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Abstract
Objective: Tourette syndrome (TS) is a childhood-onset
neuropsychiatric disorder characterized by multiple motor and
vocal tics lasting at least a year in duration. Children with TS
often experience comorbid conditions such as obsessive-compul-
sive disorder (OCD) and attention-deficit disorder. The goal of
this article was to review the long-term clinical course of tics and
comorbid conditions in children with TS. Method: We conducted
a traditional literature search to locate relevant articles regarding
long-term outcome and prognosis in TS and tic disorders.
Results: Tics typically have an onset between the ages of 4 and
6 years and reach their worst-ever severity between the ages of 10
and 12 years. On average, tic severity declines during adoles-
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cence. By early adulthood, roughly three-quarters of children with
TS will have greatly diminished tic symptoms and over one-third
will be tic free. Comorbid conditions, such as OCD and other
anxiety and depressive disorders, are more common during the
adolescence and early adulthood of individuals with TS than in
the general population. Conclusion: Although tics are the sine
qua non of TS, they are often not the most enduring or impairing
symptoms in children with TS. Measures used to enhance self-
esteem, such as encouraging strong friendships and the explora-
tion of interests, are crucial to ensuring positive adulthood
outcome in TS.
© 2009 Published by Elsevier Inc.
Keywords: Tourette syndrome; Clinical course; Prognosis
Introduction

Tourette syndrome (TS) is a childhood-onset neuropsy-
chiatric disorder characterized by multiple motor and vocal
tics that last at least a year in duration [1]. Once thought to be
a rare condition, TS is known to affect four to six in every
1000 children [2–5]. Transient tic disorder, characterized by
tics that are present for less than a year in duration, and
chronic tic disorders, which are characterized by either motor
or vocal tics, but not both, have a lifetime prevalence of
approximately 20% and 5%, respectively, in children [2–5].
Individuals with TS commonly experience comorbid
psychiatric disorders such as attention-deficit hyperactivity
disorder (ADHD) and obsessive-compulsive disorder (OCD)
[6]. These comorbid conditions often cause more impairment
in individuals with TS than the tics themselves [7].

The purpose of this article was to discuss the clinical
course of individuals with TS. The article will begin by
focusing on the course of tic symptoms in TS, then focus on
the clinical course of common comorbid conditions and
finish by discussing adulthood global functioning and
psychosocial outcome of children with TS. The conclusion
will summarize, for clinicians, the prognostic information we
use to explain the expected clinical course of TS to families
seeking evaluation in our clinic.

Tic symptoms

A tic is a sudden, repetitive, nonrhythmic, stereotyped
motor movement or vocalization involving discrete muscle
groups [8]. Tics in TS typically begin around the age of 4–6
as simple motor movements such as eye blinking, nose
twitching, or facial grimaces [9]. Motor tics usually progress
in a rostrocaudal direction with time [9]. Vocal tics, when
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Fig. 1. Clinical course of tic severity in childhood. Plot of average tic
severity in a cohort of 36 children from ages 2 to 18. Tics typically have an
onset between ages 4 and 6 years, reach their worst-ever between ages 10
and 12, and then decline in severity throughout adolescence. (Adapted with
permission from Leckman et al. [9].) ARRTS=Annual rating of relative tic
severity. In the ARRTS, parents rate tic symptoms of their children on a six-
point ordinal scale [absent (0), least severe, mild, moderate, severe, and most
severe (6)].

Fig. 2. Adulthood tic severity in 82 children with significant childhood tic
symptoms. Adulthood tic severity class is defined by Yale Global Tic
Severity Total Tic Score (YGTSS): no tics (YGTSS: 0), minimal tics
(YGTSS: 1–9), mild tics (YGTSS: 10–19), moderate or greater tics
(YGTSS:≥20). By contrast, all individuals had moderate or greater severity
tics in childhood. Less than 5% of individuals reported having worse
adulthood tics than in childhood.
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they appear, typically first manifest themselves a year or two
after the onset of motor tics [9]. Vocal tics begin as simple
vocalizations such as throat clearing, sniffing, or fractions of
words [9]. With increasing age, both motor and vocal tics
become more complex. Motor tics often evolve into more
elaborate movements, and vocal tics often develop into
words or phrases. Many TS patients experience premonitory
urges [10]. A premonitory urge is a sensory phenomenon
that occurs immediately prior to a tic, similar to the need to
sneeze or itch [10]. Awareness of premonitory urges
increases with age and is present in as many as 90% of
adolescents with TS [11]. Tic symptoms of TS generally
occur in bouts and wax and wane in severity over time [12].
While factors such as stress, anxiety, and fatigue are known
to exacerbate tics in many individuals, focused concentra-
tion, especially involving fine-motor movements such as
playing a musical instrument, dancing, or playing sports,
alleviates tics [13]. Many TS patients are able to temporarily
suppress tics, but often at the expense of concentration and
exhaustion [14]. As children get older they typically develop
a greater ability to suppress tics [14].

Fig. 1 demonstrates the clinical course of tic severity in a
large cohort of 42 children with TS followed for an average
of 7.3 years after initial evaluation [9].

When George Gilles de la Tourette originally described
the clinical syndrome that now bears his name, tics were
hypothesized to be persistent and lifelong; our current
knowledge suggests this is far from the case [15]. Tics
typically emerge around the age of 4–6 years, reach their
worst-ever early in the second decade of life, and then, on
average, improve during adolescence [16]. Fig. 2 describes
the adulthood tic outcome in a combined cohort of 82
children followed from initial evaluation (average age 11
years) to follow-up in young adulthood [16,17]. As Fig. 2
demonstrates, over one-third of children with TS were
completely tic free at follow-up, slightly less than half had
minimal to mild tics, and less than a quarter had moderate or
greater tics at follow-up. These results contrast to their worst-
ever period where all individuals experienced at least
moderate tics. Less than 5% of individuals reported
experiencing worse tics in young adulthood than they did
in childhood. Similar results of tic improvement have been
demonstrated in a large cohort of children with tics and
comorbid ADHD [18].

Clinical assessment data, neuropsychological testing, and
structural neuroimaging have been examined to determine
whether there are childhood correlates of tic severity
outcomes in adulthood. Childhood clinical characteristics
are rather poor determinants of future adulthood tic severity,
with only current tic severity in early adolescence being
weakly associated with adulthood tic severity [17]. Worst-
ever tic severity and the presence of comorbid illnesses in
childhood were not associated with tic severity in adulthood
[17]. Poor fine-motor skills in childhood, as measured by the
Purdue Pegboard test, were associated with increased
adulthood tic severity [19]. Smaller caudate volume on
childhood MRI scans was also associated with increased
adulthood tic severity [20]. Childhood structural neuroima-
ging and neuropsychological testing data, although not
robust enough to be a useful clinical prognosticator of
outcome, does suggest particular neuropathological process-
es associated with persistent TS [21]. Specifically, abnor-
malities within cortico-striatal-thalmico cortical circuits,
possibly involving inhibitory interneurons within the basal
ganglia, may be associated with the pathogenesis and
persistence of many TS cases [22]. A full review of the
neuropathology of TS is beyond the scope of this review but
has been described in depth elsewhere [23–25].
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The typical improvement of tic symptoms during
adolescence has significant implications for the use of
behavioral, pharmacological, and neurosurgical treatments
in children with TS. The use of effective pharmacological
treatments for TS (i.e., alpha-2 agonists and antipsychotics)
is employed to help relieve impairing tic symptoms. There is
no evidence that suggests that these pharmacological
treatments alter the long-term course of TS. Given the
significant side effects of pharmacological agents, pharma-
cological treatment should be utilized to minimize the impact
of tics on social and academic functioning, not necessarily to
eliminate tics completely. Behavioral interventions such as
habit-reversal therapy should be offered to all patients with
impairing tics. Furthermore, more invasive interventions for
TS such as deep brain stimulation and neurosurgery are
strongly discouraged until well into adulthood, even for
patients with impairing tics. This recommendation is made
because many children's tics will improve with time
regardless of treatment. A full review of the available
treatments for TS is beyond the scope of this review but has
been described well elsewhere [26,27].
Fig. 3. Course of Tic Severity and Comorbid Conditions in TS. The width of
the bars schematically show relative burden of illnesses at a particular age.
Adapted from JF Leckman 2000 [40].
Comorbid conditions

Attention-deficit hyperactivity disorder

In epidemiologic samples, greater than half of individuals
with TS experience comorbid ADHD [6]. The prevalence of
ADHD in patients with TS who reach clinical attention may
be even higher [28]. When ADHD is present in individuals
with TS, the ADHD symptoms typically precede the onset of
tic symptoms and are associated with greater social,
behavioral, and academic problems than the tics themselves
[29,30]. Not surprisingly, comorbid ADHD symptoms in
childhood have been associated with a decreased quality of
life and global functioning in early adulthood for individuals
with TS [31]. Unfortunately, studies examining the clinical
course of ADHD, specifically in individuals with comorbid
tics, are lacking. In the general ADHD population, however,
it has been shown that the hyperactivity symptoms of ADHD
generally improve during adolescence, whereas the inatten-
tion symptoms of ADHD often persist into adulthood [32].

Comorbid ADHD in children with TS often has a
negative impact on concurrent social, academic, and
behavioral function [29]. Comorbid ADHD symptoms can
also negatively impact future quality of life and global
psychosocial functioning [7]. Pharmacological treatment of
impairing comorbid ADHD in children with TS is
recommended [26]. A study conducted by the Tourette
Syndrome Study Group demonstrated that both clonidine, an
alpha-2 agonist, and methylphenidate, a psychostimulant,
are effective treatments for ADHD in individuals with
comorbid tics [33] The alpha-2 agonist, clonidine, appeared
more effective in targeting tic symptoms than methylpheni-
date, and the combination of methylphenidate and clonidine
was more effective than either treatment alone in treating
both ADHD and tic symptoms. Case reports and clinical
observations have suggested that methylphenidate may
exacerbate tic symptoms in some individuals with TS [34].
For this reason, the pharmaceutical companies currently list
tic symptoms as a contraindication to the use of most
psychostimulant medications. However, all evidence from
randomized clinical trials in children with comorbid tics
suggests that these medications are, at worst, tic neutral on a
population level [35].

Obsessive-compulsive disorder

Roughly one-third to one-half of children with TS will
experience comorbid OCD throughout their lifetime [17].
OCD symptoms in patients with TS have an onset around the
time that the tics reach their worst-ever, but symptoms may
also appear de novo in adulthood. OCD patients with
comorbid tics tend to have greater rates of symmetry
obsessions, and counting, repeating, ordering, and arranging
compulsions than OCD patients without comorbid tic
symptoms [36]. In terms of pharmacotherapy, children
with OCD and comorbid tics are likely to have a worse
response to selective-serotonin reuptake inhibitors (SSRIs)
than children without comorbid tics [37]. While children
with OCD and comorbid tics may not respond optimally to
SSRIs, it has been shown that children with OCD, with and
without comorbid tics, appear to have a similar response to
cognitive behavioral therapy [37]. Another treatment option
for OCD patients with comorbid tics is antipsychotic
medication. A meta-analysis of antipsychotic augmentation
trials for treatment refractory OCD suggests that OCD
patients with comorbid tics may have an improved response
to this intervention [38].

Long-term outcome studies of children with TS suggest
that increased IQ and smaller caudate nucleus volumes on
childhood structural MRI scans may be associated with
increased OC symptoms in early adulthood [17,20]. Adult-
hood outcome studies suggest that childhood OCD patients



Table 1
Psychoeducational points provided in our clinical evaluation of children
with TS

Pearls of wisdom for the treatment of children with TS

1. Tics wax and wane in severity. It is important not to chase every
increase in tic severity with medication and search for a medical
explanation for each exacerbation.

2. Factors such as stress, fatigue, and physical illness often make tics
temporarily worse. A predictable environment with appropriate sleep
and hygiene is often beneficial to individuals with TS.

3. Focused concentration, especially involving motor activity, can often
improve tics over the short-term. Having an activity, such as playing
a musical instrument, playing sports, or dancing, is beneficial in
general and can help children persevere through particularly
challenging tic bouts.

4. Pharmacological treatments for tics should focus on minimizing
impairment, not eliminating tics. There is no evidence that
pharmacological treatments alter the long-term clinical course of TS.

5. Tics typically reach their worst-ever severity between the ages of 10
and 12 years.

6. In the vast majority of cases, tics improve during the course of
adolescence.

7. Comorbid conditions are common in TS and, when present, often cause
greater impairment than the tics themselves.

8. Children with TS are at high risk of developing OCD during
adolescence and early adulthood. Education and aggressive
behavioral treatment of OCD symptoms may be helpful in
minimizing the long-term impact of OCD.

9. Substance abuse, especially with cocaine or amphetamine compounds,
often worsens tics over the short-term as well as the long-term
trajectory of tics.

10. The offspring of children with TS have approximately a 10% chance of
developing significant tics (assuming their partner has no family
history of tics). Usually their offspring will have less severe tics than
the probands as there is some regression to the mean.

11. Many adults with TS live happy, accomplished lives despite
experiencing tic symptoms.
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with comorbid tics may have an increased likelihood of
remission of OCD symptoms by adulthood [39]. These data
suggest that OC symptoms in children with OCD and
comorbid tics may follow a similar developmental trajectory
to the tics themselves. Fig. 3 depicts the typical clinical course
of ADHD, OCD, and tic symptoms in children with TS [40].

Other comorbid conditions

Children with TS have higher rates of comorbid
developmental disorders, learning disabilities, and disruptive
behavior disorders than the general population [41]. The
symptoms of these comorbid conditions typically appear
prior to the time that tics reach clinical attention. When
present, aggressive treatment of these conditions is war-
ranted. Currently, there is no evidence to suggest that the
recommended treatment of these conditions should differ
between individuals with and without comorbid tic disorders.
Explosive rage attacks can be particularly challenging in
individuals with TS, but therapies such as parent management
training and anger management training, which are effective
in the general population, are also effective in TS [42,43].
Children with TS experience comorbid depressive and
anxiety disorders during the course of adolescence and early
adulthood more frequently than unaffected controls [17,31].
Roughly 40% of children with TS will experience depression
or a non-OCD anxiety disorder [31]. Children with TS and
their parents should be educated to recognize the signs and
symptoms of these conditions.
Conclusions

Table 1 reveals some psychoeducational clinical pearls
that we use in evaluating children with TS. Children with
TS typically experience a significant reduction in tic
symptoms during adolescence. More than three-quarters of
children with significant childhood tic symptoms will
experience fewer and/or less severe tics in early adulthood
and over one-third will be completely tic free in adulthood.
In terms of comorbidity, a greater proportion of children
with TS experience developmental disorders, ADHD,
learning disorders, and disruptive behavioral disorders
than among the general population. Symptoms of these
conditions generally precede the onset of tics. Also, during
adolescence and early adulthood children with TS are at
greater risk of developing OCD and depressive disorders.
Children with chronic or transient tic disorders appear to
have a more benign comorbidity profile than children with
TS [6]. In our clinical experience, developing strong
interests and good friendships (sources of self-esteem) is
helpful in ensuring good adulthood outcomes in children,
especially those with tics.
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