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Abstract

Introduction: People with cerebellar ataxia (CA) can develop impulsive and compulsive
behaviors that significantly affect their and their family’s quality of life. To further assess the
decision-making process associated with these behaviors, we used the lowa Gambling Task (IGT)
to study people with CA.

Methods: Sixty individuals with CA and thirty age-matched controls were enrolled in the study
to complete the IGT. No participants had a prior or comorbid neurologic or psychiatric disorder
associated with impulsivity. IGT performance in each of the five 20-trial blocks was compared
between groups and the progression of participants’ performance was assessed with simple linear
regression models. Subgroup analyses were performed with genetic and non-genetic CA cases.

Results: CA cases obtained significantly lower IGT total scores than controls (-5.30 + 37.53
vs. 21.30 £ 37.37, p=0.004). In addition, those with CA made riskier decisions throughout

the task compared to controls. Although both CA and controls learned to make decisions with
more favorable outcomes over the course of completing the IGT, CA participants never matched
the controls’ performance. IGT performance did not correlate with ataxia severity or depressive
symptoms.

Conclusion: The IGT may capture a unique behavioral symptom of CA. Future studies may
help elucidate the mechanisms underlying impaired decision-making in CA and further the
understanding of a broader spectrum of cerebellar cognitive affective syndrome.
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Introduction

Methods

The cerebellum has long been known for its role in motor functions [1], but newer research
have also revealed the cerebellum’s critical role in modulating cognition and emotions [2].
The cerebellum has extensive direct and indirect connections to a variety of cerebrocortical
and other brain regions, including the frontal lobes, basal ganglia, limbic system, and ventral
tegmental area (VTA). Dysfunction of these cerebello-cortical connections contribute to
impaired social function, cognitive and emotional processing, psychiatric disorders, and
learning, among others [3,4].

Recent studies in animal models have identified the crucial role of the cerebellum in
modulating reward processing: granule cells encode reward anticipation and delivery [5],
climbing fiber activity is related to the prediction of reward and violation of expectations
[6,7], and Purkinje cell firing is important for reward-based reinforcement learning [8]. An
upswing of recent scholarship has helped highlight the role of the cerebellum in impulsivity
and obsessive-compulsive behavior [9]. New onset of impulsive and aggressive behavior has
been reported after cerebellar strokes and similar psychological traits are observed in people
with cerebellar ataxia (CA) [10,11]. Specifically, recent publications have demonstrated that
people with CA display increased impulsive and compulsive behaviors, including gambling,
hoarding, and compulsive medication use, and that this behavior was driven by non-planning
impulsivity, exemplifying the cerebellum’s role in reward processing [10,12,13].

One of the most prominent impulse control symptoms in individuals with CA is gambling
[10]. To further investigate this behavior and its significant impact on the patient’s and
family’s quality of life, we aimed to study the decision-making process in those with CA
using the lowa Gambling Task (IGT). In this task, participants make selections from four
card decks with the goal of maximizing their game money by choosing the advantageous
card decks. IGT measures the reward-based decision-making process [14,15]. We thus
hypothesized that people with CA will make riskier decisions, which is consistent with the
current understanding of impulsivity in CA [10,12,13].

Participants

We conducted a cross-sectional study that included 60 individuals with CA and 30 age-
matched controls in a 2:1 study design. The study protocol was approved by the Columbia
University institutional review board and all participants consented to participation in this
study. Participants with CA were recruited from the Ataxia Clinic at Columbia University
Medical Center. Among the 60 CA participants, 33 had genetic ataxia whereas 27 had
non-genetic ataxia. Specifically, the genetic ataxia group was comprised of 26 individuals
with spinocerebellar ataxia (SCA), 1 with ataxia with oculomotor apraxia type 2 (AOA2),
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1 with fragile X-associated tremor/ataxia syndrome (FXTAS), 1 with cerebellar ataxia with
neuropathy and vestibular areflexia syndrome (CANVAS) with RFCI repeat expansions, 1
with episodic ataxia type 2 (EA2), 1 with Niemann Pick disease type C (NPC), 1 with CA
due to genetic glycosylation defect, and 1 with Friedreich’s ataxia. The non-genetic ataxia
group included 8 participants with multiple system atrophy-cerebellar type (MSA-C), 15
with idiopathic late-onset CA (ILOCA), 1 with traumatic brain injury to the cerebellum, 1
with immune-mediated ataxia, 1 with ataxia secondary to a left posterior pontine cavernoma,
and 1 with tacrolimus induced ataxia. The spouses and friends of the participants with CA
were recruited as age- and sex-matched controls. No participant had a prior neurologic or
psychiatric disorder known to be associated with impulsivity, including dementia, attention-
deficit/hyperactivity disorder, autism spectrum disorder, or bipolar disorder.

Study measures

The severity of motor dysfunction in ataxia was measured with the Scale of Assessment and
Rating of Ataxia (SARA) (n=37) [16]. Symptoms of depression were determined using the
Patient Health Questionnaire-9 (PHQ-9) (7= 51) [17].

A computerized version of the IGT was used [18,19]. Participants made 100 selections from
the four decks of cards identical in appearance. After each draw, the amount of money won
or lost and the cumulative sum of money was displayed on the screen. Two of the decks
were considered advantageous because of their conservative nature (i.e., lower amount of
money gained and lost after choosing the cards) and because these decks produced a net
gain after many selections. On the contrary, the other two decks were disadvantageous based
on their risky nature and resulted in a long-term net loss for the player. Thus, taken as a
whole, stronger preference for the disadvantageous decks was indicative of riskier and more
impulsive behavior.

Statistical analysis

Basic demographic and clinical characteristics were compared between CA cases and
controls. For continuous variables, the normality of the variables was first tested using

the Kolmogorov-Smirnov test. Comparisons between the two groups were performed with
the Student’s ttest for normally distributed variables and the Mann-Whitney U'test for
non-normally distributed variables. The Fisher exact test was used for categorical variables.

IGT scores were calculated as the number of selections from the advantageous decks (C
and D) minus the number of selections from the disadvantageous decks (A and B). IGT
total scores were compared between patients and controls using the Mann-Whitney Utest
because the variables were non-normally distributed. To examine the progression of patients
and controls’ IGT performance over time, the 100 selections from the 4 card decks were
divided into five 20-trial blocks. A two-group by five-block repeated measures analysis of
variance was performed. Then, single block comparisons of patients’ and controls’ scores
were performed using the Mann-Whitney U'test because all variables were non-normally
distributed. To investigate participants’ learning and reward processing, their learning rate
was calculated using simple linear regressions with block as the independent variable and
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IGT score as the dependent variable. The slopes of patients’ and controls’ learning rates
were compared using an analysis of covariance.

Patients were further divided into those with genetic ataxia and those with non-genetic
ataxia. A one-way analysis of variance followed by Tukey post-hoc tests were performed to
compare the IGT total scores in controls, participants with genetic ataxia, and participants
with non-genetic ataxia. Pearson correlation coefficients were computed to analyze whether
IGT total scores correlated with SARA scores or PHQ-9 scores. All statistical analyses were
performed using GraphPad Prism version 9.

Basic demographics and clinical characteristics of individuals with CA and controls are
shown in Table 1. There was no significant difference in age and gender between groups. CA
cases had significantly higher PHQ-9 scores than controls, consistent with prior findings that
those with CA are more prone to depression [17].

We next determined whether individuals with CA made riskier decisions on the IGT. CA
cases had significantly lower IGT total scores than controls (-5.30 + 37.53 vs. 21.30 =
37.37, p=10.004). A 2 (group) x 5 (block) ANOVA on the IGT scores indicated a significant
main effect of group [F=10.07, p=0.002] and a significant main effect of block [F=
10.14, p< 0.001], but no interaction between group and block [F=1.22, p=0.303]. When
we compared within each block, CA cases had lower IGT scores in all blocks (CA cases

vs. controls: Block 1: —=3.77 + 6.68 vs. —0.40 + 6.46, p=0.022; Block 2: —1.40 + 8.70 vs.
4.33+8.24, p=0.005; Block 3: —0.12 £ 9.79 vs. 5.87 £ 9.14, p=0.011; Block 4: 0.57
+9.86 vs. 4.90 + 11.35, p=0.112; Block 5: —0.58 + 10.63 vs. 6.60 + 10.25, p= 0.006),
although the difference in Block 4 did not reach statistical significance (Figure 1). These
results demonstrate that participants with CA made riskier decisions consistently throughout
the task.

We next investigated whether participants learned over the course of completing the IGT

to make favorable decisions (i.e., improving IGT scores) by performing simple linear
regressions in both CA cases and controls. Linear regressions on the IGT scores across
blocks showed a slope of 1.46 + 0.53 (p = 0.007) for controls and a slope of 0.83 + 0.38 (p
= 0.028) for patients, indicating that both groups improved their IGT scores over time. There
was no significant difference between the learning rates of patients and controls (p = 0.341).
The results suggest that, similar to controls, CA cases can also learn to make favorable
decisions over time, but overall, CA cases never catch up with controls in IGT performance.

We further performed a subgroup analysis to investigate whether IGT total scores were
different between genetic and non-genetic CA cases. A one-way ANOVA indicated a
significant difference between the IGT total scores of controls, participants with genetic
ataxia, and participants with non-genetic ataxia (F= 4.98, p=0.009). Post-hoc analyses
showed that controls (21.30 £ 37.37) had higher IGT scores than both genetic and non-
genetic CA cases, whereas there was not a difference between genetic and non-genetic CA
cases (—5.33 £ 35.90 vs. -5.26 + 40.13, p> 0.999) (Figure 2A). Linear regression models
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also revealed no significant difference between the learning rates of those with genetic and
non-genetic CA (p=0.199) (Figure 2B).

Finally, we examined whether IGT total scores in CA cases correlated with other clinical
features, including ataxia severity and depressive symptoms. We found that IGT total scores
in CA cases did not correlate with ataxia severity, measured by SARA scores (Pearson r
=-0.02, p=0.922; Figure 3A) or with depressive symptoms, measured by PHQ-9 scores
(Pearson r=0.19, p=0.182; Figure 3B), demonstrating that IGT may capture a distinctive
non-motor feature of CA patients.

Discussion

In the present study, we found that people with CA showed significantly worse performance
than controls in the IGT. Subjects with CA made riskier decisions from the very beginning
of the IGT and this difference persisted throughout the task. Although CA cases, like
controls, improved their IGT performance over time, they never matched the controls’
performance. Participants with genetic CA and those with non-genetic CA showed similar
IGT performances. The absence of correlation between IGT performance and ataxia severity
or depressive symptoms indicates that impaired decision making is a unique cognitive
symptom in CA.

Previous studies have shown that individuals with CA are more impulsive and compulsive
than controls and that these behaviors were specific to gambling, hobbyism-punding, and
excessive medication use [10,12]. Consistent with these results, the present study found that
those with CA made more impulsive decisions in the IGT.

Bechara et al. [14] hypothesized that poor performance in the IGT may result from three
distinct deficits: hypersensitivity to reward, hyposensitivity to punishment, or myopia for
the future. Chen et al. [13] showed that impulsivity in CA is driven by non-planning
impulsivity. In this context, it is possible that the poor IGT performance observed in the
present study resulted from the lack of consideration for the future penalties imposed by the
disadvantageous decks. Further neuropsychological studies will be needed to fully explore
the underlying mechanism of impaired decision making in IGT in CA cases.

The constellation of cognitive and behavioral symptoms in those with cerebellar dysfunction
is called cerebellar cognitive affective syndrome (CCAS) [20]. This syndrome is
characterized by deficits in executive function, visuospatial cognition, regulation of affect,
and language [3]. Gambling behavior and impaired decision making could constitute a
broader spectrum of CCAS.

Regarding the underlying pathophysiology of impulse control disorders in CA, further
evidence is needed to better understand why individuals with cerebellar dysfunction exhibit
such striking impulsive and compulsive behavior. In a previous publication, Miquel et al.

[9] hypothesized that the cerebellum may have a modulatory function in behavior control by
terminating or initiating actions through regulation of prefrontal cortices. In their model,
cerebellar error prediction extends beyond motor control and encompasses other brain
functions such as decision-making processes. Another potential explanation might be that
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the cerebellum influences gambling behavior and decision-making through its projections

to the dopaminergic system via the VTA [21]. The IGT has been extensively studied in
Parkinson’s disease [22] and affected individuals show a tendency to make riskier choices in
the task similar to participants with CA in our study. It is therefore possible that the observed
impulse control deficits in CA cases could be caused by impaired modulation of the VTA
system leading to alterations in the reward system.

The IGT has been widely used to assess decision making in other neurologic and
neurodegenerative disorders such as Parkinson’s disease [22], Huntington’s disease [23],
and Alzheimer’s disease [24] and all three groups demonstrate impaired performance in the
IGT. Specifically, Parkinson’s disease patients’ preference for risky selections in the IGT
may be driven by deficits in anticipating unrewarding consequences or hyposensitivity to
punishment [22]. Whereas impaired performance by those with Huntington’s disease may be
associated with impaired working memory, increased recklessness, and reduced sensitivity
to losses [25,26]. Similar to individuals with these other neurodegenerative disorders, the
CA participants in the present study made riskier decisions in the IGT. Future studies
focusing on the mechanisms underlying impaired performance in the IGT would help
elucidate the pattern of impairments in different patient groups.

The present study has several limitations. First, the CA participants consisted of a
heterogenous patient population, with many having extra-cerebellar involvement. Therefore,
we cannot eliminate the possibility that other brain regions contributed to the risky
decisions made by our participants. Future studies focusing on cases with “pure” cerebellar
involvement, such as SCAG and idiopathic late-onset CA, and those with pure cerebellar
lesions, such as cerebellar strokes, would help further clarify the cerebellum’s distinct

role in impulsivity. Second, 100 trials might not be sufficient to detect subtle performance
differences in the IGT. Previous work found that when the IGT was extended beyond 100
trials, controls continued to improve their performance after the first 100 trials [27]. In

our study, CA participants and controls had similar learning curves in the first 100 trials.
Conducting a 200- or 300-trial IGT in participants with CA may thus be beneficial to
determine whether the observed deficits of people with cerebellar dysfunction truly only
manifest through disadvantageous and riskier choices or whether their learning curve may be
distinct from healthy controls in more trials.

Given the significant and harmful impact that impulse control disorders can have on people
with CA and their caregivers [12], it would be crucial to screen CA patients for impulsive
and compulsive traits, particularly because such symptoms may not be voluntarily reported.
Further work is needed to better understand the underlying pathophysiology of impulse
control deficits in CA as well as to evaluate potential therapeutic interventions.

This work was supported by the National Institutes of Health [grant numbers NINDS #R01 NS104423, NINDS
#R01 NS118179, NINDS #R01 NS124854]; and National Ataxia Foundation.
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. People with cerebellar ataxia (CA) made riskier decisions than controls

. CA cases and controls both improved performance on the lowa Gambling
Task over time

. CA cases never matched the controls’ performance

. Risky decision making could be a unique cerebellar cognitive symptom
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Figure 1. Decision-making in cerebellar ataxia:
Mean + SEM of the number of selections from the advantageous decks (C+D) minus the

number of selections from the disadvantageous decks (A+B) over the course of five 20-trial
blocks. Learning curves calculated through linear regression models. *p < 0.05, **p < 0.01
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Figure 2. Comparison between genetic and non-genetic ataxia:
(A) IGT total scores in controls, participants with genetic CA, and participants with

non-genetic CA. (B) Mean £ SEM of IGT scores throughout the five 20-trial blocks in
controls, participants with genetic CA, and participants with non-genetic CA. Learning
curves calculated through linear regression models. *p < 0.05, ns: not significant.
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Figure 3. Correlation with motor and non-motor symptoms of cerebellar ataxia:
(A) The correlation between patients’ IGT total scores and their SARA scores. (B) The

correlation between patients’ IGT total scores and their PHQ-9 scores.
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Demographic and clinical features of controls and participants with cerebellar ataxia.

Table 1.

Control Cerebellar Ataxia pvalue
n 30 60
Age (years) 5453+ 16.36 58.37 +14.17 02542
Gender, MW 17:13 32:28 0.8250
PHQ-9 2.27+2.83 5.00 + 4.04 0.024 b
SARA N/A 12.62 +5.81

Values represent mean + standard deviation.

PHQ-9, Patient Health Questionnaire-9; SARA, Scale of Assessment and Rating of Ataxia.

a. .
Two independent samples ¢test.

bTwo independent samples Mann-Whitney U'test.

C_.
Fisher exact test.
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