as well as neurodegenera-
tive disorders, such as Parkinson’s disease (PD). Especially,
in untreated PD population, impairment in reward learn-
ing, novelty processing, visuospatial functions and verbal
memory have been described [7, 8]. The beads task, a data-
gathering paradigm indicating marked JtC tendency, has
been referred to as “reflection impulsivity” measure in de
novo PD [9] and has been linked to impulsive—compulsive
behaviors (ICBs) in moderate PD stages [10]. It has been
proposed that the use of dopaminergic agonists might facili-
tate the poor performance in beads task [11]. Interestingly,
the presence of risk-taking tendencies has been noted in
patients with mild disease severity [12], yet not in de novo
PD patients [13]. Furthermore, global cognitive function
has been found relatively intact in patients with PD dur-
ing decision-making task, indicating that decision-making
ability has a basis different from that of general intellectual
ability, possibly implicating social and emotional cognition
[14]. Despite the conflicting results, it seems that depressive
features might not explain the risky decision-making pat-
terns of PD patients [13]. Among non-motor manifestations,
fatigue might be associated with impaired decision-making
process [15]. The motor, non-motor and neuropsychiatric
factors that contribute particularly to the presence of JtC bias
in early PD population remain still unclear.

The aim of our study was to investigate the prevalence
of JtC in healthy individuals and patients with early PD and
explore the correlations between JtC tendency and clinical,
neurocognitive and neuropsychiatric features. We hypoth-
esized that patients in early period of PD would be more
likely to jump to conclusions, compared to healthy individu-
als. We also speculated that psychotic symptoms and impul-
sive behaviors would be highly associated with the presence
of JtC tendency in our PD sample.
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The study had a cross-sectional design. The study popu-
lation was recruited from the Movement Disorder Clinic
in the Ist and 2nd Neurology Department in National and
Kapodistrian University of Athens (NKUA). The Movement
Disorder Society (MDS) Clinical Diagnostic Criteria for PD
were implemented to confirm the diagnosis in patients of
the sample. Inclusion criteria were age older than 18 years
and up to 3-year duration of motor symptoms. Patients with
clinical features suggestive of primary atypical Parkinson-
ism or diagnosis of dementia were excluded. Age-matched
individuals with no symptoms of PD or dementia and no
family history of PD were grouped as “healthy controls” and
mainly involved spouses of patients with PD.

Clinical assessments

Demographic characteristics were documented for both
healthy controls and patients with PD. Data on education
level and clinical characteristics such as family history of
PD, duration of disease and age of symptom onset were
recorded for the PD group. Information on treatment strate-
gies including levodopa equivalent daily dose (LEDD) and
use of specific drug categories (levodopa, dopaminergic
agonists, and monoamine oxidase [MAOQO] inhibitors) was
also documented. The method for converting the total daily
dopaminergic therapeutic dose in LEDD was obtained from
published formulas [16].

Motor signs and symptoms were evaluated using the
Movement Disorder Society Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) part II and III motor subscales
[17] and the Hoehn and Yahr (HY) scale [18]. Individuals’
ability to function in activities of daily living was assessed
by the Schwab and England Activities of Daily Living (SE-
ADL) scale [19]. Patients were classified as having tremor-
dominant (i.e., presenting marked resting tremor with mild
bradykinesia or rigidity), akinetic-rigid (i.e., presenting
marked akinesia or bradykinesia and rigidity with no or
only mild tremor) or mixed phenotypes, depending on their
essential motor manifestation.

Furthermore, non-motor features were measured using
the MDS-UPDRS part I scale [17]. Other measures included
the REM sleep behavior disorder screening questionnaire
(RBDQ), with a screening cutoff of >5 indicating RBD
[20], and the Sniffin’ Sticks Screening test assessing olfac-
tion [21].
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Neuropsychiatric examination

Global cognitive abilities were assessed with the Montreal
Cognitive Assessment (MoCA) and Mild Cognitive Impair-
ment for patients with PD was defined at the recommended
cutoff value of <26 [22].

Frontal Assessment Battery (FAB) was implemented
to examine the executive and frontal lobe dysfunction in
patients with PD. A cut off score of <12 in FAB was optimal
to indicate frontal impairment [23].

Depression was examined using the 15-item Geriatric
Depression Scale (GDS) with a cutoff score of > 5 indicating
presence of clinically significant depressive features [24],
while apathetic symptoms were tested using the 1.5 item of
MDS-UPDRS scale part I with a cutoff score of > 1 indicat-
ing presence of apathy [17].

Psychotic features were evaluated using an easy-to-
administer 10-question PD-specific psychosis severity scale
(10PDQ). This scale contains ten items. The first five ques-
tions identify the type of hallucination (visual, auditory,
olfactory, sense of presence) or delusion, while the last five
quantify the intensity, frequency, insight and impact of the
worst psychotic experience in the life of the patient and the
family. The range of score for each item is 0—4 and the total
score adds all ten items (range: 0—40) [25]. Subjects were
defined as “10PDQ cases” when they had a total score > 0.
None of the participants fulfilled criteria for psychotic dis-
orders, secondary to a medical condition, as identified in
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5), were under antipsychotic medication or
had a history of psychotic illness.

The Questionnaire for Impulsive—Compulsive Disorders
in PD-Rating Scale (QUIP-RS) was performed to examine
impulsive—compulsive behaviors (ICBs) [including com-
pulsive gambling, buying, sexual behavior and eating] and
related disorders (including hobbying, punding and dopa-
mine dysregulation syndrome, DDS). A cut off score of > 10
in QUIP-RS was used to indicate combined ICBs [26]. Sub-
threshold impulsive symptoms were documented using a cut
off score of > 1 in QUIP-RS scale.

Beads task

JtC bias was measured by a probalistic reasoning scenario,
known as the beads task [27]. This computerized task
involves showing participants 2 jars of beads in equal but
opposite ratios (60 red and 40 blue) and vice versa. Both
jars were hidden and subjects were told that individual
beads were drawn consecutively from 1 jar. The task of
the participant was to decide from which jar beads were
being drawn. Two key outcome variables from this proce-
dure are: (a) the number of beads drawn before a decision
is made (“draws to decision”, DTD) and (b) the proportion

of “extreme responders”. This group involves individuals
who make a decision on the basis of 2 or fewer beads (two-
bead extreme responders), which indicates the presence of
a marked JtC bias. For exploratory purposes, a variable of
“extreme responding” based on only one bead to make a
decision (single-bead extreme responders) was also com-
puted and compared in PD patients and healthy individuals.

In the current study, the computerized 60:40 version of
beads task was performed. In various manipulations of the
task, different stimulus pairs are substituted for the two bead
colors, or the ratios of the two types of stimuli are changed.
The selection of the harder version of beads task was made
to achieve more sensitive discrimination of differences
between the two study groups [6].

Patients with PD group were categorized in JtC and nJtC
subgroups, depending on their performance in beads task.
JtC group involved two-bead extreme responders, while
nJtC category consisted of patients without early decision
on beads task (prediction based on > 2 beads).

Statistical analysis

Statistical analyses were performed using the statistical
software programs IBM SPSS, version 25.0, (USA). Nor-
mality of data was graphically explored using Q-Q plots.
Categorical variables were summarized as absolute numbers
and percentages. Continuous variables were presented as
mean =+ statistical deviation (SD). DTD and total scores in
motor and non-motor scales were treated as continuous vari-
ables. The presence of JtC bias, mild cognitive impairment,
frontal dysfunction, depressive and psychotic features, ICBs
and subthreshold impulsive symptoms were computed as
categorical variables.

In the primary analysis, DTD, JtC bias and demographic
characteristics (age and sex) were compared between
patients with PD and healthy individuals using the chi-
square () test and Mann—Whitney non-parametric test
for not normally distributed variables, as appropriate.
Post-hoc p values were corrected for multiple comparisons
(Bonferonni).

Subsequently, bivariate comparisons between JtC
and nJtC subjects were performed using non-parametric
Mann—Whitney test (for not normally distributed continuous
variables) and the chi-square test (for categorical variables).
The level of statistical significance was set at p <0.05.

To further investigate the presence of even subtle cogni-
tive deficits in JtC patients, the individual items of MoCA
and FAB scores (either treated as continuous or categori-
cal variables) were compared between JtC and nJtC groups
(Supplementary material).
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Table 1 Demographic Patients with PD Healthy subjects MW u value, 5 p value

characteristics and performance N=68 N=70

in beads task
Age mean=+SD 63.2+11.9 67.9+79 2099.5 0.050
Male sex N, % 47 (67) 27 (37) 13.5 <0.001
DTD mean+ SD 5.8+4.6 5.6+3.5 2206.0 0.456
Two-bead ER N, % 22 (32) 6 (9) 12.1 0.001
Single-bead ER N, % 13 (19) 2(3) 9.4 0.002

DTD Draws-to-decision, ER extreme responders, MW Mann—Whitney non-parametric test, PD Parkinson’s

disease, SD standard deviation

°
10

5 (I

Draws-to-decision (DTD)

e

Healthy individuals Patients with PD

Fig. 1 This figure illustrates the distribution of DTD in healthy con-
trols and patients with PD. Compared to healthy individuals, in the
PD group, a wide range of DTD was noticed, even though the median
DTD were similar in the two groups. DTD: draws-to-decision; PD:
Parkinson’s disease

Results
JtC bias in patients with PD and healthy individuals

Patients with PD were younger compared to healthy indi-
viduals, while there was a male predominance in the PD
group, as illustrated in Table 1.

The median and mean scores of DTD were similar in
the two groups (Fig. 1), yet the prevalence of JtC bias was
significantly higher in the PD, compared to the control group
(Table 1). This difference is further demonstrated by the
right-skewed distribution of the DTD in PD patients, com-
pared to a rather bell-shaped distribution in healthy subjects
(Fig. 2).

The prevalence of JtC bias in PD group was significantly
higher, compared to the control group (32% compared to 9%,
respectively). After performing logistic regression analysis,
PD patients were six times more likely to manifest JtC com-
pared to healthy controls, after adjusting for age and sex
(adjusted ORs: 6.1, 95% CI 2.1-17.6, p=0.001).

Even in the case of single-bead extreme responders, the
frequency of JtC bias remained higher in the PD group

@ Springer

(Table 1). PD patients were approximately 9 times more
likely to develop JtC bias compared to healthy controls, after
adjusting for clinical covariates [adjusted ORs: 8.7, 95% CI
1.8-42.8, p=0.008].

Clinical characteristics of extreme responders
in early PD

Age, sex and education status did not differ between the
JtC and nJtC groups. (Table 2). Motor performance (MDS-
UPDRS III, HY and SE-ADL) was similar between the two
groups. Compared to nJtC, JtC subjects had slightly shorter
duration of disease (p =0.043). There was a predominance
of tremor-dominant subtype in the JTC group (p=0.013).

9% (2/22) of the JtC-PD group did not receive any medi-
cation at the time of evaluation. No difference was detected
in total LEDD and medication strategies between the two
groups (Table 2). In both groups, the majority of subjects
received levodopa and dopamine receptor agonists, fol-
lowed by MAO inhibitors and amantadine [JtC group: 55%
(12/22), 50% (11/22), 27% (6/22), 5% (1/22); nJtC group:
50% (23/46), 44% (20/46), 20% (9/46), 2% (1/46), p=0.799,
p=0.795, p=0.538, p=1.000]. No PD extreme-responder
was on COMT inhibitors, in contrast to 5% (1/22) of JtC
group (p — 0.324).

Non-motor symptoms including olfactory impairment and
RBD did not differ between study groups (Table 2).

JtC bias and neuropsychiatric symptoms in early PD

Global cognitive testing and frontal assessment was similar
in JtC and nJtC groups, although there was a trend for an
inhibitory control (Go—No-Go) and attention deficit in JtC
subjects (Supplementary material).

JtC patients had slightly higher GDS scores and higher
prevalence of depressive features, compared to nJtC group,
but this difference was not significant (Table 3). Although
16% (11 out of 70) of patients with PD were under anti-
depressant treatment, no predominance of antidepressant
treatment was noted in JtC group (y*=1.0, df=1, p=0.316).
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Table 2 Clinical characteristics JtC group nJtC group MW u value, Xz p value
in JtC and nJtC groups N=22 N=46
Demographics
Age 63+10.2 63+12.7 480.0 0.733
Mean + SD
Male sex 13 (59) 32 (70) 0.7 0.393
N, %
Education, years 13.5+4.8 14.7+3.8 384.5 0.223
Mean +SD
PD-associated features
Age of onset 61.4+10.3 60.9+12.8 488.5 0.818
Mean +SD
Duration of disease 1.5+0.6 1.9+0.8 362.5 0.043
Mean + SD
HY 1.8+0.4 1.7+04 483 0.688
Mean+SD
SE-ADL 94.1+59 93.5+6.1 450.5 0.725
Mean+SD
MDS-UPDRS IIT 20.3+7.2 21.5+64 424.0 0.504
Mean + SD
Tremor subtype 7(32) 3(7) 8.7 0.015
N, %
Medication
LEDD, mg 263.1+200.9 226.8+179.0 457.5 0.523
Mean + SD
L-dopa 12 (55) 23 (50) 0.1 0.726
N, %
Dopaminergic agonists 11 (50) 20(44) 0.3 0.613
N, %
MAO inhibitors 6 (27) 9 (20) 0.5 0.473
N, %
Non-motor features
MDS-UPDRS I 7.9+5.3 5.6+3.0 354.5 0.161
Mean +SD
MDS-UPDRS 11 5.0+4.5 6.6+3.8 321.5 0.062
Mean + SD
RBDQ 4.8+2.4 39+2.6 371.5 0.096
Mean + SD
Sniffin” Test 6.5+2.6 6.4+2.6 452.0 0.877
Mean + SD

HY Hoehn and Yabhr scale, J¢C patients that jumped to conclusions, LEDD levodopa equivalent daily dose,
MAO monoamine oxidase, MDS-UPDRS Movement Disorder Society Unified Parkinson’s Disease Rating
Scale, MW Mann—Whitney non-parametric test, nJtC patients that did not jump to conclusions PD Parkin-
son’s disease, RBDQ REM sleep behavior disorder screening questionnaire, SD Standard Deviation, SE-
ADL Schwab and England Activities of Daily Living scale

The presence of psychotic features reached 33% in early
PD population (23/70), compared to 3% in the control group
(2/74) (p <0.001). The majority of PD patients presented
minor phenomena (illusions and passage hallucinations), but
auditory and olfactory disturbances were also noted in 9%
and 6%, respectively, of early PD group. Delusional ideation
was rare, occurring in 6% of patients and involved mainly
persecution. None of them fulfilled criteria for primary
psychotic disorders or received antipsychotic medication.

The interplay between psychotic symptoms and JtC bias
was explored. The mean 10PDQ scores were higher in JtC
patients, compared to nJtC, but this difference did not reach
statistical significance (Table 3). 9 out of 22 (41%) of JtC
patients reported psychotic features including perceptual
abnormalities (minor, visual, auditory and olfactory hallu-
cinations), but no delusional ideation.

Figure 2 corresponds to the distribution of DTD in
patients with PD and healthy controls. Figure 4 corresponds

@ Springer
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Table 3 Neuropsychiatric features in JtC and nJtC groups

JtC group N=22 nJtC group N=46 MW u value, y p value
MoCA mean+SD 259+23 25.7+3.0 505.0 0.989
Mild cognitive impairment N, % 11 (50) 20 (44) 0.3 0.613
FAB mean+ SD 159+19 159+2.7 435.5 0.345
Frontal function N, % 209) 6 (13) 0.2 0.636
GDS mean+SD 42+4.1 25+29 390.5 0.125
Depressive features N, % 8 (36) 8 (17) 3.0 0.084
10PDQ mean + SD 3.6+5.0 2.0+4.1 423.0 0.184
Psychotic features N, % 9 (41) 12 (26) 1.5 0.216
Apathy item in MDS-UPDRS I mean+ SD 02+0.7 0.1+0.3 439.0 0.954
Apathy N, % 29 49 0.0 1.000
QUIP-RSmean +SD 2.3+4.7 0.8+2.9 369.5 0.007
ICBs N, % 209 24 0.6 0.590
Subthreshold ICBs N, % 8 (36) 409 7.8 0.005

10PDQ 10-question PD-specific psychosis severity scale, FAB Frontal Assessment Battery, GDS Geriatric Depression Scale, ICBs Impulsive—
Compulsive Behaviors, JtC patients that jumped to conclusions, nJtC patients that did not jump to conclusions, MDS-UPDRS Movement Disor-
der Society Unified Parkinson’s Disease Rating Scale, MoCA Montreal Cognitive Assessment, MW Mann—Whitney non-parametric test, QUIP
Questionnaire for Impulsive—Compulsive Disorders in PD-Rating Scale, SD Standard Deviation

Fig.2 In PD group there is a
right-skewed distribution of
DTD, compared to healthy sub-
jects. DTD: draws-to-decision;
PD: Parkinson’s disease

15

10

Frequency

L ]

DHealthy individuals
[JPatients with PD

1 2 3 4 5 ¢

to the boxplot of QUIP scores in JtC versus nJtC groups
and is indicated as (Boxplot). The range and mean scores
in QUIP-RS were significantly higher in the JtC group,
compared to nJtC individuals [(JTC group: range: 0-16),
(nJtC group: range: 0—12] (Boxplot). The prevalence of sub-
threshold impulsive behaviors was four times higher in JtC
patients, compared to nJtC (Table 3). Hobbyism followed
by overeating, hypersexuality and gambling were the most
commonly reported symptoms among JtC patients. In the
nJtC group, repetitive behaviors were present (Fig. 3).
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In terms of loss of motivation to act, no association was
detected between JtC bias and apathetic symptoms (p > 0.05)
(Fig. 4).

Discussion

This study identified high prevalence of JtC reasoning bias
in early PD, compared to age-matched controls. Patients
who jumped to conclusions had shorter duration of PD,
more tremor-dominant PD subtype and higher scores in
ICB scales. No association was detected between JtC bias
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Fig.3 The prevalence of sub-
threshold impulsive behaviors 2%
in JtC and nJtC patients is
demonstrated in the current

pie chart. Hobbyism followed
by overeating, hypersexuality
and gambling were the most
commonly reported symptoms
among JtC patients. In nJtC
group, repetitive behaviors, hob-
byism, overeating and hyper-
sexuality were equally noticed.
JtC: patients that jumped to
conclusions, nJtC: patients that
did not jump to conclusions

nJtC

15 . x

10

QUIP-Rating Scale

—

nJtC JtC

Fig.4 This figure illustrates the distribution of QUIP-RS scores in
JtC and nJtC groups. Compared to nJtC patients, in JtC group, the
range of QUIP-RS scores was importantly broader, even though
the median scores were similar in the two groups. JtC: patients that
jumped to conclusions, nJtC: patients that did not jump to conclu-
sions, PD: Parkinson’s disease, QUIP-RS: Questionnaire for Impul-
sive—-Compulsive Disorders in PD-Rating Scale

and the presence of psychotic features. Even though global
cognition and frontal function were relatively intact, a trend
towards attention and inhibition control deficit was noticed
in JtC patients with PD.

The results of the current study revealed a ninefold risk of
JtC tendency in early PD. This finding is in accordance with
recent literature [28], as even untreated, de novo PD patients

14%

JtC

[ ]no impulsivity
] hypersexuality
overeating

[ Jgambling
[:lhobbyism

[Jrepetitive behaviors

had poor ability to gather information [9]. Even though data-
gathering bias has been noted in 20% of non-clinical general
population [29], in our study, only 9% of healthy individuals
jumped to conclusions, while none of them reported any
kind of psychotic feature. However, there is a significant
discrepancy in the demographic characteristics including
age, sex and educational level of the non-clinical “control”
group that has been investigated in several studies of primary
psychotic samples, compared to our research, which might
explain the lower-than-expected rate of JtC bias in the cur-
rent healthy population. Given that this probalistic reasoning
bias has been thought to underpin the formation and mainte-
nance of delusions in individuals with schizophrenia [2, 3],
an association between JtC bias and psychotic experiences
was anticipated in both groups, yet not observed. In fact,
in our early PD population, none of the subjects with JtC
tendency reported delusional ideation, but some had percep-
tual abnormalities, mainly of minor or visual nature. This
lack of association between JtC bias and delusions might
be attributed to the nature of psychotic phenomena at this
early stage of the disease, among which delusions are not
prominent. Nonetheless, Edelstyn et al. (2014) first noticed
abnormal reasoning in patients with PD and visual hallu-
cinations that could be associated with source attribution
errors, where self-generated images were misattributed to an
external source [30]. Yet, these findings were based on small
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PD samples in moderate stages of disease. Our findings are
in accordance with the Bristow et al. (2014) study that did
not identify differences in hallucinating groups regarding the
number of beads drawn or the number of extreme responders
on the beads task [31].

Nonetheless, the role of JtC bias in psychotic experi-
ences remains controversial. On one hand, several stud-
ies have observed that this reasoning bias in schizophre-
nia was unrelated to the presence or severity of delusions,
suggesting that it may relate more generally to a diagnosis
of schizophrenia, while others have reported specificity to
delusions in psychosis [32—-34]. On the other hand, no cor-
relation has been observed between JtC reasoning bias and
delusional ideation in other psychotic samples [3, 35]. Due
to this controversy, Lunt and colleagues (2012) have sug-
gested that JtC bias could be an epiphenomenal effect of
broader cognitive deficits in schizophrenia and conclude
that it might not be a cognitive bias, but a cognitive deficit
[36]. In fact, reports have shown that executive measures
of working memory could be involved in completing beads
task [37, 38], while a left prefrontal involvement has been
described in marked JtC tendency [36]. Since, in our study,
no association was detected between psychotic features and
JtC and a trend towards attention deficit was noted in PD
patients who jumped to conclusions, the beads task might
reveal subtle prefrontal cognitive dysfunction in early stages
of PD that could not be detected by clinical instruments,
such as MoCA or FAB scales. Further delineation of the
cognitive components that contribute to JtC responses would
help develop an understanding of the neurocognitive basis
of this phenomenon.

Another key finding of our study was that extreme PD
responders had higher QUIP-RS scores, higher prevalence
of subthreshold ICBs and showed a mild (non-significant)
decrease in inhibitory control. Apart from cognitive bias (or
deficit), the beads task has been characterized as a measure
of reflection impulsivity, which was first introduced by the
matching familiar figures test [39, 40]. Increased reflec-
tion impulsivity has been observed in recreational can-
nabis users [41], individuals with opiate or amphetamine
dependence [42] and in PD patients with clinical ICBs
[10]. Djamshidian et al. (2012) proposed that, in the lat-
ter case, reflection impulsivity could be associated with the
initiation of dopaminergic medication, leading possibly to
excessive dopamine levels in ventral striatum, due to uneven
pattern of dopamine loss, particularly affecting the dorsal
striatum [10]. Nevertheless, this could not explain the pres-
ence of JtC bias in untreated PD [9], as well as the fact that
in our sample, therapeutic strategies and total LEDD were
not different between JtC and nJtC groups. Alternatively,
the presence of a fourfold prevalence of mild ICBs in JtC
patients, could be based on the dysfunction of key regions
in prefrontal cortex. Hypoactivity in orbitofrontal cortex
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and rostral cingulate zone, regions implicated in impulse
control, has been found in PD pathological gamblers [43],
while these areas have also been implicated in the beads
task [36]. Furthermore, premorbid characteristics, such as
elevated baseline impulsivity, and disease-related factors, for
instance executive dysfunction, play important roles in the
presence of JtC reasoning bias in PD patients with ICBs [44,
45]. In the current study, inhibitory control deficits, but not
executive dysfunction, failed marginally to associate with
JtC bias. Therefore, it is possible that JtC tendency measures
an aspect of impulsivity, by unmasking prefrontal deficits,
mainly of an attentional and inhibitory control nature, in PD
patients with intact cognition during the early stages of the
disease. Additional prospective studies would be necessary
to explore further the underlying neuropsychiatric mecha-
nisms that modulate the correlation of reflection impulsivity
with ICBs in early PD.

Furthermore, motor performance was similar in JtC and
nJtC groups of the current analysis. Shorter duration of
disease and tremor-dominant phenotype were more preva-
lent in patients that jumped to conclusions. In PD, tremor-
related neural activity has been demonstrated both in the
cerebello-thalamo-cortical circuit, and in basal ganglia and
related receiving areas of the thalamus [46, 47]. Further-
more, FDG-PET scans have illustrated an oscillatory net-
work that correlates with PD-tremor and included activity
in the dentate nucleus, rostral parts of the cerebellum, the
putamen and the motor cortex [48]. Interestingly, Schmah-
mann (1991) suggested that cerebellum regulates the speed,
consistency and appropriateness of cognitive processes [49],
while an increasing amount of neuroimaging data has illus-
trated co-activation of the cerebellum with the prefrontal
cortex and the temporo-parietal cortex in various types of
mental tasks, such as verbal fluency task, card sorting test,
Stroop test and Tower of London task [50]. In an evidence-
accumulation-based decision-making task, a convergence of
task-relevant information onto Purkinje cells suggested that
cerebellar activity could play an important role in working
memory and decision-making process [51]. Until present,
scarce information is available on the association between
cerebellar control and the JtC reasoning bias. Our results
open up the possibility that implicit cortical and cerebellar
mechanisms might be implicated in the probalistic reasoning
scenario of beads task.

The current study has several strengths. First, to the
best of our knowledge, this is the first research attempt of
exploring the association between jumping to conclusion
and minor psychotic phenomena in early stages of PD. No
association was detected between PD-associated psychosis
and the performance in the beads task, which is in accord-
ance with several studies that failed to identify a positive
correlation of these entities in other clinical and non-clinical
samples. Moreover, tremor-dominant phenotype was more
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prevalent in PD-extreme responders, despite the similar
motor performance and medication therapy between JtC
and nJtC groups. The clinical factors that contribute to this
correlation are not clear, yet an indication of network dys-
function including cortex and cerebellum has been noted
in recent literature. Finally, our findings revealed the bidi-
rectional connection of impulsivity and JtC bias in early
PD, as, in the current sample, PD-extreme responders have
reported higher impulsivity scores, while literature findings
have shown more marked JtC bias in PD-ICBs patients. Mild
attention and inhibition control deficits were noted in JtC-PD
group, which might indicate the role of prefrontal dysfunc-
tion in the association of the two neuropsychiatric entities.
More studies are needed to verify these clinical findings.
Our study presents some limitations which need to be
acknowledged. First, due to the cross-sectional design of the
study, the identification of a temporal and causal relation-
ship between several clinical factors and JtC bias could not
be precisely evaluated. In addition, a small proportion of
the sample might be contaminated by Lewy body demen-
tia. However, since the diagnosis of PD was based on the
MDS diagnostic criteria and none of the included patients
had dementia at the time of evaluation, this bias should be
negligible. Moreover, information regarding educational
attainment or social-economic status was not available,
although education years were documented. No important
difference regarding educational level was observed between
extreme and non-extreme PD responders, which is in accord-
ance with similar data [9]. Another limitation of the current
study is related to the origin of the control group. As stated
in the “Methods” section, to achieve higher representative-
ness in terms of age, the control group essentially included
spouses of patients with PD who did not present any signs
of parkinsonism and had a negative family history of par-
kinsonism and related disorders. Due to the high motivation
and conscientiousness of this control group, compared to
the general population, there might be an exaggeration of
the observed differences in the performance of beads task
between patients and healthy individuals. To overcome this
important gap, a strict evaluation of the beads task was held
by clinicians and no important overestimation of JtC bias
was finally observed. Furthermore, the size of our sample
was small. In particular, ICBs were grouped together, regard-
less of the precise type of impulsivity, such as gambling,
hyper sexuality, overeating, and hobbyism. This meant that
potential associations with specific symptoms and specific
predictors could not be examined due to power concerns.
Moreover, since a single trial of beads task was performed,
the possibility that participants may have misinterpreted
or forgotten the basic principle of the task, which was that
beads were only coming from one container rather than both
(“miscomprehension” issue) should be stated. Clinicians
insisted on a thorough, careful and repetitive explanation of

the instructions of the probalistic scenario and encouraged
patients to express their hesitations during the performance
of the first exploratory assumption to overcome erratic
responses. Finally, clinicians were not blind to clinical sta-
tus (patients-controls); therefore, potential expectational bias
should be taken into consideration, in terms of magnifying
differences in JtC tendency in patients, compared to controls.

In summary, the present study provides novel evidence
that patients with early PD had higher prevalence of JtC
reasoning bias and that an important association between
impulsivity and JtC tendency exists, regardless of the extent
of dopaminergic treatment. Dysfunction of a brain network
including prefrontal cortex, striatum and, potentially, cerebel-
lum, which is necessary for decision-making and inhibitory
control, could underlie this phenomenon. Further prospec-
tive studies could assess these findings and examine whether
beads task reflects a possible “red flag” of clinical impulsivity
or cognitive impairment in the future stages of PD.
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