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Oviedo, Spain Tourette Syndrome (TS) was first described in 1884 by the French

neurologist, Gilles de la Tourette. He described this hitherto unknown entity,
which has borne his name since then, as being characterized by the presence of
repetitive involuntary and stereotyped movements, or “tics”, that appear mainly
in children associated with phonic tics. Since then, our knowledge about this
disease has progressed significantly. It has been reported to have a prevalence
of the disease to be “0.6-1% in the general population worldwide”.
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Apart from the motor tics, which may be simple and complex, phonic tics
can also be very varied in nature. Around ninety per cent of affected children
present some comorbid conditions, such as Obsessive-Compulsive Disorder
(OCD) and Attention Deficit Hyperactivity Disorder (ADHD). The etiology of this
syndrome remains completely unknown at the moment.

Non-Celiac Gluten Sensitivity (NCGS) was first described in 1980, but has
only been since 2010 that a burgeoning number of studies called our attention
to this new clinical situation. It is clinically characterized by the presence of
several intestinal and extra-intestinal symptoms related to the consumption of
gluten-containing food, in subjects who are not affected by celiac disease or
wheat allergy.

NCGS has been reported to affect up to 5-10% of the western population.

A clinical association between these two diseases has been postulated on
several occasions and this suggests new possibilities for dietary treatment in
these patients with the implementation of a gluten-free diet on a longtime basis.

In this review, we will comment on the possible efficacy of this new approach.
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associations, evolution, treatments used and general prognosis of
Tourette Syndrome (TS).

Introduction

In 1884, the French neurologist, Gilles de la Tourette, first

described the “tics disorder”, a syndrome whose principal clinical Characteristics of tics

characteristics consisted of the enactment of a series of movements
and the production of involuntary words or sounds, with a tendency
towards the repetition of stereotypical and uncoordinated movements
(echopraxia), the repetition of syllables or words (echolalia) and, less
frequently, the utterance of obscene words (coprolalia) [1-4].

Since its general description to the present day, important
discoveries have been made regarding many clinical and evolutionary
aspects of the disorder, but its etiology is still not fully understood.

A habitual and characteristic trait of this process is that the very
frequent tics are accompanied by other disorders such as Obsessive-
Compulsive Disorder (OCD) and those related Attention Deficit
Hyperactivity Disorder (ADHD) and, together, one or both are
associated with up to 90% of cases. The presence of these processes
makes the evolution more complex and clearly reduces the quality of
life of patients [5,6].

This review considers topics related with the diagnoses, genetic

Tics are involuntary movements of a muscle group that appear as
sharp twitches that are of short duration and are generally repetitive
and stereotypical in nature. Unlike patients who present with
associated psychiatric disorders, such as choreas or dyskinesis, TS
patients can partially control their tics, or even voluntarily overcome
them, even though they are of short duration, although doing so
causes them a certain degree of discomfort. Most are simple motor
tics that affect small muscle groups, resulting in, for example, repeated
blinking. However, others are more complex and cause pain, such
as those that cause the neck, trunk and extremities to twist, affecting
several muscle groups simultaneously.

Not only are the tics frequently irritating for the patient, but
they also upset family members who live with them and who control
their normal social life. The situation is exacerbated when the tics are
associated with comorbidities (e.g., OCD and ADHD) [7,8].

TS is clinically defined by the presence of motor and vocal tics that
persist for at least one year. Tics of shorter duration are considered
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“transitory” or “provisional” and if they completely disappear they do
not fulfill the requisites to be considered as a case of TS.

Their prevalence varies between 0.5 and 1% on average in the
general population; though the age of onset is variable, it most
commonly begins during infancy, typically appearing between the
age of 3 and 12 years. It is 3-4 times more common in boys than girls,
occurring in all ethnic groups and in all countries [9-11].

The characteristics of tics, such as stereotypies, choreic movements
and dystonias, also differ among other neurological disorders. The
most characteristic traits are that the intensity of the tics vary in
frequency and intensity. The type of movements varies with time,
may be voluntarily overcome temporarily and is frequently associated
with sensorial phenomena. They are classified into simple or complex
groups with respect to their anatomical location, frequency, intensity
and duration. The most frequently used scale of evaluation is the so-
called Yale scale, which runs from 0 to 5, scoring different aspects of
the motor and phonic tics. This enables the comparative evaluation of
different studies, by characterizing the various aspects and intensity
of the tics [12]. Recording videos in a standardized form is also used
to count the types of tics over a predetermined period [13].

Evolution of tics

Most tics begin in early infancy, between the ages of 3 and 12
years, although this may sometimes be delayed to as late as 13 years.
They generally begin with motor tics that affect the eyes and/or the
face in the form of isolated muscular contractions, which can also
affect the neck and shoulders. They habitually progress in a rostro-
caudal manner and, with time, tend to become complex, affecting
various muscle groups in a repetitive and stereotypical fashion [14].

Phonic tics generally appear after the motor tics, and in the same
way, are simple to begin with, becoming complex over time. Simple
phonic tics are brief, generally consisting of a single sound, while
the complex tics are more prolonged and include words or phrases.
Within the latter category are included echolalia (repetition of words
and sounds uttered by other people), palilalia (repetition of words
uttered by oneself) and coprolalia (obscene words and phrases).

The frequency and intensity of motor and phonic tics tend to
increase and decrease with time, over a period of several weeks and
months. The factors that affect the evolution of tics over time are not
well understood. Generally, they are at their most intense between 10
and 12 years of age, diminishing at the beginning of adolescence in
most cases. In the other cases, in which the tics persist unchanged up to
adulthood, their intensity increases; motor tics may be accompanied
by self-aggression, while the phonic tics are associated with frequent
episodes of coprolalia [15,16].

Some studies have noted a correlation between the presence of
ocular, palpebral or eyebrow tics and the intensity of TS, and with
the earliest beginning in the infancy of these patients, for which
reason it could be a trait distinguishing between the children who
present it and those who never develop it [17]. A reduced volume
of caudate nucleus has been described in several cerebral magnetic
resonance studies in patients with TS, but not in others. Curiously,
it is a similar finding to that noted in some patients with subclinical
hepatic encephalopathy [18,19].

Sensorial phenomena associated with tics

A sensorial phenomenon refers to all the subjective experiences
of patients with TS before the onset of the tics, such as premonitory
emergencies (PUs) and perceived somatic hypersensitivity. These are
gathered under a common term, with the aim of unifying them [20].

The so-called PUs are a group of unpleasant sensorial phenomena
that typically precede the appearance of tics. The anatomical regions
in which they most commonly occur are the palms of the hands,
the throat, the shoulders and the mid-abdominal line. Therefore,
they characteristically have a focal distribution and are confined
exclusively to certain areas. The onset of the tic is generally associated
with a momentary sensation of relief. The presence of PUs has been
compared with other physiological emergencies such as urinary,
defecatory and irritating coughing episodes, and sleep. They may
be considered unconscious sensorial impulses, their presence being
completely involuntary and the associated discomfort disappearing
with the performance of the tics [21,22].

It is a very frequently used polemic concerning whether the
tics are voluntary or involuntary. It has been postulated that the tic
could be a voluntary act carried out in an attempt to counteract an
involuntary motor urgency, and in most cases it is associated with a
transitory sensation of relief [23].

Related aggravating and attenuating factors

The symptoms of TS vary in frequency and intensity, probably in
relation to the presence or absence of certain environmental factors.
Situations of stress and anxiety generally increase the intensity of the
symptoms, while conversely, relaxation, concentration and physical
exercise help attenuate them. Talking about the tics increases the
frequency of phonic but not motor tics; additionally, comments
directed towards overcoming the tics somewhat reduces their
frequency, at least for short periods of around half an hour.

Many studies have suggested that anxiety, like stress, frustration
and emotional tension, are conditions typically associated with a
raised frequency of tics. In relation to their expression, positively
evaluating the periods without tics reduces their frequency, while
drawing attention to them, tends to increase them [24,25].

One of the characteristics of tics is that they may be suppressed,
albeit only for short periods, but this requires a greater effort of
concentration, which may be followed by a rebound effect. In general,
children tend to have fewer tics at school than at home, because the
presence of their classmates helps them try to reduce them more
actively [26].

Associated comorbidities

The presence of behavioral disorders and emotional disturbances
in patients with TS was first described in 1899 by Tourette himself
[27].

In effect, comorbid neuropsychiatric disorders, principally in
the form of OCD and ADHD, occur in up to 90% of patients [28].
Recently it has been suggested that OCDs and ADHD may be related
to some dietary intolerances, mainly celiac disease and so-called non-
celiac gluten sensitivity (NCGS) [29,30].
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Obsessive-Compulsive Disorders (OCDs)

Between one third and half of patients with TS present recurring
symptoms consistent with OCDs. Certain differences may be noted in
relation to those appearing in individuals who do not have associated
TS. Members of this latter group are typically male, with an early age
of onset, a low level of response to the treatments employed, and a
greater degree of familiar affectation by tics [31-33].

The most frequently found obsessive-compulsive disorders in TS
patients are those involving repeated movements or ritual gestures,
as well as the need to order items with precision, to maintain the
symmetry of objects and an exaggerated desire for rigidity and order.
When these are manifested in children, they persist into adulthood,
more forcefully even than the tics themselves [34,35].

In a large series of young people with chronic TS, 53% of cases
were found to have associated OCDs. The intensity of tics among
these patients was much higher than in those without OCDs, and
the former group also had higher levels of associated anxiety and
depression, leading to the conclusion that the presence of OCDs is
linked to a worse evolution [36]. Another study, on the other hand,
also carried out with a large sample of patients with TS, most of whom
were young people, found no prognostic differences in its evolution
between those who did and did not present OCDs [37].

Disorders related to the presence of Attention Deficit
Hyperactivity Disorder (ADHD)

Approximately 30-50% of children diagnosed with TS have
associated disorders that are compatible with the syndromic
process known as ADHD. Although the etiological relationship is
not currently clear, its co-occurrence is associated with generally
worse social adaptation and poorer academic performance [38-40].
Conversely, the levels of tics are lower in children with TS who jointly
present the disorders and respond to pharmacological treatments in
the same manner as children who do not have it. Given this, the early
diagnosis of ADHD is essential and it is advisable to consider this for
these patients [41,42].

Outbursts of anger and self-harm

It is estimated that 20-40% of patients with TS exhibit abnormal
behavioral characteristics that are manifested in diverse forms, such
as increased irritability, distress and anxiety crises, and outbursts of
anger, which may or may not be associated with the concomitant
presence of OCDs and ADHD. Episodes of rage occur more often
when associated with any of these comorbidities, which is not
unexpected, given that the impulsiveness and compulsions are related
to one another [43]. Characteristically, these crises begin abruptly, are
of great intensity, but of short duration.

A small group of patients injure themselves. For example, in
Gilles de la Tourette’s original description [1], which included nine
patients, two of them (22.2%) had self-harmed. The frequency of self-
harm in large series varies between 15 and 29% and is associated more
with the presence of ADHD-type comorbidities and is more often
noted in older children. There is a wide variety of self-injuries, but
tongue- and lip-biting, hitting the head, extremities or trunk against
various objects, and even stabbing with sharp objects are among the
most frequently noted [44,45].

Impulsiveness and compulsions are considered to be the opposite
extremes of the spectrum and TS could be considered to present a
mixture of both. While the compulsions are acted out in an attempt
to alleviate anxiety, the bouts of anger and self-harming arise for the
purposes of discharging the internal aggressivity and of obtaining
gratification [46].

Non-Celiac Gluten Sensitivity (NCGS)

In recent years, articles and papers have been published about the
frequent association of TS with the entity known as NCGS, which is
described below. The condition was first described in 1976 and the
first series was reported in 1980 [47,48]. However, it was not until
2010 that the results of new studies of larger series of patients were
published.

This new condition is characterized by the presence of digestive
and extra-intestinal symptoms that appear as a consequence of the
ingestion of foodstuffs containing gluten, in individuals who are not
affected by celiac disease (CD) or wheat allergy. However, it should be
stressed that there is no precise and accurate definition of this illness
[49].

NCGS is 5-10 times more prevalent than CD, occurring in an
estimated 5-10% of the general population in the western world,
compared with 1-2% for CD [50].

Patients with NCGS are generally characterized from a clinical
point of view. They present frequent digestive discomfort, starting
in infancy, consisting of indigestion, fluctuating abdominal swelling,
episodes of abdominal pain of varying intensity and changes in
intestinal habit (with constipation or diarrhea, or an alternating
pattern of the two predominating). These digestive symptoms are
very similar to those exhibited by patients with CD.

The symptoms are generally accompanied by extra-intestinal
manifestations of varying types, such as frequent dermatological
changes with a range of types of dermatitis (urticarial, eczematous,
herpetiformis and others), headaches and migraines, and a variety
of neurological symptoms, among which feature the symptoms of
TS in the form of tics, OCDs and ADHD [30]. Some patients with
NCGS present associated disorders, such as schizophrenia, symptoms
related to the autistic spectrum, various respiratory and cutaneous
allergies, and a variety of autoimmune processes.

Adopting a Gluten-Free Diet (GFD) may have positive effects
on these patients, helping them to cope better with their illness,
as well as enabling them to reduce the number and/or dose of the
pharmacological treatment they are receiving and the presence
of various accompanying diseases. This helps in following up and
controlling its manifestations, as a result of which it is recommended
to instigate and maintain a strict GFD, as usually occurs in celiac
patients [51].

Many patients with NCGS present atopic characteristics and
disorders, especially of the skin and airways, that latter generally
manifesting itself in the form of asthma that is unresponsive to
conventional treatments. Its presence is also a good indicator of
associated gluten intolerance and of the suitability of placing them on
a GFD for the appropriate clinical control, as has been described in
various studies carried out in a series of children in New Zealand [52].
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A relationship has been established between NCGS and certain
neurological and psychiatric disorders, based primarily on the
discovery of raised levels of anti-gliadin antibodies in the serum
of some affected patients [53,54]. These include some forms of
schizophrenia, peripheral polyneuropathy, cerebellar ataxia and
autism. The majority of these patients who respond to withdrawal
of gluten from the diet are not clearly celiacs, but instead may be
classified in the NCGS group. Isolated cases and small series of
patients have been described, but we currently lack double-blind and
placebo-control studies to demonstrate its genuine efficacy [55].

The most commonly accepted diagnostic criteria for establishing
the presence of NCGS are: (1) exclusion of CD through the absence
of compatible histological changes in the duodenal biopsies and a
specific negative serology; (2) exclusion of a wheat allergy through
the absence of specific negative IgE antibodies and a negative skin
test; (3) presentation of the clear improvement and/or disappearance
of most related symptoms after following a GFD for 6-12 months; (4)
reproduction of the symptoms after a challenge test with a normal
diet, if necessary in doubtful cases.

Patients who also possess positive anti-gliadin antibodies
and exhibit HLA-II class-compatible genetic markers (DQ2 and/
or DQ8) usually exhibit more intense associated gastrointestinal
symptoms than those who do not present these conditions. The
digestive symptoms mainly include abdominal swelling, diarrhea or
constipation, and abdominal pain [56].

There is an overlap between the symptoms presented by NCGS
patients and those labeled as having the functional digestive change
known as “Irritable Bowel Syndrome” (IBS), whose diagnosis requires
merely that some clinical criteria, known as the “Rome criteria”, be
met, since they do not exhibit any known analytical, endoscopic or
biopsy changes [57]. Given the similarity of the symptoms in both
conditions, whereby, in addition to abdominal pain, they share other
clinical characteristics, such as abdominal swelling, the changes in
intestinal habit, either in the form of diarrhea or constipation and
other extra-digestive symptoms such as chronic fatigue, many of
these benefit from the withdrawal of gluten from the diet [58,59].

No adequate animal models are available to be able to accurately
study the pathogenic mechanisms of gluten as they relate to the
appearance of NCGS. However, studies carried out in Rhesus
monkeys seem to yield responses similar to those seen in humans.
When they are fed on gluten-rich diets, some gluten-sensitive animals
suffer chronic diarrhea and intestinal lesions compatible with NCGS,
and exhibit an immunological response with the natural activation
of the immune response. As such, this could serve as a suitable
experimental model for the study of the role of gluten in NCGS [60].

References

1. Lajonchere C, Nortz M, Finger S. Gilles de la Tourette and the discovery of
Tourette syndrome. Includes a translation of his 1884 article. Arch Neurol.
1996; 53: 567-574.

2. Jankovic J. Tourette syndrome. Phenomenology and classification of tics.
Neurol Clin. 1997; 15: 267-275.

3. Cohen AJ, Leckman JF. Sensory phenomena associated with Gilles de la
Tourette’s syndrome. J Clin Psych. 1992; 53: 319-323.

4. Freeman RD, Zinner SH, Miller-Vahl KR, Fast DK, Burd LJ, Kano Y, et al.
Coprophenomena in Tourette syndrome. Dev Med Child Neurol. 2009; 51:
218-227.

1

o

11.

1

N

13.

14.

15.

16.

17.

1

o]

1

©

20.

2

=

22.

23.

24.

Hounie AG, do Rosario-Campos MC, Diniz JB, Shavitt RG, Ferrdo YA, Lopes
AC, et al. Obsessive-compulsive disorder in Tourette syndrome. Adv Neurol.
2006; 99: 22-38.

Carter AS, O’'Donnell DA, Schultz RT, Scahill L, Leckman JF, Pauls DL. Social
and emotional adjustment in children affected with Gilles de la Tourette’s
syndrome: associations with ADHD and family functioning. Attention Deficit
Hyperactivity Disorder. J Child Psychol Psychiatry. 2000; 41: 215-223.

Leckman JF. Tourette’s syndrome. Lancet. 2002; 360: 1577-1586.

Lebowitz ER, Motlagh MG, Katsovich L, King RA, Lombroso PJ, Grantz H,
et al. Tourette syndrome in youth with and without obsessive compulsive
disorder and attention deficit hyperactivity disorder. Eur Child Adolesc
Psychiatry. 2012; 21: 451-457.

Cavanna AE, Termine C. Tourette syndrome. Adv Exp Med Biol. 2012; 724:
375-383.

. Scahill L, Bitsko RH. Prevalence of diagnosed Tourette syndrome in persons

aged 6-17 years in United States. CDC Control. Morb Mortal Wkly Rep. 2009;
58: 581-585.

Robertson MM. The prevalence and epidemiology of Gilles de la Tourette
syndrome. Part 1: The epidemiological and prevalence studies. J Psychosom
Res. 2008; 65: 461-472.

. Leckman JF, Riddle MA, Hardin MT, Ort SI, Swartz KL, Stevenson J, et al.

The Yale Global Tic Severity Scale (YGTSS): Initial testing of a clinician-rated
scale of tic severity. J Am Acad Child Adolesc Psychiatry. 1989; 28: 566-573.

Tanner CM, Goetz CG, Klawans HL. Cholinergic mechanisms in Tourette
syndrome. Neurology. 1982; 32: 1315-1317.

Leckman JF, Zhang H, Vitale A, Lahnin F, Lynch K, Bondi C, et al. Course
of tic severity in Tourette syndrome: the first two decades. Pediatrics. 1998;
102: 14-19.

Bloch MH, Peterson BS, Scahill L, Otka J, Katsovich L, Zhang H, et al.
Adulthood outcome of tic and obsessive-compulsive symptom severity in
children with Tourette syndrome. Arch Pediatr Adolesc Med. 2006; 160: 65-
69.

Eddy CM, Cavanna AE. On being your own worst enemy: an investigation
of socially inappropriate symptoms in Tourette syndrome. J Psychiatr Res.
2013; 47: 1259-1263.

Martino D, Cavanna AE, Robertson MM, Orth M. Prevalence and
phenomenology of eye tics in Gilles de la Tourette syndrome. J Neurol. 2012;
259: 2137-2140.

. Catafau AM, Kulisevsky J, Berna L, Pujol J, Martin JC, Otermin P, et al.

Relationship between cerebral perfusion in frontal-limbic-basal ganglia
circuits and neuropsychologic impairment in patients with subclinical hepatic
encephalopathy. J Nucl Med. 2000; 41: 405-410.

. Peterson BS, Thomas P, Kane MJ, Scahill L, Zhang H, Bronen, et al. Basal

ganglia volumes in patients with Gilles de la Tourette syndrome. Arch Gen
Psychiatry. 2003; 60: 415-424.

Prado HDS, Do Rosario MC, Shavitt RG, Miguel EC. Sensory phenomena,
“just-right” and “not just-right” experiences in OCD patients: Looking for a
consensus. CNS Spectrums. 2007; 12: 95-96.

. Belluscio BA, Tinaz S, Hallett M. Similarities and differences between normal

urges and the urge to tic. Cog Neurosci. 2011; 2: 245-246.

Bliss J. Sensory experiences of Gilles de la Tourette syndrome. J Arch Gen
Psychiatry. 1980; 37: 1343-1347.

Leckman JF, Walker DE, Cohen DJ. Premonitory urges in Tourette’s
syndrome. Am J Psych. 1993; 150: 98-102.

Conelea CA, Woods DW. Examining the impact of distraction on tic
suppression in children and adolescents with Tourette syndrome. Behav Res
Ther. 2008; 46: 1193-1200.

.Woods DW, Watson TS, Wolfe E, Twohig MP, Friman PC. Analyzing the

influence of tic-related talk on vocal and motor tics in children with Tourette’s
syndrome. J Appl Behav Anal. 2001; 34: 353-356.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Mult Scler & Neuroimmunol 3(2): id1029 (2016) - Page - 04


https://www.ncbi.nlm.nih.gov/pubmed/8660160
https://www.ncbi.nlm.nih.gov/pubmed/8660160
https://www.ncbi.nlm.nih.gov/pubmed/8660160
http://www.neurologic.theclinics.com/article/S0733-8619(05)70311-X/abstract
http://www.neurologic.theclinics.com/article/S0733-8619(05)70311-X/abstract
https://www.ncbi.nlm.nih.gov/pubmed/1517194
https://www.ncbi.nlm.nih.gov/pubmed/1517194
https://www.ncbi.nlm.nih.gov/pubmed/19183216
https://www.ncbi.nlm.nih.gov/pubmed/19183216
https://www.ncbi.nlm.nih.gov/pubmed/19183216
https://www.ncbi.nlm.nih.gov/pubmed/16970872
https://www.ncbi.nlm.nih.gov/pubmed/16970872
https://www.ncbi.nlm.nih.gov/pubmed/16970872
https://www.ncbi.nlm.nih.gov/pubmed/10750547
https://www.ncbi.nlm.nih.gov/pubmed/10750547
https://www.ncbi.nlm.nih.gov/pubmed/10750547
https://www.ncbi.nlm.nih.gov/pubmed/10750547
https://www.ncbi.nlm.nih.gov/pubmed/12443611
https://www.ncbi.nlm.nih.gov/pubmed/22543961
https://www.ncbi.nlm.nih.gov/pubmed/22543961
https://www.ncbi.nlm.nih.gov/pubmed/22543961
https://www.ncbi.nlm.nih.gov/pubmed/22543961
https://www.ncbi.nlm.nih.gov/pubmed/22411257
https://www.ncbi.nlm.nih.gov/pubmed/22411257
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5821a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5821a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5821a1.htm
https://www.ncbi.nlm.nih.gov/pubmed/18940377
https://www.ncbi.nlm.nih.gov/pubmed/18940377
https://www.ncbi.nlm.nih.gov/pubmed/18940377
https://www.ncbi.nlm.nih.gov/pubmed/2768151
https://www.ncbi.nlm.nih.gov/pubmed/2768151
https://www.ncbi.nlm.nih.gov/pubmed/2768151
https://www.ncbi.nlm.nih.gov/pubmed/6957735
https://www.ncbi.nlm.nih.gov/pubmed/6957735
https://www.ncbi.nlm.nih.gov/pubmed/9651407
https://www.ncbi.nlm.nih.gov/pubmed/9651407
https://www.ncbi.nlm.nih.gov/pubmed/9651407
https://www.ncbi.nlm.nih.gov/pubmed/16389213
https://www.ncbi.nlm.nih.gov/pubmed/16389213
https://www.ncbi.nlm.nih.gov/pubmed/16389213
https://www.ncbi.nlm.nih.gov/pubmed/16389213
https://www.ncbi.nlm.nih.gov/pubmed/23768869
https://www.ncbi.nlm.nih.gov/pubmed/23768869
https://www.ncbi.nlm.nih.gov/pubmed/23768869
https://www.ncbi.nlm.nih.gov/pubmed/22434162
https://www.ncbi.nlm.nih.gov/pubmed/22434162
https://www.ncbi.nlm.nih.gov/pubmed/22434162
https://www.ncbi.nlm.nih.gov/pubmed/10716310
https://www.ncbi.nlm.nih.gov/pubmed/10716310
https://www.ncbi.nlm.nih.gov/pubmed/10716310
https://www.ncbi.nlm.nih.gov/pubmed/10716310
https://www.ncbi.nlm.nih.gov/pubmed/12695320
https://www.ncbi.nlm.nih.gov/pubmed/12695320
https://www.ncbi.nlm.nih.gov/pubmed/12695320
https://www.ncbi.nlm.nih.gov/pubmed/17375447
https://www.ncbi.nlm.nih.gov/pubmed/17375447
https://www.ncbi.nlm.nih.gov/pubmed/17375447
https://www.ncbi.nlm.nih.gov/pubmed/24168545
https://www.ncbi.nlm.nih.gov/pubmed/24168545
https://www.ncbi.nlm.nih.gov/pubmed/6934713
https://www.ncbi.nlm.nih.gov/pubmed/6934713
https://www.ncbi.nlm.nih.gov/pubmed/8417589
https://www.ncbi.nlm.nih.gov/pubmed/8417589
https://www.ncbi.nlm.nih.gov/pubmed/18774126
https://www.ncbi.nlm.nih.gov/pubmed/18774126
https://www.ncbi.nlm.nih.gov/pubmed/18774126
https://www.ncbi.nlm.nih.gov/pubmed/11678533
https://www.ncbi.nlm.nih.gov/pubmed/11678533
https://www.ncbi.nlm.nih.gov/pubmed/11678533

Rodrigo L

Austin Publishing Group

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Himle MB, Woods DW. An experimental evaluation of tic suppression and the
tic rebound effect. Behav Res Ther. 2005; 43: 1443-1451.

Coffey BJ, Park KS. Behavioral and emotional aspects of Tourette syndrome.
Neurol Clin. 1997; 15: 277-289.

Wright A, Rickards H, Cavanna E. Impulse-control disorders in Gilles de la
Tourette syndrome. J Neurop Clin Neurosci. 2012; 24: 16-27.

Arnoni JM, Conti RP. Neuropsychiatric features of celiac disease. Int J Cell
Dis. 2015; 3: 77-83.

Rodrigo L, Huerta M, Salas-Puig J. Tourette syndrome and non-celiac gluten
sensitivity. Clinical remission with a gluten-free diet. A description case. J
Sleep Dis Ther. 2015; 4: 1.

Leckman JF, Grice DE, Barr LC, de Vries AL, Martin C, Cohen DJ, et al.
Tic-related vs. non-tic-related obsessive compulsive disorder. Anxiety. 1994;
1: 208-215.

Khalifa N, von Knorring AL. Prevalence of tic disorders and Tourette syndrome
in a Swedish school population. Dev Med Child Neurol. 2003; 45: 315-319.

Hounie AG, do Rosario-Campos MC, Diniz JB, Shavitt RG, Ferréo YA, Lopes
AC, et al. Obsessive-compulsive disorder in Tourette syndrome. Adv Neurol.
2006; 99: 22-38.

Eapen V, Cavanna AE, Robertson MM. Comorbidities, social impact, and
quality of life in Tourette syndrome. Front Psychiatry. 2016; 7: 97.

Bloch MH, Peterson BS, Scahill L, Otka J, Katsovich L, Zhang H, et al.
Adulthood outcome of tic and obsessive-compulsive symptom severity in
children with Tourette syndrome. Arch Pediatr Adolesc Med. 2006; 160: 65-
69.

Hirschtritt ME, Dy ME, Yang KG, Scharf JM. Child Neurology: Diagnosis and
treatment of Tourette syndrome. Neurology. 2016; 87: 65-67.

Lewin AB, Chang S, McCracken J, McQueen M, Piacentini J. Comparison
of clinical features among youth with tic disorders, obsessive compulsive
disorder (OCD), and both conditions. Psychiatry Res. 2010; 178: 317-322.

Khalifa N, von Knorring AL. Tourette syndrome and other tic disorders in
a total population of children: clinical assessment and background. Acta
Paediatr. 2005; 94: 1608-1614.

O’Hare D, Helmes E, Reece J, Eapen V, McBain K. The Differential Impact
of Tourette’s Syndrome and Comorbid Diagnosis on the Quality of Life
and Functioning of Diagnosed Children and Adolescents. J Child Adolesc
Psychiatr Nurs. 2016; 29: 30-36.

Sukhodolsky DG, Scahill L, Zhang H, Peterson BS, King RA, Lombroso PJ, et
al. Disruptive behavior in children with Tourette’s syndrome: association with
ADHD comorbidity, tic severity, and functional impairment. J Am Acad Child
Adolesc Psychiatry. 2003; 42: 98-105.

Bawden HN, Stokes A, Camfield CS, Camfield PR, Salisbury S. Peer
relationship problems in children with Tourette’s disorder or diabetes mellitus.
J Child Psychol Psychiatry. 1998; 39: 663-668.

Pliszka S. Practice parameter for the assessment and treatment of children
and adolescents with attention-deficit/hyperactivity disorder. J Am Acad Child
Adolesc Psychiatry. 2007; 46: 894-921.

Mol Debes NM, Hjalgrim H, Skov L. Validation of the presence of comorbidities
in a Danish clinical cohort of children with Tourette syndrome. J Child Neurol.
2008; 23: 1017-1027.

Mathews CA, Waller J, Glidden D, Lowe TL, Herrera LD, Budman CL, et al.
Self injurious behaviour in Tourette syndrome: correlates with impulsivity and
impulse control. J Neurol Neurosurg Psychiatry. 2004; 75: 1149-1155.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

Tremblay L, Worbe Y, Thobois S, Sgambato-Faure V, Féger J. Selective
dysfunction of basal ganglia subterritories: From movement to behavioral
disorders. Mov Disord. 2015; 30: 1155-1170.

Freeman RD. Tic disorders and ADHD: answers from a world-wide clinical
dataset on Tourette syndrome. Eur Child Adolesc Psychiatry. 2007; 16: 15-
23.

Cooper BT, Holmes GK, Ferguson R, Thompson R, Cooke WT. Proceedings:
chronic diarrhea and gluten sensitivity. 1976; 17: 398.

Cooper BT, Holmes GK, Ferguson R, Thompson RA, Allan RN, Cooke
WT. Gluten-sensitive diarrhea without evidence of celiac disease.
Gastroenterology. 1980; 79: 801-806.

Sapone A, Bai JC, Ciacci C, Dolinsek J, Green PH, Hadjivassiliou M, et al.
Spectrum of gluten-related disorders: consensus on new nomenclature and
classification. BMC Med. 2012; 7: 13.

Catassi C, Bai JC, Bonaz B, Bouma G, Calabro A, Carroccio A, et al.
Nonceliac gluten sensitivity: the new frontier of gluten related disorders.
Nutrients. 2013; 5: 3839-3853.

. Tanpowpong P, Broder-Fingert S, Katz AJ, Camargo CA Jr. Predictors of

gluten avoidance and implementation of a gluten-free diet in children and
adolescents without confirmed celiac disease. J Pediatr. 2012; 161: 471-475.

Tanpowpong P, Ingham TR, Lampshire PK, Kirchberg FF, Epton MJ, Crane
J, et al. New Zealand Asthma and Allergy Cohort Study Group. Coeliac
disease and gluten avoidance in New Zealand children. Arch Dis. Child.
2012; 97: 12-16.

Green PH, Alaedini A, Sander HW, Latov N, Chin RL. Mechanisms underlying
celiac disease and its neurologic manifestations. Cell Mol Life Sci. 2005; 62:
791-799.

Bushara KO. Neurologic presentation of celiac disease. Gastroenterology.
2005; 128: 92-97.

Kalaydjian AE, Eaton W, Cascella N, Fasano A. The gluten connection:
the association between schizophrenia and celiac disease. Acta Psychiatr
Scand. 2006; 113: 82-90.

Ruuskanen A, Luostarinen L, Collin P, Krekeld |, Patrikainen H, Tillonen
J, et al. Persistently positive gliadin antibodies without transglutaminase
antibodies in the elderly: gluten intolerance beyond coeliac disease. Dig Liver
Dis. 2011; 43: 772-778.

Thompson WG, Longstreth GF, Drossman DA, Heaton KW, Irvine EJ, Miller-
Lissner SA. Functional bowel disorders and functional abdominal pain. Gut.
1999; 45: 43-47.

Biesiekierski JR, Newnham ED, Irving PM, Barrett JS, Haines M, Doecke
JD, et al. Gluten causes gastrointestinal symptoms in subjects without
celiac disease: a double-blind randomized placebo-controlled trial. Am J
Gastroenterol. 2011; 106: 508-514.

Ladabaum U, Boyd E, Zhao WK, Mannalithara A, Sharabidze A, Singh G, et
al. Diagnosis, comorbidities, and management of irritable bowel syndrome
in patients in a large health maintenance organization. Clin Gastroenterol
Hepatol. 2012; 10: 37-45.

Bethune MT, Borda JT, Ribka E, Liu MX, Phillippi-Falkenstein K, Jandacek
RJ, et al. A non-human primate model for gluten sensitivity. PLoS One. 2008;
3:1614.

Austin J Mult Scler & Neuroimmunol - Volume 3 Issue 2 - 2016
Submit your Manuscript | www.austinpublishinggroup.com

Rodrigo. © All rights are reserved

Submit your Manuseript | www.austinpublishinggroup.com

Citation: Rodrigo L. Tourette Syndrome and Non-Celiac Gluten Sensitivity: Are They Related?: A Clinical
Review. Austin J Mult Scler & Neuroimmunol. 2016; 3(2): 1029.

Austin J Mult Scler & Neuroimmunol 3(2): id1029 (2016) - Page - 05


https://www.ncbi.nlm.nih.gov/pubmed/16159587
https://www.ncbi.nlm.nih.gov/pubmed/16159587
https://www.ncbi.nlm.nih.gov/pubmed/9115461
https://www.ncbi.nlm.nih.gov/pubmed/9115461
https://www.ncbi.nlm.nih.gov/pubmed/22450610
https://www.ncbi.nlm.nih.gov/pubmed/22450610
http://pubs.sciepub.com/ijcd/3/3/7/
http://pubs.sciepub.com/ijcd/3/3/7/
http://www.omicsgroup.org/journals/tourette-syndrome-and-noncoeliac-gluten-sensitivity-clinical-remission-with-a-glutenfree-diet-a-description-case-2167-0277.1000183.php?aid=34871
http://www.omicsgroup.org/journals/tourette-syndrome-and-noncoeliac-gluten-sensitivity-clinical-remission-with-a-glutenfree-diet-a-description-case-2167-0277.1000183.php?aid=34871
http://www.omicsgroup.org/journals/tourette-syndrome-and-noncoeliac-gluten-sensitivity-clinical-remission-with-a-glutenfree-diet-a-description-case-2167-0277.1000183.php?aid=34871
https://www.ncbi.nlm.nih.gov/pubmed/9160576
https://www.ncbi.nlm.nih.gov/pubmed/9160576
https://www.ncbi.nlm.nih.gov/pubmed/9160576
https://www.ncbi.nlm.nih.gov/pubmed/12729145
https://www.ncbi.nlm.nih.gov/pubmed/12729145
https://www.ncbi.nlm.nih.gov/pubmed/16970872
https://www.ncbi.nlm.nih.gov/pubmed/16970872
https://www.ncbi.nlm.nih.gov/pubmed/16970872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4893483/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4893483/
https://www.ncbi.nlm.nih.gov/pubmed/16389213
https://www.ncbi.nlm.nih.gov/pubmed/16389213
https://www.ncbi.nlm.nih.gov/pubmed/16389213
https://www.ncbi.nlm.nih.gov/pubmed/16389213
https://www.ncbi.nlm.nih.gov/pubmed/27527544
https://www.ncbi.nlm.nih.gov/pubmed/27527544
https://www.ncbi.nlm.nih.gov/pubmed/20488548
https://www.ncbi.nlm.nih.gov/pubmed/20488548
https://www.ncbi.nlm.nih.gov/pubmed/20488548
https://www.ncbi.nlm.nih.gov/pubmed/16352498
https://www.ncbi.nlm.nih.gov/pubmed/16352498
https://www.ncbi.nlm.nih.gov/pubmed/16352498
http://onlinelibrary.wiley.com/doi/10.1111/jcap.12132/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jcap.12132/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jcap.12132/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jcap.12132/abstract
https://www.ncbi.nlm.nih.gov/pubmed/12500082
https://www.ncbi.nlm.nih.gov/pubmed/12500082
https://www.ncbi.nlm.nih.gov/pubmed/12500082
https://www.ncbi.nlm.nih.gov/pubmed/12500082
https://www.ncbi.nlm.nih.gov/pubmed/9690930
https://www.ncbi.nlm.nih.gov/pubmed/9690930
https://www.ncbi.nlm.nih.gov/pubmed/9690930
https://www.ncbi.nlm.nih.gov/pubmed/17581453
https://www.ncbi.nlm.nih.gov/pubmed/17581453
https://www.ncbi.nlm.nih.gov/pubmed/17581453
https://www.ncbi.nlm.nih.gov/pubmed/18827268
https://www.ncbi.nlm.nih.gov/pubmed/18827268
https://www.ncbi.nlm.nih.gov/pubmed/18827268
https://www.ncbi.nlm.nih.gov/pubmed/15258218
https://www.ncbi.nlm.nih.gov/pubmed/15258218
https://www.ncbi.nlm.nih.gov/pubmed/15258218
https://www.ncbi.nlm.nih.gov/pubmed/25772380
https://www.ncbi.nlm.nih.gov/pubmed/25772380
https://www.ncbi.nlm.nih.gov/pubmed/25772380
https://www.ncbi.nlm.nih.gov/pubmed/17665279
https://www.ncbi.nlm.nih.gov/pubmed/17665279
https://www.ncbi.nlm.nih.gov/pubmed/17665279
https://www.ncbi.nlm.nih.gov/pubmed/1278762
https://www.ncbi.nlm.nih.gov/pubmed/1278762
https://www.ncbi.nlm.nih.gov/pubmed/7419003
https://www.ncbi.nlm.nih.gov/pubmed/7419003
https://www.ncbi.nlm.nih.gov/pubmed/7419003
https://www.ncbi.nlm.nih.gov/pubmed/22313950
https://www.ncbi.nlm.nih.gov/pubmed/22313950
https://www.ncbi.nlm.nih.gov/pubmed/22313950
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3820047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3820047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3820047/
https://www.ncbi.nlm.nih.gov/pubmed/22484356
https://www.ncbi.nlm.nih.gov/pubmed/22484356
https://www.ncbi.nlm.nih.gov/pubmed/22484356
https://www.ncbi.nlm.nih.gov/pubmed/22075107
https://www.ncbi.nlm.nih.gov/pubmed/22075107
https://www.ncbi.nlm.nih.gov/pubmed/22075107
https://www.ncbi.nlm.nih.gov/pubmed/22075107
https://www.ncbi.nlm.nih.gov/pubmed/15868404
https://www.ncbi.nlm.nih.gov/pubmed/15868404
https://www.ncbi.nlm.nih.gov/pubmed/15868404
https://www.ncbi.nlm.nih.gov/pubmed/15825133
https://www.ncbi.nlm.nih.gov/pubmed/15825133
https://www.ncbi.nlm.nih.gov/pubmed/16423158
https://www.ncbi.nlm.nih.gov/pubmed/16423158
https://www.ncbi.nlm.nih.gov/pubmed/16423158
https://www.ncbi.nlm.nih.gov/pubmed/21641886
https://www.ncbi.nlm.nih.gov/pubmed/21641886
https://www.ncbi.nlm.nih.gov/pubmed/21641886
https://www.ncbi.nlm.nih.gov/pubmed/21641886
http://gut.bmj.com/content/45/suppl_2/II43.full
http://gut.bmj.com/content/45/suppl_2/II43.full
http://gut.bmj.com/content/45/suppl_2/II43.full
https://www.ncbi.nlm.nih.gov/pubmed/21224837
https://www.ncbi.nlm.nih.gov/pubmed/21224837
https://www.ncbi.nlm.nih.gov/pubmed/21224837
https://www.ncbi.nlm.nih.gov/pubmed/21224837
https://www.ncbi.nlm.nih.gov/pubmed/21871250
https://www.ncbi.nlm.nih.gov/pubmed/21871250
https://www.ncbi.nlm.nih.gov/pubmed/21871250
https://www.ncbi.nlm.nih.gov/pubmed/21871250
https://www.ncbi.nlm.nih.gov/pubmed/18286171
https://www.ncbi.nlm.nih.gov/pubmed/18286171
https://www.ncbi.nlm.nih.gov/pubmed/18286171

	Title
	Abstract
	Introduction
	Characteristics of tics
	Evolution of tics 
	Sensorial phenomena associated with tics
	Related aggravating and attenuating factors
	Associated comorbidities
	Obsessive-Compulsive Disorders (OCDs)
	Disorders related to the presence of Attention Deficit Hyperactivity Disorder (ADHD)
	Outbursts of anger and self-harm
	Non-Celiac Gluten Sensitivity (NCGS)

	References

