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Abstract

Pharmacological and behavioral interventions have focused on reducing tic severity to alleviate
tic-related impairment for youth with chronic tic disorders (CTDs), with no existing intervention
focused on the adverse psychosocial consequences of tics. This study examined the preliminary
efficacy of a modularized cognitive behavioral intervention ("Living with Tics", LWT) in
reducing tic-related impairment and improving quality of life relative to a waitlist control of equal
duration. Twenty-four youth (ages 7-17 years) with Tourette Disorder or Chronic Motor Tic
Disorder and psychosocial impairment participated. A treatment-blind evaluator conducted all pre-
and post-treatment clinician-rated measures. Youth were randomly assigned to receive the LWT
intervention (n=12) or a 10-week waitlist (n=12). The LWT intervention consisted of up to 10
weekly sessions targeted at reducing tic-related impairment and developing skills to manage
psychosocial consequences of tics. Youth in the LWT condition experienced significantly reduced
clinician-rated tic-impairment, and improved child-rated quality of life. Ten youth (83%) in the
LWT group were classified as treatment responders compared to four youth in the waitlist
condition (33%). Treatment gains were maintained at one-month follow-up. Findings provide
preliminary data that the LWT intervention reduces tic-related impairment and improves quality of
life for youth with CTDs.
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1. Introduction

Tourette Disorder and other chronic tic disorders (hereafter collectively referred to as CTDs)
are neuropsychiatric conditions characterized by the presence of motor and/or phonic tics
lasting at least a year. Approximately 0.3%-0.8% of youth are estimated to be affected by
CTDs (Centers for Disease Control and Prevention, 2009). Although tics are the hallmark
symptom of CTDs, youth with CTDs regularly present with co-occurring psychiatric
conditions [e.qg., attention deficit hyperactivity disorder (ADHD), obsessive compulsive
disorder (OCD), non-OCD anxiety disorders; Freeman et al., 2000; Specht et al., 2011;
Lebowitz et al., 2012], social and emotional difficulties (Carter et al., 2000; Tabori Kraft et
al., 2012; McGuire et al., 2013) and disruptive behaviors (Sukhodolsky et al., 2003; Tabori
Kraft et al., 2012). Youth with CTDs experience significant impairment (Conelea et al.,
2011) that often affects multiple domains of functioning (Storch et al., 2007a). Indeed,
relative to their peers, youth with CTDs report a diminished quality of life (Storch et al.,
2007b; Eddy et al., 2011b).

In response to the impairment and diminished quality of life reported by many youth with
CTDs, interventions have focused on alleviating tic severity. A meta-analysis of randomized
controlled trials (RCTs) of typical and atypical antipsychotic medications (e.g., haloperidol,
risperidone) has demonstrated their efficacy in reducing tic symptom severity compared to
placebo (Weisman et al., 2012). Although efficacious, these medications are frequently
accompanied by side effects that may limit tolerability and acceptability (Scahill et al.,
2006a). Similarly, a meta-analysis of RCTs of alpha-2 agonists medications (e.qg.,
guanfacine, clonidine) demonstrated their efficacy in reducing tic symptom severity, albeit
with modest results (Weisman et al., 2012). Behavior therapy (e.g., habit reversal training,
comprehensive behavioral intervention for tics) has also demonstrated efficacy in reducing
tic symptom severity in RCTs for youth and adults (Piacentini et al., 2010; Himle et al.,
2012; Wilhelm et al., 2012), with a meta-analysis of behavior therapy RCTSs identifying
comparable treatment effects to antipsychotic medications (McGuire et al., 2014).

Although pharmacological and behavioral interventions both demonstrate efficacy in
alleviating tic symptom severity, these treatments primarily focus on tic severity reduction
predicated on the assumption that tic severity is wholly responsible for the impairment and
diminished quality of life experienced by youth with CTDs. Despite this assumption, the
interplay between tic severity, impairment, and quality of life remains unclear among youth
with CTDs. For instance, several reports have identified a modest association between tic
severity and quality of life (Storch et al., 2007b; Cutler et al., 2009), whereas others have
failed to find a significant relationship (Bernard et al., 2009; Eddy et al., 2011a). This
ambiguous relationship is further complicated by research suggesting that co-occurring
OCD and ADHD (Eddy et al., 2012), depressive symptoms (Muller-Vahl et al., 2010),
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negative self-perception (Khalifa et al., 2010; Eddy et al., 2011b), and social deficits
(McGuire et al., 2013) can negatively impact quality of life for individuals with CTD.
Indeed the relationship between tic severity and quality of life may be more nuanced as
many youth with CTDs experience problems secondary to their tics (e.g., social interference,
discrimination, peer victimization; Storch et al., 2007c; Conelea et al., 2011; Zinner et al.,
2012) that can impact domains central to their quality of life to varying degrees.

Although many individuals with CTDs report that tics subside in early adulthood (Bloch et
al., 2006), tics often do not remit entirely and, at the least, a child must endure them for
many years. Similarly, evidence-based treatments yield significant reductions in tic severity,
but infrequently result in tic remission. Thus, youth with CTDs have to develop effective
coping strategies for tics even when receiving evidence-based treatment. While experts
acknowledge that tics can have adverse psychosocial consequences that may endure even
after tics diminish and/or remit (Scahill et al., 2013), there has been limited research on
helping youth with CTDs develop skills to cope with these psychosocial consequences.
Indeed, when adults with CTDs were surveyed about their experiences, many stated that
they continued to feel different from peers because of their tics, relied on social avoidance to
manage tics, experienced social impairment, and believed that tics contributed to other
psychological problems (Conelea et al., 2013). Thus, adults with CTDs continue to
experience considerable adverse psychosocial consequences associated with tics that likely
started in childhood. Therefore, interventions are needed for youth that not only reduce tic
symptom severity, but also provide skills to manage the adverse psychosocial problems
associated with tics (Peterson and Cohen, 1998). Targeted interventions may mitigate the
impairment caused by tics, positively impact quality of life during childhood and
adolescence, and curtail social difficulties into adulthood.

Although co-occurring problems are recognized as an important aspect of treatment in
evidence-based practice parameters (Murphy et al., 2013), few treatment protocols have
attempted to target co-occurring problems among youth with CTDs (Scahill et al., 2006b;
Sukhodolsky et al., 2009), and have not directly addressed the psychosocial challenges
associated with tics themselves. To date, only a single open-label case series has examined
an intervention to address associated negative social consequences of tics in youth with
CTD. Storch and colleagues developed a modular cognitive behavioral intervention called
Living with Tics (LWT) and found that it reduced tic-related impairment, improved
psychosocial functioning, and increased quality of life among eight youth with CTDs
(Storch et al., 2012). This therapeutic approach is important because it addresses aspects of
treatment not directly targeted by existing pharmacological or behavioral interventions, and
can serve as either a primary or adjunctive component of existing evidence-based
interventions.

The current study extended up the preliminary findings by Storch et al. (2012) by
incorporating additional modules into the LWT intervention and evaluating its efficacy
relative to a waitlist condition of equal duration in a randomized controlled pilot trial. We
hypothesized that the LWT intervention would be superior to the waitlist condition in
reducing clinician-rated tic impairment and improving quality of life for youth with CTDs.
Secondary aims explored the effects of the LWT intervention on tic symptom severity,
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obsessive-compulsive symptom severity, and anxiety symptom severity relative to the
waitlist condition.

2.1 Participants

Thirty-four youth and their parents were invited to participate in this study. Youth were
recruited from the normal clinic flow within an outpatient OCD and CTD specialty clinic in
the southeastern United States. Study inclusion criteria required that youth: 1) have a
principal diagnosis of CTD; 2) be between 7 and 17 years of age; 3) have a Yale Global Tic
Severity Scale (YGTSS; Leckman et al., 1989) Total Impairment score =20 and a YGTSS
Total Tic Severity score = 10; 4) be English speaking; 5) have at least one parent be
available to attend relevant sessions; and 6) be medication-free or on a stable dose of
medication for at least eight weeks prior to treatment. Youth were excluded from
participation for the following reasons: 1) presence of comorbid psychasis, bipolar disorder,
autistic disorder, or current suicidal intent; 2) presence of an untreated primary psychiatric
condition that warranted more immediate treatment (e.g., OCD, ADHD); and 3) were
receiving another psychological intervention. Tic disorder diagnoses were confirmed via a
clinical interview with a child and adolescent clinical psychologist or psychiatrist
experienced with CTD, and administration of the YGTSS by a trained clinician. Co-
occurring diagnoses were determined via the Anxiety Disorders Interview Schedule-DSM-
IV-Child and Parent Version (Silverman and Albano, 1996). Twenty-four youth met
inclusion criteria, and participated in the study. A CONSORT diagram is shown in Figure 1,
and a summary of participant characteristics is provided in Table 1.

2.2 Measures

Yale Global Tic Severity Scale (YGTSS; Leckman et al., 1989)—The YGTSS is a
clinician-rated semi-structured interview with demonstrated reliability and validity that
measures tic symptom severity over the previous week (Leckman et al., 1989; Storch et al.,
2005). The YGTSS produces a Total Tic Score (range: 0-50), and a Total Impairment Score
(range: 0-50), with higher rating indicating greater tic severity and impairment, respectively.

Anxiety Disorders Interview Schedule for Children-DSM-1V: Child and Parent
Version (ADIS-IV-C/P; Silverman and Albano, 1996)—The ADIS-C/P is a clinician-
administered structured diagnostic interview based on DSM-IV criteria. Diagnoses reflect
endorsement of symptoms, as well as a severity rating (patient impairment/distress) of at
least four on a 0-8 scale. The ADIS-C/P has demonstrated strong psychometric properties
including test-retest reliability, inter-rater reliability, and concurrent validity (Silverman et
al., 2001; Wood et al., 2002).

Clinical Global Impression—-Severity (CGI-Severity; Guy, 1976)—The CGI-
Severity is a 7-point clinician rating of illness severity that ranges from no illness (0) to
extremely severeillness (6). The CGI-Severity served as an overall measure of tic severity
and tic-related impairment experienced by youth. The CGI-Severity has been widely used in
RCTs of youth with CTDs (Piacentini et al., 2010; Himle et al., 2012).
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Clinical Global Impression—-Improvement (CGl-Improvement; Guy, 1976)—The
CGlI-Improvement is a clinician-rated measure of improvement that is rated on a 7-point
Likert scale ranging from very much worse (0) to very much improved (6). The CGI-
Improvement was administered at the post-treatment (or post-waitlist) assessment by an
independent evaluator blind to treatment condition. The CGI-Improvement is well validated
in treatment studies of CTDs (Storch et al., 2011; Jeon et al., 2013), with a rating of either
"very much improved" or "much improved" corresponding with a positive response to
treatment.

Children’s Yale-Brown Obsessive Compulsive Scale (CY-BOCS; Scahill et al.,
1997)—The CY-BOCS is a clinician-administered semi-structured interview used to assess
obsessive compulsive symptom severity over the past week, with total severity scores
ranging betweeen 0-40. The CY-BOCS has demonstrated strong psychometric properties
and sensitivity to treatment (Scahill et al., 1997; Storch et al., 2004).

Pediatric Quality of Life Inventory-Child Version (PedsQL; Varni et al., 2003)—
The PedsQL version is a 23-item child-rated measure that assessed youth’s quality of life.
Items are rated on a 5-point scale, with higher scores corresponding to better quality of life.
The PedsQL Total Score provides a metric of overall child-rated quality of life. Extensive
validity and reliability data have been published across multiple clinical presentations in
support of the PedsQL (e.g., Varni and Burwinkle, 2006; Lack et al., 2009).

Multidimensional Anxiety Scale for Children (MASC; March et al., 1997)—The
MASC is a psychometrically sound 39-item child-report questionnaire that assesses
symptoms of general, social, and separation anxiety in youth (March et al., 1997). Items are
rated on a 4-point Likert-scale that ranges from never true (0) to often very true about me
(3). The MASC items sum to produce a total score that serves as an index of anxiety
symptom severity.

Child Tourette’s Syndrome Impairment Scale (CTIM-P; Storch et al., 2007a)—
The CTIM-P is a 37-item parent-rated instrument that includes school, home, and social
activities that may be impaired by tics or other related problems. The CTIM-P produces a
total tic impairment score, which has demonstrated good internal consistency and construct
validity (Storch et al., 2007a).

Satisfaction with Services (SS; Hawley and Weisz, 2005)—The SS is a 5-item
instrument that assesses parents’ and youths’ satisfaction with therapeutic services (e.g.,
“Overall, how satisfied were you with the help that your child received at this clinic?”).
Each item is rated on a five-point Likert-type scale that ranges from one (very false/very
unsatisfied) to five (very true/very satisfied). Total scores range from 5 to 25, with higher
scores indicating greater treatment satisfaction.

2.3 Procedures

The local Institutional Review Board approved study procedures. At the screening
assessment, written consent and assent were obtained from parents and youth respectively.
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Afterwards, a trained independent evaluator administered clinician-administered ratings
(YGTSS, ADIS-C/P, CGI-Severity, CY-BOCS). Subsequently, youth (PedsQL, MASC) and
parents (CTIM-P) completed their respective rating scales. If participants met inclusion
criteria, they were randomly assigned on a 1:1 basis to either immediate treatment or a 10-
week waitlist. Participants who received treatment immediately were invited back within a
week to begin LWT. Participants could receive up to 10 sessions over the 10 week period (1
session per week), but were not required to utilize all 10 sessions prior to the post-treatment
assessment. Approximately 10 weeks after their initial assessment, participants were re-
evaluated using the same assessment battery by an independent evaluator blind to treatment
condition. For those participants who received treatment immediately and were considered
to be treatment responders on the CGI-Improvement, a follow-up assessment was completed
approximately one month after the post-treatment assessment to examine the short-term
durability of treatment gains. Participants assigned to the 10-week waitlist condition were
offered LWT, and completed a post-treatment assessment (n=7) that consisted of the same
assessment battery.

2.4 Independent Evaluator Training and Reliability

Independent evaluators were trained clinicians who had experience working with youth with
CTDs. Evaluator training involved instructional meetings, in vivo observations, and direct
supervision provided by an experienced clinical psychologist. All clinician-administered
interviews were audio recorded for quality assurance purposes. Inter-rater reliability of the
YGTSS was completed either by listening to audio recordings of assessment and/or
completing independent YGTSS ratings in vivo during assessments. Six assessments (25%)
were randomly selected from each assessment point (pre-treatment, post-treatment), and
independently rated by two additional raters. Excellent inter-rater reliability was found
across raters for both the YGTSS Total Tic Score (ICC=0.99, 95% Cl: 0.98, 0.99) and
YGTSS Total Impairment Score (ICC=0.98, 95% CI: 0.94, 0.99).

2.5 Treatment Protocol

The LWT treatment protocol was initially developed by Storch et al. (2012) and was
updated to include the additional modules of parent-training and emotion regulation for this
current protocol (see Storch et al., 2012 for further information about treatment module
development). The LWT intervention consisted of 10 modules delivered in weekly 50-
minute sessions (see Table 2). This modular approach was explicitly designed to
individualize each youth's treatment within the context of empirically-derived treatment
modules. Modules could be used for more than one treatment session (with the noted
exception of psychoeducation and relapse prevention) and could be used interchangeably to
address youth's most pressing problems over the course of treatment. In Session 1
(psychoeducation), the therapist oriented participants to treatment and assessed the impact of
tics on youth's lives. The therapist focused on the initial problem area identified as most
important by parents and youth, but was allowed to redirect treatment based on clinical
presentation. For instance, if treatment initially focused on habit reversal training (HRT), but
disruptive behaviors interfered with HRT implementation, the therapist could use the parent
training for disruptive behaviors module to provide parents with the tools to manage
disruptive behaviors, and then return to HRT when the problematic behavior was resolved.
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Similarly, if treatment focused on overcoming tic-related avoidance, but peer teasing was
reported to be an immediate problem that week, the therapist could use the coping with tics
at school module to help the youth deal with immediate peer teasing, and then return to
overcoming tic-related avoidance when the situation was resolved.

Treatment modules included abbreviated HRT (Mode=2 sessions, Range: 1-3), cognitive
restructuring (Mode=0 sessions, Range: 0-2), problem solving (Mode=0 sessions, Range: 0—
5), parent training (Mode=0 sessions, Range: 0-3), emotion regulation (Mode=0 sessions,
Range: 0-2), overcoming tic-related avoidance (Mode=0 sessions, Range: 0-1), talking
about tics with peers and coping at school (Mode=1 session, Range: 0-2), and improving
self-esteem (Mode=0 sessions, Range: 0-2). Although therapists were instructed to limit
abbreviated HRT to two sessions, one participant received three sessions of HRT due to
clinical indication.

Treatment was provided by post-doctoral level psychologists and advanced clinical
psychology doctoral students. Therapists were supervised by an experienced clinical
psychologist between treatment sessions. All therapy sessions were audio-taped for quality
assurance purposes. Fidelity ratings to the treatment manual were made on 20% of randomly
selected sessions. Sessions were rated for adherence to the treatment manual and overall
session quality using detailed forms developed for the study. Scores for adherence and
session quality ratings ranged from “no adherence/poor quality” (0) to “excellent adherence/
excellent quality” (5). Adherence (M=4.59, SD=0.67) and quality ratings (M=4.59,
D=0.67) indicated that therapist adherence to the treatment manual and overall session
quality was good to excellent.

2.6 Analytic Plan

A series of chi-square and t-tests assessed pre-treatment between group differences, with
Fisher exact tests being used when cell sizes were less than five for categorical variables.
Analyses of pre- and post-treatment data were based on intent-to-treat principles (ITT), with
last observation carried forward used to account for missing post-treatment data for two
participants lost to follow-up. As a precautionary step, completer analyses were also
conducted to determine if outcomes differed by analytic approach. Findings were consistent
between ITT and completer analyses for continuous measures; thus, only the former is
reported as it is more conservative. Two-way repeated-measures analysis of variance
(ANOVA) was used for continuous measures. Using two groups (LWT and waitlist) and the
two time points (pre-treatment versus post-treatment), an ANOVA tested for a significant
interaction between treatment group and time. The effect size (ES) for continuous measures
was calculated using Cohen's d. The rates of positive response on the CGI-Improvement
were evaluated using %2 tests. Change between the post-treatment and the follow-up
assessment for treatment responders in the LWT group was examined using paired t-tests
and Fisher’s exact tests. As youth who completed the waitlist condition also received LWT,
an open-trial analysis was conducted wherein outcome data were collapsed across treatment
arms (12 LWT, 7 WL). Paired samples t-tests were performed to compare pre-treatment and
post-treatment scores for all youth who received the LWT intervention (n=19). Given the
exploratory nature of this intervention, significance was set at p=0.05.
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3. Results

3.1 Participant and Treatment Characteristics

Demographic and clinical characteristics for each group are presented in Table 1.
Participants in the LWT and waitlist conditions did not significantly differ on demographics,
clinical characteristics, or tic medication status. Twenty-two of the 24 participants (92%)
completed pre-treatment and post-treatment study procedures. Two participants in the
waitlist condition were lost to follow-up (e.g., unable to be reached), and did not complete
the post-waitlist assessment. Participants randomized to the LWT group received an average
of eight sessions of therapy over the treatment period (range: 6—10 sessions).

3.2 LWT versus Waitlist

The mean YGTSS Total Impairment Score decreased from 27.50 +7.54 at pre-treatment to
8.33 +8.35 at post-treatment in the LWT group, and from 31.67 +7.18 to 23.75 +8.82 in the
waitlist group. This 70% reduction in clinician-rated tic impairment on the YGTSS was
significantly greater than the 25% reduction in the waitlist group, and falls within the range
of a large treatment effect (p=0.01, ES=1.50, see Table 3). Youth in the LWT group also
experienced a greater improvement in quality of life (PedsQL) relative to youth in the
waitlist condition (p=0.03, ES=0.72, see Table 3). On the CGI-Improvement, 10 of the 12
participants (83%) in the LWT condition were rated as treatment responders compared to
four of 12 participants (33%) in the waitlist condition (x2 =6.17, p=0.013).

When examining secondary outcomes, a large reduction in the YGTSS Total Tic Score was
observed for the LWT group relative to the waitlist group (ES=0.76), however it did not
reach statistical significance (p=0.18, see Table 3). Similarly, youth in the LWT group
exhibited improvement on other secondary outcomes in comparison to the waitlist condition
(ES=0.10-0.76), however these differences were not significant (see Table 3). For the 12
youth in the LWT group, the mean parental satisfaction following the intervention was 24.50
(SD=0.67), and mean child satisfaction was 24.08 (SD=1.93), suggesting that both youth and
their parents were satisfied with the intervention.

3.3 Follow-up Assessment

Five of the 10 treatment responders on the CGIl-Improvement completed a follow-up
assessment (M=6eeks, SD=2\weeks)- The reductions in tic-related impairment in the LWT
group were maintained at follow-up. The follow-up YGTSS Total Impairment Scores
(M=10.00, SD=0.00) were not significantly different from the post-treatment scores
(t4=0.00, p=1.00). Furthermore, no significant change was observed between post-treatment
scores and follow-up scores on child-rated quality of life (t4=0.41, p=0.71). All follow-up
assessment completers (100%) continued to respond to treatment on the CGI-Improvement
(Fisher’s exact test, p=1.00). Paired samples t-tests found no significant differences between
post-treatment scores and follow-up scores on the YGTSS Total Tic Score (p=0.73), CY-
BOCS (p=0.08), MASC Total T-score (p=0.68), and CTIM-P Tic Impairment (p=0.41).
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3.4 Open-Trial Analyses

Youth in the waitlist group who completed the post-waitlist assessment were offered LWT
(n=10). Seven youth in the waitlist condition received LWT and completed a post-treatment
assessment. An open-trial analysis was conducted wherein outcome data were collapsed
across treatment arms (12 LWT, 7 WL) to examine effects of the intervention. Participants
in these open-label analyses (n=19) collectively received an average of nine therapy sessions
over the 10-week period (range: 6-10 sessions). Paired sample t-tests comparing pre-
treatment to post-treatment scores revealed that youth receiving LWT exhibited a 60%
reduction on the YGTSS Total Impairment score (p<0.001, ES=1.21, see Table 4). These
youth also reported experiencing an improved quality of life (p<0.01, ES=0.76), with 16 out
of the 19 participants (84%) being considered a treatment responder on the CGI-
Improvement. Youth receiving LWT experienced a 30% reduction on the YGTSS Total Tic
Score (p=0.03, ES=0.54), and also exhibited significant improvement on the CY-BOCS
(p<0.001, ES=0.86), MASC Total T-score (p<0.03, ES=0.58), and CTIM-P Tic Impairment
(p<0.001, ES=0.91). For the 19 youth who received treatment, the mean parental satisfaction
following the LWT intervention was 24.61 (SD=0.61), and mean child satisfaction was
24.06 (SD=1.89), suggesting that both youth and their parents were satisfied with the
intervention.

4. Discussion

The present study examined the preliminary efficacy of a cognitive behavioral intervention
to reduce tic-related impairment and improve quality of life for youth with CTDs. Although
previous pharmacological and behavioral interventions have emphasized reduction in tic
severity, the present intervention focused on providing youth and their parents with skills to
deal with tic-related problems and negative psychosocial consequences associated with tics.
The LWT intervention significantly reduced clinician-rated tic-related impairment
(ES=1.50) and improved child-reported quality of life (ES=0.72) relative to a waitlist
condition. Aside from experiencing therapeutic benefit, participating parents and youth
found this intervention to be highly satisfactory. Youths' improvement during acute
treatment was maintained at the follow-up assessment for the subsample of responders who
completed the assessment. Collectively, results from this pilot trial suggest that the LWT
intervention is associated with reduced tic-related impairment, improved quality of life, and
high satisfaction.

These findings may be understood in several ways. First, the LWT intervention primarily
focused on reducing tic-related impairment and problems associated with tics among youth
with CTDs instead of directly targeting tic symptom severity. This is different from current
evidence-based behavioral interventions that focus on reducing tic symptom severity as a
means to reduce impairment and improve functioning. Indeed, behavior therapy for youth
with CTD has moderate-to-large treatment effects for tic severity (0.68) and tic-related
impairment (0.57) (Piacentini et al., 2010). Comparatively, this intervention emphasized the
development of skills for youth and their parents to deal with problems that accompany tics
(e.g., social interference, peer teasing, regulating emotions and behaviors, self-esteem). As
parents and youth developed improved skills, they could directly address both problematic
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tic symptoms and associated problems using adaptive strategies. For instance, social
avoidance due to tic symptoms is common (Conelea et al., 2011); in the LWT intervention,
youth learned skills to manage tics during social activities (e.g., competing responses,
coping strategies) and practiced overcoming tic-related avoidance in a step-wise fashion.
Concurrently, parents were instructed to limit their accommaodation of youth's tic-related
avoidance, thereby providing youth with the opportunity to practice their improved skills.
While the LWT intervention targeted reductions in tic-related impairment, it is important to
note that treatment also incorporated active instruction on HRT to help youth and parents
learn to manage tics. Collectively, this individualized treatment package yielded a moderate
reduction in tic symptom severity that falls within the range of full trials of behavior therapy
(Piacentini et al., 2010), but had smaller treatment effects on tic symptom severity in open-
label analyses in which the sample size was larger. Thus, LWT's treatment effects on tic
severity may be more modest in a larger RCT. Although direct comparisons between the
LWT and behavior therapy cannot be inferred in the absence of a head-to-head trial, these
findings suggest that LWT can yield moderate-to-large treatment effects for tic severity and
tic-related impairment. While there may be some impetus to conduct such a head-to-head
trial, it would not prove clinically relevant as these two interventions may be combined in
clinical practice.

Second, youth in the LWT group experienced a significant improvement in their quality of
life. While medications and behavioral interventions are efficacious in reducing tic symptom
severity, quality of life may remain impaired due to the presence of sustained poor coping
strategies (e.g., social avoidance) that continue to impact social, emotional and school
functioning (Conelea et al., 2011; Conelea et al., 2013). Although many youth respond to
pharmacological and behavioral interventions for CTDs (Murphy et al., 2013), remission is
rare and even treatment responders continue to experience tics. Thus, the LWT intervention
presents a unique opportunity to help youth with CTDs develop effective tools to manage
their tics and associated problems, which is hypothesized to positively affect their quality of
life. While this study examined the LWT intervention as a stand-alone treatment, it may also
serve as an adjunctive treatment to either pharmacological and/or behavioral interventions.
For instance, for youth who receive an evidence-based intervention but do not achieve
desired reductions in tic-related impairment or improvement in quality of life, their
treatment may be supplemented with relevant LWT modules to develop skills to effectively
manage tic-related problems and navigate the adverse psychosocial consequences of
remaining tics. Alternatively, given the overlap between current behavior therapy protocols
(Woods et al., 2008) and modules covered in LWT (e.g., psycho-education, HRT, relapse
prevention), an integrative approach may be used whereby the two treatments are combined.
For example, a clinician may interweave HRT with LWT modules to reduce tic severity and
tic-related impairment, and improve youth's quality of life in an individualized and
empirically-informed method. While this integrative approach would likely require more
sessions than originally intended by either treatment protocol (8-10 sessions), 15 treatment
session (or fewer) is a standard figure for cognitive behavioral treatments among related
disorders (e.g., OCD; March and Mulle, 1998).

Lastly, the LWT intervention was rated as highly satisfactory by parents and youth. This
high level of satisfaction suggests that the LWT intervention is well tolerated by both youth
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and parents, and adequately addressed their needs. This is a notable contrast from existing
pharmacological interventions for CTD that may be accompanied by adverse side effects
that can limit tolerability (Scahill et al., 2006a; Correll et al., 2009). This high satisfaction
observed in the LWT group may serve to limit treatment attrition, and result in greater
session attendance. Similarly, other modularized cognitive-behavioral interventions have
also reported high patient satisfaction ratings and limited attrition (Wilhelm et al., 2011,
Storch et al., 2013), suggesting strong patient acceptability that may be attributed to the
adaptable nature of the treatment protocol.

Although results were promising for primary outcomes, secondary clinical outcomes did not
differ significantly between groups, which mirrors other pilot trials of youth with CTDs
(Scahill et al., 2006b; Sukhodolsky et al., 2009). Despite these non-significant group
differences, two interesting findings emerged. First, there was a clinically significant
reduction in obsessive-compulsive symptom severity in the RCT (ES=0.61), which reached
statistical significance in the open-label analyses (p<0.001, ES=0.86). Given that youth in
the LWT condition learned to overcome tic-related avoidance and approached feared
situations using step-wise exposures, youth and parents may have applied these learned
skills to confront other fears. Alternatively, as many youth with CTDs have tic-related
obsessive compulsive symptoms (e.g., not just right sensations, repeating rituals), it may be
that youth diagnosed with OCD in the LWT group (n=4; 33%) applied competing responses
(a component of HRT) to help them counter rituals, thereby resulting in habituation to
obsessional worries (e.g., resisting the desire to fix re-arrange something by folding arms).
Given the frequent co-occurrence of OCD with CTDs, this finding bears promise for youth
with CTDs and OCD receiving LWT. Second, there was no significant difference between
groups on parent-rated tic impairment in the RCT (p=0.56, ES=0.14), but a significant
reduction in parent-rated tic impairment in open-label analyses (p<0.001, ES=0.91). This
was somewhat surprising in light of the large effect reported by a treatment blinded
evaluator. It may be that parents become accustomed to youth's impaired functioning, and
accommodate accordingly. Alternatively, some aspects of tic-related impairment (e.g., loss
of peer friendships, peer teasing, poor self-concept) may not be overtly distinguishable to
parents as youth may keep them internalized. Thus, parents may not realize the magnitude of
youth's tic-related impairment until it is reviewed in therapy. Indeed, this may account for
the differential treatment effects observed between parent-rated tic impairment and child-
rated quality of life observed in the RCT.

These findings should be considered within the context of study limitations. First, this study
had a small sample size. Although pilot trials are intended to refine treatment approaches
and problem solve pragmatic considerations (Leon et al., 2011), this study was
underpowered to detect smaller between-group treatment effects. Thus, some medium-sized
between-group treatment effects were not statistically significant at post-treatment (e.g., tic
severity, obsessive-compulsive severity). On balance, the sample size is comparable to other
pilot intervention trials among youth with CTDs (Scahill et al., 2006; Sukhodolsky et al.,
2009). Second, there was a comparatively high response rate among youth in the waitlist
condition (33%). This response rate was markedly higher than control conditions in larger
randomized controlled trials (18.5%; Piacentini et al., 2010). Thus, some secondary
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characteristics that exhibited large treatment effects were still not significant between
groups. However open-label analyses identified that youth receiving LWT improved
significantly on secondary characteristics. Third, this trial used a waitlist control
comparison. Between group treatment effects may have been smaller if a non-behavioral
active comparison intervention were used instead. Fourth, this study used a one-month
follow-up to examine the short-term durability of treatment gains. Given the waxing and
waning nature of tics (Lin et al. 2002), it may be that a 3-or-6 month follow-up assessment
used in other RCTs may vyield differences in treatment durability (Piacentini et al., 2010;
Woods et al., 2011). Finally, this study developed treatment modules based on an open-label
pilot study conducted by (Storch et al., 2012) and clinical expertise. Future research and
refinement of the LWT treatment manual may prove beneficial to identify additional
modules and incorporate them into the treatment package to address problems not identified
by previous parents and children with tics.

When treating youth with CTD, it is important to conduct a comprehensive evidence-based
assessment to clarify treatment goals (McGuire et al., 2012). As part of this assessment,
youth's quality of life should be evaluated using either general quality of life measures that
have demonstrated adequate psychometric properties in youth with CTD (Storch et al.,
2007b), or more CTD specific quality of life measures (Cavanna et al., 2008). While CTD
specific quality of life measures have demonstrated adequate psychometric properties in
Italian youth with CTD (Cavanna et al., 2013a; Cavanna et al., 2013b), such measures still
require further psychometric validation in English-speaking youth with CTD prior to their
widespread use. After a thorough evaluation and clarification of treatment goals, clinical
guidelines should be followed for youth and families seeking reductions in tic symptom
severity (Murphy et al., 2013). However, for youth also experiencing adverse psychosocial
consequences related to tics and/or a poor quality of life, there exist limited empirically-
supported treatment options. This pilot trial identified that the LWT intervention produced
significant reductions in clinician-rated tic-impairment and improved youth’s quality of life.
Thus, these youth may benefit from the LWT intervention as either a primary, augmentative,
or integrative treatment with pharmacotherapy or behavior therapy. These findings
encourage the evaluation of the LWT intervention in a larger and appropriately powered
RCT. Future evaluations should include additional within-treatment assessments to evaluate
potential mechanisms of change for tic-related impairment and quality of life (e.g., coping
skills questionnaire).
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Figure 1.
Flow of patients through the study, LWT indicates Living with Tics treatment protocol.
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Table 2

Focus of Module Key Elements

Psychoeducation .

Educate youth and parents about tics to reduce stigma
Identify youth’s tics, and assess impact of tics on functioning

Provide rationale for treatment, and describe treatment model

Abbreviated Habit Reversal Training . Increase awareness of tics and associated premonitory urges
. Identify and implement competing responses
. Discuss use of social support and reinforcement system
Feeling Identification & Cognitive . Provide education on the relationship between thought and feelings

Restructuring

Identify feelings and thoughts related to tics
Identify and discuss cognitive distortions related to tics

Learning to challenge cognitive distortions

Problem Solving .

Provide training in problem solving steps
Practice problem solving skills for tic and non-tic related problems

Increase sense of efficacy for solving problems

Parent Training for Disruptive Behaviors .

Educate parents about disruptive behaviors among youth with CTDs
Identify antecedents and consequences of disruptive behaviors
Identify an appropriate reinforcement system

Develop contingencies for positive and negative behaviors

Emotion Regulation and Anger .
Management

Provide education about difficulty some youth with CTDs have regulation emotions
(e.g., anger, anxiety)

Identify antecedents and consequences to episodic anger and anxiety

Teach coping strategies for negative emotions (e.g., cognitive restructuring,
redirection, relaxation training, problem solving skills)

Overcoming Tic-Related Avoidance .

Identify activities that are avoided due to tics
Discuss rationale for exposure session, and develop hierarchy
Conduct in-session exposures (if appropriate)

Discuss use of reinforcement system for completed activities

Talking About Tics & Coping at School .

Discuss teasing/bullying and identify strategies to deal with teasing
Discuss and role-play ways to talk to others about tics

Identify and troubleshoot problems tics cause at school

Discuss strategies for improving focus on schoolwork

Review appropriate classroom accommodations

Psychiatry Res. Author manuscript; available in PMC 2016 February 28.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

McGuire et al.

Page 22

Focus of Module

Key Elements

Improving Self-Esteem

Normalize tics and challenge beliefs about limitations due to tics
Discuss youth's positive attributes
Identify and engage in activities that build on personal strengths

Discuss potential advantages of living with tics

Relapse Prevention

Review progress since starting treatment
Review strategies and coping skills learned in therapy

Discuss steps necessary to maintain treatment gains
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