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Abstract

Background and Objectives

Individuals with cerebellar ataxia (CA) can develop impulsive behavioral symptoms, often
resulting in negative interpersonal consequences, detrimentally affecting their quality of life.
Limited evidence exists concerning impulsivity in CA and its associated behavioral changes. We
assessed impulsive traits in CA using the Barratt Impulsivity Scale (BIS-11) and compared them
with those of Parkinson disease (PD) to investigate the differences in the impulsive trait profiles
between CA and PD.

Methods

We conducted a dual-center cross-sectional study with individuals with CA and PD enrolled
through consecutive sampling from movement disorders clinics at Columbia University
Medical Center and Vanderbilt University Medical Center, respectively. Age-matched controls
were recruited at the respective institutions. Participants were excluded if they had prior or
comorbid neurologic and psychiatric diseases known to be associated with impulsivity. All
participants completed the BIS-11 questionnaire as a measure of impulsive traits. We used a
general linear model and a least absolute shrinkage and selection operation regression to
compare the total, subscale, and individual items of the BIS-11 scores between groups. Sub-
group analyses were performed to isolate cerebellar contributions to impulsivity from potential
effects of extracerebellar pathology and dopaminergic dysfunction or medications.

Results

A total of 190 participants—90 age-matched controls, S0 participants with CA, and 50 with
PD——completed the assessments. Persons with CA reported 9.7% higher BIS-11 scores than
controls (p < 0.001), while persons with PD reported 24.9% higher scores than controls (p <
0.001). In CA, the most affected domain of impulsivity was nonplanning. In contrast, persons
with PD noted greater impulsivity across the nonplanning, attentional, and motor domains.

Discussion

Impulsivity in CA is uniquely driven by the nonplanning trait, unlike in PD. This suggests that
the cerebellum and basal ganglia may differentially govern impulsive behaviors with the cere-
bellum contributing to the brain circuitry of impulsivity in a domain-specific manner.
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Glossary

BIS-11 = Barratt Impulsivity Scale; CA = cerebellar ataxia; CCAS = cerebellar cognitive affective syndrome; FA = Friedrich
ataxia; FDR = false discovery rate; GLM = generalized linear model; ILOCA = idiopathic late-onset CA; LASSO = least absolute
shrinkage and selection operation; MSA-C = multiple system atrophy-cerebellar type; PD = Parkinson disease; SCA =

spinocerebellar ataxia.

Growing evidence suggests that the cerebellum plays a critical
role in human cognition alongside its well-known function in
motor coordination. Prior studies involving targeted lesions
and neuroimaging have identified cerebellar involvement in
complex tasks such as working memory, executive function,
and planning.l‘3 In patients with cerebellar dysfunction, the
constellation of such cognitive and behavioral symptoms has
been collectively called cerebellar cognitive affective syn-
drome (CCAS).* Characteristic deficits associated with this
syndrome include problems with executive function, linguistic
processing, and regulation of affect.* However, the effects of
cerebellar dysfunction on other facets of higher-level cognitive
processing such as impulsivity remain largely undetermined.

Impulsivity is a multidimensional construct involving a lack of
behavioral inhibition or premature decision-making.”> In-
creased impulsivity can significantly affect personal relation-
ships, employment, and overall quality of life. Several
neurologic disorders have been known to be associated with
impulsivity, including Parkinson disease (PD), fronto-
temporal dementia, and Huntington disease.”® These find-
ings have led to the understanding that the frontobasal ganglia
circuitry regulates impulsivity. Recent studies in preclinical
models emphasize that the cerebellum has a critical role in
modulating reward circuitry, which is closely linked to im-
pulsivity in humans.” Consistent with these preclinical find-
ings, we independently identified that patients with cerebellar
ataxia (CA) can often engage in impulsive behaviors.'!!
However, different sets of impulsive personality traits can
drive a particular impulsive action. For example, a person may
impulsively engage in gambling due to an inability to inhibit
reward-based motivations (i.e,, motor impulsivity) or an in-
ability to consider the negative consequences of losing money
(i.e, nonplanning impulsivity). In CA, cognitive aspects of
impulsive behaviors have yet to be adequately determined and
delineated from those of other neurologic disorders such as
PD. Here, we explored patient-reported impulsive behaviors
in CA by comparing scores on the Barratt Impulsivity Scale
(BIS-11) to scores in individuals with PD and age-matched
controls.

Methods

We conducted a dual-center cross-sectional study that in-
cluded a total of 190 participants: S0 participants with CA, 50
participants with PD, and 90 age-matched controls. Partici-
pants with CA were recruited from the Ataxia Clinic at Co-
lumbia University Medical Center. Spinocerebellar ataxia
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(SCA) was diagnosed from the confirmation of variations in
the respective genes. The diagnosis of multiple system
atrophy—cerebellar type (MSA-C) was based on the current
diagnostic criteria.'”” The diagnosis of idiopathic late-onset
CA (ILOCA) was made after an extensive search for auto-
immune, metabolic, or paraneoplastic etiologies and genetic
testing for repeat expansion-related SCAs, with the absence of
a family history of ataxia, parkinsonism, or autonomic fea-
tures.'> Five patients with Friedrich ataxia (FA), confirmed by
genetic tests, were also recruited at Columbia University to
investigate patterns of impulsivity in sensory ataxia. Individ-
uals with PD were diagnosed from the United Kingdom Brain
Bank criteria'®"® and recruited from the Parkinson Disease
Center at Vanderbilt University Movement Disorders Clinic.
All cases with CA and PD were adult onset. All cases of CA
had structural neuroimaging studies and received compre-
hensive laboratory and/or genetic tests as appropriate. Age-
and sex-matched controls were primarily from spouses and
friends of patients: 40 controls from Columbia University to
match with cases with CA and 50 controls from Vanderbilt
University to match with cases with PD. Exclusion criteria
were any prior or comorbid neurologic and psychiatric dis-
eases known to be associated with impulsivity, including but
not limited to dementia, attention-deficit/hyperactivity dis-
orders, autism spectrum disorders, or bipolar disorders.
Consecutive patients meeting the inclusion and exclusion
criteria were enrolled at both institutions.

Study Measures

The severity of CA was evaluated with the Scale for the
Assessment and Rating of Ataxia, a clinical assessment of
motor function in CA.' Neuropsychiatric impairment was
measured with the CCAS scale, a cerebellar cognitive test
battery, in a subgroup of patients with CA (n = 21)."” The
severity of PD was measured by part III of the Movement
Disorder Society—Unified Parkinson Disease Rating Scale, a
clinical assessment of motor function in PD, in an off-
medication condition after overnight washout of dopamine
medications."®

The BIS-11 questionnaire, a 30-item instrument with re-
sponses scored on a frequency scale, was completed by all
participants to assess the personality and behavioral construct
of impulsiveness.'® Factor analysis of the BIS-11 indicates 3
dissociable impulsive traits, referred to as second-order fac-
tors: attentional impulsivity (inability to focus or concen-
trate), nonplanning impulsivity (lack of forethought), and
motor impulsivity (acting without thinking).'” Each second-
order factor can be further delineated into 2 first-order factors:
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attention and cognitive instability for attentional impulsivity,
self-control and cognitive complexity for nonplanning im-
pulsivity, and motor and perseverance for motor impulsiv-
ity."” The total score and subscale scores for the 3 second-
order factors and 6 first-order factors were determined for all
participants. Higher scores in the attentional, nonplanning,
and motor subscales indicate higher levels of cognitive im-
pulsivity with a respective greater inability to concentrate, a
greater lack of premeditation, and a greater tendency to act
without thought.

Statistical Analysis

Primary BIS-11 Analysis of CA vs PD

Comparisons of demographic and clinical characteristics be-
tween participants and controls were performed with the
Fisher exact tests for categorial variables and Student ¢ tests
for continuous variables. The Pearson correlation coeflicient
was computed to assess whether (1) age correlated with the
BIS-11 total scores of all controls and (2) CCAS total score
correlated with the BIS-11 total scores of participants with
CA. The total BIS-11 and second-order factor scores of par-
ticipants with CD, participants with PD, and controls were
compared by use of a 1-way analysis of variance followed by
the Tukey post hoc multiple-comparisons test (CA vs con-
trols, PD vs controls, and CA vs PD) with a false discovery
rate (FDR) correction at a threshold of statistical significance
set to p < 0.0S for an FDR at 0.05. GraphPad Prism version 8
(San Diego, CA) was used to conduct these analyses. Further
analysis of the distinct factors contributing to the primary
traits was performed. To investigate impulsivity without the
constraints of a priori second-order scales, we used a least
absolute shrinkage and selection operation (LASSO) re-
gression to assess the group responses to both first-order
factors and individual questions of the BIS-11 with 500
bootstraps while controlling for age and sex.”> LASSO re-
gression uses L1 regularization that results in variable selec-
tion with high prediction accuracy and specificity of
interpretation. The variables with >80% chosen are consid-
ered significant in relation to CA/control, PD/control, or
CA/PD status.>' With a threshold for significance set at p <
0.0S, generalized linear models (GLMs) controlling for age
and sex were then used to measure the strength of the asso-
ciation between first-order factors found to be predictive by
LASSO regression and CA/control, PD/control, or CA/PD
status. GLM and LASSO regression was performed with the
glm and glmnet package, respectively, and bootstrapped in R
statistical software (R Foundation for Statistical Computing,
Vienna, Austria).

Secondary BIS-11 Analysis in CA Subgroups

Secondary analyses were performed to dissociate cerebellar
contributions to impulsivity from that of underlying extrac-
erebellar pathology and dopamine dysfunction or treatments.
First, to account for potential contributions of extracerebellar
structures to impulsivity, we divided the 50 total participants
with CA into 1 group of participants with relatively isolated
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cerebellar disease (n = 20 SCA6/ILOCA) and 2 groups of
participants with more complex cerebrocerebellar diseases
with extracerebellar involvement, SCAs other than SCA6 (n =
23) and MSA-C (n = 7) (eTable 1, links.lww.com/WNL/
B968). Subgroup analyses were performed by comparing the
total BIS-11 and second-order factor scores of each group to
those of controls. Furthermore, to investigate any differences
in impulsivity between cerebellar and sensory ataxia, the total
BIS-11 scores and second-order factor score of individuals
with FA (n = §) were compared with those of the individuals
with CA (n = 50) by use of Student ¢ tests. Second, to account
for potential dopaminergic effects on impulsivity, we per-
formed additional comparisons of BIS-11 scores between the
participants with CA and controls after excluding the partic-
ipants with CA who are on dopaminergic medication (n = 3)
or those diagnosed with MSA-C (n = 7).

Standard Protocol Approvals, Registrations,
and Patient Consents

All participants provided written informed consent approved
by the Institutional Review Board of their respective institu-
tions, either Columbia University Institutional Review Board
or Vanderbilt University Institutional Review Board.

Data Availability

All data generated or analyzed during this study are included
in this article and its supplement information files (links.lww.
com/WNL/B968).

Results

Demographics

A total of 190 participants (50 with CA, SO with PD, and 90
age-matched controls) were recruited. We first compared the
2 clinical cohorts, those with CA and participants with PD,
and found that the average age of the 50 participants with CA
was lower than that of the SO participants with PD (54.4 +
15.4 years for participants with CA, 60.4 £ 7.5 years for par-
ticipants with PD, p = 0.016). Therefore, 2 control groups (40
controls for participants with CA and S0 controls for partic-
ipants with PD) were separately recruited to better age-match
each disease group. A correlation analysis showed that there
was no association between age and BIS-11 scores among the
90 total controls (Pearson r = —0.09S, p = 0.371). Further-
more, although these 2 control groups were recruited from
separate institutions, their BIS-11 scores are similar (40
controls from Columbia, 53.68 + 6.49 vs 50 controls from
Vanderbilt, 55.18 + 8.30, p = 0.350). There were no significant
differences in age between the participants with CA and
controls (54.4 = 15.4 years for participants with CA, 56.2 +
13.2 years for controls, p = 0.488) and no significant differ-
ences in sex between the 2 diseased groups and controls (52%
male in CA vs 51% male in controls, p > 0.999; 61% male in
PD vs 51% male in controls, p = 0.215) (Table 1). Clinically,
the CA group (n = 50: 24 with SCA, 19 with ILOCA, and 7
with MSA-C) had an average Scale for the Assessment and
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Table 1 Clinical and Demographic Features of Participants With CA and PD Compared With Controls

Variable Controls CA p Value PD p Value
No. 90 50 50

Age,y 56.2+13.2 54.4+154 0.488°7 60.4+7.5 0.039°
Sex (male/female), n 46/44 26/24 >0.999° 31/19 0.215°
Ataxia diagnosis (MSA-C/SCA/ILOCA), n — 7/24/19 — — —
SARA score — 13.46 +5.99 — — —
BIS-11 score 545+75 60.3+9.2 <0.001° 68.1+7.8 <0.001?
No. of highly impulsive participants 1 7 0.003° 12 <0.001°
(BIS-11 total score >72)

CCAS© — 78.90 + 24.67 — — —
LEDD, mg — 300 — 638 + 414.5 —
UPDRS Il - —_ - 27.94 £12.49 -

Abbreviations: BIS-11 = Barratt Impulsiveness Scale; CA = cerebellar ataxia; CCAS = cerebellar cognitive affective scale; ILOCA = idiopathic late-onset cerebellar
ataxia; LEDD = levodopa equivalent daily dose; MSA-C = cerebellar type multiple system atrophy; PD = Parkinson disease; SCA = spinocerebellar ataxia; SARA =
Scale for Assessment And rating of Ataxia; UPDRS IIl = Unified Parkinson Disease Rating Scale part Ill.

The p values indicate comparison between individuals with CA/PD and controls.

2 Independent-samples ¢ test.
® Fisher exact test.
€n =21 participants with CA.

Rating of Ataxia score of 13.46 + 5.99 with 3 patients (2 with
SCA2, 1 with MSA-C) on dopaminergic medication (Table 1
and eTable 1, links.Iww.com/WNL/B968). The PD group
had an average Unified Parkinson Disease Rating Scale part III
score of 27.94 + 12.49 and an average levodopa equivalent
daily dose of 638 * 414.5 mg. Table 1 provides a summary of
the demographic and clinical characteristics of each group.

Primary BIS-11 Analysis of CA vs PD

Total Scores

Overall, impulsivity was found to be significantly different
between persons with CA, persons with PD, and controls
(Table 1). The total BIS-11 score of the participants with CA
was 10.8% higher than that of controls (60.30 + 9.24 for
participants with CA vs 54.41 £ 7.55 for controls, p < 0.001),
while that of participants with PD was 24.9% higher than the
score of controls (68.06 + 7.84 for participants with PD vs
54.41 + 7.55 for controls, p < 0.001) (Figure 1A). When we
compared persons with CA and PD, the total BIS-11 score of
participants with CA was significantly lower than that of
participants with PD (60.30 + 9.24 for participants with CA vs
68.06 + 7.84 for participants with PD, p < 0.001) (Figure 1A).
Furthermore, the number of participants deemed highly im-
pulsive on the basis of the standard cutoff BIS-11 score of 72
points, for clinically significant impulsivity,® was significantly
greater in both participants with CA and those with PD
compared to controls (14% in participants with CA vs 1% in
controls, p = 0.003; 24% in participants with PD vs 1% in
controls, p < 0.001) (Figure 1A). Full characterization of the
highly impulsive participants with CA is shown in eTable 1
(links.lww.com/WNL/B968). These data indicate that while
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both participants with CA and those with PD are more im-
pulsive than controls, participants with PD have higher im-
pulsivity than participants with CA.

Second-Order Factors

We next asked whether participants with CA and participants
with PD have different types of impulsivity by comparing 3
second-order BIS-11 factors (attentional impulsivity, non-
planning impulsivity, and motor impulsivity) between groups
(eFigure 1, links.lww.com/WNL/B968). Persons with CA
noted higher nonplanning impulsivity (25.42 + 5.90 for par-
ticipants with CA vs 20.80 * 4.87 for controls, p < 0.001) but
not attentional impulsivity (14.48 + 3.64 for participants with
CA vs 13.64 £ 3.06 for controls, p = 0.151) or motor im-
pulsivity (20.40 + 3.88 for participants with CA vs 20.07 +
2.58 for controls, p = 0.533) (Figure 1B). In contrast, par-
ticipants with PD had higher scores across all domains of
impulsivity compared to controls: nonplanning impulsivity
(26.20 £ 4.57 for participants with PD vs 20.80 + 4.87 for
controls, p < 0.001), attentional impulsivity (19.16 + 3.30 for
participants with PD vs 13.64 + 3.06 for controls, p < 0.001),
and motor impulsivity (22.70 + 2.80 for participants with PD
vs 20.07 * 2.58 for controls, p < 0.001) (Figure 1B). Com-
pared to participants with CA, participants with PD reported
higher attentional impulsivity (19.16 + 3.30 for participants
with PD vs 14.48 + 3.64 for participants with CA, p < 0.001)
and motor impulsivity (22.70 + 2.80 for participants with PD
vs 20.40 + 3.88 for participants with CA, p < 0.001) but not
nonplanning impulsivity (26.20 + 4.57 for participants with
PD vs 2542 + 5.90 for participants with CA, p = 0.444)
(Figure 1B). This result supports the finding that participants
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Figure 1 Comparison of BIS-11 Scores Between Diseased Groups and Controls
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with CA exhibit nonplanning impulsivity only, while those
with PD exhibit nonplanning impulsivity in addition to at-
tentional and motor impulsivity. From second-order factor
analysis, impulsivity in CA appears specific to the non-
planning domain, whereas impulsivity in PD occurs across all
domains. Overall, this demonstrates that impulsivity in CA is
distinctly domain specific.

First-Order Factors

To further explore the differences between the subfactors of
impulsivity between participants with CA and controls, we
used LASSO analysis and identified 1 of the 6 first-order
factors that were chosen with a frequency of >80%. Cognitive
complexity, a subfactor of nonplanning impulsivity, was se-
lected as the only first-order factor differentiating between
participants with CA and controls (Figure 2A). A GLM
controlling for age and sex showed that cognitive complexity
remained significant between participants with CA and con-
trols with an associated odds ratio of 1.38 (95% CI 1.20-1.62,
p < 0.001) (Table 2). This result suggests that the non-
planning impulsivity in CA is driven mainly by the lack of
cognitive complexity.
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We next compared the subfactors between participants with
PD and controls using LASSO analysis, and we found that
attention, self-control, and perseverance were all selected with a
frequency of >80% of 6 first-order factors (Figure 2B). Self-
control, a subfactor of nonplanning impulsivity, was found to
perfectly separate individuals with PD from controls with 100%
selection at a threshold score of 21; all controls scored <21,
while all participants with PD scored >21. To avoid masking
the effects of attention and cognitive complexity, self-control
was excluded from the GLM. Controlling for age and sex, the
GLM found that the attention subfactor remained significant in
differentiating between participants with PD and controls with
an associated odds ratio of 2.39 (95% CI 1.81-3.43, p < 0.001),
while perseverance, a subfactor of motor impulsivity, was no
longer significant (p = 0.086) (Table 3). First-order analysis in
PD demonstrates that the impulsivity comes from distinct
subfactors, self-control, and attention. While both participants
with PD and those with CA have nonplanning deficits
according to second-order analysis, the underlying mechanism
from the first-order analysis appears to be distinct: a lack of
cognitive complexity in participants with CA and a deficit in
self-control in participants with PD (Figure 2).
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Figure 2 LASSO Selection of First-Order BIS-11 Factors
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LASSO analysis was also used to compare the subfactors
between CA and participants with PD. Of the 6 first-order
factors, we found that attention and self-control were selected

Table 2 Regression Model of CA vs Controls Using First-
Order Factors Selected From LASSO Analysis

CA vs controls status

Predictors Odds Ratio 95% ClI p Value
Intercept 0.03 0.00-0.22 0.001
Age 0.99 0.96-1.01 0.318
Sex 1.42 0.66-3.09 0.374
Cognitive complexity 1.38 1.20-1.62 <0.001
Observations, n 140

R? Tjur 0.158

Abbreviations: CA = cerebellar ataxia; LASSO = least absolute shrinkage and
selection operation.

Neurology.org/N

with a frequency of >80% (Figure 2C). Self-control was found
to perfectly separate CA from PD with 100% selection at a
threshold score of 18, with all participants with CA scoring at
or below the threshold and all participants with PD scoring
above the threshold. After accounting for age and sex and
excluding self-control to avoid masking the effects of atten-
tion, the GLM found that the attention subfactor remained
significant in differentiating between individuals with CA and
those with PD with an associated odds ratio of 0.63 (95% CI
0.50-0.77, p < 0.001) (eTable 2, linksIww.com/WNL/
B968). In addition to highlighting differences in attention,
these results support that different first-order factors may
drive nonplanning impulsivity in CA and PD, considering self-
control is a subfactor of nonplanning impulsivity.

Individual Questions

LASSO regression also showed how responses to the 30 in-
dividual BIS-11 questions contribute to the disease status
(participants with CA vs controls and participants with CA vs
those with PD). When we compared participants with CA
with controls, S questions, predominantly in the nonplanning
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Table 3 Regression Model of PD vs Controls Using First-
Order Factors Selected From LASSO Analysis

PD vs Controls status

Predictors Odds ratios 95% Cl p Value
Intercept 0.00 0.00-0.00 <0.001
Age 1.05 1.00-1.11 0.073
Sex 243 0.85-7.39 0.104
Attention 2.39 1.81-3.43 <0.001
Perseverance 1.46 0.97-2.31 0.086
Observations, n 140

R? Tjur 0.567

Abbreviations: LASSO = least absolute shrinkage and selection operation;
PD = Parkinson disease.

domain, were chosen with a frequency of >80%. Participants
with CA were more likely to respond with “almost always,”
unless a question is reverse scored (as indicated with an as-
terisks), in which participants with CA were more likely to
select “rarely/never” (eFigure 2A, links.lww.com/WNL/
B968). In a comparison of participants with PD and controls,
4 questions primarily in the attentional domain were selected
with a frequency of >80% (eFigure 2B). For these questions,
participants with PD were more likely to respond with “al-
most always” than those with CA, unless a question is reverse
scored (as indicated with an asterisks), in which participants
with PD were more likely to select “rarely/never.”

CA Subgroup Analysis

Isolated Cerebellar Diseases vs Complex
Cerebrocerebellar Diseases

Because many patients with CA may also have extracerebellar
pathology, we next separated the groups into more isolated
cerebellar diseases, SCA6 and ILOCA, and more complex
cerebellar diseases, including SCAs other than SCA6 and
MSA-C. We found that patients with isolated cerebellar dis-
ease reported a total BIS-11 score that was 13% higher than
that of controls (61.30 + 11.23 vs 54.41 + 7.55, p = 0.003).
Similarly, participants with CA, excluding those with SCAG6,
reported an 8% higher total BIS-11 score than controls (58.61 +
748 vs 5441 = 7.55, p = 0.034), and those with MSA-C re-
ported a 16% higher total BIS-11 score than controls (62.86 +
842 vs 5441 £ 7.55, p = 0.016) (Figure 3A). Analysis of second-
order factors of impulsivity indicated that, for each group, non-
planning impulsivity was heightened compared to controls but
not attentional impulsivity or motor impulsivity (Figure 3B),
confirming that nonplanning impulsivity occurs across
different diagnoses of CA. Last, we compared levels of
impulsivity in individuals with CA with that of participants
with FA (n = 5), who have sensory ataxia in addition to CA
involving the dentate nuclei. We found that impulsivity in
participants with FA does not differ from that in individuals
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with other forms of CA (59.20 + 12.24 vs 60.30 + 9.24,
p =0.403) (eTable 3, links.Iww.com/WNL/B968).

Dopaminergic Effects

Because dopamine is known to be related to impulsivity, we
performed additional analyses to exclude patients with CA
who take dopaminergic medications or those who have a
diagnosis of MSA. When patients with CA on dopaminergic
medications were excluded (n = 3, eTable 1, links.Iww.com/
WNL/B968), the total BIS-11 scores of the remaining par-
ticipants were 11% higher than those of controls (60.66 + 9.47
vs 5441 = 7.55, p < 0.001), and nonplanning impulsivity
remained the only second-order factor significantly different
from that of controls (eFigure 3A and 3B). These findings
remained consistent after the exclusion of patients with MSA-
C (eFigure 3A and 3B). Overall, these data support that the
impulsivity in patients with CA is not driven primarily by the
use of dopaminergic medications or underlying dopaminergic
dysfunction.

Correlation With Other Cerebellar

Cognitive Symptoms

Because impulsivity could be part of a broader set of cognitive
and behavioral symptoms resulting from cerebellar dysfunc-
tion, we next investigated the relationship between impul-
sivity and other cerebellar cognitive affective symptoms using
the CCAS scale. We discovered that the total BIS-11 scores in
participants with CA did not correlate with CCAS scores (n =
21, Pearson r = 0.19, p = 0.406; Figure 4A). Fifty-seven per-
cent of the participants with CA have definite CCAS
according to 3 failed tests in the CCAS assessment criteria.'”
We further compared total BIS-11 scores between those with
and those without definite CCAS, and we did not find any
differences (59.42 * 6.65 in those with CCAS vs 61.89 + 9.78
without those without CCAS, p = 0.498) (Figure 4B). These
data suggest that impulsivity is a distinct cognitive behavioral
symptom of cerebellar diseases.

Discussion

In this dual-center cross-sectional study, we demonstrate that
persons with CA exhibit heightened levels of impulsivity,
specifically with regard to nonplanning. We compared im-
pulsivity in 2 clinical populations, individuals with CA and
those with PD, to that in controls using the BIS-11 ques-
tionnaire. Although significant levels of impulsivity were seen
in both clinical groups, the traits underlying these impulsive
shifts differed. Participants with CA noted domain-specific
nonplanning impulsivity, while participants with PD had el-
evated global impulsive behaviors across the attention, non-
planning, and motor domains. In addition, nonplanning
impulsivity evident in participants with CA appears driven
primarily by a lack of cognitive complexity. In contrast, the
nonplanning impulsivity seen in PD was found to arise mainly
from a lack of self-control. We further identified questions
within the BIS-11 model that are specifically relevant to
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Figure 3 Comparison of BIS-11 Scores Between Subgroups of CA
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impulsivity for both CA and PD groups. Overall, our results
show the presence of distinct cognitive deficits in CA and
provide insight into the cerebellar contributions to impulsiv-
ity, which appears to be distinct from PD.

To date, most neuroanatomic models of impulsivity have not
included the cerebellum. Impulsivity has instead been thought
to involve primarily
networks.”>?®> Recent data from animal models, however,
suggest that the cerebellum is critical for reward processing
and that cerebellar neuronal firing can encode reward signals
that may have a profound impact on impulsive behaviors.”
These findings are supported by our recent clinical observa-
tions of heightened impulsivity in patients with CA; specifi-
cally, the associated behavioral changes include increased
gambling, hobbyism and punding,

'%1 However, these impulsive behaviors can origi-
nate from distinct combinations of underlying traits.>** With
the use of a multitrait model of impulsivity, the results of our

alterations of cortico-striatal

and medication
overuse.
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present study indicate that impulsivity in CA arises specifically
as a result of disordered planning from a lack of cognitive
complexity, which differs from the profile of impulsive traits
seen in PD.

In contrast to the domain-specific impulsivity exhibited by
participants with CA, impulsivity in participants with PD was
found to extend globally across cognitive and behavioral BIS-
11 constructs. This is consistent with previous studies that
used the BIS-11 to assess impulsive traits in patients with PD,
which have implicated all domains.**® In addition, we noted
that, although participants with PD reported overall greater
levels of impulsivity compared to participants with CA, the
degree of nonplanning impulsivity at the second-order level
was found to be similar in participants with CA and those with
PD. However, this second-order nonplanning trait can be
further dissociated into 2 first-order factors, self-control and
cognitive complexity (eFigure 1, links.lww.com/WNL/B968).
Through first-order analysis, we found that nonplanning
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Figure 4 Correlation Between BIS-11 and CCAS Scores in Ataxic Participants
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impulsivity in participants with CA was driven by a lack of
cognitive complexity, as opposed to nonplanning impulsivity in
participants with PD, which arose as a lack of self-control. This
suggests that the planning deficits due to cerebellar de-
generation are more cognitive in origin and demonstrates that
differences in impulsivity between CA and PD extend to the
first-order level. The intolerance for complex cognition in CA is
consistent with recent studies that showed that there was im-
paired working memory, or the ability to maintain information
in the mind for the purpose of manipulation, after damage to
the cerebellum.”® Although the exact cerebellar circuitry that
governs impulsivity remains to be determined, our results
suggest that both the cerebellum and basal ganglia have distinct
roles in governing impulsivity and demonstrate that diverse
forms of impulsivity can occur across various neurologic
disorders.

Overall, the planning deficits we observed in CA could be
evidence of a broader part of the universal cerebellar trans-
form in which the cerebellum acts as a hub for general motor
and nonmotor predictive processing.* In the context of motor
control, the cerebellum is involved in the prediction of sen-
sory outcomes of a motor action through internal models that
are iteratively refined to optimize behavior.””** Due to its
relatively uniform cytoarchitecture, the cerebellum has been
hypothesized to perform an analogous predictive function in
the cognitive domain.”® Through connections with many
regions of the cerebral cortex, the cerebellum is optimally
positioned to receive and integrate information to inform
predictions not only in motor realms but also in cognitive
realms. In a recent fMRI study, distinct cerebellar task acti-
vations were identified for working memory, language, emo-
tion, and social cognition, and these findings suggest that
distinct triple representations of cortical information localize
to different lobules of the cerebellum.’® Another fMRI study
reported evidence of a hierarchical organization of the non-
motor cerebellar that mirrors that of the prefrontal cortex,
suggesting that the cerebellum may support complex cogni-
tion.>' In this context, our findings of heightened non-
planning impulsivity in the participants with CA may reflect
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the failure of predicting the consequences of making a par-
ticular decision.

Recognizing the unique expressions of impulsivity across
neurologic disorders has important clinical and personal im-
plications. Equipping neurologists with the knowledge of the
different impulsive trait profiles enables clinicians and re-
searchers to better identify clinical presentations that may be
specific to certain patient populations. Further characteriza-
tion of these trait profiles can help advance the development
of screening tools and tailored counseling and future inter-
ventions. Increasing patients’ and caregivers’ awareness of
these different impulsive patterns can also further the lifestyle
modification to mitigate their impacts.

The limitations of our study are as follows. First, because the
study design is cross-sectional, it remains unclear how impul-
sivity emerges and changes over the disease course. Second, it
should be noted that even though patients with PD were
clinically assessed after overnight washout of dopamine medi-
cations, this procedure may not be able to completely exclude
the effect of the medication. However, these results are con-
sistent with that reported previously.25 Third, BIS-11 is a self-
reported measures which might be affected by the cognitive
status, resulting in underreporting of impulsivity. While not
every study participant received clinical bedside batteries such
as the Mini-Mental Status Examination, we used CCAS instead
to investigate the cerebellum-specific cognitive status. Future
studies administering a more expanded cognitive battery can
provide an in-depth neuropsychiatric profile of patients with
CA. Last but not least, although we assessed patterns of im-
pulsivity in both isolated cerebellar diseases and complex cer-
ebrocerebellar diseases through subgroup analyses, future
studies focusing on patients with discrete lesions in the cere-
bellum such as from tumors or infarcts will further shed light on
the distinct role of the cerebellum in impulsivity. Another im-
portant future direction is neuroimaging and task-based in-
vestigation, which will further elucidate the involvement of
specific cerebellar regions in impulsivity and cognition. In-
ternational collaborative studies are also needed to confirm the
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results by using imaging techniques and additional battery to
assess impulsivity. Considering that deep brain stimulation has
been shown to be effective in managing impulsive behaviors in
PD,*** methods of brain stimulation can be explored as a
potential therapy for impulsivity in CA. Last, it should be noted
that the BIS-11 is rated on the basis of a patient’s own report.
The field has not yet established a valid and reliable scale from
the caregiver’s perspective to corroborate self-reported impul-
sive behaviors in either PD or CA. Development of caregiver
report scales to objectively quantify and track symptomatic
changes along the patient’s disease trajectory would be bene-
ficial in understanding the reliability of self-reported ratings of
impulsivity.

This study provides evidence that patients with cerebellar
dysfunction report domain-specific cognitive changes, with
heightened impulsivity driven largely by poor planning. This
suggests that the cerebellum may play an important role in
controlling specific domains of impulsive behaviors along with
the basal ganglia and prefrontal cortex.
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