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Introduction

Tourette syndrome (TS) is a childhood onset neuropsy-
chiatric disorder characterized by the presence of multiple 
motor and at least one vocal tic. TS is common in school 
age children, with a prevalence close to 1%, affecting boys 
more frequently than girls [1]. Symptom severity usually 
peaks in early adolescence, with many individuals report-
ing an improvement or remission of tics in late adolescence 
[2, 3]. By adulthood, the prevalence of diagnosed TS falls 
to less than 0.1% [4].

Many individuals with TS are affected by comorbid 
conditions; of which the two most commonly reported 
and studied are Attention Deficit Hyperactivity Disorder 
(ADHD), and Obsessive Compulsive Disorder (OCD). The 
proportion of individuals affected by these comorbidities 
varies depending on sample characteristics, with studies of 
clinically referred populations reporting higher rates than 
community based samples [5]. A recent study of lifetime 
prevalence of comorbid psychiatric disorders in 1374 indi-
viduals with TS participating in genetic studies found that 
50.0% of their sample met diagnostic criteria for OCD, 
54.3% for ADHD, and 29.5% met criteria for all three dis-
orders [6].

Although the pathophysiology of tic generation is 
incompletely understood, it is postulated that aberrant 
activity within the basal ganglia and cortico-striato-
thalamocortical loops are central to the production of 
tics [7]. Similarly, models of OCD pathophysiology have 
focused on cortico-striatal circuitry, as well as involve-
ment of the orbitofrontal cortex, anterior cingulate cortex 
and amygdala [8]. Both TS and OCD are highly heritable, 
with multiple studies demonstrating familial clustering 
of both disorders and significant cross disorder risk. A 
recent population based study using the Danish national 
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health registries found that in individuals whose oldest 
sibling was diagnosed with TS or a chronic tic disorder, 
the relative recurrence risk for TS/chronic tic disorder 
was 18.63 (95% CI 15.34–22.63) and the relative recur-
rence risk for OCD was 3.98 (95% CI 2.58–6.12) [9]. 
This cross disorder risk and the overlapping phenomeno-
logical features of TS and OCD suggest that the two dis-
orders may be alternate phenotypes with a shared under-
lying genetic cause.

The comorbidity between ADHD and TS appears to 
relate to shared underlying neurobiological and patho-
physiological mechanisms rather than a common genetic 
cause. A family study of individuals with TS only, 
ADHD only, comorbid TS and ADHD, and controls 
found that the presence of TS only did not increase the 
risk of ADHD only in relatives, and conversely that the 
presence of ADHD only did not increase the risk of TS 
only in relatives [10]. Some investigators have hypoth-
esized that the overlap in ADHD and TS symptoms and 
common comorbidity suggest that these disorders are 
part of a broader neurodevelopmental illness spectrum, 
which results from processes that cause neural long-range 
underconnectivity and short-range overconnectivity that 
may share a similar environmental, or epigenetic etiology 
[11]. Reduced intracortical inhibition has been described 
in both disorders, which are significantly and inversely 
associated with symptom severity [12, 13].

Both ADHD and OCD comorbidity in individuals with 
TS have been shown in numerous studies to have major 
impacts on psychosocial function and health related qual-
ity of life [14–16]. Negative correlations between clini-
cian rated tic severity scores on the Yale Global Tic 
Severity Scale and children’s self reported quality of life 
have also been reported. Interestingly, tic severity was 
only significantly related to parent rated quality of life 
in children with low externalizing symptoms, suggesting 
that parents experience externalizing symptoms as more 
problematic and disruptive than tics [17].

There is comparatively little data on how the pres-
ence and severity of ADHD and OCD comorbidity influ-
ence tic severity and the need for treatment of tics. This 
study sought to understand how the presence, severity 
and treatment of these two common comorbidities influ-
ences tic severity and the need for treatment of tics early 
in the course of the disorder. Given the shared underlying 
genetic, neurobiological and pathophysiological mecha-
nisms between TS, OCD and ADHD, comorbidity may 
be a marker of phenotypic severity, resulting in greater 
overall symptom severity. Based on previous research, 
it was hypothesized that comorbid OCD and possibly 
ADHD would be associated with higher tic severity and 
influence the need for treatment of tics.

Methods

This study was approved by the Conjoint Health Regional 
Ethics Board of the University of Calgary. This study exam-
ined the relationship between the presence of a comorbid 
ADHD diagnosis, ADHD symptom severity, medical treat-
ment for ADHD, comorbid obsessive compulsive behaviors 
(OCBs), comorbid OCD diagnosis, OCD symptom sever-
ity, treatment for OCD, and (1) tic severity, (2) treatment 
for tics within the first two years of diagnosis.

Participants in the study were children and youth seen 
at a single specialty TS clinic over an 18-month period. To 
be eligible for the study, participants had to be less than 
18 years of age and had a legal guardian able to provide 
informed consent and historical information for the child. 
Participants had to have a tic diagnosis. The children 
were extensively clinically phenotyped for the study. All 
children and their parents underwent a structured clinical 
interview with a specialist physician to confirm the diagno-
sis of a tic disorder, assess for common comorbidities and 
rate symptom severity. The Yale Global Tic Severity Scale 
(YGTSS) and the Children’s Yale Brown Obsessive Com-
pulsive Symptom Scale (CYBOCS) were completed with 
the patient and their parent(s) by the specialist physician 
or nurse to measure the severity of tics and obsessive com-
pulsive behaviors. Both the specialist physician and nurse 
have used these instruments extensively in clinical practice 
and for research. Inter-rater reliability was not formally 
assessed for the purposes of this study. Parents completed 
the Conner’s 3 Parent Short as a measure of ADHD symp-
tom severity.

Children were classified as having one of four possible 
tic disorder diagnoses: Tourette Syndrome, Chronic Motor 
Tic Disorder, Chronic Vocal Tic Disorder, and Provisional 
Tic Disorder if symptoms had not yet been present for at 
least one year. Children were classified as having obsessive 
compulsive behaviors if they endorsed obsessions or com-
pulsions on the CYBOCS symptom checklist. Only chil-
dren having at least mild impairment or disability related to 
obsessive compulsive behaviors were classified as having 
OCD (CYBOCS score 8 or greater). Children were classi-
fied as having ADHD if they met DSM criteria for the inat-
tentive, hyperactive or combined subtype.

The YGTSS has a total tic score with a maximum score 
of 50 points, made up of a motor tic subscore and a vocal tic 
subscore (25 points each). Tic related impairment is rated 
on a scale of 0 to 50 points. The YGTSS total score there-
fore has a maximum score of 100 points, 50 points from the 
total tic score and 50 points from the tic related impairment 
score. The Children’s Yale Brown Obsessive Compulsive 
Symptom Scale has a maximum score of 40 points, with 20 
points pertaining to obsessions and 20 points pertaining to 
compulsions. The Conner’s 3 Parent Short yields age and 
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sex specific T-scores in six different domains- Inattention, 
Hyperactivity, Executive Function, Learning Problems, 
Peer Relations, and Aggression. For the purpose of this 
research, only the Inattention and Hyperactivity domains 
were evaluated.

All continuous variables were assessed for normality. It 
was determined that age and YGTSS scores were normally 
distributed while CYBOCS and Conner’s Parent Short 
T scores were not. Two sample t tests were performed to 
evaluate for differences in the YGTSS total tic score in 
individuals with and without treatment for tics within the 
first two years of symptom onset, sex, an ADHD diagnosis, 
medical treatment for ADHD, the presence of OCBs, OCD 
diagnosis, and the treatment of OCD. Correlations between 
YGTSS total tic scores and CYBOCS scores or Conner’s 
Parent Short Inattention and Hyperactivity T scores were 
measured using Spearman’s rho. Correlations between the 
YGTSS total tic scores and age were measured using the 
Pearson correlation. Analysis of covariance was used to 
assess the relationship between the YGTSS total tic score 
and age, sex, treatment for tics, ADHD diagnosis, ADHD 
treatment, the presence of OCBs, OCD diagnosis, and 
OCD treatment as independent variables. Non-significant 
variables were removed from the model and interactions 
between variables were tested to create a final model.

Odds ratios were measured for the association between 
treatment for tics within the first two years of symptom 
onset and ADHD diagnosis, medical treatment for ADHD, 
presence of OCBs, OCD diagnosis and treatment of OCD.

All statistical analyses were performed using STATA 
statistical software.

Results

There were 114 children in the sample, with a mean age 
of 10.25 years (SD 3.01, range 5–17) (Table  1). Males 
accounted for 79% of the sample. A diagnosis of Tourette 
syndrome was present in 73%, Chronic Motor Tic Disorder 
in 13%, Chronic Vocal Tic Disorder in 3% and Provisional 
Tic Disorder in 11%.

A diagnosis of comorbid ADHD was present in 39% of 
children; OCBs in 35%; and OCD in 7%. The mean total tic 
severity score on the YGTSS was 17.10 points (SD 8.78, 
range 0–43), and the mean tic plus impairment score on the 
YGTSS was 30.78 (SD 18.56, range 0–74).

Treatment for tics was required in 24 children (21%) 
within the first two years of symptom onset. Mean YGTSS 
scores were higher by 5.89 points (95% CI 2.03–9.76, 
p = 0.002) in children requiring treatment for tics than in 
those who did not.

There was no difference in YGTSS total tic scores 
between children diagnosed with versus without ADHD 

(Table  2). Children treated with medication for ADHD 
(stimulants or non-stimulants) had borderline significant 
higher total tic scores by 3.37 points (95% CI −0.13 to 
6.86, p = 0.029).

YGTSS total tic scores were significantly higher in 
children with OCBs by 4.13 points (95% CI 0.78–7.47, 
p = 0.008). There was no difference in YGTSS total tic 
scores between children diagnosed with versus without 
OCD, or between children treated versus untreated for 
OCD.

Evaluation of Spearman correlations revealed a border-
line positive correlation between the YGTSS total tic score 
and the Conners’ Parent Report Hyperactivity T-score 
(Spearman’s rho 0.227, p = 0.016). There was no correla-
tion between the YGTSS total tic score and the Conners’ 
Parent Report Inattention T-score or the Children’s Yale 
Brown Obsessions and Compulsions Scale score. Evalu-
ation of Pearson’s correlation between the YGTSS and 
age revealed a significant correlation, with an r of 0.344 
(p < 0.001).

Analysis of covariance examining the relationship 
between YGTSS total tic score and age, sex, treatment 
for tics, ADHD diagnosis, ADHD treatment, the presence 
of OCBs, OCD diagnosis, and OCD treatment revealed a 
significant relationship only with age and treatment for 
tics. The coefficient for age was 0.92 (95% CI 0.42–1.42, 
p < 0.001), and the coefficient for treatment of tics was 5.06 
(95% 1.37–8.76, p = 0.008).

There was an association between treatment for tics 
within the first 2 years of symptom onset and the diagno-
sis of ADHD, and medical treatment for ADHD (Table 3). 
Children with a comorbid ADHD diagnosis were more 
likely to be treated for their tics, with an odds ratio of 3.51 
(95% CI 1.37–8.95). Similarly, children treated medically 
for ADHD had an odds ratio of 4.60 (95% CI 1.78–11.86) 
for the treatment of tics. There was no association between 
treatment for tics within the first 2 years of symptoms onset 
and OCBs, OCD, or the treatment of OCD.

Discussion

This clinic based study found significantly greater cur-
rent tic severity in individuals with obsessive compulsive 
behaviors, and borderline significantly greater tic severity 
in children receiving medical treatment for ADHD symp-
toms. Mean tic severity was also greater in individuals 
diagnosed with ADHD or OCD, and those requiring treat-
ment for OCD, but the difference was not statistically sig-
nificant. This may have been partly due to sample size, at 
least for the OCD variables, as there were very few children 
in the sample that met criteria for OCD and required treat-
ment. Most of the children in the sample were less than 12 
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years of age, and previous research has shown that rates of 
comorbid OCD tend to increase in adolescence [3, 18]. Not 
surprisingly, individuals requiring treatment for tics within 
the first 2 years of symptom onset had significantly worse 
tic severity. In a model including all comorbidity variables, 
age and treatment for tics, only age and treatment for tics 
remained significant predictors of current tic severity. The 
association between age and tic severity is in keeping with 
previous research, as natural history studies have shown an 
increase in tic severity with age that peaks between the age 
of 10 and 12, followed by a gradual improvement in late 
adolescence [19].

Other studies evaluating the effect of comorbidity on 
tic severity have demonstrated similar findings. Using the 
Tourette syndrome International database Consortium 
(TIC) database, Roessner studied the impact of ADHD 
on developmental psychopathology in children and ado-
lescents with TS [15]. In their sample, which includes 
5060 children and adolescents from 27 countries, 61.2% 
suffered from TS with co-occurring ADHD. Peak tic 
severity was rated on a three step scale (mild, moderate 
or severe), and no difference was found in tic severity 
between individuals with or without ADHD. Comorbid 
ADHD was associated however with an earlier onset of 
tics, and a higher rate of other comorbid conditions. Sim-
ilarly, Sukhodolsky studied the association of disruptive 
behavior with social, adaptive and family functioning in 
TS with and without comorbid ADHD [14]. They found 
no differences in the YGTSS total current or worse-ever 
tic severity scores between children with TS only and 
TS plus ADHD. However, children with TS plus ADHD 
had significantly greater ratings of aggression and delin-
quent behaviors than control children, while children 

with TS only did not. Based on the findings from these 
two studies and our own data, the effect of a comorbid 
ADHD diagnosis on tic severity appears to be minimal. 
In contrast, numerous studies have shown that comorbid 
ADHD has clear implications on psychosocial function-
ing in individuals with TS, though this does not appear to 
be related to any direct effect on tic severity.

Lebowitz studied the associations between the pres-
ence of comorbid ADHD and OCD and the severity of tics 
in 158 children with TS [20]. In this sample, 53.8% had 
comorbid OCD, and 38.6% had comorbid ADHD. Simi-
lar to our study, they found that youth with comorbid OCD 
had significantly greater tic severity on the YGTSS than 
those without OCD, while subjects with ADHD showed a 
non-significant trend to more severe tics compared to those 
without ADHD. The association between tic severity and 
comorbid OCBs or OCD likely relates to the overlapping 
phenomenology of these disorders, or may be a marker of 
overall greater phenotypic severity in individuals with this 
comorbidity. Previous work has shown that TS patients 
with co-morbid OCD are more likely to present with 
complex tics at onset than those without OCD [21]. Dis-
tinguishing between complex tics and compulsions can be 
challenging for both patients and clinicians, especially in 
children. While the presence of an obsessive thought con-
nected to a repetitive act generally guides one to label it as 
compulsion rather than a complex tic, the ability to artic-
ulate obsessive thoughts or the aim of compulsions may 
be lacking. Current evidence suggests that first line treat-
ment of OCD in individuals with tics should be cognitive 
behavioral therapy (CBT), as individuals with tics may not 
respond as well to SSRIs for OCD symptoms as individuals 
without tics [22, 23]. In contrast, children with OCD with 

Table 1   Demographic 
characteristics of sample

Mean age (years) 10.25 SD 3.01 Range 5–17

Sex 90 males (78.95%)
24 females (21.05%)

Diagnosis 83 Tourette syndrome 
(72.81%)

15 Chronic Motor Tic Dis-
order (13.16%)

3 Chronic Vocal Tic Disor-
der (2.63%)

13 Provisional Tic Disorder 
(11.4%)

Mean total tic severity score on YGTSS 17.10 SD 8.78 Range 0–43
Mean total tic severity plus impairment on YGTSS 30.78 SD 18.56 Range 0–74
Mean age of onset of tics 6.58 SD 2.24 Range 2–14
ADHD diagnosis 44 (38.60%)
Medical treatment for ADHD 35 (30.70%)
Presence of OCBs 40 (35.09%)
OCD diagnosis 8 (7.02%)
Treatment for OCD 7 (6.14%)
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tics appear to respond just as well to cognitive behavioral 
therapy as children with OCD only [24].

While tic severity was no greater in individuals with 
ADHD, our study found that those with an ADHD diag-
nosis or requiring medical treatment for ADHD were more 
likely to be treated for their tics. There are a few possible 
reasons for this association. While randomized controlled 
trials of both methylphenidate and dextroamphetamine in 
children with tics and ADHD have found overall improve-
ments in mean tic severity, worsening of tics was demon-
strated at higher doses of dextroamphetamine, and limited 
dosage increases of methylphenidate [25]. Some treat-
ments, such as the alpha agonists, have been proven effec-
tive in treating tics, inattention, hyperactivity and opposi-
tional behavior [26–28]. Parents may feel more comfortable 
using medication if it will help with several symptoms, 
which together add to a greater overall burden on psycho-
social functioning. Children requiring treatment for ADHD 
symptoms are by definition more severely affected, and 
greater ADHD symptom severity is one of the most impor-
tant predictors of psychosocial quality of life in children 
with TS [16]. The overall greater impairment in psycho-
social quality of life in children with TS + ADHD is very 
likely to influence treatment decisions for tics. While indi-
viduals without an ADHD comorbidity may be prepared to 
tolerate their tics, the added difficulties associated with tics 
in a child with psychosocial impairment related to ADHD 
symptoms may be more overwhelming.

Limitations to this study include the use of a clini-
cally ascertained sample, which by nature will include 
only those individuals with symptoms requiring medical 
attention, and is more likely to include individuals with 
comorbid disorders. As the focus of this study was on the 
influence of comorbid ADHD and OCD on tic severity 
and treatment, the sample was appropriate for the study 
question. The results however, may not be generalizable 
to individuals with tics in community-based populations. 
In addition, the contribution of other common comorbidi-
ties, such as Oppositional Defiant Disorder and General-
ized Anxiety Disorder, were not assessed in this sample.

Implications of the current study include the need to 
ensure a holistic approach to assessment and treatment 
of children with tics. The American Academy of Child 
and Adolescent Psychiatry recommends assessment of all 
children with tics for comorbid disorders, and treatment 

Table 2   YGTSS Total Tic Score, Treatment, ADHD, and OCD

YGTSS Score

Treatment of tics within first 2 
years of symptom onset

Yes No Mean Difference P value Effect size
21.75
(18.41–25.10)

15.86
(14.05–17.66)

5.89
(2.03 to 9.76)

0.002 0.69 (0.23 to 1.15)

ADHD diagnosis Yes No Mean difference P value Effect size
18.00
(15.34–20.66)

16.53
(14.42–18.63)

1.47
(−1.88 to 4.82)

0.193 0.17 (−0.21 to 0.54)

Medical treatment for ADHD Yes No Mean difference P value Effect size
19.43
(16.37–22.48)

16.06
(14.14–17.99)

3.36
(−0.13, 6.86)

0.029 0.38 (−0.02 to 0.78)

Presence of obsessive compulsive 
behaviors

Yes No Mean difference P value Effect size
19.78
(16.92–22.62)

15.65
(13.70–17.60)

4.13
(0.78 to 7.47)

0.008 0.47 (0.09–0.86)

OCD Diagnosis Yes No Mean difference P value Effect size
21.00
(12.98–29.02)

16.80
(15.13–18.48)

4.19
(−2.16 to 10.56)

0.097 0.47 (−0.24 to 1.20)

Treatment for OCD Yes No Mean difference P value Effect size
21.42
(12.35–30.50)

16.81
(15.15–18.48)

4.62
(−2.14 to 11.38)

0.090 0.52 (−0.25 to 1.29)

Sex Female Male Mean difference P value Effect size
18.54
(14.31–22.78)

16.71
(14.94–18.48)

−1.83
(−5.83, 2.17)

0.183 −0.21 (−0.66 to 0.25)

Table 3   Odds ratios for treatment of tics within first 2 years of symp-
tom onset

Exposure Odds ratio P value

Diagnosis of ADHD 3.51 (1.37, 8.95) 0.009
Medical treatment for ADHD 4.60 (1.78, 11.86) 0.002
Presence of OCBs 1.78 (0.72, 4.45) 0.218
Diagnosis of OCD 4.30 (0.99, 18.68) 0.052
Treatment of OCD 3.07 (0.64, 14.78) 0.162
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of both tics and comorbidity based on the level of dis-
tress and impairment [29]. While children with ADHD 
did not have greater tic severity than those without this 
diagnosis, they were more likely to be treated for their 
tics. A comprehensive treatment approach, such as the 
“Living with Tics” cognitive behavioral intervention [30] 
which includes modules on problem solving, emotional 
regulation, and parent training for disruptive behaviors, 
may result in greater overall improvement in quality of 
life and function in these youth with multiple treatment 
needs. Future research such as longitudinal studies evalu-
ating tic, OCD and ADHD severity from early childhood 
to the end of adolescence may be helpful in understand-
ing if the presence and severity of these comorbid disor-
ders affects long-term outcome and remission of tics.

Summary

The present study examined how the presence and severity 
of Attention Deficit Hyperactivity Disorder and Obsessive 
Compulsive Disorder influence tic severity and the need for 
treatment of tics in children with Tourette syndrome. Par-
ticipants were 114 children aged 5–17 years seen at a single 
specialty clinic. Results showed that tic severity was signif-
icantly higher in children receiving treatment for their tics, 
and a significant positive correlation between tic severity 
and age. There was no difference in tic severity between 
children diagnosed with versus without ADHD, while tic 
severity was significantly higher in children with OCBs. 
Children diagnosed and treated for ADHD were more 
likely to be treated for their tics. As tic severity does not 
appear to be greater in the children with ADHD, the higher 
odds of tic treatment may relate to the greater overall psy-
chosocial impairment associated with this comorbidity. The 
findings of this study reinforce recommendations that chil-
dren with tics should be assessed for comorbid conditions, 
with treatment focused on those symptoms that cause the 
most impairment in daily life.
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