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Abstract

We compared anxiety symptoms in youth with and without tic disorders by comparing scores on
the Multidimensional Anxiety Scale for Children (MASC) in youth with tic disorders to those in a
concurrent community control group and in a group of treatment-seeking anxious youth from the
Child/Adolescent Anxiety Multimodal Study (CAMS). Data from 176 youth with tic disorders, 93
control subjects, and 488 CAMS participants were included. Compared to youth with tic disorders,
controls had lower total MASC scores (p < 0.0001) and CAMS participants had similar total
MASC scores (p = 0.13). Separation Anxiety (p = 0.0003) and Physical Symptom (p < 0.0001)
subscale scores were higher in youth with tic disorders than in CAMS participants. We conclude
that the anxiety symptom profile differs in youth with and without tic disorders, which may have
important implications for targeting treatment of anxiety in youth with tic disorders.
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Introduction

Method

Chronic tic disorders (CTDs) such as Tourette syndrome (TS) are common, affecting 1-3%
of youth [1]. Anxiety disorders are diagnosed in approximately half of individuals with

a CTD [2-4]. The proportion of individuals with a CTD impacted by anxiety symptoms

is likely even greater than these estimates; patients who do not meet criteria for formal
diagnosis of an anxiety disorder may nonetheless have impairing anxiety symptoms [5-7].
For example, in a sample of youth with TS, fewer than 2% met formal diagnostic criteria for
a diagnosis of separation anxiety disorder based on interview but over 30% met the criterion
for clinical significance of these symptoms [7] based on the Multidimensional Anxiety Scale
for Children (MASC) [8].

It is not known if anxiety in CTDs differs from anxiety in the general pediatric population.
For example, in childhood anxiety disorders not associated with tics, separation anxiety
decreases with age, and social phobia becomes more prevalent [9-11]. However, we do

not know if this same age-related transition occurs in youth with CTDs. There is evidence
that other psychiatric comorbidities manifest differently in CTDs. For example, obsessive-
compulsive disorder (OCD) differs phenotypically between patients with and without

tics [12-14]. Patients with tics report more tapping, rubbing, and touching compulsions
while non-tic patients report more cleaning compulsions [12]. There are also treatment
implications for these distinctions as the presence of tics in OCD may moderate response to
OCD treatment [15-17]. Similar studies comparing the phenotype of anxiety in patients with
vs. without tics have not been done, but we hypothesize that anxiety differs between patients
with and without tics. In a study of anxiety symptoms in boys with ADHD, the presence of
comorbid tics was associated with differences in anxiety symptoms [18]. Individuals with
tics had increased separation anxiety severity compared to those without tics.

Whether tic-related anxiety is distinct from non-tic-related anxiety has not been fully
assessed in the tic disorder population. Prior estimates of anxiety prevalence in tic disorders
have focused on individuals meeting diagnostic criteria for specific anxiety disorders. This
approach likely misses individuals with sub-threshold symptoms or symptom combinations
that may still be impairing [5-7, 19]. The concept of framing anxiety as a spectrum disorder
rather than as discrete categorical diagnoses is consistent with the NIMH-initiated Research
Domain Criteria (RDoC) Framework [20]. We set out to evaluate anxiety symptoms in
youth with tic disorders and to evaluate if youth with tics have a similar anxiety symptom
profile to that in youth without tics. We hypothesized that, compared to community control
subjects, youth with tic disorders would have greater anxiety symptom severity. We further
hypothesized that, compared to treatment-seeking youth with anxiety disorders but without
tic disorders, youth with tic disorders would have lower anxiety symptom severity since the
tic disorder sample was not selected for presence of anxiety disorders.

We conducted the Centers for Disease Control (CDC) Tic Impact Study, a cross-sectional
study of children with tic disorders, community control children, and their caregivers at the
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University of Rochester (UR; Rochester, New York) and the University of South Florida
(USF; St. Petersburg, Florida). Both sites are tertiary care centers for individuals with tic
disorders. Each site submitted independent applications to the CDC and were awarded
cooperative agreements. Although both sites collaborated to align study plans, some aspects
of the study differed. The study design and data collection methods have been published
[21]. Local IRB approval was obtained at both sites prior to subject recruitment and
enrollment (UR RSRB#30985; USF IRB# 09-0209). Parent permission, parent consent,
and child assent were obtained for each participant.

The following sections describe methods specific to the evaluation of anxiety symptom
severity. As a comparison, we evaluated archival data on baseline anxiety symptom severity
from the Child/Adolescent Anxiety Multimodal Study (CAMS), the largest randomized
controlled treatment trial of pediatric anxiety. This study compared cognitive behavioral
therapy (CBT), sertraline, the combination, or placebo in a sample of 488 treatment-seeking
youth with anxiety disorders [22]. CAMS study data were available through the National
Institute of Mental Health (NIMH) data archive.

At UR, subjects with TS were recruited in-person at clinic visits or by mail. Children and
adolescents ages 8-18 years with a physician-confirmed diagnosis of TS by Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) [23]
criteria were included, per the diagnostic criteria current at the time of the study. Community
control subjects were recruited at UR by distributing study recruitment materials at local
pediatric practices, community organizations, and local websites. At USF, subjects with a
clinician-confirmed tic disorder for at least 6 months by DSM-IV-TR criteria were recruited
in-person at clinic visits. The majority of participants at UR and USF had TS. At both

sites, recruitment information was also distributed at local Tourette Association of America
chapter events. Control subjects were not enrolled at USF. Demographics of subjects with tic
disorders recruited at the two study sites were similar [21].

The CAMS trial enrolled youth ages 7-17 years who met DSM-IV-TR criteria for separation
anxiety disorder, social phobia, or generalized anxiety disorder (GAD) with clinically
significant anxiety who were seeking anxiety treatment but were not on an anti-anxiety
medication at the time of enrollment. Detailed eligibility criteria have been published [22].

Study Measures

In our cross-sectional study, participation at both sites involved a single research visit
consisting of structured and semi-structured interviews, child and parent self-report
assessments, and parent proxy-report assessments. Diagnosis of comorbid GAD was
determined in accordance with the DSM-IV-TR criteria using the Columbia Diagnostic
Interview Schedule for Children-Fourth Edition (C-DISC-1V) [24]. GAD was considered
present if criteria were met by either parent or child report. Formal diagnoses of separation
anxiety disorder and social phobia were not made as we did not administer these modules.
Anxiety symptom severity was measured with the MASC [8], a child self-report instrument
that evaluates for the presence and severity of a wide spectrum of anxiety symptoms. It
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comprises multiple subscales including Physical Symptoms, Harm Avoidance, Separation
Anxiety, and Social Phobia (Table 1). Raw scores were age- and sex-normalized to T scores
(mean = 50, standard deviation (SD) = 10). Higher scores reflect greater symptom severity,
and T scores = 65 are consistent with “elevated” scores that suggest clinically significant
problems in relation to peers of the same age and sex. In the CAMS trial, subjects completed
the MASC at their baseline evaluation.

Tic symptom severity was measured by the Yale Global Tic Severity Scale (YGTSS) for
tics [25], a validated, clinician-administered assessment of tic severity over the past week.
The Total Tic Score (TTS; range 0-50) measures motor and phonic tic severity over the
previous week; higher scores indicate greater severity. OCD symptom severity was measured
by the Children’s Yale-Brown Obsessive Compulsive Scale (CY-BOCS) for OCD [26]. The
CY-BOCS is reliable and valid clinician-administered, semi-structured tool that assesses
OCD symptom severity over the past week [26]. Scores range from 0 to 40, with higher
scores reflecting greater symptom severity. Global function was measured by the Children’s
Global Assessment Scale (CGAS) [27], a clinician rating of overall functioning. Scores
range from 1 to 100, with higher scores indicating better function. CY-BOCS scores were
not available in the CAMS trial database.

Statistical Analysis

Results

Subjects were categorized into the tic disorder, community control or CAMS groups.

Data from USF and UR tic disorder subjects were combined for all analyses involving

the “tic disorder” group. Demographic variables were compared between groups using
Wilcoxon rank sum tests or Xz tests, as appropriate. Age was rounded to the nearest integer.
Comparisons between the tic disorders and control groups and between the tic disorders
and CAMS groups with respect to MASC total and subscale scores were performed using
Wilcoxon rank sum tests, with adjustment for multiple comparisons using Holm’s method
[28]. Group comparisons with respect to the proportions of subjects with MASC total T
scores above the clinically significant threshold (T = 65) were performed using x? tests.
MASC total and subscale scores were also compared between children (age < 13) and
adolescents (age = 13) separately in the tic disorder and CAMS groups using Wilcoxon rank
sum tests, with adjustment for multiple comparisons using Holm’s method.

Comparisons between the tic disorder and CAMS groups with respect to MASC total

and subscale scores were similarly performed separately in children and adolescents

using Wilcoxon rank sum tests, with adjustment for multiple comparisons using Holm’s
method. Bivariate correlation analyses were used to evaluate relationships among continuous
variables (age, anxiety severity, tic severity, OCD severity, global function) in the tic
disorders group. Analyses were performed using JMP Pro 14.0.

Study participants

The MASC was completed by 176 youth with tic disorders and 93 control subjects enrolled
in the CDC Tic Impact Study and 488 CAMS trial participants (Table 2). The median age
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was 11 years in each group. There were more boys in the tic disorder group (75%) than in
the community control (60%) or CAMS trial (50%) groups.

Anxiety in Youth with Tic Disorders Compared to Community Control Subjects

Of those participants who completed the MASC, 15.3% (n = 27) of youth with tic disorders
and 2.2% (n = 02) of control youth had GAD based on the C-DISC-IV (p = 0.009). Youth
with tic disorders reported greater overall anxiety symptom severity compared to community
control subjects. The median total MASC scores were 52.0 (interquartile range (IQR) 45.5—
61.0) in youth with tic disorders and 46.0 (IQR 38.0-52.0) in community control subjects

(p < 0.0001; Fig. 1). Youth with tic disorders also reported higher symptom severity than
community control subjects in the Physical Symptom (p < 0.0001), Social Phobia (p <
0.0001), and Separation Anxiety (p < 0.0001) domains (Table 3). Youth with tic disorders
reported lower anxiety severity than community control subjects in the Harm Avoidance
domain (p = 0.02). There was a significantly greater proportion of subjects in the tic disorder
group (15.9%, n = 28) with a MASC total T score =65 compared to the community control
group (3.2%, n = 03) (p = 0.002). Of those tic disorder subjects with MASC total T score
>65, only 8 (28.6%) had GAD based on the C-DISC-1V.

Youth with tic disorders had worse clinician-rated global function than community control
subjects. The median global function score (CGAS) was 60 (interquartile range (IQR) 52—
65) in youth with tic disorders and 81 (IQR 63-90) in community control subjects (p <
0.0001). Higher anxiety severity was weakly but significantly associated with worse global
function in the tic disorder group (r = 0.14, p = 0.02). In those individuals with tic disorders
and clinically significant MASC scores (total MASC = 65), anxiety severity was negatively
correlated with global function (r = — 0.35, p = 0.05).

Anxiety, OCD and Tic Severity in Youth with Tic Disorders

Youth with tic disorders had a mean YGTSS TTS score of 21.8 (SD 9.4), representing
moderate severity. Tic severity was positively correlated with overall anxiety symptom
severity (r = 0.24, p = 0.0007). Tic severity was also associated with symptom severity in the
Physical Symptoms (r = 0.30, p < 0.0001; Fig. 2) and Social Phobia (r = 0.20, p = 0.006)
domains. Tic severity was not associated with Harm Avoidance (r = - 0.04, p = 0.41) or
Separation Anxiety (r = 0.10, p = 0.08) symptom severities.

Youth with tic disorders had a median total CY-BOCS score of 13.0 (IQR 4.0-20.0),
indicating a mild but clinically significant degree of OCD severity. OCD severity was
associated with both anxiety severity (r = 0.33, p < 0.0001) and tic severity (r=0.24, p =
0.0004).

Anxiety in Youth with Tic Disorders Compared to Treatment-seeking Anxious Youth

Table 4 provides the MASC total and subscale scores for the tic disorder and CAMS
participant groups. Youth with tic disorders had similar total MASC scores as the CAMS
participants (p = 0.13, Fig. 1). Youth with tic disorders had higher symptom severity
compared to the CAMS participants in the Physical Symptoms (p < 0.0001) and Separation
Anxiety (p = 0.0003) domains. Harm Avoidance symptom severity was higher in the CAMS
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trial group compared to the tic disorder group (p < 0.0001). Youth with tic disorders and
CAMS participants did not significantly differ with respect to Social Phobia symptom
severity (p = 0.06). The proportions of subjects with a MASC total score of at least 65 were
similar in the tic disorder group (13.6%, n = 24) and the CAMS participants (14.3%, n = 70;
p =0.82).

Associations Between Age and Anxiety Symptoms in Youth with Tic Disorders

Age and anxiety symptom severities were not related in the tic disorders group. There was
no relationship between age and MASC total score (r = — 0.08, p = 0.91). There were also
no relationships between age and the Physical Symptoms (r = — 0.08, p = 0.94), Harm
Avoidance (r = — 0.08, p = 0.84), Social Phobia (r = — 0.04, p = 0.44), or Separation Anxiety
(r=-0.08, p =0.99) domains. In youth with tic disorders who had clinically significant
anxiety (MASC total T score =65), half of individuals (n = 14) were children (age under 13
years), and half (n = 14) were adolescents (age 13 years and older).

Table 5 provides MASC scores for children and adolescents with tic disorders. Children with
tic disorders had similar total and subscale MASC scores compared to adolescents with tic
disorders.

Associations Between Age and Anxiety Symptoms in Treatment-Seeking Anxious Youth

There were generally weak relationships between age and anxiety symptom severity in the
CAMS group. Older age was associated with worse MASC total scores (r = 0.14, p =
0.002). Older age was also associated with higher Physical Symptoms severity (r = 0.17,

p < 0.0001) and higher Social Phobia severity (r = 0.39, p < 0.0001). Younger age was
negatively correlated with Harm Avoidance symptom severity (r = - 0.1, p = 0.01) and
Separation Anxiety severity (r = - 0.17, p < 0.0001).

Table 5 also provides MASC scores for children and adolescents in the CAMS ftrial.
Treatment-seeking anxious children from the CAMS trial had worse Separation Anxiety
scores (p = 0.0009) and lower total MASC (p < 0.0001), Physical Symptoms (p < 0.0001),
and Social Phobia (p < 0.0001) scores than adolescents in the CAMS trial. Children and
adolescents in the CAMS trial had similar Harm Avoidance scores (p = 0.15).

Anxiety in Youth with Tic Disorders Compared to Treatment-Seeking Anxious Youth in
Both Children and Adolescents

When comparing children with tic disorders to children in the CAMS trial (Table 5), the
groups did not differ significantly with respect to the Separation Anxiety score (p = 0.07).
Children with tic disorders had higher severity in the total MASC score (p = 0.01) and
scores in the Physical Symptoms (p < 0.0001) and Social Phobia (p < 0.0001) domains but
lower symptom severity in the Harm Avoidance domain (p < 0.0001) compared to children
from the CAMS trial.

When comparing adolescents with tic disorders to adolescents in the CAMS trial (Table
5), the groups did not differ significantly with respect to the total MASC score (p = 0.35)
and the Physical Symptoms domain (p = 0.39). Adolescents with tic disorders had higher
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severity in the Separation Anxiety (p = 0.0005) domain and lower severity in the Harm
Avoidance (p = 0.01) and Social Phobia (p = 0.002) domains compared to adolescents in the
CAMS trial.

Discussion

Our study compared anxiety symptom severity in a sample of youth with tic disorders to
both a community control sample and to a previously published sample of treatment-seeking
youth with anxiety disorders (CAMS participants). We found that youth with tic disorders
had significantly greater anxiety severity compared to youth from the community. This
difference was less than one standard deviation, which may suggest it is not a highly
clinically meaningful difference. However, there was also a greater proportion of subjects in
the tic disorder group compared to the community control group with clinically significant
anxiety severity scores. Youth with tic disorders and CAMS participants had overall similar
anxiety symptom severity, and both groups had a similar proportion of subjects with total
MASC scores suggesting clinically significant anxiety. Separation anxiety severity was
similar between children and adolescents with tic disorders, but it was significantly lower in
adolescents compared to children from the CAMS trial. Although this is a cross-sectional
study and not longitudinal, this may suggest that, in tic-related anxiety, separation anxiety
symptoms may persist into adolescence.

In our sample, there was a weak but significant relationship between tic severity and anxiety
symptom severity. Conelea et al. evaluated 232 youth with CTDs and found a stronger
relationship between anxiety symptom severity and tic severity (r = 0.55, p < 0.01) [29].
This stronger association may be related to different measurement tools: Conelea et al.
developed a child-reported tic scale to measure tic severity rather than the clinician-rated
YGTSS that we used in this study. Children who are highly anxious may be more aware
of, and more bothered by, their tics so may rate tic severity as higher. Despite the weak
relationship between anxiety and tic severity that we found, there does seem to be a
relationship between tic severity and anxiety. For example, anxiety disorders, particularly
separation anxiety, have been associated with increased tic severity [3]. In addition, state
anxiety—a heightened sense of anxiety in response to a stressor—is associated with
worsened tics [30].

Our study also found a weak but significant relationship between total MASC score and
clinician-rated global function in our sample of youth with tic disorders. This relationship
was stronger when excluding subjects below the threshold for clinically significant symptom
severity. This may suggest that, while minimal or mild anxiety symptoms may not contribute
significantly to global function, greater anxiety symptom severity does affect overall
function. It is also possible that we do not see a relationship between anxiety and overall
function because individuals with tic disorders often have multiple other factors that can
contribute to function (i.e., other comorbid psychiatric disorders), which we did not control
for in this study. In addition, anxiety symptoms may contribute more significantly to specific
aspects of function (i.e., school or social) rather than global function. For example, youth
with GAD tend to have better social function than youth with separation anxiety disorder
[31]. It is also possible that specific anxiety symptoms contribute more significantly to
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global function rather than overall anxiety severity. In this study, we did not do a factor
analysis of specific anxiety symptoms or evaluate context-specific function. Therefore,
future studies focused on specific symptoms and functional impairment are needed to
explore these questions.

We assessed anxiety as a dimensional measurement, focusing on symptom severity rather
than specific diagnoses. Taking a dimensional approach to evaluating anxiety is important
because youth with clinically significant anxiety symptoms may not meet criteria for a
specific anxiety disorder. For example, we found that the majority of tic disorder subjects
with clinically significant total anxiety severity did not meet diagnostic criteria for GAD,
the most common anxiety disorder reported in youth with tic disorders. Using the MASC,
Marwitz et al. took a similar approach when evaluating the benefit of screening for anxiety
in a clinic sample of 126 youth with tic disorders [7]. Mean total and specific subscale
scores were similar to those in our sample of youth with tics, with the exception of the Harm
Avoidance subscale [7]. As in the current study, Marwitz et al. found the highest severity
scores for the Separation Anxiety domain. In contrast, Harm Avoidance severity was higher
(by more than 10 points) in Marwitz et al. compared to the current sample of youth with tic
disorders. The reason for this difference is unclear but may be related to problems with the
scale itself. The Harm Avoidance domain on the MASC has lower internal reliability than
the other scales and is not predictive of one specific anxiety disorder [32, 33].

Other studies assessing anxiety in tic disorders have reported that anxiety is more common
in individuals with tic disorders than in the general population. In a community-based study
evaluating behavioral symptoms in tic disorders, diagnoses of overanxious disorder, social
phobia, and separation anxiety disorder were significantly more common in youth with tics
compared to youth without tics [2]. Indeed, individuals with tic disorders have increased
rates of anxiety disorders throughout life. The estimated lifetime risk of anxiety disorders in
TS is 36%, and the estimated lifetime risk is 62% in individuals with comorbid OCD [34].
Children with tic disorders tend to have an earlier age at onset of anxiety, with the high-risk
age at onset starting at 4 years and continuing into adolescence [34].

Based on previous studies, we expected anxiety severity to be increased in youth with

tic disorders compared to children from the community. However, we were surprised to
find that youth with tic disorders had overall total anxiety severity similar to that of the
CAMS participants. Our sample of youth with tic disorders was not selected for comorbid
anxiety and were not seeking treatment for anxiety. In the CAMs trial, a diagnosis of GAD,
social phobia or separation anxiety disorder was required for inclusion and participants
were seeking treatment. Our tic disorder sample had worse Physical Symptoms and
Separation Anxiety domain scores than the CAMS participants. Although these differences
are statistically significant, it is not clear if they are clinically meaningful because a
minimal clinically significant difference has not been established for the MASC. However,
these findings suggest that, while overall anxiety symptom severity may be similar, the
anxiety phenotype may differ between youth with vs. without tic disorders. For example, in
childhood anxiety disorders not associated with tics, separation anxiety typically improves
with age and social phobia becomes more prevalent [9-11]. Data from the CAMS cohort
support this finding: Separation Anxiety severity was higher in the child group compared
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to the adolescent group, and Social Phobia severity was higher in the adolescent group
compared to the child group. However, this same age-related difference was not seen in
youth with tic disorders. In our tic disorder sample, Social Phobia and Separation Anxiety
severities were similar in the child and adolescent groups. Social Phobia severity was higher
in children with tics compared to children from the CAMS trial. Higher Social Phobia in
children with tics may be related to embarrassment over tics. On average, tic disorders start
around 7 years of age and are often most severe around ages 10-12 years [35]. Thus, while
clinician-rated tic severity was not correlated with Social Phobia severity, children may
experience embarrassment over their tics, regardless of tic severity.

Although the relationship between the pathophysiologies of anxiety and tics is not well
understood, the severities of anxiety symptoms and tics may be related [3, 7, 36-38].

Youth with severe tic disorders are more likely to have at least one anxiety disorder [3].

In particular, a diagnosis of separation anxiety disorder has been shown to most strongly
predict tic severity [3, 38]. In our study, we found a weak but positive relationship between
severity of anxiety symptoms and tic severity; a similar relationship was demonstrated in the
Marwitz et al. study [7]. These findings suggest that, while there is a relationship between
anxiety and tic severity, other factors contribute to anxiety in youth with tic disorders.

Study limitations should be recognized. First, our tic disorder group was recruited from
tertiary care centers which may affect the generalizability of our tic disorder sample to
the general tic disorder population. Second, this study was cross-sectional so we are not
able to draw any conclusions on the longitudinal nature of anxiety symptoms. The results
of the analyses concerning the relationship between age and anxiety symptoms should be
interpreted with this in mind. Third, anxiety severity was based on child self-report alone.
Relying only on self-report may underestimate the severity of anxiety symptoms. Only
14.3% of CAMS participants had total MASC scores =65 and 60% of CAMS participants
had a score =65 in at least one domain. However, to be eligible for the trial, CAMS
participants had to have anxiety severity significant enough to warrant treatment, based
on an Anxiety Disorders Interview Schedule Clinical Severity Rating of at least 4. Parent-
child agreement on the MASC tends to be low, but each informant provides valuable and
unique information; thus, inclusion of multiple informants would strengthen the study [39].
This may also suggest that the cutoffs for MASC scores may miss some individuals with
clinically significant anxiety disorders. Finally, our anxiety disorder control group was
drawn from previously published data and was not a concurrent sample. The studies were
conducted in different years: the CAMS trial ran from 2003 to 2008 while our study took
place from 2010 to 2012. Since rates of anxiety disorders have increased in youth over time
[40], it is possible that this may affect our ability to compare these groups. In addition,
the CAMS participants had been enrolled in a clinical trial, so this group may not be
representative of those with pediatric anxiety disorders in the general population.

Despite these limitations, these findings do provide interesting and important information
regarding anxiety symptoms in youth with tic disorders. Prior studies suggest that anxiety
in tic disorders can be severe and cause significant impairment for affected youth [33, 41].
Tics often improve by young adulthood, but anxiety may persist [42] and even increase over
time [43]. In the general population, childhood-onset anxiety disorders are associated with
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low overall function and increased future suicidality [44]. It is important to identify and treat
anxiety in youth with tic disorders early in the course. As suggested in the CAMS study;,
identifying the specific underlying disorder diagnosis may be important for determining
treatment and prognosis. Clinicians treat anxiety in tic disorders as they would in individuals
without tics, but a more targeted treatment approach may lead to better outcomes, as already
seen for treatment of tic-related OCD [15, 16].

The current results suggest that anxiety symptoms in youth with tic disorders are common,
can be severe and may differ from that of anxiety in the general population. These results
may have important clinical implications. For example, they underscore the importance of
screening for anxiety symptoms in every child with a tic disorder to determine who may
benefit from anxiety treatment. While specific treatment recommendations based on these
findings would be speculative and premature at this time, but these findings do highlight
the importance of further investigation into the topic. For example, studies of treatments
for anxiety specifically in the tic disorder population may be warranted. Prior to designing
treatment studies for anxiety in youth with tic disorders, it is important to first address some
of the limitations discussed above. Future studies of anxiety in youth with tic disorders
should incorporate multiple informants to measure anxiety symptoms, include a concurrent
control sample of anxious youth without tics, and follow the natural history over time to
broaden our understanding of tic-related anxiety.

Summary

Overall, we found that youth with tic disorders have higher total anxiety symptom severity
compared to youth from the community, and similar total anxiety symptom severity
compared to treatment-seeking anxious youth (CAMS participants). However, there were
differences in the severity of symptom subscales between the tic disorder and CAMS
groups. The tic disorder group had higher Separation Anxiety and Physical Symptoms
scores compared to the CAMS group. In addition, while older age was associated with lower
Separation Anxiety and higher Social Phobia subscale scores in the CAMS group, these
age-related relationships were not seen in the tic disorder group. These findings suggest that
the anxiety symptom phenotype may differ in youth with and without tic disorders, which
may have implications for targeting anxiety treatment in youth with tic disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Youth with tic disorders had higher MASC total scores than community control youth and

similar MASC total scores to those of treatment-seeking anxious youth in the CAMS trial.
The box represents the interquartile range and the horizontal line inside the box represents
the median. The whiskers represent minimum and maximum scores, excluding outliers
(black dot). € community control subjects, 7D Tic disorder subjects, CAMS CAMS trial
participants
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Fig. 2.
Tic severity was associated with physical anxiety symptoms (r = 0.30 p < 0.0001)
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Table 1
MASC subscales
Subscale components Symptom example(s)
Physical symptoms Panic + tense/restless Feeling shaky or sweaty
Harm avoidance Perfectionism + anxious coping ~ Always obeying the rules

Separation anxiety/phobias  N/A

Scared to be alone

MASC Multidimensional Anxiety Scale for Children
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Table 2

Subject demographics

n Agemedian (IQR)2 Malesexn (%)

Tic disorders 176  11.0 (10.0-14.0) 132 (75%)
Community control 93 11.0 (9.0-13.0)2 56 (60%)¢
CAMS participants 488 11.0 (9.0-13.0)Y 246 (50%)7

/QR interquartile range

Compared to the Tic Disorders group:
ap:0.27 on Wilcoxon rank sum test;
dxz =31.90 p < 0.0001

bp=0.01 on Wilcoxon rank sum test

“¥2=6.32,p=001
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MASC total and subscale scores in youth with tic disorders and community control subjects

Table 3

Tic disorder median Community control median (IQR) p value

(1QR) (n=93)

(n=176)
MASC total 52.0 (44.0-60.8) 46.0 (38.0-52.0) <0.0001
MASC physical symptoms ~ 52.0 (44.3-58.0) 41.0 (37.0-47.0) < 0.0001
MASC harm avoidance 43.5(31.3-53.0) 48.0 (37.0-55.0) 0.02
MASC social phobia 53.0 (47.3-62.0) 46.0 (38.0-54.5) <0.0001
MASC separation anxiety ~ 59.0 (51.3-70.0) 49 (43.0-55.5) < 0.0001

MASC Multidimensional Anxiety Scale for Children, /QR interquartile range
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Table 4

MASC scores in youth with tic disorders and youth in the CAMS trial

Tic disorder median CAM S median p value

(IQR) (IQR)

(n =176) (n=488)
MASC total 52.0 (44-60.8) 51.0 (42.0-60.0) 0.13
MASC physical symptoms ~ 52.0 (44.3-58.0) 46.0 (37.0-55.0) <0.0001
MASC harm avoidance 43.5 (31.3-53.0) 49.0 (40.0-57.0) < 0.0001
MASC social phobia 53.0 (47.3-62.0) 51.5 (41.0-63.0) 0.06
MASC Separation Anxiety  59.0 (51.3-70.0) 55.0 (47.0-66.0) 0.0003

MASC Multidimensional Anxiety Scale for Children, /QR interquartile range
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