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Abstract Tourette syndrome (TS) is a heritable developmen-
tal neuropsychiatric disorder and is defined as part of a spec-
trum of motor and vocal tic disorders (TD). Sleep problems
are a common feature associatedwith TS/TD. Theymay affect
daytime tic expression and neurobehavioral functioning.
However, sleep studies on TS/TD are still scarce, and firm
conclusions about the relationship of tics and sleep are diffi-
cult to draw. In this review, we summarize the existing knowl-
edge about sleep problems in TS/TD and advocate for better
understanding of their nature. Neglected links between the
neurobiology of sleep and the psychophysiology of TS/TD
and their psychiatric comorbidity, as well as medication for
TS/TD, are highlighted, and future trends in sleep research on
TS/TD are proposed.
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Introduction

Tourette syndrome (TS) is a neuropsychiatric disorder and is
defined as part of a spectrum of tic disorders (TD), with the TD

being subdivided and classified into persistent or chronic motor
and/or vocal TD (lasting more than 1 year), and provisional or
transient TD (lasting less than 1 year) [1–4]. TD are heritable
and frequent (~1 % for TS and ~5 % for other chronic TD)
developmental neuropsychiatric disorders worldwide, with ear-
ly childhood onset (at age 4–6 years) or prepubertal onset (at
age >8 or <18 years) and with a male-to-female ratio ranging
from 3:1 to 4.3:1 [2–5]. TD including TS are clinically charac-
terized by sudden, rapid, and repetitive but nonrhythmic motor
movements or vocalizations called tics, usually appearing in
bouts, while waxing and waning in frequency, intensity, local-
ization, and typology [3, 4, 6]. In children older than 10 years,
tics are usually preceded by premonitory sensorimotor phe-
nomena, including irresistible urges to move, and may also be
triggered by psychosocial stress, anxiety, emotional excitement,
or fatigue [3, 4, 6]. Intriguingly, tics can be suppressed tran-
siently by activities that require focused attention and/or atten-
tion allocation and executive and fine motor control, such as
task performance, reading aloud, playing a musical instrument,
or engaging in certain sports [3, 4, 6]. Tic severity usually peaks
during the second decade of life (~10.6 years), with most
patients showing a marked reduction in tic severity by the end
of adolescence [4, 6]. Only 20 % of children or fewer with TS/
TD continue to experience a moderate level of impairment of
global functioning by the age of 20 years. However, in approx-
imately one third of patients with TS/TD, tics continue to
persist into adulthood and can be associated with the most
severe symptoms, including violent episodes of self-injurious
motor tics or socially stigmatizing coprolalic utterances or
gestures [4, 6]. Thus, daytime symptom expression in TS/TD
is characterized by extremely high intra- and interindividual
variability in the course of the disorder and across the lifespan
[4, 6]. Notably, one important aspect of TS/TD phenomenology
is the fact that tics may also persist during sleep [7–9].

Epidemiologically, TS/TD are signified by a high preva-
lence rate of psychiatric comorbidities [4, 6, 10–12], which
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may additionally worsen tic expression and psychosocial
functioning in TS/TD patients and thus may produce sleep
alterations that are different from the presence of tics during
sleep [7–9]. For instance, the prevalence rate of attention-
deficit/hyperactivity disorder (ADHD) and obsessive–com-
pulsive disorder (OCD) comorbidities in TS/TD is up to 50–
70 %, and up to 10 % of patients with TS/TD have coexistent
depression, anxiety, and self-injurious behavior [4, 6, 10–12].
Given the high prevalence of psychiatric comorbidities in TS/
TD patients and the recent progress in understanding the
phenomenology, etiology, and neurobiology of these neuro-
psychiatric conditions, it has recently become clear that TS/
TD represent a significant health problem worldwide, which
can lead to impairments in patients’ social competence and in
their academic and occupational achievements, and is likely to
cause difficulties in their lives and in the lives of their relatives
[13••].

The etiology of TS/TD is complex and is still elusive. Their
genetic background might be related to deviations in single
nucleotide polymorphisms in genes regulating dopamine, nor-
adrenaline, and serotonin (5-hydroxytryptamine [5-HT]) me-
tabolism, with these genetic mechanisms being proposed to
have much in common with those proposed for ADHD and
OCD [4, 6, 14]. Further, gene–environment interaction and
postinfection autoimmune processes have also been suggested
to play a role in TS/TD etiology [6].

Pathophysiology of TS/TD

Pharmacological studies in TS/TD have indicated dopamine
overactivity in the striatum and striato-cortical circuits, elevat-
ed noradrenaline ascending modulation influences on the
cortex, and decreased 5-HT neuromodulation [6, 15]. Trans-
cranial magnetic stimulation (TMS) studies have shownmotor
loops and intracortical and cortico-subcortical hyperactivation
in these patients [16]. On the basis of electroencephalogram
(EEG) studies and the related deviant oscillatory patterns that
have been found, the following hypotheses for the appearance
of tics have been proposed: (1) loss of basal ganglia control;
(2) thalamocortical dysrhythmia (replacing normal
thalamocortical oscillations with low-frequency rhythms in
the theta range), which transmits the misguided basal ganglia
signals to the cortex; and (3) frontal lobe compensation orig-
inating from the prefrontal cortex (PFC), which adaptively
modulates the misguided striatal and thalamocortical oscilla-
tions that are characteristic of TS/TD. Repeated activation of
these frontal systems can lead not only to tic suppression but
also to willful alteration of the character of the movements
involved [17]. Functional neuroimaging data have confirmed
these hypotheses by demonstrating aberrant activity in the
basal ganglia and abnormal basal ganglia–cortex interplay
through impaired cortico-striato-thalamocortical loops,

paralleled by deficient limbic cortico-subcortical loops, with
the brain areas involved in executive control being preserved
[18•]. Yet no data concerning brain activation patterns during
sleep in patients with TS/TD so far exist.

Pharmacological Treatment of TS/TD

Worldwide, there are several substances in clinical use, but no
standard medication therapy for TS/TD exists, because the
evidence base for these drugs is scarce and thus pharmacolog-
ical treatment for TS/TD is recommended only in cases with
psychosocial impairment by moderate to severe tics and clin-
ically significant psychiatric comorbidities in TS/TD—in
which cases, social interaction is hampered and is accompa-
nied by substantial difficulties in the patient’s life and in the
life of their parents and relatives [19, 20]. The first drugs used
to suppress tics have been dopamine-2 receptor antagonists
[6]. Depending on tic severity, the related stress and emotional
problems, and the type of psychiatric comorbidities, the cur-
rently used drugs for treatment of TS/TD include typical
neuroleptics (e.g., haloperidol), antinoradrenergic drugs
(e.g., clonidine), atypical neuroleptics (e.g., risperidone and
aripiprazole), and benzamides (e.g., tiapride and sulpiride).
Antidepressants such as selective serotonin reuptake inhibi-
tors (e.g., fluvoxamine), dopamine and noradrenaline agonists
(e.g., methylphenidate and atomoxetine), and their combina-
tions might come into play if comorbidities have to be treated
in parallel [19, 20]. Notably, all of these drugs can significant-
ly affect sleep regulatory mechanisms and produce various
sleep alterations [21–23]. Thus, along with tic severity and
related stressful and emotional problems and psychiatric co-
morbidities, medication appears to be an additional factor
either in improving sleep or in leading to disturbed and altered
sleep in patients with TS/TD, depending on the psychopath-
ological situation.

Neurobiology of Sleep

Sleep is a universal state in all organisms, which serves vitally
important brain and body homeostatic functions and a range
of cognitive processes, including memory consolidation and
transformation, and emotional processing and regulation
[24–28]. Insufficient and disturbed sleep results in learning
problems, inattention, diminished executive control, and a
range of stressful and emotional problems [21, 28].

Sleep Phenomenology

Human sleep architecture can be objectively evaluated by
polysomnographic records, which traditionally use electro-
physiological techniques, including EEG, electromyography,
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and detection of eye movements to characterize sleep at sys-
tem levels. This polysomnographic method is called
polysomnography (PSG) and is considered as “the gold stan-
dard” in sleep research because it can reliably document brain
activation patterns and important body arousal and homeo-
static indicators [29, 30]. For clinical purposes, routine PSG
can be supplemented by surface electromyography from the
anterior tibial muscles to detect sleep disorders such as peri-
odic limb movements in sleep (PLMS) and restless legs syn-
drome (RLS), as well as by recordings of cardiorespiratory
events in sleep, such as sleep-disordered breathing [30]. In
humans, overnight sleep is characterized by a cyclic occur-
rence of non–rapid eye movement (NREM) sleep and rapid
eye movement (REM) sleep. NREM sleep includes lighter
sleep stages 1 and 2, and stages 3 and 4 of the deeper slow-
wave sleep (SWS) [29, 30], with stages 3 and 4 also being
recognized as N3 sleep, according to the Manual for the
Scoring of Sleep and Associated Events, published on behalf
of the American Academy of Sleep Medicine in 2007 [30].
Whereas SWS dominates the first half of the night, REM sleep
and stage 2 of NREM sleep dominate the second half. Nor-
mally, sleep onset begins with a brief period of stage 1 of
NREM sleep, which is subsequently followed by sleep deep-
ening, marked by the appearance of stage 2 of NREM sleep
and a further progressive transition to stages 3 and 4 of SWS.
The latter is followed by a relatively short, transient stage 2 of
NREM sleep, after which a period of REM sleep appears. This
progression of sleep stages and, in particular, the NREM
sleep–REM sleep alternation, forms one sleep cycle of ap-
proximately 90 min duration. About five such sleep cycles are
usually observed in normal human overnight sleep [29, 30].

Importantly, to reliably characterize various types of move-
ments in sleep, including tics, all methods of sleep evaluation
(PSG, actigraphy, and subjective self- or observer-reported
questionnaires and diaries) require videomonitoring [30].

Sleep–Wake Regulation

As shown in Fig. 1. (upper panel), two major, anatomically
and neurochemically distinct brain structures are generally
involved in sleep–wake regulation. The first one engages
hypothalamic nuclei located in the diencephalon (the supra-
chiasmatic nucleus and lateral hypothalamic nuclei), regulat-
ing the sleep–wake switch, while the second one engages
nuclei located in the mesopontine brainstem, regulating
NREM–REM sleep alternation [31]. In brief, circadian clock
genes located in the suprachiasmatic nucleus transmit sleep-
initiating signals not only to the mesopontine brainstem nuclei
but also to all neuronal populations in the brain and body.
Also, they act to release the sleep-inducing “hormone” mela-
tonin from the pineal gland [31]. In parallel, orexin/
hypocretin-containing neurons located in the lateral hypothal-
amus (which—along with their important role in sleep–wake

regulation—govern sexual, eating, and locomotor behaviors
and reward [32]) transmit neurochemical signals to the dopa-
minergic ventral tegmental area and nucleus accumbens
[33]—dopaminergic brain structures that exert strong modu-
lation on the mesopontine brainstem nuclei responsible for the
regulation of NREM–REM sleep alternation in the course of
sleep [34] (Fig. 1. upper panel).

The mesopontine brainstem system consists of REM-off
(silent during REM sleep) noradrenaline (located in the locus
coeruleus) and 5-HT (located in the raphe nuclei) neurons and
REM-on (active during REM sleep) acetylcholine (located in
the pedunculopontine tegmental nucleus and laterodorsal teg-
mental nucleus) and glutamate/aspartate (located in the
brainstem reticular formation) neurons. These REM-off/
REM-on neurons act reciprocally in the course of sleep
through a complex glutamate and gamma-amino-butyric acid
neural complex [31]. Importantly, this reciprocal interaction
mesopontine brainstem system projects monoaminergic/
acetylcholinergic influences to the thalamocortical neurons
and is responsible for the dramatic changes in brain oscilla-
tions and activation patterns across distinct sleep–wake stages
[31] (Fig. 1. upper panel).

Neglected Links between the Phenomenology
and Pathophysiology of TS/TD and Sleep Regulatory
Mechanisms

1. Clinically, since daytime symptom expression in TS/TD is
characterized by high intra- and interindividual variability
[3, 4, 6, 17], it could be expected that sleep disturbances
and alterations in these patients depend strongly on tic
severity, the waxing and waning course, and the symptom
profile. However, only two PSG studies so far have indi-
cated such a link indirectly by demonstrating a positive
correlation between sleep alterations and tic severity [35,
36]. An influence in both directions cannot be excluded.

2. It should be emphasized that the sleep–wake pattern and
its regulatory mechanisms mature from infancy to child-
hood and further through childhood and adolescence.
These developmental changes are mostly marked by a
progressive decrease in REM sleep from infancy to child-
hood, and from childhood to late adolescence [37]. More
recent studies have shown a decrease and topographic
changes of NREM sleep EEG slow (~1–4 Hz) oscilla-
tions, paralleled by a decrease in REM sleep theta (~5–
7 Hz) EEG power from childhood to adolescence, with
gender differences also being found [38, 39]. These de-
velopmental changes in sleep architecture and sleep EEG
signatures are recognized as reflecting synaptic pruning
and maturation of brain networks [21, 22, 38, 39]. This
issue mandates particular attention to a broad spectrum of
developmental neuropsychiatric conditions, since even
subtle sleep alterations during this period may produce
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substantial neurobehavioral deficits, thus aggravating
neuropsychiatric symptoms and hampering cognitive
and psychological development [21, 22]. However, this
issue is too often neglected in sleep research on TS/TD.
Thus, age and gender across the l i fespan in
neurodevelopmental disorders appear to be significant
factors that can affect sleep in TS/TD.

3. Since altered monoaminergic neuromodulation in TS/TD
has been indicated [6], it might not be limited functionally
to the motor circuits in question. According to the recip-
rocal interaction mesopontine brainstem system [31]
(Fig. 1. upper panel), deviations in the monoaminergic/
acetylcholinergic ratio can be expected. These deviations
can produce various changes in NREM and REM sleep.

4. REM sleep in TD/TS may be signified by movement-
related arousals and/or REM sleep behavioral disorder
(RBD), possibly resulting from striatal/cortico-striatal do-
pamine overactivity [35, 36, 40]. Such links have not yet
been explored.

5. 5-HT is a precursor of melatonin synthesis [31], and its
decreased activity proposed in TS/TD and ADHD/OCD

comorbidities [6, 14, 22] may lead to delayed sleep onset.
Indeed, difficulty in initiating sleep is a common feature in
TS/TD [7–9]. However, its nature has not been adequately
illuminated.

Sleep Problems in TS and TD: anOverview of the Existing
Literature

In children and adolescents with TS/TD, clinical complaints
of sleep problems are reported in about 25–30 % of patients,
with this rate being increased up to 65 % when TS/TD is
comorbidly diagnosed with common developmental psychi-
atric disorders [7, 8]. Specifically, the combination of TS and
ADHD seems to carry a very high risk of sleep problems. For
example, this group of patients presents as many sleep prob-
lems as TS patients, with a burden of five other comorbidities
[10, 41]. The latter, as well as cultural influences [42], makes it
difficult to decide if clinically observed sleep problems in TS/

Fig. 1 Multifactorial model of
sleep disturbances in Tourette
syndrome and tic disorders. 5-HT
5-hydroxytryptamine (serotonin),
Ach acetylcholine, As aspartate,
BRF brainstem reticular
formation, Glu glutamate, LC
locus coeruleus, LTD laterodorsal
tegmental nucleus, NA
noradrenaline, NAcc nucleus
accumbens,NREM non–rapid eye
movement sleep, PPT
pedunculopontine tegmental
nucleus, REM rapid eye
movement sleep,RN raphe nuclei,
VTA ventral tegmental area.
(Upper panel based on Pace-
Schott and Hobson [31], Li et al.
[32], Hrabovszky et al. [33], and
Monti and Monti [34]; lower
panel based on Roessner et al. [4],
Swain et al. [6], Rothenberger
et al. [9], Rothenberger and
Roessner [10], Ferao et al. [11],
Moll et al. [16], Leckman et al.
[17], Ganos et al. [18•], Brand and
Kirov [21], and Kirov and Brand
[22])
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TD reflect a core symptom of the disorder or are merely a
secondary reactive issue of clinical relevance. Further, within
the context of TS/TD-associated anxiety and depression, it has
to be noted that “sleep problems both predict and are predicted
by a diagnostic cluster that includes oppositional defiant dis-
order, general anxiety disorder and depression” [43]. Sleep
problems include difficulties in falling and staying asleep,
separation anxiety in the evening, parasomnias (sleep walking
and pavor nocturnus), and the presence of tics and other
movements during sleep [7–9]. Our Medline search (up until
June 2014) showed 104 publications using the key words
“sleep” and “Tourette syndrome”, 132 publications using the
key words “sleep” and “tic disorders”, 982 publications using
the key words ‘sleep” and “ADHD”, 298 publications using
the key words “sleep” and “OCD”, 13,844 publications using
the key words “sleep” and “depression”, and 8,782 publica-
tions using the key words “sleep” and “anxiety”. These results
clearly show that sleep problems in psychiatric comorbidities
in TS/TD receive much greater attention than those in TS/TD.
Notably, of the 104 publications concerning sleep in TS, only
20 original contributions and five review articles (24 %) ac-
tually targeted sleep problems in TS, and only one PSG study
investigating the effect of subtle sleep alterations on daytime
neurobehavioral functioning in 6- to 16-year-old children
diagnosed with TS according to theDiagnostic and Statistical
Manual of Mental Disorders, Third Edition, Revised has been
published during the last 2 years [44••]. Similarly, only 22
original contributions and six reviews of the 132 publications
concerning sleep problems in TD (21 %) have targeted the
topic, with the latest studies being published in the year 2007
[36, 45, 46]. The rest of the publications that were found dealt
with the effects of psychiatric comorbidities, medication, and
genetic and environmental factors on sleep, rather than the
actual sleep disturbances and alterations in patients with TS/
TD. Collectively, the above results indicate that essential sleep
problems in TS/TD are still very insufficiently studied, with
their nature being elusive.

Motor Phenomena During Sleep in TS and TD: Why Do Tics
Occur Throughout Sleep, and What Is the Clinical
Significance of this Phenomenon?

Most PSG studies in children and young adults with TS/TD
have shown various types of movements throughout both
NREM and REM sleep, including simple and complex tics
[35, 47–50], movements and movement-related arousals [36,
40, 44••, 45, 50], and PLMS [44••, 51]. Only two studies
provided direct evidence of the presence of tics during sleep,
using video monitoring [35, 48], while the others relied on
PSG electromyographic parameters [47, 49, 50]. The issues of
whether the movements and movement-related arousals found
in other PSG studies [36, 40, 44••, 45] may be related to tic
occurrence, or whether their presence in REM sleep may be

associated with RBD in children with TS/TD, require further
video monitoring verification. High prevalence of PLMS in
children and adults with TS, found in only two studies [44••,
51], was not confirmed by the other PSG studies [35, 36, 40,
45, 47–50]. Thus, the high prevalence of PLMSmay be due to
factors unrelated to TS/TD psychopathology.

In sum, the above findings strongly indicate that the occur-
rence of tics during sleep in TS/TD patients is very likely.
However, the actual nature and clinical significance of their
presence during sleep are still elusive. We address the unre-
solved questions by providing several hypotheses.

1. According to recent hypotheses [17], confirmed by func-
tional neuroimaging data [18•], pathological neuronal
signals from misguided basal ganglia are transmitted to
premotor cortices through aberrant thalamocortical acti-
vation, thus producing sensory urges to move and the
occurrence of tics. During wakefulness, a compensation
originating from the PFC adaptively modulates the mis-
guided striatal and thalamocortical oscillations. Repeated
activation of these frontal systems can lead to tic suppres-
sion and deliberate alteration of the character of the move-
ments that are involved [17, 18•]. However, during both
NREM/SWS and REM sleep, the activation of PFC in-
volved in executive control is strongly diminished or
lacking [31], which can facilitate the pathological trans-
mission from the aberrant activity in the basal ganglia and
abnormal basal ganglia–cortex interplay through impaired
cortico-striato-thalamocortical loops to the cortex. This
hypothesis needs to be confirmed by functional neuroim-
aging studies and EEG investigations (sleep spindles and
slow oscillations/slow-wave activity) during sleep in pa-
tients with TS/TD. Further, this hypothesis raises some
questions.
(a) Are tics more or less frequent during sleep in TS/TD

patients than during their daytime activity, and what
roles do stress and muscle relaxation play in this
respect?

(b) Where across the distinct sleep stages do tics
predominate?

Whereas the first question requires intra- and interindivid-
ual monitoring of tic frequency and possible confounders
across the sleep–wake cycle, the second question has been
partially addressed in two PSG studies, which demonstrated
more tic occurrence during REM sleep than during NREM
sleep [35, 47]. These findings can be explained on the basis
that NREM/SWS is characterized by the strongest reduction
of synaptic connectivity [52], while the synaptic connectivity
during REM sleep exceeds it during wakefulness [53]. Also,
the brain regions involved in emotion generation are most
active during REM sleep [31, 54], which may characterize
REM sleep-related tics by strong emotionality and, probably,
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by an insufficient inhibitory functional disconnection between
the central and peripheral systems in TS/TD.

2. Given the generally recognized role of sleep in memory
consolidation [25, 28], it cannot be excluded that patho-
logical motor programs in the aberrant basal ganglia,
which are responsible for sensory urges to move that
trigger tics during the day [17, 18•], may be consolidated
and replayed during the subsequent sleep.

3. Tic occurrence during sleep may also be mediated by
dreams associated with TS/TD psychopathology, because
dream production originates from consolidated episodic
and emotional memory sources [55].

The clinical significance of tic occurrence throughout sleep
in TS/TD patients may be greater than anticipated. Tic occur-
rence during sleep may lead to partial sleep loss and, as
mentioned above [28], insufficient and disturbed sleep results
in many negative cognitive and psychological consequences
which, in turn, may aggravate symptoms (tics as well as
comorbidities) and impair neurobehavioral functioning. This
may have a serious negative impact on social interaction,
emotional status, and cognitive development, especially in a
spectrum of associated developmental neuropsychiatric disor-
ders [21, 22]. Therefore, TS/TD mandate more intensive
treatment than they have received up until now, including
cognitive behavioral therapy, behavioral sleep intervention,
and pharmacotherapy when necessary.

Unfortunately, in the clinical practice of TS/TD assess-
ment, the sleep situation is often insufficiently explored. Other
symptomatology overshadows this aspect, and its importance
as a moderator within the dynamic reciprocal action of tics and
associated psychopathology seems to be neglected. Education
of physicians and patients seems to be urgently needed in
order to arrive at a more complete and therapeutically relevant
psychopathological picture of TS/TD.

Changes in Sleep Architecture in TS and TD

Results from several PSG studies of sleep architecture in TS/
TD patients have been relatively mixed rather than consistent.
The earliest studies demonstrated decreased SWS [56], in-
creased SWS, decreased REM sleep, paroxysmal EEG events
in SWS, and frequent nocturnal arousals [48], or delayed sleep
onset, fragmented sleep due to an increased number of noc-
turnal movements and awakenings, shortened REM sleep
latency, and decreased REM sleep [49]. It is to be noted,
however, that those studies used small and heterogeneous
samples with respect to age, gender, coexistent comorbidities,
and medication samples. Using greater and nonmedicated
sample sizes, precisely matched for age, gender, and intelli-
gence, with psychiatric comorbidities being excluded, more
recent studies showed more consistent yet still relatively

mixed PSG findings in patients with TS/TD. A study in young
adults with TS showed decreases in sleep efficiency and the
SWS percentage, and increases in sleep latency, the percent-
age of stage 1 of NREM sleep, the percentage of wakefulness,
the number of awakenings, and sleep stage changes, while no
REM sleep changes were found [35]. Another study in chil-
dren with TS also found no REM sleep changes and demon-
strated a longer sleep time, longer sleep latency, reduced sleep
efficiency, and prolonged wakefulness after sleep onset, and
less stage 2 NREM sleep and SWS [50]. Further studies in
children with TS and/or TD have shown either increased REM
sleep [36] or no changes in REM sleep [45], and delayed sleep
onset, decreased sleep efficiency, and longer latency to SWS,
as well as reduced SWS [36, 45]. It has been suggested that
increased REM sleep found in children with TS/TD might
have resulted from the subclinical presence of ADHD comor-
bidity [36]. Yet a subsequent study demonstrated the greatest
increase in REM sleep and shortened REM sleep latency in an
additive fashion when ADHD and TS/TD coexisted, thus
pointing to factors associated with the neurochemical mecha-
nisms of TS/TD [46]. The latest study conducted in children
and adolescents with TS found no changes in their sleep
pattern but demonstrated a positive correlation between
arousals from SWS and daytime expression of symptoms of
conduct disorder and delinquent behavior [44••]. It remains
open as to what effect is related to TS/TD pathophysiology
and/or developmental factors, since development of neuronal
inhibition in TS/TD is closely related to a decrease in tics from
childhood to adolescence [57].

Conclusions

Sleep research in TS/TD is still scarce relative to sleep re-
search in other neurodevelopmental psychiatric disorders. The
actual sleep problems in TS/TD patients are insufficiently
studied, and their nature is elusive. This underestimation is
probably due to the fact that the evidence base on etiology,
assessment, and treatment is still limited [4, 6]. The high
prevalence rate of psychiatric comorbidities in TS/TD makes
it even more difficult to conduct methodologically precise
sleep studies. Along with the many methodological con-
founders listed above, lack of consideration that tics wax
and wane, and that they change their typology in the course
of the disorder and across the lifespan, might have produced
inconsistent sleep findings.

With these accounts, we propose a multifactorial model of
sleep disturbances in TS/TD, according to which a combina-
tion of factors—including TS/TD pathophysiology, psychiat-
ric comorbidity, medication, age, gender, and tic severity (the
waxing and waning course, symptom profile, and stress sen-
sitivity)—may play a role (Fig. 1). Also, we propose future
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trends in research to more productively investigate sleep prob-
lems and their nature in TS/TD.

Future Trends in Research

1. There is still a lack of objective longitudinal sleep studies
from childhood to adulthood, and such studies are
necessary.

2. Targeting links between nocturnal and daily brain activa-
tion patterns in TS/TD by application of EEG and neuro-
imaging methodologies, in association with research on
symptom expression and neurobehavioral functioning, is
critically important.

3. Combining sleep and behavioral studies in TS/TD
with/without ADHD, with precise phenotyping and with
genetic screening, would more productively advance re-
search in the field.

4. Further pharmacological precision of sleep and behavioral
research, in combination with research on the effects of
behavioral therapy, is also needed.

Finally, precise and complete clinical descriptions (by pa-
tients, parents, and experts) of sleep behavior (including
movements), and its clinical relevance within the context of
this complex developmental disorder, needs further
clarification.
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