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In chronic tic disorders such as Tourette syndrome (TS), tics often appear between 4 and 8 years but they
can also appear in early childhood, a period in which symptom expression may be affected by early brain
development. The present study examined whether symptom expression in early-onset TS was distinct
from that observed in TS with a later onset. We compared the clinical characteristics in children with TS
who developed tics before age 4 or after age 6. Early-onset TS was signiﬁcantly associated with an increased rate of stuttering and other speech disﬂuencies as well as an increased rate of oppositional
deﬁant disorder, symptoms that often appear before age 4. Early-onset TS was also linked to maternal
transmission of tics. Early-onset TS was not signiﬁcantly associated with tic severity, obsessive–compulsive behavior or attention-deﬁcit hyperactivity disorder. The results suggest that an early onset affects
symptom expression in tic disorders.
& 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Gilles-de-la-Tourette syndrome (TS) is characterized by repetitive and stereotyped motor, and phonic tics which wax and
wane in severity. The prevalence of TS remains unclear partly
because of symptom ﬂuctuations but it is estimated that about 1–
2% of the school age population is affected by TS and 3–6% if
chronic tic disorder (CT) (chronic motor tics or chronic phonic tics)
are included as less severe phenotypes in the TS spectrum
(Hornsey et al., 2001; Knight et al., 2012). In a majority of cases, TS
is also associated with behavioral symptoms including obsessive–
compulsive behavior (OCB), attention deﬁcit hyperactivity disorder (ADHD), oppositional deﬁant disorder (ODD) and temper
outbursts (Stephens and Sandor, 1999; Cavanna et al., 2009; Bloch
and Leckman, 2009; Grados and Mathews, 2009).
Tics generally appear during childhood with an average onset
around 5 years, but tic onset can occur in the ﬁrst years (Khalifa
and Von Knorring, 2005; Bloch and Leckman, 2009). There is
evidence that, on average, tic onset is earlier in severe TS than in
less severe TS or in CT (Khalifa and Von Knorring, 2005). However,
few studies have directly examined the characteristics associated
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with an early onset of chronic tic disorders. The present study
examined the possibility that tic disorders with an early onset
could have a distinct clinical presentation. Such a distinct presentation could appear through interactions of the pathophysiology of tic disorders with early brain development or with other
early neurodevelopmental conditions.
Early childhood is characterized by accelerated brain development. Critical steps in the development of neural circuits peak
during the ﬁrst post-natal years including neurite growth, synaptic
proliferation, myelination and glial cell proliferation (Huttenlocher
and Dabholkar, 1997; De Graaf-Peters and Hadders-Algra, 2006).
This period has been linked to the pathophysiology of neurodevelopmental disorders such as autism (Courchesne et al., 2001;
Dawson et al., 2007; Geschwind and Levitt, 2007). Early childhood
is also characterized by a high level of functional plasticity and a
rapid development of language and sensorimotor functions. Earlyonset TS could be a more severe phenotype associated with increased severity of motor or phonic tics. It could also be linked to
increased rates of comorbidities in particular ADHD, ODD and
explosive outbursts which often appear at an early age. Early-onset
TS could also interact with speech development and increase the
rate of echolalia, palilalia or speech disﬂuencies such as stuttering
which are often associated with early childhood. This study thus
examined whether an onset of tics before age 4 affects symptom
expression compared to a later onset of tics.
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2. Methods
2.1. Participants
The sample was composed of 131 children aged between 8 and 15 yrs
(M¼ 10.9 yrs, SD ¼1.7) taking part in a large genetic study on tic disorders. Participants were divided in two groups: an early onset group (onset of tics before 4 yrs
old, n ¼41) and a later onset group (age of onset of tics between 6 and 8, n¼ 90). As
tic onset was obtained from parent recollections, patients with tic onset at age
4 and 5 were not considered to minimize the probability of group allocation errors.
Groups were matched in age (t(129)¼ 1.35, p ¼0.18) and sex ratio (χ2 (1) ¼0.14,
p ¼0.71).
All children were diagnosed by a neurologist or psychiatrist trained in tic disorders as deﬁnite or probable TS or chronic tic disorder (CT) as deﬁned by the
Tourette Syndrome Classiﬁcation Study Group (Tourette Syndrome Classiﬁcation
Study Group, 1993). Tics were deﬁned as brief, repetitive, non-rhythmic movements or sounds occurring individually or in bouts. Multiple motor tics and phonic
tics (motor or phonic tics for CT) had to be present at some time during the illness,
although not necessarily concurrently; tics had to occur many times a day, nearly
every day, or intermittently throughout a period of more than one year; the anatomical location, number, frequency, type, complexity, or severity of tics had to
change over time; the onset had to occur before the age of 21 years; involuntary
movements and noises could not be explainable by other medical conditions; and
tics had to be witnessed directly or from video by a reliable examiner (deﬁnite) or
concluded from clinical history (probable).
Families were recruited at the Tourette clinic of Sainte-Justine hospital. Patients
(above 14 yrs) or their parents gave written and informed consent to the research
coordinator which was not involved in their care. The research was approved by
the institutional review board. Exclusion criteria were: (a) inability to provide
consent, (b) a history of head injury or other neurological disorder which may
cause tics, (c) tics linked to drugs, (d) a psychotic disorder, (e) a history of pervasive
developmental disorder or meeting DSM-IV criteria for autistic or Asperger's disorder, or (f) a history of abnormal movements besides tics including dystonia,
chorea, paroxysmal movements, or rhythmic stereotypies.
2.2. Measures
Parents ﬁrst ﬁlled out questionnaires on medical, obstetric, and developmental
history for their children and for themselves. They also completed the Conners
Parent Rating Scale (CPRS-L; Conners, 2003). A clinical evaluation followed consisting of multiple semi-structured interviews targeting speciﬁc symptom classes.
Tics were evaluated using the Yale Global Tic Severity Scale (YGTSS; Leckman et al.,
1989), and the worst lifetime severity of motor tics and phonic tics were used as the
main measures. Young children may show motor stereotypies or other abnormal
movements which may sometimes be mistaken for tics. However, only brief, nonrhythmic abnormal movements were counted as tics by evaluators. Motor tics most
often involved blinks or movements of the face, head, arms, shoulders or legs.
Phonic tics were brief repetitive non-rhythmic sounds, including mouth noises,
throat clearing, vocalizations, and screams. Echolalia, palilalia, and coprolalia were
evaluated separately. Stuttering and other speech disﬂuencies were rated as present if they were clearly distinct from the phonic tics of an individual patient and
could include speech initiation difﬁculties, speech prolongation, part-word repetitions and false starts (De Nil et al., 2005). Disﬂuencies are distinct from phonic
tics in that tics occur independently of speech and patients suppress tics during
speech. Disﬂuencies are also distinct from palilalia which involve festinating speech
repetitions which gradually increase in rate and decrease in loudness.
OCB symptoms were evaluated through the Yale–Brown Obsessive–Compulsive
Scale (Y-BOCS; Goodman et al., 1989); ADHD and ODD were evaluated through a
semi-structured interview using DSM-IV criteria (American Psychiatric Association,
2000). Interviews were conducted by trained professionals including neurologists,
neuropsychologists and psychiatrists, and all had previous experience with patients
with tic disorders and their evaluation. During interviews, professionals reviewed
the questionnaires with the parents to ensure clarity and correspondence with the
information shared during interviews and also to obtain a consensus between
parents on the child's symptom history.

3. Results
Table 1 summarizes clinical and demographic data on the patients. Groups were compared using t-tests for continuous variables or chi-square tests for categorical variables. The proportion
of patients with only motor or phonic tics (CT) was not signiﬁcantly different in the two groups (early-onset: 9.9%, later-onset: 5.5%, χ2 (1)¼0.7, p ¼0.38). The two groups were not signiﬁcantly different on the worst severity of motor tics (t(127) ¼1.7,

Table 1
Demographic and clinical data on patients in the early-onset and late-onset groups
(Standard deviations are in parentheses).

N
Age at evaluation (yrs)
% males
Worst motor tic severity
Worst phonic tic severity
% Echolalia
% Palilalia
% Coprolalia
% Speech disﬂuencies
YBOCS score
% ADHD
% ODD
% Explosive outbursts
n

Early onset

Late onset

41
9.6 (2.6)
84.5
3.6 (1.2)
3.3 (1.5)
39
10
24
20n
12.1 (9.1)
69
65n
66

90
11.3 (1.9)
82.3
3.3 (1.2)
2.6 (1.4)
31
13
17
3
10.9 (8.8)
58
48
56

p o 0.05.

p¼ 0.09) or phonic tics (t(94) ¼1.4, p¼ 0.18). Also, the two groups
were not signiﬁcantly different on the rates of echolalia (χ2 (1) ¼
0.4, p ¼0.53), palilalia (χ2 (1)¼ 0.3, p ¼0.56), and coprolalia (χ2
(1)¼1.1, p ¼0.30). However, the early-onset group showed a signiﬁcantly higher rate of stuttering or other speech disﬂuencies (χ2
(1)¼9.6, p ¼0.002, r ¼0.24).
As for behavioral co-morbidities, the two groups were also
signiﬁcantly different on the rate of ODD (χ2 (1) ¼4.9, p¼ 0.02,
r ¼0.2), but not on the rate of ADHD (χ2 (1)¼ 2.5, p ¼0.2), on the
rate of explosive outbursts (χ2 (1) ¼0.94, p ¼0.33), or on YBOCS
scores (t(117) ¼0.11, p ¼0.91).
We also examined whether the two groups differed in terms of
parental symptoms. The presence of tics in one of the parents was
not signiﬁcantly different in the two groups (χ2 (1) ¼0.4, p ¼0.52).
However, early tic onset was signiﬁcantly more associated with
maternal transmission than paternal transmission when tics were
present in parents (χ2 (1) ¼5.1, p ¼0.02, r ¼0.25). None of the other
parental symptoms were signiﬁcantly associated with age of onset
of tics in children.

4. Discussion
The present results suggest that an early onset of tic disorders
is associated with increased rates of speech disﬂuencies and oppositional deﬁant disorder.
The age of onset measure used for group assignment was dependent on parent recollections. The exclusion of children with an
age of onset between 4 and 6 years (the most common ages of
onset of tics) was designed to minimize errors in group membership. However, group assignment may have been affected by
symptom expression since severe symptoms can be noticed earlier
than less severe symptoms. If the patients in the later onset group
showed tics before age four without the parents noticing them,
this could have led to an underestimation of group differences.
This, however, cannot explain the signiﬁcant differences observed.
Abnormal movements other than tics can be observed in toddlers
including stereotypies and dystonia but children with these
movements were excluded in the present study.
The high prevalence of speech disﬂuencies in early-onset TS is
interesting because of the temporal overlap between the predominant onset period of speech disﬂuencies (age 2–4) and early
tic onset as deﬁned here. Developmental stuttering usually involves speech initiation difﬁculty including part-word and single
syllable word repetitions as well as speech prolongation (Yairi and
Ambrose, 2013). However, many young children show normal
developmental disﬂuencies which are not considered speciﬁc to

