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Sensory phenomena in children
with Tourette syndrome or
autism spectrum disorder

Adriana Prato*, Federica Saia, Marianna Ferrigno,
Valentina Finocchiaro, Rita Barone and Renata Rizzo

Child and Adolescent Neurology and Psychiatric Section, Department of Clinical and Experimental
Medicine, Catania University, Catania, Italy

Background: Tourette syndrome (TS) and autism spectrum disorder (ASD) are
two neurodevelopmental disorders with an onset before the age of 18 years. TS
patients frequently reported atypical sensory phenomena (SP). Sensory
processing abnormalities are also particularly frequent in ASD individuals.

Objectives: Considering the higher rate of atypical sensory behaviours in both
neurodevelopmental disorders, in the present study we analysed sensory
experiences in patients with ASD and in patients with TS.

Methods: We enrolled patients with a primary diagnosis of TS or ASD. All
participants were assessed for primary diagnosis and associated comorbidities.
The presence of sensory behaviours was investigated using the University of Sao
Paulo’s Sensory Phenomena Scale (USP-SPS).

Results: SP were significantly more represented in the ASD-group versus TS-
group, except for sound just-right perceptions and energy to released. ASD
participants presented higher mean scores in all fields of USP-SPS severity scale
respect on TS patients and healthy controls. The USP-SPS total score had
significant positive correlations with the CYBOCS and MASC total scores in the
TS cohort. In the ASD group, the USP-SPS total score was significantly negative
correlated with the total IQ and marginally positive correlated with ADOS
total score.

Conclusion: SP are a frequently reported characteristic both of ASD and TS.
Future studies are needed to better evaluate the differences on their
phenomenology in patients with TS and ASD.
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Introduction

Tourette syndrome (TS) is a neurodevelopmental disorder most
diagnosed in childhood or early adolescence, characterized by
multiple motor tics and/or vocal tics, which last for more than 12
months, with an onset age before 18 years (1). The reported
prevalence of TS was even estimated to be 0.3-1% (2). Patients
affected by TS frequently report a range of comorbid
psychopathologies, such us attention deficit hyperactivity disorder
(ADHD), obsessive-compulsive disorder (OCD), autism spectrum
disorder (ASD), anxiety disorders and sleep disorders (3, 4).
Individuals with TS experience a variety of different sensory
phenomena (SP), including premonitory urges prior to tics, “just
right” perceptions, or somatic hypersensitivity due to impaired
sensorimotor gating (5). For this reason, sensory phenomena are
recognized as core TS symptoms.

ASD is a childhood-onset neurodevelopmental disorder,
characterized by significant defects of social communication and
interaction across multiple contexts, associated with restricted and
repetitive patterns of interests and activities (1). The reported global
prevalence of ASD was approximately estimates to be 1% (6) and
most recent of about 2% in the United States (US) (7). Difficulty
processing, integrating, and responding to sensory stimuli has been
reported as a characteristic of ASD since the first report of this
neurodevelopmental condition (8). Indeed, in the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5),
sensory reactivity symptoms were associated to the restricted and
repetitive behaviour domain, as a diagnostic criterion (9). Recent
estimates reported that between 45 and 96% of children with ASD
manifest these sensory difficulties (10, 11).

TS and ASD frequently co-occur and both present similar
clinical and behavioural features (12). The reported prevalence of
comorbid ASD in subject affected by TS is variable, ranging from
2.9% to 20% (13-15). Abnormalities in corticostriatal circuits are
common in both disorders, that are etiologically related (16 No
more studies have explored the differences between SP in TS and
ASD. The present study aimed to evaluate sensory behaviours in
two large populations from a single center, TS patients and ASD
patients, compared with a pediatric control group. Specifically, we
used the University of Sao Paulo’s Sensory Phenomena Scale (USP-
SPS) to (1) examine how children with ASD or TS attend to sensory
stimuli, (2) assess sensory experiences both in patients with ASD
and in patients with TS, differentiating their types, (3) evaluate the
reliability of the USP-SPS especially in the ASD sample.

Materials and methods
Study design

This study was performed at the Child and Adolescent
Neurology and Psychiatry, Department of Clinical and
Experimental Medicine, Catania University. Participants
comprised 92 children with the TS diagnosis, 82 children with the
ASD diagnosis and 100 typically developing (TD) controls, with a
similar age and gender distribution as the patients. All participants
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underwent a full neuropsychiatric assessment by a team of child and
adolescent neurologists with a specific expertise in the evaluation of
neurodevelopmental conditions. The study was conducted in
agreement with the Declaration of Helsinki and authorized by the
local Ethics Committee of Catania University Hospital. The
informed consent of the children’s and their parents involved in
the study was obtained to enter clinical and demographic data from
the clinical files into this study.

Participants

Eligible participants were children aged 5-17 years that
presented a primary diagnosis of TS or ASD based on DSM-V
criteria (1). We excluded patients older than 18 years, who
presented a moderate or severe intellectual disability, or other
primary psychiatric disorders, different from TS or ASD.
Comorbidity with other neuropsychiatric disorders was not
established as an exclusion criterion if TS or ASD were the
primary diagnosis. As a control group (n=100) we included
subjects with typical development (TD) from a community
sample with no neurodevelopmental disturbances and with an age
and gender distribution equal to the patients with ASD or TS. TD
participants’ exclusion criteria included positive history for
intellectual disability or other developmental, neurological, or
behavioural problems. The Social Communication Questionnaire
(SCQ) (17) was used to screen and exclude autism in TD children.

Clinical assessment

The clinical assessment of our sample was conducted by
paediatric neuropsychiatrist with solid experience in
developmental disorders. Participants underwent assessment of
intelligence quotient using the Wechsler Intelligence Scale for
Children (WISC-1V) (18). The clinical symptoms of TS and ASD
patients were evaluated through the administration of the Yale
Global Tic Severity Rating Scale (YGTSS), Children’s Yale-Brown
Obsessive-Compulsive Scale for Children (CY-BOCS), Autism
Diagnostic Observation Schedule (ADOS), Multidimensional
Anxiety Scale for Children (MASC), Child Depression Inventory
(CDI), Conners’ Parent Rating Scale (CPRS) and Child Behaviour
Checklist (CBCL). In addition, the USP-SPS was performed to
assess the presence and severity of sensory behaviours.

Measures

The YGTSS is a clinician-rated instrument administered to
evaluate the motor and phonic tic severity. This scale presents two
separate motor and vocal tic checklists scored from 0 to 5 on two
subscales for motor and vocal tics, also combined to obtain a total
tic severity score. Another score ranging from 0 to 50 was calculated
for global impairment due to tic symptoms (19). To evaluate OCD,
the CY-BOCS, a semi-structured clinician-administered interview
evaluating the severity of obsessions and compulsions was also

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1338234
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Prato et al.

conducted (20). The ADOS was used for ASD diagnosis. The ADOS
is a direct observation that consists of four modules of exploration
(A), social interaction (B), imagination (C), and repetitive and
stereotyped behaviours (D) (21). The CPRS is a practical
instrument for acquiring parental reports of childhood behaviour
problems that contains summary scales supporting ADHD
diagnosis and quantifying ADHD severity (22). The CBCL is a
very useful questionnaire administered to assess a variety of
behavioural and emotional problems (anxiety, depression,
introversion) in the children (23). The CDI is a self-report tool
that evaluate depressive symptoms in children and adolescents (24).
All participants also completed the MASC, a standardized measure
of anxious symptoms (25). In addition, the presence and severity of
sensory phenomena was evaluated through the administration of
the USP-SPS, a semi structured scale that contain a checklist and a
severity scale (26). The USP-SPS checklist evaluate the occurrence
of possible different subtypes of SP including physical sensations,
“just-right” perceptions, feelings of incompleteness, energy that
builds up and needs to be released, and just an urge to do
repetitive behaviours. The USP-SPS severity scale measures the
severity of the SP considering the frequency of symptoms, the
amount of distress that they determined, and the degree to which
they interfere with patient’s quality of life (26).

Statistical analysis

Data were analyzed using SPSS software (SPSS, Inc., Chicago,
IL, USA, IBM, Somers, NY, USA). Continuous variables were
reported as mean (standard deviation), while categorical variables
were reported as absolute values (n) and relative values (%). The
distribution of quantitative data was normality assessed by the
Shapiro-Wilk test. Student’s t tests were conducted to compare
clinical variables and rating scales between ASD and TS groups.
Pearson’s chi-square tests were performed to compare categorical
variables between ASD and TS, and between TD subjects for the
evaluation of SP. In addition, Pearson’s correlation coefficients were
determinate to investigate the correlation between the total USP-
SPS score and other scale scores. A p-value < 0.05 was considered to
reveal statistical significance.

Results
Sample characteristics

In this study, we enrolled a clinical cohort of 274 individuals aged
5-17 years (mean age = 10.4 * 2.6; male (M)/female (F) = 183:91;
male = 66.8%). Of the entire cohort, 92 subjects were affected by TS,
82 patients presented a diagnosis of ASD. Participants comprised also
100 TD subjects, with a similar age and gender distribution as the
patients (75 males, 25 females; mean age 9.5 + 0.6). TS patients were
70 males and 22 females, with a mean age of 10.65 + 2.8 years. The
mean age of tic onset was 6.6 (+ 2.1) years, while the mean age of the
diagnosis was 8.8 (£ 2.5) years. Of the 92 patients affected by TS, 35
subjects (38.04%) had a family history of TS, 33 subjects (35.09%) had
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a family history of OCD, 6 subjects (6.5%) had a family history of
ADHD, and another 20 (21.7%) had a family history of depression.
Among the individuals affected by TS, the most common
neuropsychiatric comorbidities were OCD (64.1%) and conduct
disorder — CD (26.1%); 9.8% of the TS-affected participants also
met the diagnostic criteria for ADHD. Only 24 patients (26.1%)
presented “pure-TS” phenotype; conversely, 68 patients (73.9%)
presented also associated comorbidities, in particular one (n=46),
two (n=18) or more (n=4) comorbid disorders. Patients with ASD
(n= 82) included 71 males and 11 females, with a mean age of 11.2 =
3.4. The mean age of symptoms ‘onset was 2.76 ( + 0.8) years, while
the mean age of the diagnosis was 5.2 (+ 2.3) years. Of the 82 patients
affected by ASD, 8 subjects (9.8%) had a family history of OCD, 9
subjects (10.98%) had a family history of ADHD, and another 9
(10.98%) had a family history of depression. None of the ASD cohort
reported a family history of TS. Considering ASD sample, 57 patients
(69.5%) presented associated comorbidities, in particular one (n=23),
two (n=18) or more (n=16) comorbid disorders. 41.5% of the ASD-
affected participants had a comorbid OCD, 37.8% had a comorbid
CD, and another 28.05% a comorbid ADHD. Demographic data and
clinical features of all participants are displayed in Table 1. Compared
with TS, patients with ASD were younger at symptom onset (mean
age 2.76 vs 6.6, t = 15.269, p < 0.00001) and at the time of diagnosis
(mean age 5.2 vs 8.8, t = 10.08, p < 0.00001) (Table 1). Participants
with ASD were more likely to have echolalia (74.4% vs 10.9%, x*(df)
= 72425, p < 0.00001), self-injurious behaviours (13.4% vs 2.2%,
x(df) = 7.924, p = 0.0049), and a comorbid diagnosis of ADHD
(28.05% vs 9.8%, y*(df) = 9.638, p = 0.0019) or sleep disorders (24.4%
vs 3.3%, y’(df) = 16.874, p = 0.00004) (Table 1). Conversely, TS
patients were more likely to have a positive family history for tics
(38.04% vs 1.2%, x*(df) = 35,829, p < 0.00001) or OCD (35.9% vs
9.8%, %*(df) = 16,415, p = 0.00005), and a comorbid diagnosis of
OCD (64.1% vs 41.5%, x*(df) = 8.953, p = 0.0028) (Table 1).
Compared to ASD participants, TS patients were more likely to
have a single comorbid diagnosis (50.0% vs. 28.05%, x*(df) = 8,73, p =
0.0031). Conversely, participants with ASD were more likely to have
> 3 associated comorbidities (19.5% vs. 4.3%, y*(df) = 9,801, p =
0.0017). Instead, there was no significant difference between the TS
group and the ASD group considering the other clinical and
demographic variables (Table 1).

Neuropsychiatric evaluation

The results of the neuropsychiatric evaluation are summarized
in Table 2. TS patients compared to ASD patients presented
significantly higher mean total IQ (total IQ: mean 93.6, SD + 18.2
vs. mean 86.1, SD 21.4, t = 2.4853, p = 0.00695) (Table 2).
Participants with TS presented a mean total YGTSS score of 17.4
(£ SD 9.4). Instead, evaluation through ADOS-2 in ASD patients
showed total ASD score (Social Affect +Restricted and repetitive
behaviours) of 10,7 (+ SD 4.0). The mean scores for CY-BOCS were
statistically significant higher in TS patients (total CY-BOCS: mean
13.9, SD + 8.4 vs. mean 9.1, SD * 5.8, t = 4.3427, p < 0.00001)
(Table 2). No statistically significant differences were also observed
between the two groups based on total CDI (p = 0.246) and MASC
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TABLE 1 Demographic and clinical features of the participants.

10.3389/fpsyt.2024.1338234

Partecipant characteristics Total sample (n=174) ASD (n=82) TS (n=92) p-value
Male (%) 141 (81.0%) 71 (86.6%) 70 (76.1%) 0.078
Mean age (years) + SD 10.4 (+ 2.6) 11.2 (+ 3.4) 10.65 (+ 2.8) 0.2287
Age of onset (mean + SD) 4.8 (£ 2.5) 2.76 (+ 0.8) 6.6 (+2.1) < 0.00001
Age of diagnosis (mean + SD) 7.1 (£ 2.99) 52 (+2.3) 8.8 (+2.5) < 0.00001
Echolalia 71 (40.8%) 61 (74.4%) 10 (10.9%) < 0.00001
Coprolalia 5(2.9%) 1(1.2%) 4 (4.3%) 0.2176
Palilalia 7 (4.0%) 3 (3.66%) 4 (4.3%) 0.817
Self-injurious behaviors 13 (7.5%) 11 (13.4%) 2 (2.2%) 0.0049
Family history (n, %)

TS 36 (20.7%) 1(1.2%) 35 (38.04%) < 0.00001
OCD 41 (23.6%) 8 (9.8%) 33 (35.9%) 0.00005
ADHD 15 (8.6%) 9 (10.98%) 6 (6.5%) 0.296
Depression 29 (16.7%) 9 (10.98%) 20 (21.7%) 0.057
Comorbid diagnosis (n, %) 125 (71.8%) 57 (69.5%) 68 (73.9%) 0.519
+ 1 comorbid diagnosis 69 (39.66%) 23 (28.05%) 46 (50.0%) 0.0031
+ 2 comorbid diagnosis 36 (20.7%) 18 (21.95%) 18 (19.6%) 0.698
> 3 comorbid diagnosis 20 (11.5%) 16 (19.5%) 4 (4.3%) 0.0017
Comorbid diagnosis (n, %)

OCD 93 (53.4%) 34 (41.5%) 59 (64.1%) 0.0028
ADHD 32 (18.4%) 23 (28.05%) 9 (9.8%) 0.0019
CD 55 (31.6%) 31 (37.8%) 24 (26.1%) 0.097
Sleep disorders 23 (13.2%) 20 (24.4%) 3 (3.3%) 0.00004

SD, standard deviation. ASD, Autism Spectrum Disorder; TS, Tourette Syndrome; OCD, Obsessive-Compulsive Disorder; ADHD, Attention-deficit hyperactivity disorder; CD, conduct disorder.
p-values refer to Pearson’s chi-square tests in case of categorical variables (summarized by absolute and percent frequencies), and to Student’s t tests in case of quantitative variables (summarized

by means and SD).

scores (p = 0.141) (Table 2). The comparison between the mean
CBCL scores in the two clinical groups showed statistically
significant differences for total scores (total CBCL score: mean
46.8, SD * 20.5 vs. mean 38.9, SD + 24.5, t= - 2.3033, p = 0.0112)
and “internalizing problems” (mean 13.7, SD + 6.6 vs. mean 11.3,
SD + 9.6, t= - 1.8544, p = 0.0327); in contrast, the mean scores for
“externalizing problems” were not statistically significant different
(p = 0.4537) (Table 2). Furthermore, the two cohorts presented
non-statistically significant different scores in all fields of CPRS,
except for “ADHD index” (total “ADHD index”: mean 9.75, SD +
8.7 vs. mean 4.1, SD 2.9, t = - 2.9571, p = 0.0018) (Table 2).

Evaluation of sensory phenomena

All participants of the entire cohort (n = 274), also including a
control group, completed the USP-SPS to evaluate the presence and
severity of different types of SP. All 82 participants affected by ASD
experienced some SP. SP were present also in 76 TS patients (82.6%)
and 31 TD subjects (31%) (Table 3). As for types of SP in ASD
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cohort, 81 participants (98.8%) presented hypersensitivity, followed
by tactile physical sensations (n = 68, 82.9%) and look “just-right”
perceptions (n = 62, 75.6%) (Table 3). In the TS cohort, 54 patients
(58.7%) referred tactile physical sensations, followed by look “just-
right” perceptions (n = 47, 51.1%) (Table 3). Furthermore, 31 TD
subjects (31%) experienced some SP, frequently look “just-right”
perceptions (n = 22, 22%) and tactile physical sensations (n = 17,
17%) (Table 3). Statistically significant differences were detected
based on all subtypes of SP in the TS-group versus the ASD-group,
with some exceptions. Furthermore, all subtypes of SP were
significantly more represented in the ASD-group versus TS-
group, except for sound just-right perceptions (32.9% vs 29.35%,
x>(df) = 0.259, p = 0.6105) and energy to released (34.1% vs 25%,
x>(df) = 1.751, p = 0.186). All subtypes of SP were also significantly
more represented in the ASD group versus TD group, and in TS
group versus TD group (Table 3). The mean USP-SPS total severity
scores for all groups are displayed in Figure 1. In the current study,
the ASD clinical cohort had a significantly higher mean USP-SPS
total score than that of the TS patients (mean USP-SPS total score:
8.7 vs 4.5, t = -8.40554, p < 0.00001). ASD participants presented
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TABLE 2 Neuropsychiatric evaluations of TS and ASD participants.

Measures

ASD
(n=82)

TS
(n=92)

p_
value

93.6
TIQ 86.1 (+21.4) (£18.2) 0.00695
VIQ 87 (£ 23.1) 95 (+ 19.1) 0.0063
94.1
PIQ 88.1 (+21.4) (£17.2) 0.0207
YGTSS
17.4
Total 3.7 (£ 4.9) (£94) <0.00001
10.8
Motor 2.9 (+3.7) (+5.4) <0.00001
Phonic 0.8 (+2.2) 6.4 (+5.4) <0.00001
CY-BOCS
13.9
Total 9.1 (+5.8) (£ 8.4) <0.00001
Obsessions 4.9 (+ 3.3) 7.2 (£ 4.4) 0.0001
Compulsions 4.1 (+2.9) 6.7 (+ 4.8) 0.000015
CPRS
27.1
Total 30.7 (+ 16.4) (£ 20.4) 0.1054
Oppositional problems 6.1 (+ 3.6) 6.6 (+£5.2) 0.2441
5.7
Cognitive Problems/Inattentive 6.2 (+4.4) (+4.96) 0.2461
Hyperactivity-Impulsivity 4.6 (+ 3.8) 5.8 (+ 8.5) 0.1186
9.75
ADHD index 4.1 (£29) (£8.7) 0.0018
CDI 10.1 (+ 6.4) 9.4 (+7.1) 0.246
MASC
422
Total 44.4 (+ 13.4) (£ 14.0) 0.141
11.6
Physical symptoms 11.7 (+ 4.97) (+5.3) 0.4795
13.9
Harm avoidance 14.66 (+ 4.5) (£ 5.96) 0.186
10.2
Separation anxiety/phobias 10.0 (£ 4.95) (£ 5.6) 0.3775
CBCL
38.9
Total 46.8 (+ 20.5) (+ 24.5) 0.0112
11.3
Internalizing problems 13.7 (+ 6.6) (+9.6) 0.0327
16.05
Externalizing problems 16.26 (+ 9.9) (+ 12.6) 0.4537
(Continued)
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TABLE 2 Continued

ASD TS p-
Measures (n=82) (n=92) value
ADOS
) 0.02
Social affect (SA) 7.7 (+ 2.3) (+0.1) <0.00001
Restricted and Repetitive
Behaviors (RRB) 3.0 (+17) 15 (+1.2) | <0.00001
1.52
SA + RRB 10.7 (+ 4.0) (+1.3) <0.00001

ASD, Autism Spectrum Disorder; TS, Tourette Syndrome; IQ, Intelligence quotient; TIQ,
Total Intelligence quotient; VIQ, Verbal Intelligence quotient; PIQ, Performance Intelligence
Quotient; YGTSS, Yale Global Tic Severity Rating Scale; CY-BOCS, Children’s Yale-Brown
Obsessive-Compulsive Scale for Children; CPRS, Conners’ Parent Rating Scale; ADHD,
Attention-deficit hyperactivity disorder; CDI, Child Depression Inventory; MASC,
Multidimensional Anxiety Scale for Children; CBCL, Child Behaviour Checklist; ADOS,
Autism Diagnostic Observation Schedule; SA, Social affect; RRB, Restricted and Repetitive
Behaviors. p-values refer to Student’s t tests conducted to compare rating scale between ASD
and TS groups (summarized by means and SD).

also higher mean scores in all fields of USP-SPS severity scale
respect on TS patients and TD subjects (p< 0.00001) (Table 4).

Correlations between sensory phenomena
and other symptoms

Considering the TS cohort, The USP-SPS total score had
significant positive correlations with the CYBOCS total score
(r = 0.3015, p = 0.0035) and the MASC total score (r = 0.2365,
p = 0.0232). The other relationship between the USP-SPS total
scores and the other rating scales did not reach significance
(Table 5). Conversely, in the ASD group the USP-SPS total score
was significantly negative correlated with the total IQ (r = -0.2816,
p = 0.0106) and marginally positive correlated with ADOS total
score (r = 0.217, p = 0.0502). Instead, the other relationship between
the USP-SPS total scores and the other rating scales did not reach
statistical significance in the ASD cohort (Table 5).

Discussion

This study investigates differences between sensory behaviours
in TS patients versus ASD patients, compared with a paediatric
control sample, through the administration of USP-SPS. So far, a
few studies have evaluated sensory phenomena using USP-SPS.
Most literature studies were conducted on OCD and/or TS subjects
(26-37). Preliminary results of a study conducted on an adult
cohort of OCD patients suggested the reliability of USP-SPS for
the assessment of sensory behaviours (26). SP were present in 51
OCD patients (67.1%), with a mean USP-SPS total score of 5.5 (SD
+ 4.6); among the entire cohort, 16 subjects also presented tics
(21.1%), and 13/16 (81.3%) of them presented sensory behaviours
(26). Furthermore, tics were twice as common in the patients with
SP, but this difference did not reach statistical significance (26). Lee
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TABLE 3 Assessment of sensory phenomena (SP) through USP-SPS checklist.

ASD TS TD ASD ASD
(n=82) (n=92) (n=100) vs TS vs TD
Previous/ Previous/ Previous/ p- p-
USP-SPS Current Absence Current Absence Current Absence value value
Presence of <0.0001 <0.0001 < 0.0001
any SP 82 (100%) 0 (0%) 76 (82.6%) 16 (17.4%) 31 (31%) 69 (69%)
Subtypes of SP
Tactile 0.0005 <0.0001 <0.0001
Physical
Sensation 68 (82.9%) 14 (17.1%) 54 (58.7%) 38 (41.3%) 17 (17%) 83 (83%)
Muscle-joint or 0.0205 <0.0001 <0.0001
bone
Physical
Sensations 39 (47.6%) 43 (52.4%) 28 (30.4%) 64 (69.6%) 1(1%) 99 (99%)
Look just- 0.0008 <0.0001 0.00003
right perception 62 (75.6%) 20 (24.4%) 47 (51.1%) 45 (48.9%) 22 (22%) 78 (78%)
Sound just- 0.6105 <0.0001 <0.0001
right perception 27 (32.9%) 55 (67.1%) 27 (29.35%) 65 (70.65%) 3 (3%) 97 (97%)
Feel just- 0.00005 <0.0001 <0.0001
right perception 43 (52.44%) 39 (47.6%) 21 (22.8%) 71 (77.2%) 2 (2%) 98 (98%)
Feeling 0.0002 <0.0001 0.00013
of
incompleteness 30 (36.58%) 52 (63.4%) 15 (16.3%) 77 (83.7%) 1 (1%) 99 (99%)
Energy 0.186 <0.0001 <0.0001
to released 28 (34.1%) 54 (65.9%) 23 (25%) 69 (75%) 0 (0%) 100 (100%)
Urge to do 0.0010 <0.0001 <0.0001
repetitive
behaviours 37 (45.1%) 45 (54.9%) 20 (21.74%) 72 (78.3%) 0 (0%) 100 (100%)
Hypersensitivity 81 (98.8%) 1(1.2%) 14 (15.2%) 78 (84.8%) 0 (0%) 100 (100%) <0.0001 <0.0001 <0.0001

ASD, Autism Spectrum Disorder; TS, Tourette Syndrome; TD, typically developing; USP-SPS, University of Sao Paulo’s Sensory Phenomena Scale; SP, sensory phenomena; p-values refer to
Pearson’s chi-square tests to compare categorical variables between ASD, TS and TD groups (summarized by absolute and percent frequencies).

USP-SPS severity scores
«

N}

T b BN

Frequency Distress Interference Severity Total score
WASD (n=82) MTS(n=92) mTD (n=100)

FIGURE 1

Severity scores of sensory phenomena (SP). The figure reports the results of USP-SPS total severity scores across the three groups (ASD in blue, TS
in red, and TD in green). Bars indicate the standard deviations; all fields of USP-SPS severity scale were significantly higher in ASD-group respect on
TS-group and TD-group.
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TABLE 4 Assessment of sensory phenomena (SP) through USP-SPS severity scale.

USP-SPS ASD (n=82) TS (n=92) TD (n= 100) p (ASDvs TS)  p (ASD vs TD) p (TS vs TD)
severity scale
Frequency 24 (£ 0.9) 14 (+ 1.3) 0.4 (+ 0.6) <0.00001 < 0.00001 < 0.00001
Distress 2.1 (+0.9) L1 (+ 1.1) 02 (+ 0.4) <0.00001 <0.00001 < 0.00001
Interference 21(+11) 0.9 (+1.01) 0.04 (+0.2) < 0.00001 < 0.00001 <0.00001
Severity 2.1 (+0.9) L1 (+1.2) 0 (+0) < 0.00001 < 0.00001 < 0.00001
Total score 8.7 (+ 2.8) 45 (£37) 06 (+ 1.1) < 0.00001 < 0.00001 < 0.00001

ASD, Autism Spectrum Disorder; TS, Tourette Syndrome; TD, typically developing; USP-SPS, University of Sao Paulo’s Sensory Phenomena Scale; p-values refer to to Student’s t tests conducted
to compare USP-SPS rating scores between ASD, TS and TD groups (summarized by means and SD).

et al. (27) explored the interaction between SP and OCD and
showed that all subtypes of SP were significantly more common
and severe in OCD than in controls subjects (27). Another study
conducted by Sutherland Owens et al. (37) in 18 TS subjects and 22
healthy controls showed a statistically significant positive
correlation between USP-SPS and Premonitory Urge for Tics
Scale (PUTS) scores in TS subjects (37). In this cohort, USP-SPS
total scores tended to grow with age, in line with the clinical
experience regarding the age-dependent reporting of premonitory
events (38). In a big cross-sectional study that reported data on a
large OCD sample, SP were reported in the 72% of the total sample
(29). Moreover, compared to OCD patients without comorbid tics,
OCD patients affected also by tic disorders showed a higher rate of
SP (80.1% vs. 68.6%), but the difference in USP-SPS score was not
significant (29). In another study, 1001 OCD patients were assessed
to evaluate OCD, tics, comorbidities, level of insight and SP (28). In
this sample, 651 (65.0%) presented at least one subtype of SP
associated to repetitive behaviours (28). The comparison of OCD
patients with and without SP showed also a significantly more
common comorbid diagnosis of TS and Chronic tic disorders
(CTD), and a positive family history of tic disorders in the OCD
group with SP, that in the other group (28). In addition, the same
author’s group compared the subtypes of SP in OCD participants

TABLE 5 Pearson’s correlation between sensory phenomena and
other symptoms.

USP-SPS USP-SPS

total scale total scale
TS cohort
(n=92) r p r p
Total IQ -0.0436 | 07050  Total IQ 202816 | 0.0106
Total YGTSS 00999 | 03478  Total YGTSS 00343 | 0.7597
Total Total
CYBOCS 0.3015 | 0.0035 = CYBOCS 0.1736 | 0.1188
Total CPRS 0.1001 | 03424  Total CPRS 0.1483 | 0.1836
Total CBCL 00294 | 0.7809  Total CBCL 0.127 0.2555
Total MASC 02365 | 0.0232  Total MASC 0.0493 | 0.6605
Total CDI 00294 | 0.7809  Total CDI -0.1032 | 0.3571
Total ADOS 0.1857 | 0.07635 = Total ADOS 0217 | 0.0502

ASD, Autism Spectrum Disorder; TS, Tourette Syndrome; USP-SPS, University of Sao Paulo’s
Sensory Phenomena Scale.
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with and without tics and showed that patients affected by OCD
associated with tic disorders endorsed SP significantly more
frequently than OCD patients without tics (31). In 2014, Sampaio
et al. conducted a study to validate and investigate the psychometric
properties of the English version of the USP-SPS (30). In this study,
SP were detected in 89.1% of OCD sample, and 100% of patients
with tic disorders, supporting the high presence of SP in OCD and
TS sample (30). In another study, a structural correlate of SP
involving grey matter volume increases within the sensorimotor
cortex was identified in patients with OCD (33), in line with the
results reported in another study conducted in patients with tic
disorders, showing abnormal activity and volume increases within
this region are associated with the urges preceding tic onset (39).
Furthermore, another study investigated such phenomena
associated to tics, obsessive-compulsive symptoms (OCS), and
global functioning in a small sample of TS patients (32). The
authors reported a significant correlation between the PUTS and
the USP-SPS total score; in addition, USP-SPS and PUTS total
scores were significantly correlated with YGTSS total scores and
Dimensional Yale-Brown Obsessive-Compulsive Scale (DY-BOCS)
total scores (32). Moreover, de Avila et al. (34) investigated factors
associated with poor insight in subjects with OCD and
demonstrated that patients with poor insight differed from those
with good insight regarding more prevalent SP (34). In addition,
another recent report on a small TS sample by the same author’s
group described changes in SP, tics, OCD after 4 years (35). A
significantly correlation between previous USP-SPS and PUTS total
scores and previous YGTSS and Y-BOCS total scores was revealed,
while current USP-SPS total scores were significantly correlated
with current YGTSS global severity scores (35). Additionally,
current USP-SPS and PUTS total scores were significantly
correlated with current YBOCS total scores, while previous USP-
SPS total scores were significantly correlated with current Y-BOCS
total scores and marginally correlated with current YGTSS global
severity scores (35). Recently, Vellozo et al. (36) compared OCD
patients with and without symptoms of the symmetry dimension to
evaluate their clinical profiles and reported that the OCD group
with symmetry symptoms presented higher frequency and severity
of SP (36) Previous studies regarding the assessment of SP using
USP-SPS in TS and/or OCD patients are summarized in Table 6.
The results of our study show that SP were present in 76 TS
patients (82.6%), 82 ASD patients (100%) and 31 TD subjects
(31%). In the TS cohort, the mean USP-SPS total score was
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slightly lower (mean 4.5, SD * 3.7) respect to other reported
samples (32, 35, 37). Furthermore, the most frequently reported
types of SP in the TS cohort are tactile physical sensations (58.7%)
and look “just-right” perceptions (51.1%). Other studies conducted
on TS samples by the same author’s group (32, 35) reported a higher
frequency of muscle-joint physical sensations, tactile “just-right”
perception, and urge only. The differences detected between our
results and other literature studies are probably due to the different
range of age of other reported cohorts, that included more adult TS
patients, respect to our paediatric sample. In addition, a broader
spectrum of comorbidities was described in our sample, compared
to other literature studies, that reported cohorts of TS patients with
a concomitant diagnosis of ADHD and/or OCD (32, 35, 37).

10.3389/fpsyt.2024.1338234

In this study, we detected a significant positive correlation between
the USP-SPS total score and the CYBOCS total score (r = 0.0909, p =
0.0035), in line with previous results (32, 35). There results suggested
that both tics and OCD symptoms have strong relationships with SP, in
line with other reports. Instead, there are few data available regarding
the assessment of SP in TS cohort through the USP-SPS. Further
studies are needed to better characterize these kinds of phenomena in
patients with tic disorders. To the best of our knowledge, this is the first
study in which SP were assessed administering the USP-SPS scale in
ASD cohort. Considering the psychometric properties of USP-SPS for
the assessment of presence and severity of SP, further research is
required to understand the complexity of these kind of phenomena in
larger ASD cohorts. Conversely, several studies have focused on the

TABLE 6 Summary of studies regarding SP using USP-SPS in TS and/or OCD patients.

Reference Patients Mean age Comorbidities USP-SPS Results
(g) Total
Score
Rosario 76 OCD 354 -Tics (21.1%) 5.5 (SD = 4.6) SP were present in 67.1% of patients.
et al. (26) There were no significant differences in the presence of SP
according to comorbidity with tics.
Lee et al. (27) 37 OCD 37 -Tic disorders (20%) n.a. The frequency of any kind of SP was significantly higher in
-OCPD (35%) OCD patients (67.6%) when compared to controls (35.1%).
Sutherland 18 TS 9 adults (25.5) -OCD (50%) 8.5 (SD =3.7) Statistically significant positive correlation between USP-SPS
Owens 9 children (13.2) -ADHD (11.1%) and PUTS total scores.
et al. (37)
Gomes de 813 OCD 34.9 -Tic disorders (29.0%) 37.08 SP were reported by 72% of the entire sample.
Alvarenga -Mood disorders (70.7%) Compared to OCD patients without comorbid tics, OCD
et al. (29) -Anxiety disorders (33.8%) patients with comorbid tic disorders were more likely to
-ADHD (16.1%) present SP.
-Impulsive control disorders
(37.3%)
-Body dysmorphic disorders
(11.9%)
-Others
Ferrao 1001 OCD 34.85 -TS (8.8%) 7.7 (SD 651 (65.0%) subjects reported at least one type of SP
et al. (28) -CTD (13.7%) =3.49) preceding the repetitive behaviours.
-Trichotillomania (4.5%) The presence of SP was associated with comorbid TS, and a
-Skin picking (15.4%) family history of tic disorders.
Shavitt 1001 OCD 34.85 -TS (9%) 4.88 (SD Most OCD patients endorsed SP (60.4%).
et al. (31) -CTD (15.4%) =4.63) OCD + TS and OCD + CTD endorsed SP significantly more
-Mood disorders (42.6%) frequently than OCD patients without tics.
-Anxiety disorders (65%)
-Impulse control disorders
(30.8%)
-ADHD (12.7%)
-Others
Sampaio 60 OCD 18.98 -OCD (91.7%) n.a. The prevalence of SP in total sample was 88.5%.
et al. (30) and/or TS -TS (26.7%) SP were presented in 89.1% of OCD sample, and 100% of TS
-CTD (5%) and CTD sample.
Subira 106 OCD 33.11 n.a. 8.4 (SD = 3.5) Patients with SP (67%) showed grey matter volume increases
et al. (33) in the left sensorimotor cortex in comparison to
Patients without SP and bilateral sensorimotor cortex grey
matter volume increases in comparison to controls.
Kano et al. (32) 41 TS 23.1 -OCD (20%) 6.4 (SD =3.1) The PUTS total score had significant correlations with the
USP-SPS total score.
USP-SPS and PUTS total scores were significantly correlated
with YGTSS total scores and DY-BOCS total scores.
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TABLE 6 Continued

Reference  Patients Mean age Comorbidities USP-SPS Results
(g) Total
Score
de Avila 272 OCD Poor insight (n= -Tics (median 34 in poor 9 (median) Individuals affected by OCD in the poor insight group
et al. (34) 124, median insight, 41 in good insight); presented more prevalent SP compared to those with
35.5), -TS (median 10 in poor good insight.
Good insight insight, 9 in good insight);
(n=148, -ADHD (median 22 in poor
median 32) insight, 14 in good insight);
-Others
Kano et al. (35) 20 TS 30.2 -OCD (30%) 5.0 (SD =3.2) Current USP-SPS total scores were significantly correlated
-ADHD (20%) with current YGTSS global severity scores.

Both current USP-SPS total scores and PUTS total scores
were significantly correlated with current CY-BOCS
total scores.

Vellozo 1001 OCD 34.8 -TS (8.8%) 4.9 (SD =4.6) = The OCD group with symmetry symptoms presented higher
et al. (36) -Tic disorders (28.4%) frequency and severity of SP.

-ADHD (13.7%)
-Mood disorders (60.8%)
-Anxiety disorders (69.8%)
-Others

SP, sensory phenomena; USP-SPS, University of Sao Paulo’s Sensory Phenomena Scale; TS, Tourette Syndrome; OCD, obsessive-compulsive disorder; SD, standard deviation; OCPD, Obsessive
compulsive personality disorder; ADHD, Attention-deficit hyperactivity disorder; PUTS, Premonitory Urge for Tics Scale; CTD, Chronic tic disorders; n.a., not available; DY-BOCS, Dimensional
Yale-Brown Obsessive-Compulsive Scale; CY-BOCS, Children’s Yale-Brown Obsessive-Compulsive Scale for Children.

characterization of SP in children with ASD, using other instruments  on the prevalence of SP in children with TS and/or ASD, with
(40, 41). In our ASD cohort, hypersensitivity was the type of SP most  particular reference to OCD, taking into account the results reported
represented (98.8%), in line with literature studies that reported a  in the literature studies conducted on OCD samples. Due to these
higher prevalence of sensory over-responsivity (SOR) involving  limitations, further investigations that evaluating SP using USP-SPS
different sensory modalities (42). Furthermore, tactile physical in TS and ASD groups would be meaningful, considering the paucity
sensations (82.9%) and look “just-right” perceptions (75.6%) are  of literature reports on paediatric cohorts.

more frequent in our ASD-group. Of note, atypicality in visual and

tactile processing were frequently reported as a typical sensory difficulty

in children with ASD (43). Certainly, it would be desirable to make a Conclusions

thorough assessment of SP in ASD, comparing USP-SPS with other
tools evaluating abnormalities in sensory processing. Our results show

This study highlights that SP are a common characteristic both

that SP are more frequently reported in ASD cohort than TS of ASD and TS. Considering the heterogeneity of these conditions, a

population. Furthermore, unusual sensory behaviours have been more detailed exploration of the SP and their subtypes could help to
described for other neurodevelopmental disorders, but they are
particularly frequent in individuals with ASD, with about 90% of

autistic individuals presenting an atypical sensory profile and with an

better understanding the differences on their phenomenology in
patients with TS and ASD. Future studies should include the
application of tools such as USP-SPS that evaluate these
phenomena in larger paediatric cohorts of patients with ASD and
TS, also exploring the possible impact of comorbid conditions.

elevated variability among individual sensory modalities (44). Given
the higher rate of sensory processing abnormalities in ASD, sensory
abnormalities were added as core diagnostic features of ASD in DSM-
5 (1).

Several limitations in our study must be discussed. First, larger . .
cohorts would be needed to improve our knowledge on the Data avallablllty statement
differences in sensory behaviours between ASD and TS. Second,
complementing the assessment of SP with other questionnaires could The raw data supporting the conclusions of this article will be
be useful to more characterize the phenomenology of SP. Third, made available by the authors, without undue reservation.
considering that the recruitment was done in a tertiary centre, it may
be argued that only moderate to severe patients were included in the
study. In addition, it is important to underline that most patients Ethics statement
recruited were not affected only by TS or ASD, but presented
associated comorbid psychopathologies. Furthermore, it would be The studies involving humans were approved by Local Ethics
helpful to explore the possible influence of associated comorbidities =~ Committee (Catania 1) of Catania University Hospital. The studies
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