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Abstract Bidirectional overlap between attention-deficit/hyper-
activity disorder (ADHD) and tic disorders has long been de-
scribed. Twenty percent of individuals with ADHD may meet
diagnostic criteria for a tic disorder, and more than 60 % of chil-
dren ages 6–17 with Tourette’s disorder (TD) in the community
had also been diagnosed with ADHD/ADD. While comorbid
presentation of ADHD and tic disorders is firmly established,
underlying genetic and pathophysiologic mechanisms need addi-
tional investigation. Inhibition is a core deficit in both ADHD and
tic disorders, and research suggests a diffuse process in the brain
involving corticostriatothalamicortical (CSTC) pathways in the
basal ganglia, striatum, and frontal lobes. The complex presenta-
tion of these patients requires comprehensive evaluation and pri-
oritization of treatment goals. Most studies indicate that ADHD
places a greater burden on patients than do tics. Optimal patient
outcomesmay depend onmanagement of bothADHD symptoms
and tics when they co-occur. Research in the past decade has
shown that these conditions can be safely treated simultaneously.
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Introduction

Bidirectional Overlap

Bidirectional overlap between attention-deficit/hyperactivity dis-
order (ADHD) and tic disorders has long been described. Both
ADHD and tic disorders are among the neurodevelopmental
disorders of symptom onset before age 18 years. ADHD is char-
acterized by a persistent pattern of inattention and/or
hyperactivity-impulsivity that interferes with functioning or de-
velopment with onset before age 12 years. Comorbid psychiatric
disorders are very frequent with ADHD, including other disrup-
tive behavior disorders, such as oppositional defiant disorder and
conduct disorder, mood, and anxiety disorders. Approximately
20–30 % of patients with ADHD meet criteria for a tic disorder,
and ADHD co-occurs in more than 60 % of children with TD
ages 6–17 [1]. One population-based study of school age chil-
dren found comorbid psychiatric disorders in 92 % of the chil-
dren with TD; ADHD was the most frequent co-occurring con-
dition [2]. As many as half of clinically referred TD patients
show signs of ADHD prior to onset of tics, usually preceding
the onset of tics by 2 to 3 years [1, 3].

To further complicate the clinical phenomenology of TD
and ADHD, 20 to 60 % of TD patients meet full criteria for
obsessive compulsive disorder (OCD) [4]. OCD symptoms
typically emerge at about age 11 to 12 years, after tics have
been present for some time. Some studies have reported that as
tics improve in early adolescence, OCD symptoms may inten-
sify and often persist. In addition to ADHD and OCD,
oppositional defiant disorder, mood disorders, and other
non-OCD anxiety disorders have been reported in indi-
viduals with TD [4].

Co-occurring disorders confer a more difficult clinical
course and outcome [5]. ADHD and OCD often interfere
more with overall functioning than do tics. Co-occurring TD
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and ADHD often are associated with academic and peer prob-
lems, family conflict, and disruptive behavior. It has been
clearly demonstrated that comorbid ADHD and/or OCD leads
to greater disability than tic disorders alone [6–10].

Neurobiology

Given the bidirectional overlap in clinical presentation, it is
not surprising that common core symptomatology and puta-
tive etiology/pathophysiology have been suggested. Inhibition
is a core deficit in both ADHD and tic disorders. Research
suggests a diffuse process in the brain involving
corticostriatothalamicortical (CSTC) pathways in the basal
ganglia, striatum, and frontal lobes with dysregulation involv-
ing multiple neurotransmitters. Executive function abnormal-
ities in both are thought to result from fronto-striatal and
fronto-parietal network dysfunction. Basal ganglia disinhibi-
tion may be intensified by frontal hypoactivity in ADHD.
Increased myelination over time may be associated with im-
provement of tic and ADHD symptoms.Midbrain dopaminer-
gic neurons play a key role in motor control and attentional
processes through direct connections to the striatum and cor-
tex, respectively. Dopaminergic pathways and dysregulation
play a central role in both tic disorders and ADHD. Higher
levels of dopaminergic innervation of the striatum in patients
with TD in contrast to healthy controls in single photon emis-
sion computed tomography (SPECT) studies have been re-
ported [11]. TD patients have been reported to release more
dopamine in response to amphetamine at dopaminergic syn-
apses than healthy controls. Additionally, dopamine-releasing
drugs, such as stimulants, may precipitate or exacerbate tics.

Peterson and colleagues reported increased overall hippo-
campus and amygdala volumes and a decline in volume with
age in children and adults with TD compared to healthy con-
trols. In the TD patients, volumes were correlated inversely
with tic, OCD, and ADHD severity. These subregions may
play a neuromodulatory and compensatory role with tic,
OCD, and ADHD symptoms [12]. In addition, cerebral
hyperintensities on T2-weighted magnetic resonance imaging
suggestive of neuroinflammatory or neurodegenerative pro-
cesses have been detected at increased rates in youth with
TD, OCD, or ADHD in subcortical regions (primarily basal
ganglia and thalamus). This finding supports a role of subcor-
tical damage and dysfunction in the pathophysiology of these
conditions [13].

Both ADHD and TD are conceptualized as inherited
neurodevelopmental conditions. Twin studies show 50–90 %
concordance for tic disorders in monozygotic pairs, in contrast
to about 20% concordance among dizygotic twins [14]. Other
studies have confirmed a higher percentage of tic disorders in
first-degree relatives of TD patients than those of normal con-
trols. Current understanding of TD suggests multiple suscep-
tibility genes; however, a recent GWAS study reported by the

Tourette Syndrome Association International Consortium for
Genetics reported that no genes reached threshold significance
[15]. Although the underlying molecular-genetic foundation
for ADHD has not been elucidated, family, twin, and adoption
studies suggest a strong genetic component. Candidate gene
associations of minor effect size have been replicated across a
number of genes including SLC6A3, DRD5, DRD4,
SLC6A4, LPHN3, SNAP-25, HTR1B, NOS1, and GIT1
[16]. A recent study reported that the KCNJ5 gene is associ-
ated with both ADHD and TD [17].

In addition, environmental factors may contribute to the
pathophysiology and clinical manifestations of both TD and
ADHD. Prenatal and perinatal risk factors implicated in both
ADHD and TD include alcohol use and smoking during preg-
nancy, prematurity, and low birth weight [18••]. One study
reported that children with both ADHD and TD had greater
likelihood of low birth weight, prematurity, breathing prob-
lems, and maternal smoking compared to children with TD
only [19]. In a retrospective study, Motlagh and coworkers
compared heavy maternal smoking and severe psychosocial
stress during pregnancy in youth with TD alone, ADHD
alone, TD plus ADHD, or neither. All clinical groups demon-
strated higher rates of heavy maternal smoking and severe
psychosocial stress during pregnancy than controls, but the
difference was statistically significant only for the ADHD
alone group [20].

Course and Outcome

Practitioners often find it challenging to disentangle symp-
toms and impact of ADHD from tics in the phenomenology
and clinical presentation of patients with this comorbid pic-
ture. For example, it is not entirely clear whether children with
comorbid Tourette’s disorder and ADHD have two separate
disorders or one complex syndrome with features of both.
Course and outcome of ADHD and tic disorders have similar-
ities and differences. ADHD symptoms typically onset before
tics, in the preschool or early school age period, and tend to
persist in the long run. Tics typically onset in the early school
age period, and frequently attenuate or remit later in adoles-
cence. In children and adults with ADHD, comorbid tic dis-
orders do not appear to significantly impact outcome, as
ADHD is typically the more impairing disorder. Spencer and
colleagues, in a study of 128 boys with ADHD and 110
healthy controls followed over 4 years, reported that 34 % of
youth with ADHD had or developed tics; while the remission
rate for tics was 65 %, in contrast, the remission rate for
ADHD was only 20 %. The tic remission rate was indepen-
dent of ADHD, and tic disorders did not significantly impact
the course of ADHD [21]. Additionally, in a similar study of
adults, those with ADHD had higher lifetime rates of tic dis-
orders than controls, and the tics did not impact the course of
ADHD [22].
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However, when evaluated from the perspective of TD pa-
tients with ADHD, evidence suggests that ADHD confers a
more difficult clinical course and outcome than for those with
TD alone [23]. Co-occurring TD and ADHD in children are
often associated with academic problems, peer and family
conflicts, and disruptive behavior. It has been clearly demon-
strated that comorbid ADHD and/or OCD leads to greater
disability than tic disorders alone [6–10]. Data from the
Tourette Syndrome International Database Consortium of
more than 6000 cases indicated that TD plus ADHD was
associated with an earlier TD diagnosis, and a much higher
rate of anger control problems and oppositional defiant disor-
der, sleep difficulties, learning disability, mood disorders, so-
cial skills deficits, sexually inappropriate behavior, and self-
injurious behavior than TD alone [24]. In another study, parent
ratings of aggression and delinquent behavior and teacher rat-
ings of conduct problems were elevated in those with ADHD
alone and those with ADHD and TD [8]. Rizzo and colleagues
compared behavioral phenotypes in four groups of 80 youth
ages 6–16 years: TD alone, ADHD alone, TD+ADHD, and
controls. Results indicated that all clinical groups differed sig-
nificantly from controls, and ADHD with or without TD was
associated with more behavioral problems and lower IQ.
Those with TD alone did not differ from controls in behavioral
ratings or IQ [25]. Similarly, in a study of 80 adults with TD
with or without ADHD, those with ADHD had significantly
more depression, anxiety, OCD, and behavioral problems than
those without ADHD [26]. Carter and coinvestigators found
that children with TD and ADHD experienced more emotion-
al and behavioral problems and more difficulty with social
adaption than control subjects and those with TD alone [27].
Other research examining the impact of tics on the course and
prognosis of ADHD [28, 29] demonstrated that co-occurrence
of these disorders leads to a more complicated course and
outcome.

Gorman and colleagues examined psychosocial function-
ing in late adolescents with TD compared to age-matched
peers. Compared with controls, those with TD had higher
rates of ADHD, depression, learning, and conduct disorders.
TD subjects had poorer psychosocial outcomes, which were
associated with greater ADHD, OCD, and tic severity [23].
These findings are supported by numerous studies [30].

Older patients with TD and comorbid disorders are also
reported to experience a more severe course. Adults with TD
and ADHD have been reported to experience significantly
more depression, anxiety, obsessive-compulsive symp-
toms, and maladaptive behaviors than adults with TD
only [26].

Evaluation

Onset of ADHD symptoms, typically in preschool or the early
school age period, usually precedes onset of tics which

typically occurs at around age 6–7 years. Especially if hyper-
activity and impulsivity are present, tics may be overlooked
during clinical evaluation. Diagnosis is based on a detailed
history of ADHD and tic symptoms. Tics may be suppressed
during initial evaluation. For the most part, neurological, lab-
oratory, and neuroimaging findings are within normal limits.
Baseline laboratory examination, including complete blood
count (CBC), thyroid function tests comprehensive metabolic
and lipid panel, and urine toxicology screen, is helpful in the
evaluation process to rule out possible underlying medical
conditions or substance abuse.

Careful history, physical examination, and review of med-
ical, psychological, and educational records are necessary. A
meticulous history of the onset and course of tics should be
taken, including response to previous treatments. Use of stan-
dardized rating scales such as the Yale Global Tic Severity
Scale (YGTSS) for quantitative assessment of tics is helpful
in determination of the treatment approach. Domains of inqui-
ry include tic number, frequency, intensity, complexity and
interference, and an overall assessment of tic-related impair-
ment [27].

Psychiatric assessment of patients with ADHD and tics
should include systematic review of comorbid disorders, in-
cluding obsessive compulsive disorder (OCD), anxiety, and
mood disorders. The Achenbach Child Behavior Checklist
(CBCL), Swanson, Nelson and Pelham (SNAP-IV), Chil-
dren’s Yale-Brown Obsessive-Compulsive Scale (CYBOCS),
Multidimensional Anxiety Scale (MASC), and Children’s De-
pression Rating Scale (CDRS) are considered gold standard
quantitative assessments [28–32].

Treatment

Treatment of ADHD and tic disorders is based on comprehen-
sive evaluation of the impact of tics, in the context of ADHD,
on social, emotional, family, and academic/occupational func-
tioning. Specific practice guidelines for treatment of ADHD
and treatment of tic disorders have been developed by the
American Academy of Child and Adolescent Psychiatry [33,
34•]. In general, ADHD is more likely to be associated with
both short-term and, left untreated, longer-term problems for
patients. Many children with ADHD and tics will experience
attenuation or remission of their tics as they grow older. If tics
are not causing significant distress or impairment, treatment of
tics themselves may not be necessary. Mild to moderate tics
may only require support and monitoring. Treatment is indi-
cated when tics cause distress or impairment.

The first step of treatment is psychoeducation. Clarification
that the tics are involuntary is critical. Advocacy for an opti-
mal school/occupational environment is often necessary. Sup-
port groups, such as the Tourette Association of America
(http://www.tsa-usa.org), are a valuable resource.
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Pharmacotherapy

Pharmacotherapy is tailored to the specific needs of each pa-
tient. Evaluation of the impact of both ADHD and tics on the
patient’s overall functioning and quality of life is essential.
ADHD symptoms are usually more impairing than tics, and
treatment should target the most impairing symptoms first.
When tics are treated, the goal of intervention is not elimina-
tion, but relief of tic-related impairment and/or distress, and
management of tics that allows the patient to function as nor-
mally as possible.

Stimulants

Stimulants have a large and longstanding database supporting
their efficacy in youth and adults with ADHD [35]. That said,
the use of stimulants for ADHD symptoms in tic disorder
patients has been controversial in the past. FDA recommen-
dations still caution against their use in individuals with tics
since publication of a persuasive case series in the early
1980s [36]. However, data has accumulated over the last
two decades, demonstrating that stimulants are both ef-
fective and safe for ADHD symptoms in patients with
tics [37, 38].

The only head to head comparison study of methylpheni-
date and dextroamphetamine in youth with ADHD and TD
demonstrated that the majority experienced improvement
of ADHD symptoms with acceptable tic effects. High
doses of dextroamphetamine exacerbated tics in some
subjects, whereas relatively high doses of methylpheni-
date did not [39].

A contemporary and critical view is that there is no evi-
dence to suggest significant risk of onset or exacerbation of
tics during treatment with stimulants in patients with ADHD
and tics. An important confound in clinical evaluation and
treatment is that onset of tics tends to occur at the time when
children are first treated with stimulants. Indeed, some patients
may experience at least a transient increase in tics when first
started on a stimulant. In most cases, tics will return to their
previous level over time, especially if medication is
started at a low dose and titrated gradually upward.
Thus, stimulants may be used judiciously in the treat-
ment of ADHD in the context of tic disorders with
careful monitoring.

Bloch and colleagues conducted a meta-analysis of phar-
macotherapy treatment for youth with ADHD and tic disor-
ders. Methylphenidate, α-2 agonists, desipramine, and
atomoxetine were found to be effective for ADHD symptoms
with comorbid tics. Supra-therapeutic doses of dextroamphet-
amine were reported to worsen tics, but therapeutic doses did
not. There was no evidence that methylphenidate exacerbated
tics in the short term [40].

α-Adrenergic Agonists

Guanfacine and clonidine are α-adrenergic agonists and con-
sidered first line, but off label, pharmacotherapy for mild to
moderate tics in the context of ADHD; these medications are
also effective for ADHD symptoms. Low-dose α-adrenergic
agonists produce presynaptic noradrenergic effects that reduce
tics, impulsivity, hyperactivity, and inattention. Clonidine was
examined in a retrospective chart review over a 4-year period
in children with ADHD with and without tic disorders and
resulted in improvement of both ADHD and tic symptoms
in a significant majority of patients [41]. Guanfacine activates
postsynaptic prefrontal α-adrenergic cortical receptors and is
also efficacious for hyperactivity, impulsivity, and tics
[42–44].

Both medications are available in short- and long-acting
formulations. Both guanfacine and clonidine are approved
for treatment of ADHD in youth and adults. There is
established evidence for the efficacy of the short-acting α-
agonists for tic disorders and for the efficacy of long-acting
agents for ADHD, but there is not yet evidence for the efficacy
of long-acting agents for tics. Clonidine is also available in a
transdermal patch form that may be applied for up to a 1-week
period. A 4-week controlled trial in 437 youth demonstrated
that transdermal clonidine was more effective than a placebo
adhesive patch and well tolerated [45]. A recent meta-analysis
of randomized controlled trials in treatment of chronic tic dis-
orders and examination of moderators revealed a significant
moderating effect of comorbid ADHD [46••].

Adverse effects include sedation, hypotension, headache,
dry mouth, mid-sleep awakening, and dysphoria. Sedation
often dissipates over a few weeks. Hypotension is unlikely
at the low doses used, but blood pressure, heart rate, and
EKG should be monitored at baseline and follow-up. Re-
bound hypertension, anxiety, and tics are risks if medication
is abruptly discontinued.

Atomoxetine

Atomoxetine, a selective norepinephrine reuptake inhibitor,
has been evaluated in youth with ADHD and chronic tics.
Studies have reported that atomoxetine improved both ADHD
symptoms and tics in youth with ADHD and tics. Adverse
effects included tachycardia, nausea, and decreased appetite
and weight [47, 48].

Tricyclic Antidepressants

Desipramine has documented efficacy in treatment of tics in
patients with ADHD. One retrospective chart review of chil-
dren with tics and ADHD showed significant improvement of
both tics and ADHD symptoms in a majority of patients with-
out major adverse effects [49]. Spencer and colleagues in a
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controlled study found that desipramine was superior to pla-
cebo in the treatment of tics and ADHD symptoms [50]. A
controlled trial comparing clonidine and desipramine in chil-
dren with ADHD and TD demonstrated superior efficacy of
desipramine over clonidine for ADHD symptoms, and neither
exacerbated nor significantly improved tics [51]. Although
desipramine has proven efficacy, it is not considered a first-
line medication due to potential cardiovascular effects [52].
Careful cardiac monitoring is necessary.

Neuroleptics (Antipsychotics)

Although first generation neuroleptics haloperidol and
pimozide, and most recently, aripiprazole, are the only FDA-
approved medications for Tourette’s disorder, these agents are
generally only used for treatment of moderate to severe tics
unresponsive to behavioral interventions or α-adrenergic ag-
onists. The neuroleptics act through blockade of D2
(dopamine) receptors in the basal ganglia. Neuroleptics are
generally not recommended for treatment of comorbid ADHD
symptoms in the context of tic disorders, despite their frequent
use in ADHD without tic disorders, most often for their effec-
tiveness in reducing aggressive behavior [53]. When used in
patients with ADHD and tics, neuroleptics may primarily im-
pact ADHD symptoms through reduction ofmotor symptoms.

Controlled trials have demonstrated efficacy for haloperi-
dol, pimozide, and aripiprazole in tic treatment. However,
adverse effects are considerable; most problematic are the ex-
trapyramidal effects, including the potential for tardive dyski-
nesia. These medications are currently recommended only for
patients with debilitating tics.

The second-generation antipsychotics (SGA) block both
D2 receptors and 5-HT2 receptors. Studies in TD patients
have demonstrated comparable efficacy of risperidone,
pimozide, and clonidine [54]. The SGAs tend to cause fewer
extrapyramidal adverse effects compared to first-generation
neuroleptics. Common adverse effects include weight gain,
metabolic abnormalities, and fatigue. Ziprasidone, which is
typically least likely among the SGAs to be associated with
weight gain, was found to be as efficacious as risperidone for
tics in one placebo-controlled trial [55]. Because QTc prolon-
gation may occur, EKG monitoring is recommended. Most
recently, in a randomized, double blind placebo-controlled
study in 61 children ages 6–18 years, aripiprazole, a novel
SGA with partial dopamine agonist-antagonist effects was
found to be more effective than placebo in reduction of tics
[56].

Metabolic and extrapyramidal effects are common to all
neuroleptic agents. Fasting blood glucose and lipid panel are
recommended before treatment initiation, at maintenance
dose, and during regular follow-up. Weight, waist circumfer-
ence, and body mass index (BMI) should be monitored.

Education, exercise, and nutritional consultation are
recommended.

Alternatives

When established treatments are unsuccessful, alternatives
may be considered. Omega 3 fatty have shown some promise
[57, 58]. In a controlled study of pramipexole in children and
adolescents with Tourette’s disorder, in which there was no
significant difference between active drug and placebo,
ADHD positively moderated treatment response [59]. Surgi-
cal intervention, including deep brain stimulation, is another
option, but is currently recommended only for older adoles-
cents or adults with intractable and highly debilitating tics
[60].

Behavior Therapy for Tics

Comprehensive behavioral intervention for tics (CBIT), in-
cluding habit reversal training or therapy (HRT), is a specific
behavioral treatment for tics that has been shown to be as
efficacious as pharmacotherapy. Research has demonstrated
the superiority of CBIT/HRT over supportive therapy and
psychoeducation alone in treatment of tics in both youth and
adults [61, 62]. CBIT/HRT is now considered first-line treat-
ment for mild to moderate tics when intervention is war-
ranted. Treatment components include awareness training,
competing response training, relaxation training, contingen-
cy management, social support, and relapse prevention.
Teaching patients a competing response to target tics to
prevent emergence is a central feature. Studies of CBIT
in patients with tics and ADHD are needed.

Conclusion

In summary, ADHD and tic disorders commonly co-occur,
and symptoms frequently overlap and are difficult to disentan-
gle. As neurodevelopmental disorders, both ADHD and tic
disorders share common neurobiological underpinnings, phe-
nomenology, and frequent comorbidity. Course and outcome
share similarities and differences as a function of individual
clinical features and symptom complexity. A systematic ap-
proach to evaluation of children with ADHD and tic disorders
is needed to appropriately target and prioritize symptoms for
treatment. Optimal patient outcomes depend on management
of both ADHD symptoms and tics when they co-occur. Recent
research has demonstrated safe treatment of both conditions
simultaneously.
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