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Abstract

Approximately 30 to 50% of people suffering from Gilles de la Tourette Syndrome (GTS) also
fulfill diagnostic criteria for obsessive-compulsive disorder (OCD). Despite this high degree of
comorbidity, very few studies have addressed the question of obsessive-compulsive symptoms
(OCS) in GTS patients using specific brain event-related potentials (ERP) responses. The aim of
the current study was to quantify neurocognitive aspects of comorbidity, using ERPs. Fourteen
adults with GTS (without OCD) were compared to a group of 12 participants with GTS and
comorbid obsessive-compulsive symptoms (GTS+OCS), to a group of 15 participants with OCD
and to a group of 14 control participants without neurological or psychiatric problems. The P200
and P300 components were recorded during a visual counting oddball task. Results showed intact
P200 amplitude in all groups, whilst the P300 amplitude was affected differentially across groups.
The P300 oddball effect was reduced in participants in both OCD and GTS+OCS groups in the
anterior region. However, the P300 oddball effect was significantly larger in participants of the
GTS group compared to all other groups, mostly in the parietal region. These findings suggest that
adults with GTS are characterized by enhanced working memory updating processes and that the
superimposition of OCS can lead to a reduction of these processes. The discrepancy between our
findings and results obtained in previous studies on GTS could reflect the modulating effect of
OCS on late ERP components.
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1. Introduction

Gilles de la Tourette Syndrome (GTS) is a complex neuropsychiatric disorder with
childhood onset, diagnosed in the presence of multiple motor and phonic tics.
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Epidemiological studies have noted that 30 to 50% of the GTS population is affected by
obsessive-compulsive disorder (OCD), which is considered to be part of a spectrum of GTS
symptomatology that extends beyond the tics disorder (Marcus and Kurlan, 2001). OCD is
characterized by recurrent intrusive thoughts accompanied by repetitive, seemingly
purposeful behaviors, sufficiently severe to interfere with daily functioning. The frequent
comorbidity between GTS and OCD, along with the behavioral similarities between them,
has lead to propose that they might share common genetic or neurophysiological bases. This
hypothesis finds support from studies showing that some forms of OCD constitute distinct
expressions of the genetic alteration related to GTS (Pauls, 1992; Pauls et al., 1995, 1986;
Sheppard et al., 1999). Brain imaging investigations also suggest that both GTS and OCD
could be provoked by a default in inhibitory functions, caused by a metabolic reduction in
basal ganglia structures projecting to frontal regions, involving either the prefrontal and
primary motor cortices in GTS, or the lateral orbitofrontal and anterior cingulate cortices in
OCD (Mink, 2001; Saxena et al., 1998; Sheppard et al., 1999).

Neuropsychological studies consistently showed attentional disinhibition in both clinical
populations (Channon et al., 1992; Georgiou et al., 1995, 1996; Lavoie et al., 2007; Tata et
al., 1996; Tolin et al., 2002). In order to extend findings on neuropsychological variables,
several studies have recorded Event-Related Potentials (ERPS), which provide indications
about cerebral activation in synchrony with cognitive events such as attention, memory
(Linden, 2005) and motor functions (Hackley and Valle-Inclan, 2003). Other recent reviews
showed that ERPs are useful neurocognitive markers, for instance, in Alzheimer’s disease
(Olichney and Hillert, 2004), brain injury (Lavoie et al., 2004; Mazzini, 2004) and various
psychiatric disease (Banaschewski and Brandeis, 2007; Ford, 1999).

ERP investigations on GTS and OCD have mostly studied the P200 and the P300
components. Recorded in a classical oddball paradigm, the P300 component has been known
to represent stimulus evaluation and categorization, along with working memory updating
processes (see Polich, 2007 for a detailed review). The P200 component is less well
understood, but it has been mainly related to attention allocation and vigilance (e.g. Wolach
and Pratt, 2001). In previous studies, a reduction in P300 amplitude has been consistently
observed in GTS (Johannes et al., 1997, 2001b) and in OCD (Kim et al., 2003; Miyata et al.,
1998; Sanz et al., 2001; Towey et al., 1994), pointing towards a decrease in memory
updating processes in both disorders. Nevertheless, these P300 patterns were elicited in
slightly different experimental procedures, so nuancing homogeneous interpretation of their
functional significance across groups. In GTS, working memaory processes have been found
to be affected in complex attentional performance while in OCD, anomalies appeared non
specifically across a wide spectrum of cognitive demands (Kim et al., 2003; Mavrogiorgou
etal., 2002; Miyata et al., 1998; Morault et al., 1998; Sanz et al., 2001; Towey et al., 1994).

Following on from previous results, several questions remain. What is the sensitivity of
specific ERP components to GTS versus OCD symptoms? What is the contribution of other
symptoms such as depression and anxiety that often co-occur with GTS and OCD? What is
the influence of comorbid obsessive-compulsive symptoms (OCS) on the ERP profile of
adults suffering from GTS? Despite acknowledgement that impulsive and obsessive-
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compulsive symptoms might influence ERPs in GTS groups (van Woerkom et al., 1988,
1994), this influence has never been characterized and controlled directly.

The current study aimed at investigating specific ERP responses in adults suffering from
GTS and at exploring the influence of obsessive-compulsive symptoms (OCS) on ERP
components. In the current study, we analyze the P200 and P300 components in clinical
groups diagnosed with GTS, OCD and an additional group sharing both GTS and obsessive-
compulsive symptoms (GTS +OCS). Based on previous ERP studies (Asahi et al., 1993; Van
de Wetering et al., 1985; van Woerkom et al., 1988, 1994), we predict that both GTS and
OCD groups will show a reduced P200 amplitude. We also hypothesize that the GTS group
will demonstrate a normal P300 oddball effect. Following past studies showing smaller
amplitude in OCD participants during an oddball task (Sanz et al., 2001), we hypothesize
that the presence of OCS will attenuate the P300 amplitude. Consequently, we expect the
OCD group to demonstrate a reduced P300 compared to the three other groups. If OCD and
GTS have additive effects, we expect the GTS+OCS group to present a reduced P300
compared to the non-OCD group with GTS. Their P300 should nevertheless be similar or
larger compared to the OCD group.

2. Methods

2.1. Participants

All participants (n=55) were recruited through local newspapers or from staff members of
the Lafontaine hospital (control group). Fourteen control participants were matched for age,
education and gender (Table 1) to a sample of fourteen GTS, fifteen OCD and twelve GTS
+OCS participants. They all had normal visual acuity (Snellen notation system: =11). The
current study was part of a larger program aiming to study a specialized cognitive-behavioral
treatment (CBT) adapted for either tics or OCD. The pre-CBT diagnosis was made by a
certified psychiatrist (E.S. for the GTS group or C.T. for the pure OCD group) and a clinical
psychologist (supervised by K.O.). The GTS group and the GTS+OCS group primarily
fulfilled the diagnostic criteria for GTS (307.23), while the OCD group fulfilled the
diagnostic criteria for obsessive-compulsive disorder (300.3) (DSM IV-TR: American
Psychiatric Association, 2000).

2.2. Inclusion-exclusion criteria

Exclusion criteria for all participants was the presence of another diagnosis than GTS or
OCD as primary disorders on axis / or any other diagnosed problem on axis /1, 1/l or IV of
the DSM IV-TR (American Psychiatric Association, 2000). None of the control participants
showed identifiable psychiatric or neurological disease. Participants currently receiving any
other form of behavioral or cognitive treatment were excluded. However, they were included
even if they received medications (see list of medication on Table 3) for their tic or OCD
symptoms, on the condition that they had been stabilized for at least three months. The study
was approved by the local ethics committee and all participants gave their written informed
consent.
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2.3. Clinical assessment

GTS symptoms severity was assessed with the Tourette Syndrome Global Scale (TSGS:
Harcherik et al., 1984). The TSGS was administered by the clinician to the GTS and GTS
+OCS groups. The first TSGS factor rates the nature of the tic (i.e. motor or phonic), while
the second scale rates the tic complexity. A third scale assesses functional impairment,
including behavioral, learning, motor restlessness and occupational problems. The inter-rater
reliability of the TSGS global score was found to be very good (k=0.77, p<.001).
Convergent validity of the motor and phonic tic factors showed strong correlations with the
corresponding Yale global tic severity scale, with correlations ranging from r=0.86 to r=0.91
(Leckman et al., 1989). The OC symptoms severity was evaluated with the self-rated Yale-
Brown Obsessive-Compulsive Scale (Y-BOCS: Goodman et al., 1989a) for the three clinical
groups, while both self and clinician-rated Y-BOCS (Goodman et al., 1989b) was
administered in the pure OCD group. With our sample of OCD, the reliability between self
and clinician-rated global scores were good (a=0.71) with no statistical differences between
both evaluations (p=.11). Only the self-rated Y-BOCS will be reported in the current study.
Other studies confirm the validity and reliability of the scales (internal consistency=0.91—
0.94, r=0.90) (Y-BOCS: Goodman et al., 1989a; Steketee, 1994; Taylor, 1995). The self-
rated Padua inventory (Sanavio, 1988) was also administered to all groups and consists in a
60-item inventory of obsessions and compulsions. The total scale (a=0.95) and the subscales
(a=0.75-0.91) are also reliable. The Beck Anxiety Inventory (BAl: Beck et al., 1988) was
administered and consists in a 21-items anxiety symptoms checklist rating the symptom
intensity for the last week on a 0-3 scale (a=0.91). For the presence of depression, the Beck
Depression Inventory (BDI: Beck et al., 1961), which consist in a 21-item relative to
depression (a=0.91). The Personality Diagnostic Questionnaire-4th Edition (PDQ-4) was
administered for detection of personality disorders (a=0.50 — 0.71), consistent with the
DSM-1V (Hyler, 1994; Rodgers et al., 2004; Wilberg et al., 2000). Finally, the Anxiety
Disorders structured Interview Schedule for DSM-/V (ADIS-IV: Brown et al., 1994) was
administered by a psychologist to assess comorbid anxiety disorders.

2.4. Experimental assessment and recordings

2.4.1. Visual oddball paradigm—The counting visual oddball task was used in order to
circumvent the potential problem of motor-related potentials that are known to have an
attenuating effect on the P300 amplitude (Kok, 1988; Salisbury et al., 2001). The sequence
of stimuli is exemplified in Fig. 1. Participants were seated in a dimly lit room with their
head at a distance of 90 cm from the monitor. The stimulus display comprised a total of 200
black stimuli presented on a white background, representing either the letters «X» or «O» in
Avrial font (size=48). The letter «O» represented the non-target stimulus (p=.80) and the
letter «X» the target stimulus (p=.20). Participants had to count mentally the target stimuli
and report their exact number (n=40) at the end of the experiment. Stimuli were presented
randomly for 100 ms each at the center of a monitor screen (Viewsonic SVGA 17 inches flat
screen monitor). Inter stimulus interval randomly ranged from 1700 to 2200 ms.

2.4.2. Electrophysiological recordings—All electrophysiological signals were
acquired through an analog amplifier (SA Instrumentation Inc, San Diego).
Electroencephalogram (EEG) was recorded from 26 tin electrodes, referenced to linked
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mastoids with impedance kept below 5 KQ. Electrodes, mounted in a nylon cap (ElectroCap
International, Eaton, Ohio), were placed according to the guidelines for standard electrode
position nomenclature (American EEG Society, 1994). EEG recordings were continuously
sampled at 250 Hz and amplified with a calibrated gain of £10,000 with high-low pass filter
settings at 0.01 and 30 Hz respectively. Electro-oculogram (EOG) was recorded from 4
bipolar electrodes placed horizontally at the outer canthus of each eye and vertically at infra-
and supra-orbital position on the right eye, in line with the pupil when looking straight
ahead. Stimuli presentation and data acquisition were both controlled by a data acquisition
program (InstEP Systems, Montréal, Canada) running on two Pentium PCs.

2.4.3. EEG and ERP signal extraction—EOG artifacts contaminating the EEG signal
were corrected offline using a dynamic regression in the frequency domain (Woestenburg
method: InstEP-TALO). Remaining epochs exceeding 100 uV and clippings due to
amplifiers saturation were eliminated during the averaging procedure. Raw signals were
automatically averaged offline, time-locked to the stimulus onset, in a time window from
100 milliseconds before until 800 milliseconds after stimulus onset, for each stimulus
category (target and non-target). A minimum amount of 20 trials were included in each
category. The P200 and P300 components were scored baseline-to-peak, defined as the most
positive peak comprised between 100 to 300 ms and 300 to 1000 ms post stimulus onset
respectively.

2.5. Statistical analysis

Several one-way analyses of variance (ANOVA) were performed on age, education and non-
verbal intelligence (Raven matrices), Beck Depression Inventory (BDI), Beck Anxiety
Inventory (BAI), Padua inventory and Y-BOCS scores. TSGS scores were analyzed using a
t-test comparing GTS and GTS+OCS groups. Gender was analyzed using the Kruskall-
Wallis, non parametric test.

P200 and P300 amplitude and latency were analyzed separately using repeated-measures
analyses of variance (MAN-OVA). Subsequently, a separate Multivariate Analysis of
Covariance (MANCOVA) was applied on ERP amplitude and latency data considering BDI,
BAI and medication status as covariates. The analysis comprised a between-groups factor
including four levels (GTS, OCD, GTS + OCS and control groups), and the following
within-groups factors: Condition, with two levels (target, non-target); Hemisphere, with two
levels (left, right); Region, with two levels (anterior, posterior) and Electrodes, with five
levels. The electrodes were divided in four quadrant as left anterior (F3, F7, FC3, FT7 and
C3), left posterior (CP3, TP7, P3, T5 and O1), right anterior (F4, F8, FC4, FT8, and C4) and
right posterior (CP4, TP8, P4, T6 and O2). The significance level was set at 5% (two-tailed).
Finally, linear regression analyses were calculated between P300 component amplitude and
OCD (Padua) or tic severity (TSGS).
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3. Results

3.1. Demographic and clinical results

No group difference was observed regarding age, education level, gender and non-verbal
intelligence (Table 1). However, group differences were observed on clinical questionnaires
and interviews (Table 2). The independent group t-test comparison of the TSGS global
scores between the GTS and the GTS+OCS groups revealed no significant differences
regarding their tic severity (p=.57) as well as their behavioral (p=.30) subscales.

The ADIS-1V revealed the occurrence of anxiety disorders as a secondary trouble in the
GTS group, including social phobia (n=1), specific phobia (n=2) and generalized anxiety
disorders (n=1). This was also true for the GTS+OCS group where anxiety disorders were
found such as OCD (n=5), panic disorders (n=1) and generalized anxiety disorders (n=2).
Comparison between the three clinical groups revealed significant differences on the Y-
BOCS self-rated global score (A2,38]=39.66, p<.001). The post hoc multiple comparison
test showed that the OCD group had significantly higher OC global scores than the GTS
+0CS (p<.05) and GTS (p<.001). The GTS+OCS group had higher OC global scores than
the GTS (p<.001). Consistent with the Y-BOCS, group differences were also significant on
the Padua inventory (A3,51]=47.35, p<.001). The post hoc multiple comparison test
revealed that the OCD group had significantly higher global scores than the GTS+OCS (p<.
001), GTS (p<.001) and the control group respectively (p<.001). The GTS+OCS group had
also higher OC global scores than the GTS (p<.001) and the control groups (p<.005), but no
significant discrepancy appear between the GTS and the control group (p=.98) in OC
symptom. Participants of the OCD group also obtained significantly higher depression
scores at the BDI (A3,51]=27.38; p<0.001) than the other three groups, along with
significantly higher anxiety scores at the BAI (A 3,51]=13.64; p<0.001) than the GTS and
the control group respectively. Participants of the GTS+OCS group also obtained
significantly higher scores than the control group (0<0.01) on the BAL. Finally, the global
score of the PDQ-4 questionnaire showed significant group differences in personality traits
(A3,51]=24.29; p<0.001). Post hoc multiple comparison tests revealed significant
differences between OCD and GTS (,0<0.001), between OCD and control (p<0.01) and
between GTS+OCS and control (p<0.01) groups. There were no significant differences
between OCD and GTS+OCS (p=.99) or between GTS and control (p=.38) groups. Few
participants in the OCD (n=4) and GTS+OCS (n=1) groups showed significant personality
disorders (higher global score than 50). This was mainly due to their higher scores (larger
than 4) in the obsession-compulsion and depressive mood subscales. In sum, the OCD and
GTS+OCS groups were the much symptomatic regarding symptoms of anxiety, depression
and personality disorders, while the pure GTS group was more comparable to the control
group on these clinical dimensions.

3.2. Electrophysiological results

3.2.1. P200 component—The P200 component peaked at an average latency of 208
milliseconds (ms) post stimulus. Significant condition main effect (A1,51] = 6.15; p <0.05)
and condition by region interaction effect (A1,51]=13.52; p<0.005) were observed on the
P200 latency. In the posterior region, the latency was significantly delayed in response to
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non-target (214 ms) compared to target (195 ms) stimuli while in the anterior area, it was
similar across conditions (210 ms vs 211 ms). The amplitude of the P200 component was
significantly larger for target than non-target stimuli. Regardless of group attribution, the
effect was more important in the right anterior region, leading to a significant condition by
hemisphere by region interaction (A 1,51]= 7.37; p<0.01). No group differences were
detected with the P200 component.

3.2.2. P300 component—The P300 component peaked at an average latency of 450 ms
post stimulus. The P300 latency was delayed in the anterior (474 ms) compared to the
posterior (429 ms) region, as revealed by a significant region main effect (A1,51]=29.09;
p<0.001). Analysis of the P300 amplitude revealed significant group (A 3,51]=6.45;
p<0.001) and condition (A1,51]=219.87; p<0.001) main effects, along with group by
condition (A3,51]= 4.88; p<0.01) and group by condition by region (A3,51]=3.05; p <0.05)
interaction effects. This group by condition by region interaction remained significant after
covarying separately for depression (A3,50]=2.94; p<0.05), anxiety (A3,50]=3.21; p<0.05)
and medication status (A3,50]=2.98; p<0.05). In order to further investigate this three way
interaction, ANOVAs were conducted separately for anterior and posterior regions and
confirmed the larger group by condition interaction in the posterior (A3,51]=6.03; p<0.005)
than in the anterior (A3,51]=3.53; p<0.05) region.

3.2.2.1. Anterior P300 amplitude: Analysis within the anterior region was applied to the
target and non-target conditions separately and revealed significant group differences only in
the target condition (A3,51]= 6.52; p<0.005). Between-group comparisons revealed that
participants in the GTS group demonstrated a significantly larger P300 amplitude than
participants in the GTS+OCS (p<0.01) and OCD (p<0.01) groups. Partial comparisons of
each group with the control group further revealed significant group main effects between
control and OCD (F[1,27]=7.19; p<0.05) groups and between control and GTS + OCS
(F[1,24]= 5.55; p<0.05) groups. Comparisons between control and GTS groups and also
between OCD and GTS+OCS groups failed to demonstrate significant difference. Therefore,
both OCD and GTS+OCS groups showed smaller P300 anterior amplitude to the target
stimuli than the other two groups. (Figs. 2 and 3). A linear regression analysis showed that
increased OCS scores at the Padua inventory had an attenuating effect on the P300
amplitude (R? =0.13) at the right anterior region (F[1,53]=7.65, p<.01).

3.2.2.2. Posterior P300 amplitude: As for the anterior P300, analysis within the posterior
region applied to the target and non-target stimuli separately revealed significant group
differences only in the target condition (A3,51]=9.49; p<0.001). Between-group
comparisons revealed that participants in the GTS group demonstrated a significantly larger
P300 amplitude to target amplitude than participants in the control (p<0.01), GTS+OCS
(p<0.01) and OCD (p<0.001) groups respectively, these three groups not being significantly
different from each other. However, post-hoc comparisons between each group and the
control group, further revealed a significant main effect of group between the control and the
OCD (F[1,27]=4.36; p<0.05) group. There was no significant difference between control
and GTS+OCS groups. So, GTS group had larger P300 posterior amplitude to the target
stimuli than the three other groups. (Figs. 2 and 3). A linear regression analysis showed that
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increased tic symptom severity predicted larger target P300 amplitude (R? =0.12) especially
in the right posterior region (F [1,53]=7.14, p<.05). However, increased OCS severity at the
Padua inventory was associated with a reduced effect on the P300 amplitude (R2 =0.11), at
right posterior regions (F[1,53]= 6.51, p<.05).

4. Discussion

4.1. Summary of main findings

The current study aimed at investigating cognitive processing and electrocortical functioning
in adults suffering from GTS and at exploring the influence of obsessive-compulsive
symptoms (OCS) on P200 and P300 components. Across all clinical groups, our results
showed a normal P200 component, whilst the P300 component was clearly affected by the
presence of clinical symptoms. Participants suffering from OCD or from GTS+OCS showed
a reduced P300 oddball effect, mainly in the right anterior region, but otherwise did not
differ significantly from each other. These two groups also showed significantly greater
symptom severity regarding depression and anxiety when compared with both GTS and
control groups. The target P300 amplitude was negatively correlated with obsessive-
compulsive and depressive symptoms. Conversely, participants suffering from GTS showed
a larger P300 oddball effect, the target P300 amplitude being positively correlated with tic
symptom severity.

4.2. Influence of obsessive-compulsive symptoms on ERP profile

Participants suffering from OCS, either in addition to GTS or with OCD, demonstrated
similar results. They showed no P200 amplitude difference compared to the control group
and, as we first expected, obtained a significantly smaller P300 oddball effect in the right
anterior region compared to the GTS and control groups.

Our findings regarding the P200 component were in line with previous results observed by
Miyata and collaborators (1998), who found no difference on the P200 amplitude or latency
in the OCD group. Available data about the functional significance of the P200 component
considers it as an index of vigilance (Ferrara et al., 2002). Consequently, these results argue
in favor of intact vigilance and focal attention processes in OCD. However, as previously
mentioned, other P200 results in this population has been found to be incongruent with ours
(Asahi et al., 1993). Further studies would thus be needed in order to better characterize that
component with OCD groups.

Concerning the P300 component, more consistent results were found. The profile showed a
significant negative relationship between the P300 oddball effect and OCS severity, where an
augmentation in the level of symptom severity was associated with a linear reduction of the
oddball effect. Johannes and collaborators (1997) observed a target P300 amplitude
reduction in groups characterized as «pure» GTS, but who actually showed a clinical profile
very similar to our GTS+OCS group. Similar results were previously obtained with pure
OCD groups (Beech et al., 1983; Ciesielski et al., 1981; Malloy et al., 1989; Sanz et al.,
2001; Towey et al., 1994). Nonetheless, these earlier studies didn’t mention the relationship
between P300 component and symptom intensity. Based on these results, we conclude that
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the intensity of OCS has a strong attenuating effect on the P300 and on the specific cognitive
processes subtending it. From a neurocognitive perspective, the P300 amplitude has been
related to contextual memory updating (Donchin, 1981) and response certainty (Kutas et al.,
1977). Concurrently, several studies reported memory impairments and response uncertainty
as features often appearing in the OCD population (O’Connor et al., 2005). Poorer
performance has been observed on tests of logical memory (Sher et al., 1984), short-term
(Boone et al., 1991; Christensen et al., 1992) and long-term (Zitterl et al., 2001) visual
memory in participants with OCD. It has also been proposed that uncertainty and low
confidence level could impede information processing in patients with OCD and mediate
their memory difficulties. Repetitive thoughts and actions characterizing OCD could occur
because of repeated neural signals indicating that they have not been adequately carried out
(Pitman, 1987). The resulting uncertainty could impact on memory functions and,
consequently, on the capacity to inhibit thoughts and actions (Zitterl et al., 2001).

Our findings highlighted the influence of OCS on processes, mediated through the right
prefrontal cortical regions, which are hypothesized to be involved in memory inhibition
mechanisms (Depue et al., 2007). Indeed, it has been found that people suffering from OCD
may feel the need to remember features in too much detail, or adopt a sequential rather than
a comprehensive approach to pattern recognition and organization (Savage et al., 1999)
when performing even a simple oddball task. Anomaly in certainty or memory inhibition
mechanisms could influence information processing and on working memory updating
processes, as reflected by the anterior P300 amplitude attenuation.

4.3. Effect of Gilles de la Tourette syndrome on ERP profile

Our results suggest that adults suffering from GTS would present relatively intact focal
attention (P200), coupled with overactive working memory updating processes, as reflected
by an enhanced P300 oddball effect compared to the other clinical groups and the control
group. At first sight, these results do not entirely support previous interpretations brought in
similar ERP studies.

Previous ERP studies focusing on GTS have reported a P200 amplitude (van Woerkom et
al., 1988, 1994) and latency (van Woerkom et al., 1988) decrease to non-target frequent
stimuli, which have been interpreted as indicating a disturbance in arousal and focal
attention toward non-relevant stimuli (van Woerkom et al., 1988, 1994). However, these
studies included only the non-target stimuli in their discussion of the P200. Since results
about target stimuli were not considered, interpretation of results in terms of a specific
attention misallocation could be misleading.

More importantly, methodological shortcomings regarding clinical comorbidity need to be
taken into account before explaining the discrepancies between our results and previous
findings. Indeed, absence of P300 amplitude or latency differences in GTS (Johannes et al.,
2001b, 2002; van Woerkom et al., 1988) has been reported in earlier investigations, which
could be ascribed to the influence of comorbid OCD in the sample of participants. Previous
ERP studies either included GTS participants suffering from mild to severe OCS or provided
no information about the presence of such symptoms in their sample. With a high
comorbidity rate between GTS and OCD, this leaves a strong possibility for the presence of
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OCS among their participants. It is very likely that OCS have an influence on the ERP
profile of people affected primarily by GTS. Consequently, we propose that the relatively
intact P300 amplitude that has been observed in most ERP studies could reflect this
influence. As mentioned earlier, OCS would have a moderating or even an attenuating effect
on the potentially intact P300 of GTS participants, canceling out the enhancing effect of
GTS symptoms on this component.

Another important clinical issue is whether GTS+OCD is etiologically related to either GTS,
OCD or whether GTS+OCD represent a more severe expression of GTS or OCD. According
to earlier studies, GTS+OCD represent a more severe phenotype, compared to pure GTS or
OCD and appear to be more closely linked to GTS than OCD on the dimension of repetitive
behavior (Cath et al., 2001) and other psychopathological comorbidity profile such as
bipolar disorders, social phobia, body dismorphic disorders and attention deficit
hyperactivity disorders (Coffey et al., 1998). Neuropsychological results obtained from a
semantic Simon task revealed that the pure GTS and pure OCD groups were consistently
disadvantaged in the more cognitively demanding conditions compared to matched controls
(Rankins et al., 2006). But the results of Rankins et al. also revealed more similarities
between pure GTS and GTS+OCD than with OCD per se, on measure of cognitive
inhibition. Our results seem partially at odd with these previous studies of GTS and OCD,
which examined the phenotypes of these patients. The discrepancy found between the
conclusion of these studies and our findings can be ascribed partly to our sample selection
and to the nature of the task. From a purely clinical point of view, our group of GTS+OCS
resembled more an OCD group than a GTS group, particularly regarding obsessive-
compulsive symptoms, anxiety, depression and personality characteristics, which
distinguishes their comorbidity profile from both Cath et al. and Coffey et al. studies.
Another distinct factor was the nature of our task and corresponding measures, which did
not necessarily activate and record the same cognitive processes as in Rankins et al. In fact,
our P300 oddball effect seemed to follow a pattern congruent with the symptom profile, with
the GTS+OCS showing more similarity to the OCD group than to the pure GTS group. The
reduced P300 oddball effect, showed negative correlation with OCD symptoms and this
seems consistent with brain imaging studies showing a reduced volume of left and right
orbitofrontal cortices, also negatively correlated with OCD symptoms severity (Atmaca et
al., 2007).

But why exactly do GTS group show a larger P300 oddball effect, in contrast to the groups
showing more OC symptoms? We propose that the larger P300 amplitude observed in the
GTS group could be attributable to overactivation of specialized cortical areas.
Hyperactivation of the dorsolateral region has been demonstrated to be involved in GTS by
past fMRI studies (Peterson et al., 2001). The magnitude of signal change in the dorsolateral
prefrontal cortex was found to be positively correlated with tic severity and its greater
activation was also found to be associated with regulation of performance in complex
attentional tasks in participants with GTS (Marsh et al., 2007).

Other evidence has suggested that GTS patients show dysfunctional noradrenergic
regulation, which translates into a state of overarousal, as reflected by elevated cerebrospinal
fluid corticotropin-releasing factor (Chappell et al., 1996; Sandyk and Bamford, 1988). The
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noradrenergic system is involved in regulating working memory and attentional functions in
prefrontal cortex (see Ramos and Arnsten, 2007). Several studies with primates have
demonstrated that the locus coeruleus-norepi-nephrine neurons (LC-NE) were selectively
activated by infrequent visual target stimuli such as in the oddball task (Aston-Jones et al.,
1994; Rajkowski et al., 1994). In human, the administration of clonidine, an adrenergic
agonist, diminishes LC neuron firing as well as NE release, which showed a clear reduction
of an effect on the P300 amplitude (Halliday et al., 1994). With GTS patients, clonidine
administration significantly improve symptoms, which provides indirect support for
involvement of central noradrenergic systems in tic expression (Lichter and Jackson, 1996).
Overactivity of the noradrenergic system, as reflected by the larger P300 amplitude in
parietal areas in individuals with GTS may be caused, at least in part, by a difficulty
engaging regulatory systems in order to control a task that requires selective attention
(Marsh et al., 2007; Peterson et al., 1998). In sum, implication of dorsolateral prefrontal
cortex and noradrenergic system could suggest that the larger P300 oddball effect observed
in the GTS group reflect a higher state of arousal, which narrows the amount of attention
available for task performance (Kok, 1990; Polich, 2007; Pribram and McGuinness, 1975).

4.4. Possible influences of confounding variables

The first possible confounding factor is related to the posterior P300 amplitude, which could
have been influenced by motor response. In order to control for the fact that motor activity
often overlap and sometimes distort the P300 response (Kok, 1988; Salisbury et al., 2001),
we employed a counting oddball paradigm, a procedure often utilized in similar ERP
investigations (Potts, 2004; Watson et al., 2005). However, a potential problem associated
with the counting task was the absence of any quantifiable reaction time to insure that
patients were paying attention to the task. Our results showed that all subjects were able to
count the number of target accurately. As a result, the anomalies in the P300 amplitude
cannot be attributed to a problem in motor execution overlapping with the cognitive
processes at study or to a lower level of vigilance and attention on tasks.

The presence of significantly more anxious, depressed and abnormal personality traits in our
OCD group could have contributed to the results. For instance, it has been reported that
major depression is related to P300 amplitude reduction (Anderer et al., 2002; Blackwood et
al., 1987; Gangadhar et al., 1993; Roschke and Wagner, 2003) and one could argue that this
could have contributed to the amplitude reduction observed in participants with OCD
compared to the GTS and control groups. However, covariance analysis revealed that group
differences remained statistically significant after depressive symptoms had been introduced
as a covariable.

Third, participants in the OCD group were also taking more medication than participants of
the GTS and control groups. Medication included antidepressant medication, some of which
are known to treat OCD symptoms (Table 3). However, this medication have been found to
have a normalizing effect on the P300 amplitude (Blackwood et al., 1987; Gangadhar et al.,
1993), which could have neutralized the effect of depressive symptoms. Since participants of
the OCD group demonstrated clinically significant symptoms despite the medication, we
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suggest that the P300 oddball effect decrease reflected a genuine influence of obsessive-
compulsive symptomatology.

Finally, another limitation was our small group sample size which could have reduced the
power and the extent of our conclusions. However, our sample size compares to earlier
samples in the ERP field, which used GTS patients samples at n=6 (Van de Wetering et al.,
1985), n=10 (Johannes et al., 2001a,b, 2003), n=12 (Johannes et al., 1997) and n=24 (van
Woerkom et al., 1994). The same applies with ERP studies of OCD patients with various
sample sizes from a n=8 (Di Russo et al., 2000), n=9 (Gehring et al., 2000), n=13 (Morault
etal., 1997), n=15 (Sanz et al., 2001) and n=21 (Morault et al., 1998). Future research would
ideally recruit larger samples and compare GTS+OCS with other comorbid groups such as
highly anxious, depressive or hyperactive GTS patients.

5. Conclusions

The current study investigated the impact of OCS comorbidity in Tourette patients on
specific brain ERP responses. The presence of OCS influences the ERP profile of adults
suffering from GTS by decreasing the electro-cortical component associated with working
memory updating processes. On the other hand, GTS is mainly characterized by a larger
P300 reflecting enhanced working memory updating processes, which could be congruent
with overactivation of cortical areas involved in both the control of tics and in the regulation
of performance. In sum, our results highlight the importance of considering OCS and other
comorbid conditions as an important confounding variable in future studies of GTS.
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Fig. 1.
Illustration of the visual counting oddball task used in the current study.
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Fig. 2.
In the anterior region, the oddball effect (rare minus frequent) was found to be reduced in the

OCD and GTS+OCS groups compared to the GTS and control groups. In the posterior
region, the oddball effect was found to be increased in the GTS group compared to the three
other groups.
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Fig. 3.
Stimulus-locked ERP waveforms to non-target (Panel A) and target stimuli (Panel B) and the

difference between target and non-target stimuli (oddball effect: Panel C). The P300
component (around 450 ms) showed increased posterior amplitude in the GTS group and
reduced anterior amplitude in the OCD and GTS+OCS groups for the target stimuli only,
giving rise to an increased or decreased oddball effect respectively.
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