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Abstract

Background. Tourette syndrome (TS) as well as its most common comorbidities are asso-
ciated with a higher propensity for risky behaviour in everyday life. However, it is unclear
whether this increased risk propensity in real-life contexts translates into a generally increased
attitude towards risk. We aimed to assess decision-making under risk and ambiguity based on
prospect theory by considering the effects of comorbidities and medication.
Methods. Fifty-four individuals with TS and 32 healthy controls performed risk and ambigu-
ity decision-making tasks under both gains and losses conditions. Behavioural and computa-
tional parameters were evaluated using (i) univariate analysis to determine parameters
difference taking independently; (ii) supervised multivariate analysis to evaluate whether
our parameters could jointly account for between-group differences (iii) unsupervised multi-
variate analysis to explore the potential presence of sub-groups.
Results. Except for general ‘noisier’ (less consistent) decisions in TS, we showed no specific
risk-taking behaviour in TS or any relation with tics severity or antipsychotic medication.
However, the presence of comorbidities was associated with distortion of decision-making.
Specifically, TS with obsessive–compulsive disorder comorbidity was associated with a higher
risk-taking profile to increase gain and a higher risk-averse profile to decrease loss. TS with
attention-deficit hyperactivity disorder comorbidity was associated with risk-seeking in the
ambiguity context to reduce a potential loss.
Conclusions. Impaired valuation of risk and ambiguity was not related to TS per se. Our find-
ings are important for clinical practice: the involvement of individuals with TS in real-life
risky situations may actually rather result from other factors such as psychiatric comorbidities.

Introduction

Tourette syndrome (TS) is a neurodevelopmental syndrome characterised by tics as a core
symptom, which is commonly associated with other psychiatric comorbidities such as
attention-deficit hyperactivity disorder (ADHD), obsessive–compulsive disorder (OCD) and
impulse control disorders (Frank, Piedad, Rickards, & Cavanna, 2011; Hirschtritt et al.,
2015; Martino, Ganos, & Pringsheim, 2017) as well as increased alcohol/drug consumption
(Virtanen et al., 2021).

Several studies have suggested associations between TS and increased propensity for risky
behaviour in everyday life. For instance, even if comorbidities might have a significant impact,
individuals with TS were reported to exhibit a higher frequency of vehicle accidents (Mataix-Cols
et al., 2021) and traumatic brain injury (Chen, Su, Wang, Hsu, & Shen, 2019), overall leading to
premature death (Fernández de la Cruz & Mataix-Cols, 2020; Meier, Dalsgaard, Mortensen,
Leckman, & Plessen, 2017). It is still not clear whether the increased risk propensity of indivi-
duals with TS in real life translates into (or even stems from) a generally increased attitude
towards risk and whether it is related to TS per se or comorbid conditions.

The layman notion of risk typically brings to mind uncertainty for adverse real-life out-
comes, i.e. from undesirable and mildly inconvenient to dire and life-threatening. At a decision
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theory level, risk-taking is rather defined as a tendency to select
risky outcomes over safer, sometimes more beneficial ones, in
both positive and negative contexts (Byrnes, Miller, & Schafer,
1999; Howat-Rodrigues, Tokumaru, & Izar, 2018). Closely related
to the notion of risk and uncertainty is the concept of ambiguity.
While risk relates to situations where outcome distributions
are known (e.g. a lottery or documented health hazards like
COVID infection risks), ambiguity refers to situations where the
likelihood of different outcomes cannot be expressed with any
mathematical precision (Tobler & Weber, 2014).

The most dominant model of decision under risk is prospect
theory (Kahneman & Tversky, 1979); a common extension of it
in the domain of decision under ambiguity (Levy, Snell, Nelson,
Rustichini, & Glimcher, 2010) allows for quantitative evaluations
of behaviour in a variety of decisional contexts. Prospect theory
models decision-making under risk with (among other things)
three core assumptions. First, decision-makers are risk averse
over moderate probability gains and seek risk over losses, an atti-
tude captured by a decreasing marginal utility over gains and
losses, making value functions convex in loss domain and concave
in gain domain. Second, decision-makers are much more sensitive
to losses than gains of equal magnitude, an attitude captured by a
loss aversion parameter. Finally, decision-makers overweight
small probabilities and underweight high probabilities. Overall,
with a limited and principled set of parameters, this model can
account for complex patterns of behaviour, such that the same
individual could have a risk averse behaviour in context of gain
(i.e. preferring a small gain obtained with certainty than a higher
gain with a lower degree of certainty) and risk seeking in context
of loss (i.e. preferring a high loss with an undetermined probabil-
ity of occurrence to a lower loss with a certain probability of
occurrence). The extension of prospect theory to ambiguity aver-
sion also accounts for why decision-makers typically prefer
known risks over unknown risks. Overall, this model-based
approach of decision-making under risk and ambiguity allows a
summary of the history of participants’ choices as a small set of
interpretable parameters (Huys, Maia, & Frank, 2016; Montague,
Dolan, Friston, & Dayan, 2012).

In TS, previous experimental reports of decision-making in
context of risk using different versions of gambling tasks showed
no difference in performance compared to healthy controls (HC)
(Crawford, Channon, & Robertson, 2005; Goudriaan, Oosterlaan,
de Beurs, & van den Brink, 2005). However, because these reports
did not always account for frequent comorbidities or treatment
with antipsychotics, their effects on risk-attitude in TS remain
unclear. Similarly, studies of decisional processes under the risk
of frequent comorbid conditions with tics showed discrepant
results. For instance, ADHD patients without tics exhibit a deficit
in general decisional process rather than making riskier decisions
compared to HC (Dekkers et al., 2021, 2020; Humphreys,
Tottenham, & Lee, 2018). Interestingly, ADHD patients without
tics presented performances similar to HC in a context of
decision-making under ambiguity (Norman et al., 2018). OCD
patients were also found to be similar to HC in a context of
risk (Kim et al., 2015; Zhang et al., 2015), and inconsistently simi-
lar (Norman et al., 2018) or impaired (Kim et al., 2015; Zhang
et al., 2015) compared to controls regarding ambiguity evaluation.
From a brain functioning level, risk-taking was related to cat-
echolamine function. In particular, D2/D3 agonists such as pra-
mipexole lead to an increase of risky behaviour in healthy
individuals in a context of ambiguity, that is related to a change
of activity of ventral striatum (Riba, Krämer, Heldmann,

Richter, & Münte, 2008). Also, tryptophan supplementation pre-
sumably resulting in elevation of serotonin concentration leads to
risk aversion under a condition of gain and risk seeking under a
condition of loss (Murphy et al., 2009). Considering that TS is
related to putative dopamine hyperactivity (Maia & Conceição,
2017, 2018; Palminteri et al., 2009, 2011), individuals with TS
might present a distorted risk evaluation, especially if not
medicated.

Overall, these discrepant results call for a more systematic
investigation of attitude towards risk and ambiguity in individuals
with TS, as well as of the role of comorbidities and medication.
This study thus aimed to systematically investigate behaviours
of individuals with TS and matched HC following standard pro-
cedures in research and investigating decision-related processes
under both risk and ambiguity (Ellsberg, 1961; Knight, 1921).
In addition, we aimed to manipulate valence values of potential
outcomes to assess decision-making aspects specific to the relative
processing of gains and losses.

Materials and methods

Subjects

Sixty-four adults with TS and 34 age- and gender-matched HC
were recruited through the Tourette Reference Centre at the
Pitié-Salpêtrière Hospital in Paris. All participants gave their writ-
ten consent to participate in the study. For all participants, exclu-
sion criteria were as follows: a lack of capacity or unwillingness to
give consent for the study, evidence of either present or prior sub-
stance addiction (excluding nicotine and recreational use of canna-
bis), a past or present history of psychosis, neurological symptoms
other than tics for TS, childhood tics and axis I psychiatric disor-
ders for HC. The study was approved by the local ethics committee
(CCP16163/C16-07) and preregistered on ClinicalTrial (https://
clinicaltrials.gov/ct2/show/NCT02960698).

All participants were assessed for psychiatric disorders [Mini
International Neuropsychiatric Interview, MINI (Sheehan et al.,
1998)], impulse-control disorders [Minnesota Impulse Disorders
Interview, MIDI (Grant, 2008)] and general impulsivity [using
the Barratt Impulsivity scale, BIS-11 (Patton, Stanford, &
Barratt, 1995)]. Tic severity was assessed using the Yale Global
Tic Severity Scale [YGTSS (Leckman et al., 1989)], and any pres-
ence of psychiatric comorbidities was evaluated from medical
records and psychiatric evaluations prior to inclusion in the study.

Decision-making under risk

The task was programmed using Cogent in Matlab (Fig. 1a). A
repeated binary decision-making task was designed based on
mixed-outcomes probabilistic lotteries. For each trial, participants
were presented with two wheels-of-fortune, which defined two
options Ok. Each Ok option featured two potential outcomes: a
potential gain Gk with a probability of Pk, and a potential loss
Lk with a probability of 1− Pk.

Option 1 was fixed for all trials, such that:

G1 = 5;

P1 = 0.5;

L1 = 2;
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Option 2 was designed from the following set of features:

G2 [ {5, 10, 20, 50, 75, 125};

L2 [ {5, 10, 20, 50, 75, 125};

P2 [ {0.01, 0.05, 0.10, 0.25, 0.50, 0.75, 0.90, 0.95, 0.99};

The task included 100 trials and followed an adaptive design
(Daunizeau, Preuschoff, Friston, & Stephan, 2011) as implemen-
ted in the VBA toolbox (Daunizeau, Adam, & Rigoux, 2014).
Briefly, we assumed that participants would use a simple version
of prospect theory model to render their decisions (Kahneman &
Tversky, 1979) (see below). On each trial, our adaptive algorithm
selected option 2 to provide the best potential estimation of PT
parameters, given the current estimation (i.e. selected option 2
that minimised traces of the variance–covariance matrix of the
posterior parameters). Thereby, parameters were estimated online
on a trial-by-trial basis. Analyses were performed with parameters
estimated by this procedure on the last trial of the task (trial 100).
In other words, each trial was based on the choice from the
previous one in order to progressively estimate the parameters
of the model.

Four free parameters were estimated (see online Supplementary
method for details): r (utility curvature), λ (loss aversion), γ (prob-
ability distortion) and ω (choice inverse temperature).

These parameters could be interpreted as follows: r (utility
curvature) is directly related to risk attitude so that risk-seeking
profiles imply a high r value while risk-averse profiles are related
to a lower r value; λ (loss aversion) describes a tendency to avoid
losses than acquiring equivalent gains (high value); γ (probability
distortion) relates to the overestimation of low-probability events
and the underestimation of high-probability events; ω (choice
inverse temperature) characterises a propensity to select high-
valued options (high values) or to explore lower-valued options
(low values).

Decision-making under ambiguity

The task was adapted from Levy et al. (2010) programmed using
Cogent in Matlab (Fig. 1b). Similarly to Tymula, Rosenberg
Belmaker, Ruderman, Glimcher, and Levy (2013), we designed
two symmetrical valence conditions (in gains and loss domains).
At each trial, participants were presented with two wheels-of-
fortune which defined two options Ok. Each option Ok featured
two potential outcomes based on a probability which was partly
known (Pk) and partly masked (Ak), so-called ambiguity parameter:
a potential gain Gk≠0 or an absence of gain Gk = 0.

Option 1 was fixed for all trials, such that G1 = 5 for the gain
condition and G1 =−5 for the loss condition.

Option 2 was designed from the following set of features:

G2 [ {5, 8, 20, 50, 125}; under condition of gain

G2 [ {−5, − 8, − 20, − 50, − 125}; under condition of loss

P2 [ {0.13, 0.25, 0.38, 0.50, 0.75};

A2 [ {0.00, 0.24, 0.50, 0.74}

The task included 80 trials, 40 under each condition, all presented
in random order.

The model features three free parameters: r (utility curvature),
β (ambiguity aversion) and ω (choice inverse temperature). We
estimated one set of parameters (r, β, ω) per valence condition
(gains and losses), leading to a total of six free parameters (here-
after referred to as rG, βG, ωG, rL, βL, ωL).

This additional parameter (β, ambiguity aversion) could be
interpreted as summarising the preference for situations where
risks are known (high value).

Statistical analyses

All statistical analyses were performed using R (R Core Team,
2013) and Matlab (Matlab, 2018). Demographic and clinical com-
parisons between individuals with TS and HC participants were

Fig. 1. Experimental task for decision-making under
risk (a) and ambiguity (b).

5258 Cyril Atkinson‐Clement et al.

https://doi.org/10.1017/S0033291722002318 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291722002318


completed using two-sample t tests or χ2 and were confirmed
using Bayesian analyses. We considered as significant any effect
with p values ⩽ 0.05 and a Bayesian factor (bf)⩾ 3.

Regarding the main parameters, our approach to systematically
investigate decision-making under risk and ambiguity in TS fol-
lowed three steps: (i) we assessed whether individuals with TS dif-
fered from HC on any of the decision-making parameters
estimated from our computational model, independently (uni-
variate analysis); (ii) we combined all decision-making para-
meters, and evaluated whether they can jointly account for
differences between individuals with TS and HC (supervised
multivariate analysis) and (iii) we used a data-driven approach
to explore the potential presence of sub-groups, and the role of
comorbidities (unsupervised multivariate analysis).

Univariate analysis: t tests and correlations
First, we compared parameter values between HC and TS patients
and TS subgroups (i.e. TS with ADHD v. TS without ADHD, TS
with OCD v. TS without OCD, TS under medication v. TS unme-
dicated). These comparisons were achieved by using two-sample t
tests and Bayesian t tests. In addition, correlations between tic
severity (YGTSS/50) were performed for all individuals with TS
using correlations and Bayesian correlations. We considered as
significant any effect with p values ⩽ 0.05 and a bf⩾ 3.

Supervised multivariate analysis: random forest
Subsequently, we performed a supervised multivariate classifica-
tion using a random forest algorithm (Cutler, Cutler, & Stevens,
2012; Tin Kam Ho, 1995) (5000 decision trees) with permutations
(n = 1000) between HC and TS groups and between TS subgroups
(i.e. TS withADHD v.TSwithout ADHD, TSwithOCD v.TSwith-
out OCD, TS undermedication v.TS unmedicated). Random forest
algorithms first divide the whole dataset into several subsets (called
‘bagging’), then produce various decision trees (5000 in our case)
and finally combine the vote of each tree. This approach utilises sev-
eral predictors simultaneously, which ismore appropriate than sim-
ple decision trees. Here, implementing the permutation approach
allows us to produce a null distribution by permuting the response
variable and then to calculate a p value for the importance of each
predictor in the classification. This importance corresponds to the
loss of model accuracy (so-called ‘mean decreased accuracy’ and is

expressed as percentage) if a predictor is removed from the analysis.
For results, we reported the mean decreased accuracy of each pre-
dictor and their p values and the general accuracy of the model
and its p value. We considered significant any p values ⩽ 0.05.
This second approach identifies groupdifferences by taking all para-
meters into account simultaneously. In other words, while we can
find no difference by taking our parameters one by one, the associ-
ation of several parameters taken together could reinforce the ability
to find differences between our groups.

Unsupervised multivariate analysis: hierarchical clustering
Lastly, we performed an unsupervised multivariate classification
using agglomerative hierarchical clustering on principal compo-
nent analysis (Maimon & Rokach, 2010). This clustering tech-
nique involved building a principal component analysis which
is a method to simplify data complexity by reducing it into
fewer dimensions. Next, the agglomerative hierarchical clustering
builds several clusters of participants whose number is selected by
a method called ‘higher relative loss of inertia’. This criterion
selects the number of clusters with the smaller within-class vari-
ability (i.e. individuals in the same cluster are close to each
other) and the larger between-class variability (i.e. individuals
in different clusters are far from each other). After this classifica-
tion, we compare participants of each cluster regarding their
groups (HC, TS, with ADHD, with OCD, medicated), their
demographic and clinical characteristics, and their computational
parameters by using inferential (analysis of variance and χ2) and
Bayesian analyses. We considered as significant any effect with p
values ⩽ 0.05 and a bf⩾ 3. This third approach can identify possible
subgroups of patients with abnormal behaviours. In other words, it
canreveal if anabsenceofdifferencebetweengroups isbecauseabnor-
mal behaviours are only related to a subgroup of patients, which is
masked by other subgroup(s) with expected behaviours.

Results

Demographic results

Ten individuals with TS and two HC were excluded from our final
analyses due to incomplete data. The final sample involved 54
individuals with TS and 32 HC participants (Table 1).

Table 1. Demographics and clinical characteristics of the participants

HC TS p bf

N 32 54 – –

Gender (M/F) 24/8 42/12 0.975 0.338

Age 31.16 ± 10.03 31.09 ± 10.96 0.978 0.232

Education (years) 14.44 ± 2.94 14.11 ± 2.54 0.603 0.263

BIS-11 57.84 ± 9.08 65.56 ± 10.52 <0.001 33.964

MIDI 0.45 ± 0.85 1.56 ± 1.33 <0.001 278.985

YGTSS (/50) – 15.35 ± 7.01 – –

Medication (n) – 22 – –

ADHD (n) – 15 – –

OCD (n) – 6 – –

ADHD and OCD (n) – 8 – –

ADHD, attention deficit/hyperactivity disorder; bf, Bayesian factor; BIS, Barratt Impulsiveness Scale; F, female; HC, healthy control participants; M, male; MIDI, Minnesota Impulse Disorders
Interview; OCD, obsessive–compulsive disorder; TS, Tourette syndrome participants; YGTSS, Yale Global Tic Severity Scale. Bold corresponds to significant effects.
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No significant differences were found between subgroups of
TS patients and HC participants regarding demographic variables
( p > 0.6; bf < 0.34). TS patients showed higher general impulsivity
as measured by the BIS-11 ( p < 0.001; bf = 33.964); and a
higher number of impulsive behaviours as measured by the
MIDI ( p < 0.001; bf = 278.985).

Approach 1: univariate analysis

Regarding the models’ parameters (Table 2), we found only one
difference between HC and TS on the ω parameters during the
task of ambiguity gain ( p = 0.029). However, this effect was not
supported by the Bayesian analysis (bf = 2.917).

TS subgroup analyses revealed only one difference supported
by two analyses: the rG parameter (i.e. the utility curvature esti-
mated during the task of ambiguity in gain domain) between indi-
viduals with TS with and without OCD ( p = 0.037, bf = 25.916).
Two other effects were found, which were only supported by clas-
sical t tests (rL between TS with and without ADHD: p = 0.027,
bf = 1.139; γ between TS with and without OCD: p = 0.013,
bf = 0.936). No significant difference was found between medi-
cated and unmedicated patients.

There were no significant correlations between any parameter
and tic severity (YGTSS/50; p > 0.097; bf < 1.076; online
Supplementary Table S1).

Approach 2: supervised multivariate analysis

The random forest model between HC and TS did not lead to a
satisfying accuracy (58.1%, p = 0.053) even if one parameter
seems relevant (ωG: mean decreased accuracy = 37.45%, p =
0.002; Table 3). The model which compared individuals with
TS with and without OCD was the only one with significant
accuracy (75.9%, p < 0.0001) in contrast to models focused on
ADHD (accuracy = 51.9%, p = 0.342) and on medication (accur-
acy = 38.9%, p = 0.933). On the OCD model, the r parameter
had significant importance in all three tasks ( p < 0.041) associated
with ω during the risk task ( p = 0.047).

Approach 3: unsupervised multivariate analysis

The hierarchical clustering algorithm determined that the optimal
number of clusters is 3. The clusters obtained differentiate on all
parameters of the risk task ( p < 0.0001, bf > 7.992), on βG ( p =
0.01, bf = 4.73), rL ( p = 0.004, bf = 10.172) and partially on ωL

( p = 0.038, bf = 1.548) and βL ( p = 0.033, bf = 1.553; Table 4)
parameters. Regarding the demographic and clinical differences
between all three clusters, we found an over-representation of
TS patients with OCD in cluster 2 ( p = 0.046, bf = 3.741) and a
lower education level in cluster 3 ( p = 0.005, bf = 7.825). No dif-
ference was found regarding the distribution of HC, all TS, TS
with ADHD or medicated TS. Additionally, we report no differ-
ence in age, BIS-11, MIDI and YGTSS/50.

In detail, the first cluster could be characterised as more aver-
sive to risk and ambiguity in a context of loss (higher ω, ωL and
βL; lower r and βG). The second cluster corresponded more to a
profile aversive to loss, thus with a risk-taking behaviour aiming
to decrease a potential loss (higher λ and rL; lower ω, ωL and γ).
The third cluster is characterised by a higher propensity to play
in a context of risk, but not of ambiguity, especially when it
involves a potential loss (higher r and γ; lower ω, λ, rL and βL).

Discussion

We found no overall risk-taking behaviour in TS compared to
controls, using dedicated risk and ambiguity decision-making
tasks. Of note, individuals with TS have noisier decisions
(i.e. less consistent), likely reflecting response inconsistencies or
tendency for exploration. Distortion of the decision-making pro-
cess in this context was rather related to comorbidities, such as
OCD or ADHD, than to TS per se. Our findings are important
for clinical practice, as they may indicate management of risk-
taking issues in everyday life of individuals with TS should
focus on treating comorbidities.

TS have noisier decisions in context of ambiguity for a gain

We found that individuals with TS, in comparison with HC, had a
lower inverse temperature parameter (ω) in context of ambiguity
for a gain, which reflected a higher selection in TS of non-
maximal expected values, corresponding to a higher response
inconsistency. As this parameter tends to increase with age and
brain maturation (Palminteri, Kilford, Coricelli, & Blakemore,
2016), a decrease of this parameter might reflect brain immaturity
at a behavioural level as was previously suggested in adults with
TS at a brain network level (Nielsen et al., 2020; Worbe et al.,
2015). Alternatively, a lower inverse temperature parameter (ω)
could reflect exploratory behaviour in TS. Brain imaging studies
reported that this tendency to explore environment could be asso-
ciated with an increased dopamine tone within the prefrontal cor-
tex (Badre, Doll, Long, & Frank, 2012; Frank, Doll, Oas-Terpstra,
& Moreno, 2009), a key alteration in TS pathogenesis (Maia &
Conceição, 2017, 2018; Palminteri et al., 2009, 2011; Yoon,
Gause, Leckman, & Singer, 2007).

Risk-taking behaviours and experimental risk evaluation in TS

Our main result is that TS was not associated with abnormal
decision-making behaviours in contexts of risk or ambiguity
(i.e. no difference with HC, no correlation with tics severity and
no medication effect).

Indeed, individuals with TS may not have risk or ambiguity valu-
ation impairment. If no previous study was performed on this popu-
lation, several studies on frequent TS-related comorbidities such as
ADHD and OCD could support this hypothesis (Cavedini,
Gorini, & Bellodi, 2006; Humphreys et al., 2018; Kim et al., 2015;
Norman et al., 2018; Starcke, Tuschen-Caffier, Markowitsch, &
Brand, 2009, 2010). However, this is unlikely since individuals
with TS have a frequent involvement in real-life risky behaviours,
as demonstrated by a higher probability of premature death
(Fernández de la Cruz & Mataix-Cols, 2020; Meier et al., 2017).

One explanation could be that our task did not accurately cap-
ture risk and ambiguity valuation processes. Experimental tasks as
used in this study measure traits and performance at the time of
the study rather than their average over an extended time period
meaning that risky and ambiguous behaviours are considered
stable ‘traits’ (Palminteri & Chevallier, 2018). Moreover, context-
ual factors (such as the nature of rewards) and task parameters
(e.g. 2D v. 3D objects, time pressure, cognitive load) can modify
preference for risk (Betsch, Haberstroh, Molter, & Glöckner, 2004;
De Petrillo et al., 2020; Kocher & Sutter, 2006; Wang, Feng, &
Keller, 2013). For example, it was reported that high risk-takers
in recreational domains only express moderately risky behaviours
when making financial decisions (Hanoch, Johnson, & Wilke,
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2006). Risk-taking in TS adolescents was associated with mal-
adaptive behaviours in classroom settings but not in other public
situations (Brandt, Kerner auch Koerner, & Palmer-Cooper,
2019). Thus, risk-taking and ambiguity evaluation in TS as a
group might not be affected in financial decision-making as
assessed in this study. However, TS patients might still express
a risk-taking attitude in some other domains such as, sensation
or novelty seeking.

Involvement of individuals with TS in a risky situation might
not depend on impairment of risk and ambiguity valuations per se

but rather due to other factors that were not measured by our
tasks. Indeed, a novel conceptualisation puts forth that risk pro-
pensity is rather a situation-specific trait. It is contingent upon
the domain in which risks are presented and rely on personality
traits (i.e. impulsiveness), thus refuting the idea that decision-
making is a consistent pattern (Bran & Vaidis, 2020;
Howat-Rodrigues et al., 2018; Peters, Västfjäll, Gärling, & Slovic,
2006). Therefore, involvement in a real-life risky situation might
be contingent upon a need for arousal and sensation-seeking
characterised by an attraction to novel experiences (Lauriola,

Table 2. Means and standard deviations for each parameter of the tasks and groups in comparison with inferential and Bayesian t tests

HC TS – all TS – ADHD TS – no ADHD TS – OCD TS – no OCD TS – Med. TS – Unmed.

Risk

ω

Mean ± S.D. 1.22 ± 1.34 0.99 ± 1.31 1.31 ± 1.48 0.76 ± 1.13 0.59 ± 1.16 1.14 ± 1.34 1.18 ± 1.42 0.87 ± 1.23

p value/bf p = 0.459/bf = 0.296 p = 0.143/bf = 0.565 p = 0.164/bf = 0.389 p = 0.409/bf = 0.376

r

Mean ± S.D. 0.87 ± 0.54 0.98 ± 0.62 0.94 ± 0.56 1.02 ± 0.67 1.27 ± 0.73 0.88 ± 0.55 0.88 ± 0.59 1.05 ± 0.64

p value/bf p = 0.383/bf = 0.316 p = 0.655/bf = 0.209 p = 0.084/bf = 1.209 p = 0.316/bf = 0.419

λ

Mean ± S.D. 1.36 ± 0.7 1.45 ± 0.77 1.31 ± 0.55 1.55 ± 0.89 1.59 ± 0.77 1.4 ± 0.77 1.42 ± 0.76 1.47 ± 0.78

p value/bf p = 0.582/bf = 0.263 p = 0.232/bf = 0.342 p = 0.426/bf = 0.232 p = 0.816/bf = 0.284

γ

Mean ± S.D. 1.05 ± 0.78 1.09 ± 0.77 0.94 ± 0.76 1.2 ± 0.77 0.75 ± 0.44 1.21 ± 0.83 1.32 ± 0.93 0.93 ± 0.61

p value/bf p = 0.833/bf = 0.236 p = 0.223/bf = 0.382 p = 0.013/bf = 0.936 p = 0.094/bf = 1.129

Ambiguity – gain

ωG

Mean ± S.D. 2.4 ± 2.87 1.09 ± 2.09 0.89 ± 1.61 1.24 ± 2.42 1.09 ± 2.09 1.09 ± 2.13 1.14 ± 2.09 1.06 ± 2.14

p value/bf p = 0.029/bf = 2.917 p = 0.537/bf = 0.224 p = 0.998/bf = 0.17 p = 0.893/bf = 0.279

rG

Mean ± S.D. 1.05 ± 0.99 1.29 ± 1.55 1.74 ± 2.13 0.95 ± 0.79 2.42 ± 2.43 0.89 ± 0.82 1.06 ± 1.04 1.44 ± 1.82

p value/bf p = 0.403/bf = 0.297 p = 0.101/bf = 0.945 p = 0.037/bf = 25.916 p = 0.325/bf = 0.389

βG

Mean ± S.D. 1.03 ± 2.82 0.29 ± 3.13 −0.37 ± 1.93 0.77 ± 3.74 0.52 ± 3.11 0.2 ± 3.17 0.89 ± 3.02 −0.13 ± 3.18

p value/bf p = 0.263/bf = 0.391 p = 0.153/bf = 0.427 p = 0.748/bf = 0.179 p = 0.235/bf = 0.498

Ambiguity – loss

ωL

Mean ± S.D. 1.46 ± 1.39 1.55 ± 1.89 1.42 ± 1.56 1.65 ± 2.12 1.76 ± 2.22 1.48 ± 1.78 1.47 ± 2.09 1.61 ± 1.76

p value/bf p = 0.787/bf = 0.238 p = 0.653/bf = 0.209 p = 0.669/bf = 0.19 p = 0.792/bf = 0.287

rL

Mean ± S.D. 0.81 ± 0.61 1.2 ± 1.62 0.7 ± 0.46 1.58 ± 2.04 1.29 ± 0.77 1.17 ± 1.84 1.26 ± 1.91 1.16 ± 1.42

p value/bf p = 0.115/bf = 0.487 p = 0.027/bf = 1.139 p = 0.744/bf = 0.175 p = 0.838/bf = 0.283

βL

Mean ± S.D. −1.05 ± 2.7 −1.15 ± 2.88 −1.51 ± 3.09 −0.88 ± 2.73 −1.07 ± 2.91 −1.17 ± 2.9 −1.39 ± 3.21 −0.97 ± 2.66

p value/bf p = 0.872/bf = 0.234 p = 0.438/bf = 0.256 p = 0.914/bf = 0.171 p = 0.615/bf = 0.311

ω, choice inverse temperature; r, utility curvature; λ, loss aversion; γ, probability distortion; β, ambiguity aversion; ADHD, attention deficit/hyperactivity disorder; bf, Bayesian factor; HC,
healthy control participants; OCD, obsessive–compulsive disorder; S.D., standard deviation; TS, Tourette syndrome participants; YGTSS, Yale Global Tic Severity Scale. Bold corresponds to
significant effects.
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Table 3. Random forest models’ results showing the mean decreasing accuracy, the p values (computed following permutations) and the general accuracy

HC v. TS ADHD v. no ADHD OCD v. No OCD Med. v. Unmed.

Risk

ω −10.27%/p = 0.927 −5.45%/p = 0.689 12.65%/p = 0.047 9.25%/p = 0.129

r −5.2%/p = 0.676 −3.58%/p = 0.574 14.36%/p = 0.041 −4.2%/p = 0.595

λ −8.96%/p = 0.832 8.52%/p = 0.138 −3.67%/p = 0.598 −6.44%/p = 0.697

γ −7.92%/p = 0.836 7.19%/p = 0.159 10.36%/p = 0.083 8.17%/p = 0.15

Ambiguity gain

ωG 37.45%/p = 0.002 −11.29%/p = 0.921 12.71%/p = 0.075 −13.59%/p = 0.97

rG 8.25%/p = 0.142 −5.05%/p = 0.662 26.09%/p = 0.009 −5.55%/p = 0.661

βG −2.73%/p = 0.51 −2.11%/p = 0.495 −6.2%/p = 0.722 −4.93%/p = 0.605

Ambiguity loss

ωL −7.93%/p = 0.807 −5.92%/p = 0.683 6.08%/p = 0.168 −10.54%/p = 0.91

rL −5.15%/p = 0.691 18.14%/p = 0.021 21.09%/p = 0.011 −3.02%/p = 0.555

βL −10.93%/p = 0.932 −5.19%/p = 0.633 −6.2%/p = 0.741 −14.76%/p = 0.983

General accuracy 58.1%/p = 0.053 51.9%/p = 0.342 75.9%/p < 0.0001 38.9%/p = 0.933

ω, choice inverse temperature; r, utility curvature; λ, loss aversion; γ, probability distortion; β, ambiguity aversion; ADHD, attention deficit/hyperactivity disorder; HC, healthy control
participants; OCD, obsessive–compulsive disorder; TS, Tourette syndrome participants. Bold corresponds to significant effects.

Table 4. Demographics and clinical characteristics of the three clusters obtained with the hierarchical clustering

Cluster 1 Cluster 2 Cluster 3 p values bf Post-hoc

N 32 33 21 – – –

Gender (M/F) 24/8 27/6 15/6 0.531 0.199 ns

HC 14 10 8 0.417 0.742 ns

TS 18 23 13 0.249 0.927 ns

TS – ADHD 9 8 6 0.738 0.609 ns

TS – OCD 2 9 3 0.046 3.741 2 > 1; 2 > 3

TS – Med. 8 7 7 0.956 0.496 ns

Age 28.34 ± 8.39 31.76 ± 10.85 34.33 ± 12.36 0.118 0.573 ns

Education (years) 14.94 ± 2.65 14.57 ± 2.67 12.62 ± 2.15 0.005 7.825 1 > 3; 2 > 3

BIS-11 62.69 ± 12.63 61.39 ± 8.15 64.71 ± 10.95 0.54 0.169 ns

MIDI 1.22 ± 1.2 1.12 ± 1.41 1.09 ± 1.26 0.924 0.113 ns

YGTSS (/50) 16.44 ± 8.04 15.26 ± 7.04 14 ± 5.54 0.638 0.204 ns

Risk ω 2.46 ± 1.23 0.23 ± 0.24 0.32 ± 0.32 <0.0001 7.992 1 > 2; 1 > 3

r 0.51 ± 0.12 1.03 ± 0.5 1.48 ± 0.67 <0.0001 >1000 3 > 2 > 1

λ 1.19 ± 0.36 2.11 ± 0.6 0.67 ± 0.31 <0.0001 >1000 2 > 1 > 3

γ 0.62 ± 0.32 0.86 ± 0.38 2.12 ± 0.75 <0.0001 >1000 3 > 2; 3 > 1

Ambiguity gain ωG 2.15 ± 3.08 1.3 ± 2.35 1.14 ± 1.31 0.256 0.313 ns

rG 1.07 ± 0.82 1.44 ± 1.74 1.02 ± 1.39 0.44 0.203 ns

βG −0.69 ± 2.26 1.42 ± 3.2 1.13 ± 3.24 0.01 4.73 2 > 1

Ambiguity loss ωL 1.94 ± 1.97 0.93 ± 1.26 1.79 ± 1.72 0.038 1.548 1 > 2

rL 0.72 ± 0.29 1.65 ± 1.88 0.64 ± 0.99 0.004 10.172 2 > 1; 2 > 3

βL −0.36 ± 1.94 −1.01 ± 3.14 −2.39 ± 3 0.033 1.553 1 > 3

ω, choice inverse temperature; r, utility curvature; λ, loss aversion; γ, probability distortion; β, ambiguity aversion; ADHD, attention deficit/hyperactivity disorder; bf, Bayesian factor; BIS,
Barratt Impulsiveness Scale; F, female; HC, healthy control participants; M, male; MIDI, Minnesota Impulse Disorders Interview; OCD, obsessive–compulsive disorder; TS, Tourette syndrome
participants; YGTSS, Yale Global Tic Severity Scale. Bold corresponds to significant effects.
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Panno, Levin, & Lejuez, 2014). For example, risky driving beha-
viours were strongly associated not with an impaired risk-
valuation process but rather with sensation-seeking (Dahlen,
Martin, Ragan, & Kuhlman, 2005). In addition, it is worth noting
that sensation-seeking is related to the mesolimbic and mesocor-
tical dopaminergic pathways, both connecting the ventral tegmen-
tal area with respectively the ventral striatum and the prefrontal
cortex (Romer, Reyna, & Satterthwaite, 2017). Both of these path-
ways suggested to be involved with tics expression (Atkinson-
Clement et al., 2020; Worbe et al., 2013).

Alternatively, affective dysfunctions in TS might increase one’s
involvement in real-life risky situations. TS patients’ emotional
reactivity is significantly increased when processing social stimuli
(Rae et al., 2018) with a subsequent reduction in logical decision-
making (Eddy & Cavanna, 2013). In fact, emotional processes are
said to redirect attentional processes to other characteristics of the
situation (Weber, Siebenmorgen, & Weber, 2005), change the
subjective valuation of an outcome (Tversky & Kahneman,
1992) and influence choice processes itself (Figner & Weber,
2011). TS patients might therefore express an affective response
or arousal in response to a particular outcome but still might be
able to ignore this response in favour of a more deliberate valu-
ation of risk (Skagerlund, Forsblad, Slovic, & Västfjäll, 2020).

Unexpectedly, we found no difference between medicated and
unmedicated TS. To our knowledge, no studies addressed the
effect of aripiprazole – the most frequent medication in our
group and one of the most frequently used drugs for TS
(Cox & Cavanna, 2021) – on risk-preference behaviours, despite
several reports of onset of gambling disorder under treatment
with this compound in various neuropsychiatric disorders
(Etminan et al., 2017), putatively related to the alteration of risk-
taking decision making (Schluter & Hodgins, 2021). However,
one study using brexpiprazole, an antipsychotic close by action
mechanism to aripiprazole, showed to reduce risk-preference in
rodent models (Milienne-Petiot, Geyer, Arnt, & Young, 2017).
Thus, further studies are required to elucidate the effects of partial
dopaminergic agonists such as aripiprazole on decision-making
processes under risk and ambiguity.

Based on this finding and our results, we speculate that tics
and medication with aripiprazole had no effect on risk preference
and that comorbidities are more likely to influence abnormal
decision-making in risk and ambiguity contexts.

ADHD is associated with a lower risk-seeking to avoid losses in
a context of ambiguity

Association of ADHD with TS induced a decreased utility curva-
ture in context of ambiguity loss (rL) in comparison with patients
without ADHD. This suggests that individuals with TS and
ADHD were more risk-seeking in this context to decrease a
potential loss (i.e. they choose the option that could lead to
avoid a loss instead of choosing the option with a guaranteed
small loss). Many factors such as how rewards were presented,
age and even ADHD subtypes influence decision-making process
under risk in ADHD free of tics (Groen, Gaastra, Lewis-Evans, &
Tucha, 2013). Overall, ADHD was suggested not to be associated
with risk-taking as defined by behavioural economy theories
(Pollak et al., 2016; Schonberg, Fox, & Poldrack, 2011) but
more associated with suboptimal decisions when the outcomes
chosen were not beneficial in terms of expected value (Pollak
et al., 2016). Indeed, while patients with severe ADHD symptoms
tend to adopt riskier attitudes, it was not because of risk-seeking

behaviours per se but rather because the perception of such beha-
viours were appealing to them (Pollak et al., 2016; Shoham,
Sonuga-Barke, Aloni, Yaniv, & Pollak, 2016). Further studies
found that the perception of benefits and not risk perceptions
explained associations between ADHD symptoms and risky
behaviours (Shoham, Sonuga-Barke, Yaniv, & Pollak, 2020).

OCD is associated with a higher risk-taking to increase gain in
a context of ambiguity and a higher risk-aversion under
conditions of loss under risk and ambiguity

TS patients with OCD showed more risk-taking behaviour in a
context of ambiguity and gain. These patients’ groups also showed
more aversion to risk and ambiguity in the context of gain and
less in the context of ambiguity for a loss. While previous research
suggested that OCD was essentially associated with risk-aversion
(Sip, Muratore, & Stern, 2016), they also found that patients
with OCD have suboptimal decisions, especially in context of
gain (George, Sheynin, Gonzalez, Liberzon, & Abelson, 2019)
likely due to altered values perception. This is in line with our
results since our patients with comorbid OCD showed a propen-
sity to risk-taking in order to increase a reward instead of assuring
a lower one. They also showed risk-aversion in context of loss, as
it was already described in OCD (Sip, Gonzalez, Taylor, & Stern,
2018).

Limitations

The present study had some limitations. First, we based our
hypothesis on several studies which reported an increased pro-
pensity for risky behaviour in everyday life related to TS leading
to premature deaths (Chen et al., 2019; Fernández de la Cruz &
Mataix-Cols, 2020; Mataix-Cols et al., 2021; Meier et al., 2017).
However, a population-based design of these studies, that favour
a relatively small effect, can explain the discrepancy with the pre-
sent results. Therefore, even if the sample size used in our study
was relatively high and the statistical analyses were accurate, we
cannot exclude that we missed an effect of very small amplitude.
Second, our task captured the risk and ambiguity valuation pro-
cesses in financial decision making. However, people with TS
might express propensity to risky decisions in other domains
such as sensation or novelty seeking. Third, OCD and ADHD
comorbidities are phenomenologically at opposite ends of the
behavioural spectrum and might be also with regards to the risk
taking, which could affect our results. To further unravel the ques-
tion of contribution of ADHD and OCD on decision under the
risk and ambiguity, further studies comparing TS, ADHD and
OCD are needed.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291722002318
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