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bUnidad Periférica de Neurociencias, Facultad de Medicina, Universidad Nacional Autónoma de México,
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Abstract.
Background: Huntington’s disease (HD) patients show alterations in decision making tasks. However, it is still uncertain if
these deficits are due to poor judgment regarding risky situations, or to impulse control deficits.
Objective: To elucidate whether decision-making in patients is related to genuine risk behavior or to impulse control deficits.
Methods: To test between these two alternative possibilities, we evaluated the performance of 19 prodromal HD patients and
19 matched healthy controls in the Cambridge Gambling Task (CGT). This task assesses decision-making while dissociating
between genuine risk-taking behaviors (ascending condition) from impulsive behavior (descending condition).
Results: The results showed that patients and controls had the same performance during all trials in the ascending condition,
reflecting a correct judgment regarding risky situations; however, during the descending condition, patients responded before
the controls in all trials, making a significantly larger number of higher bets. Unlike the control group, they did not wait for
more optimal subsequent options.
Conclusion: These results suggest impulse control deficits in HD gene carriers, but unimpaired risk-taking judgment.
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INTRODUCTION

Making decisions in everyday life involves plan-
ning, assessing risks and controlling impulses.
Decision making processes are carried out by a brain
network that integrates these variables to obtain prof-
its and desired benefits [1, 2]. Huntington Disease
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(HD) affects a number of brain regions that partic-
ipate in the decision making process, like caudate
nucleus, putamen and globus pallidus [3, 4]. How-
ever, decision making findings in HD patients are
heterogeneous. An initial study using the Cambridge
Gambling Task (CGT) suggested that there are no
decision making deficits in HD patients, despite find-
ing impaired performance in a visuospatial task [5].
Later studies, however, proposed that HD patients
engaged in risk taking behavior even at early stages
of the disease. For example, in the Iowa Gambling
Task (IGT), HD patients have problems maintaining
a pattern of advantageous choices across the task.
Their IGT scores correlate positively with measures
of learning, memory and conceptualization, proving
that poor performance could be more related to these
cognitive impairments rather than a genuine propen-
sity for risky behavior [6]. Moreover, it has also been
demonstrated that HD patients’ poor performance on
this task could be linked to increased recklessness and
impulsivity [7].

Therefore, it is not yet clear whether early HD
patients have congruent judgment deficits in risky
situations, or if the behavioral alterations are conse-
quence of impairments in planning, working memory,
insensitivity to high losses or impulsivity [8]. Here we
specifically tested if inhibitory control deficits could
help explain HD impairment in decision making. To
test this hypothesis, we assessed the performance
of early HD patients in the CGT and analyzed the
ascending and descending bet conditions indepen-
dently of each other. This distinction is important
because performance differences in these conditions
have different conceptual interpretations. Perfor-
mance in the ascending condition is related with
genuine risk behavior in the sense that to place higher
riskier bets, implying bigger risks to lose their points,
participants would have to wait longer. Unlike the
ascending condition, in the descending condition par-
ticipants are free to bet high amounts at the beginning
of the trial, regardless of the winning odds, therefore
they have to be able to inhibit their responses in order
to wait for better conditions [9]. This analysis in the
CGT allows dissociating between genuine risk behav-
iors from impulsivity deficits, as has been shown
in opiate and amphetamine abusers, patients with
prefrontal cortex damaged and healthy population
[9–11]. The CGT also has low working memory and
learning demands unlike others task, like IGT, where
the low performance is biased by alterations from
these cognitive resources and not as consequence of
genuine impairment to making decision [3].

MATERIALS AND METHOD

Participants

A total of 38 participants were recruited for this
study; 19 HD gene carriers with null (5 patients)
or low disease clinical manifestations (14 patients),
defined as Stage I and II according to the scores
obtained in the total functional capacity scale (TFC)
from the Unified Huntington’s Disease Rating Scale
(UHDRS); seven patients were pharmacologically
treated (4 = haloperidol, 1 = valproate + amitriptyline,
1 = olanzapine + metformin, 1 = sertraline + clon-
azepam) and 19, age, education and sex matched
controls, that reported no history of neurological,
psychiatric symptoms or to be under any pharma-
cological treatment. General characteristics of the
groups are given in Table 1. All the participants
gave their signed informed consent after the purpose
of the study was explained. The study was per-
formed according to the Declaration of Helsinki [12]
and approved by health and ethics committees from
Instituto Nacional de Neurologı́a y Neurocirugı́a
“MVS” and the Universidad Nacional Autónoma de
México.

Cambridge gambling task

All participants were evaluated with the CGT from
the Cambridge Neuropsychological Test Automated
Battery (CANTAB) software version Eclipse [13]. On
each trial, participants were presented with a row of
ten boxes across the top of the screen, some of which
were red and some of which were blue. At the bottom
of the screen were rectangles containing the words
‘Red’ and ‘Blue’. Participants had to guess whether

Table 1
General demographic information of the participants

Control HD

Male:Female ratio 8:11 8:11
Age (years) 45 ± 13 (26–67) 45 ± 12 (27–67)
Education (years) 15 ± 3 (7–21) 14 ± 2.9 (9–19)
CAG repeat length – 44.3 ± 3.9 (40–54)
Duration of symptoms – 4.3 ± 3 (0–10)

(years)
UHDRS motor score – 14.3 ± 11 (0–40)
TFC – 11.7 ± 1.8 (8–13)
MoCA 27.5 ± 1.9 (21–30) 24.5 ± 3 (20–30)
CES-D 8.6 ± 5.3 (0–19) 10.7 ± 7 (0–25)

HD: Huntington disease group; UHDRS: Unified Huntington’s
Disease Rating Scale; TFC: Total Functional Capacity score;
MoCA: Montreal Cognitive Assessment; CES-D: Center for Epi-
demiologic Studies Depression Scale; ±, standard deviation.
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Fig. 1. Diagram explaining the Cambridge Gambling Task.

a yellow token was hidden in a red box or a blue box.
In the gambling stages participants started with a
number of points. The points were displayed in
either rising or decreasing order in a second box
on the screen. They could select a portion of these
points to gamble depending on the confidence of
their judgement. A stake box on the screen displayed
the current amount of the bet. The participants had
to try to accumulate as many points as possible. The
distribution ratio of the two colors was varied on
different trials: 5:5, 6:4, 7:3, 8:2 and 9:1 while the
yellow token location was pre-specified and pseudo-
randomized. After they indicated their decision
by touching a response panel marked as ‘Red’ or
‘Blue’, a bet was made. Patients were shown every
5 s consecutive bet values which varied from 5, 25,
50, 75 or 95% of the running total of points held by
the subject. Then either a yellow token accompanied
by a ‘You win!’ message and short raising musical
scale, or a ‘You lose!’ message and a low tone were
shown depending on the bet outcome.

Correct choices increased the participant’s total
points, while incorrect choices decreased them for
the next trial. Subjects were given a fixed number of
points at the start of each block, and they tried to max-
imize their points during the nine consecutive block
trials. After an introductory practice session, two sets
of four blocks were completed. On the first set, bet
values were offered in ascending order, starting at 5%

of current total (ascending condition); in the second
set, they were offered in descending order, starting at
95% (descending condition) (Fig. 1).

Statistical analysis

Three variables were analyzed from the CGT. The
first variable was the most likely outcome, which con-
sisted of selecting the color of the majority of the
boxes in each trial; the second variable was the choice
response time for trials when the most probable out-
come was selected; and the third variable was the
bet size, which was the percentage of the bet, out of
their total points, in each trial. The mean values of
these three variables were obtained across blocks at
each ratio of colored boxes (6:4, 7:3, 8:2 and 9:1),
and for the two conditions (ascending and descend-
ing). Then a Linear mixed model was performed to
determine differences in the rate of change of each
of these variables between groups in the ratios and
both conditions, taking into account the results even
if the participants did not hit the color where the yel-
low token finally appeared. This model is adequate to
analyze repeated measures obtained from each indi-
vidual, since random intercepts and random slopes
can be assumed in the analysis [14]. Finally, it was
carried out a box plot to reveal if the statistical dif-
ferences come from a few individuals or is apparent
in a significant proportion of the HD patients.
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Fig. 2. Linear mixed model results. A) % Choice of the most likely outcome; B) Choice response time; and C) % Bet size during each
condition; between HD patients and healthy controls. Box plot result. D) % Bet size to descending condition, between HD patients and
healthy controls. Error bars: 95% Confidence intervals; *p < 0.05.

RESULTS

Most likely outcome

HD patients and the control group chose the most
probable outcome in 86.4% and 87.9% of trials,
respectively. The analysis showed no group effect
[F(1, 106.6) = 0.162, p = 0.688], nor a group by ratio
interaction [F(1, 112) = 0.074, p = 0.787] (Fig. 2A).

Choice response time

The reaction time to make a decision between the
two colors was 3002 ± 1666 ms for the control group,
and 3742 ± 2079 ms for the HD group. The anal-
ysis showed that there were no group differences
[F(1, 44.68) = 1.54, p = 0.220] nor a significant group
by ratio interaction [F(1, 112) = 0.057, p = 0.813]
(Fig. 2B).

Percentage of bet size

The statistical analysis did not show a group
effect [F(1, 101) = 0.848, p = 0.359]. However, there
was a significant group by condition interaction
[F(1, 260.1) = 13.6, p < 0.0002, d = –0.68], revealing

that the HD group selected their bets earlier than the
control group only during the descending condition
(Fig. 2C). That is, only during the descending con-
dition, a high proportion of HD patients did not wait
longer in the trial to place their bets as the controls
did (Fig. 2D).

The significant difference between the HD and the
control group in the CGT performance suggests that
patients placed similar bets to those of the controls
during the ascending condition. However, the results
also suggest that the HD patients had an impaired per-
formance during the descending condition, selecting
larger bets than controls during all the trials regardless
of the odds.

DISCUSSION

Here we tested if impulse control deficits played
a role in the decision-making outcome in prodro-
mal HD patients performing a gambling task. Our
results in early HD patients clearly showed a congru-
ent judgment regarding their odds of winning, as can
be appreciated by their behavior in the ascending bet
condition. However, they also show that HD patients
couldn’t wait for better betting options when highest
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rewards were shown immediately at the beginning of
the descending trials, a trait associated with impul-
sive responses. This suggests a distinction between
the predisposition to impulsivity, and other factors
including genuine risky behavior or even insensitivity
to high losses [8–10].

The CGT is used to investigate decision-making
and impulsivity in explicit risky situations [10]. Previ-
ousstudieshaveshownthat this taskcandissociaterisk
taking from impulsivity [9, 10]. In this task risk behav-
ior is revealed when the participant is able to inhibit
responding at the beginning of the trial and wait with
the only purpose to obtain larger rewards, which are
presented until the end of each trial during the ascend-
ing bet condition. In contrast, impulsivity is exposed
whentheparticipant isnotable to inhibit responding in
thepresence,or intheimmediatepossibilityof,obtain-
ing highly rewarding returns. These rewarding profits
are presented at the beginning of each test during the
descending bet condition, independently of the odds
of winning. Thus, a large bet percentage difference
between the ascending and descending bet condi-
tions suggest impulsivity, while a narrow difference
would indicate risk behavior [9–11, 15]. This pattern
of results has been found in other pathological groups,
including pathological gamblers who bet more points
during the descending condition. The pathological
gamblers large betting difference between both con-
ditions indicates an impulsivity trait rather than risky
behavior [16].

Our results suggest normal decision-making in
early HD patients; first, due to a highly consistent
choice of the most likely outcome, being the per-
formance very similar to the control group in all
trials; second, because both groups had similar reac-
tion times when choosing whether a token had been
hidden in the red or blue boxes, and both groups
changed their reactions times according to the dif-
ferent ratios, being the choice in 9:1 the fastest and
in 6:4 the slowest; and finally, because the bets made
during the ascending condition were similar between
both groups. The above is supportive evidence that
the patients inferred adequately the odds of failure
or success, taking into account the risks regarding
such odds. However, the fact that patients placed
their bets sooner during the descending condition,
suggests that they could not resist the impulse to
respond when presented with the possibility of a high
reward. This result, together with the fact that they
were not attracted to obtain larger gains, making high
bets during ascending condition, lead us to conclude
that they don’t show a genuine risk behavior, as has

been suggested by previous reports based on this task
[9, 10].

Unlike other paradigms of decision-making, the
use of CGT allowed clarification regarding how
HD patients make decisions, dissociating aspects
between genuine risky behavior and impulsivity while
minimizing the presence of biases unrelated to the
decision-making process that affect the performance
of the task. For example, participants do not have
the need to generate long-term strategies, so, deci-
sions were made solely by the probabilities associated
with winning trial by trial according to the box ratios;
thus, the attentional, learning and working memory
requirements were less strongly linked to the optimal
performanceduring thewhole task.This lead tohigher
sensitivityintheidentificationofalterationspertaining
to thedecision-makingprocess,versusother tasks.For
instance, it has been suggested that HD patients’ poor
performance in IGT, is linked to deficits in working
memory, learning and concept formation rather than
a genuine propensity for risk taking behavior [6, 7].

Based on our results and previous reports, it is pos-
sible to speculate that the correct performance during
the ascending bet condition could be associated with
the relative integrity of the ventromedial prefrontal
cortex in early HD. This area, whose activity has been
linked with the successful performance in CGT [17],
is a component of the Stimulus Encoding System,
necessary for optimal evaluation during the decision
process according to the neuroanatomical model of
decision-making [3]. Furthermore, the ventral stria-
tum, which is part of the orbitofrontal cortex loop
[18], and part of the same Stimulus Encoding System
[1, 2], is typically affected only in the later stages of
the disease [19].

One limitation of this study is the lack of a second
instrument assessing the patients’ impulsivity, as has
been reported in other studies [20]. Also, although
the working memory requirements are lower in the
CGT than other tasks as mentioned earlier, we cannot
completely rule out some influence on the subjects’
performance. Further studies should look into this
possible relation. We also suggest that future stud-
ies related to decision making would benefit from
measurements of autonomous system responses to
elucidate whether HD patients show or not insensi-
tivity to the losses.

CONCLUSION

Our results suggest that early Huntington’s dis-
ease patients have an impaired impulse control;
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however, the correct judgment about risky situations
is preserved. Within HD gene carriers, these results
contribute to clarify important personality changes
during early stages of the disease, which could help
in the development of effective rehabilitation strate-
gies and pharmacological treatments in relation to the
impulsivity.
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[3] Gleichgerrcht E, Ibáñez A, Roca M, Torralva T, Manes F.
Decision-making cognition in neurodegenerative diseases.
Nat Rev Neurol. 2010;6(11):611-23. doi: 10.1038/nrneu-
rol.2010.148

[4] Novak MJ, Tabrizi SJ. Huntington’s disease. BMJ.
2010;340:c3109.

[5] Watkins LHA, Rogers RD, Lawrence AD, Sahakian, BJ,
Rosser AE, Robbins TW, et al. Impaired planning but intact
decision making in early Huntington’s disease: Implications
for specific fronto-striatal pathology. Neuropsychologia.

2000;38(8):1112-25. doi: 10.1016/S0028-3932(00)000
28-2

[6] Stout JC, Rodawalt WC, Siemers ER. Risky decision
making in Huntington’s disease. J Int Neuropsychol Soc.
2001;7(01):92-101. doi: 10.1017/S1355617701711095

[7] Busemeyer JR, Stout JC. A contribution of cognitive
decision models to clinical assessment: Decomposing
performance on the Bechara gambling task. Psychol Assess.
2002;14(3):253. doi: 10.1037/1040-3590.14.3.253

[8] Logan GD, Schachar RJ, Tannock R. Impulsivity and
inhibitory control. Psychol Sci. 1997;8(1):60-4. doi:
10.1111/j.1467-9280.1997.tb00545.x

[9] Rogers RD, Everitt BJ, Baldacchino A, Blackshaw AJ,
Swainson R., Wynne K, et al. Dissociable deficits in
the decision-making cognition of chronic amphetamine
abusers, opiate abusers, patients with focal damage to
prefrontal cortex, and tryptophan-depleted normal volun-
teers: Evidence for monoaminergic mechanisms. Neuro-
psychopharmacology. 1999;20(4):322-39. doi: 10.1016/
S0893-133X(98)00091-8

[10] Rogers RD, Owen AM, Middleton HC, Williams EJ,
Pickard JD, Sahakian BJ, et al. Choosing between small,
likely rewards and large, unlikely rewards activates infe-
rior and orbital prefrontal cortex. J Neurosci. 1999;19(20):
9029-38.

[11] Manes F, Sahakian B, Clark L, Rogers R, Antoun N, Aitken
M, et al. Decision-making processes following damage
to the prefrontal cortex. Brain. 2002;125(3):624-39. doi:
10.1093/brain/awf049
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