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Abstract

This report examined the most frequently reported bothersome tics among individuals with 

chronic tic disorders and evaluated the improvement and remission of tics and their associated 

characteristics. Youths and adults (N = 240) were randomly assigned to receive the comprehensive 

behavioral intervention for tics (CBIT) or psychoeducation and supportive therapy (PST). At 
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baseline, motor tics and tics with an urge were rated as more bothersome relative to vocal tics and 

tics without premonitory urges. The five most common bothersome tics included eye blinking, 

head jerks, sniffing, throat clearing, and other complex motor tics. While CBIT outperformed PST 

across tic type and urge presence, tics preceded by premonitory urges at baseline had higher 

severity at posttreatment across treatment condition. Six individual tic types had lower severity at 

posttreatment following CBIT relative to PST. Baseline urge presence was associated with tic 

remission for CBIT but not PST. Specific bothersome tics were more likely to remit with CBIT 

relative to PST. Findings suggest that individual tics respond and remit differently to CBIT 

relative to PST, with implications highlighting the negative reinforcement hypothesis in tic 

symptom maintenance.

Keywords

Tourette’s Disorder; Behavior Therapy; Habit Reversal Training; Comprehensive Behavioral 
Intervention for Tics; Treatment Outcome; Individualized Treatment Response

Introduction

Tics are sudden, nonrhythmic motor movements or vocalizations that are relatively common 

among school-age youth for brief periods of time (Cubo et al., 2011). Tourette’s Disorder 

and chronic tic disorders (collectively referred to as CTD) are neurodevelopmental disorders 

characterized by the presence of motor and/or vocal tics that persist more than a year 

(American Psychiatric Association, 2000). Symptoms of CTDs typically emerge in early 

childhood (Bloch & Leckman, 2009), with most youths experiencing a waxing and waning 

in tic symptom severity (Lin et al., 2002). Although tic symptoms remit for some youth, a 

considerable portion of adolescents have tics that persist into adulthood (Bloch et al., 2006). 

Tics can vary broadly across and within individuals according to type (motor or vocal), and 

complexity (simple or complex). Tic presentation varies little between youth and adults with 

CTDs. In both groups, common tics including eye blinking, head jerking, mouth 

movements, and simple vocalizations (McGuire et al., 2013). Likewise, across the age 

spectrum, those with CTDs may experience considerable impairment (Conelea et al., 2011; 

Conelea et al., 2013) and a reduced quality of life (Jalenques et al., 2012; Storch et al., 

2007).

Historically, tics have been managed with antipsychotic and alpha-2 agonist medications 

(Scahill et al., 2006). Although effective (Weisman, Qureshi, Leckman, Scahill, & Bloch, 

2012), these medications can be accompanied by side effects that can limit tolerability 

(Scahill et al., 2006). Additionally, in related conditions (e.g., obsessive-compulsive 

disorder, anxiety disorders), patients and/or parents often express a preference for 

nonpharmacological treatments (Brown, Deacon, Abramowitz, Dammann, & Whiteside, 

2007; Lewin, McGuire, Murphy, & Storch, 2014; McHugh, Whitton, Peckham, Welge, & 

Otto, 2013; Patel & Simpson, 2010). Behavioral interventions such as habit reversal training 

(HRT) and its successor, the comprehensive behavioral intervention for tics (CBIT; Woods 

et al., 2008), offer an alternative. Although there is some variation between HRT and CBIT 

due to the incorporation of specific therapeutic components (e.g., relaxation training, 
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functional analysis), both include the core therapeutic components of awareness training and 

competing response training (Peterson, 2007; Woods, Miltenberger, & Lumley, 1996). 

Randomized controlled trials consistently demonstrate the acceptability, efficacy, and safety 

of these behavioral interventions (Deckersbach, Rauch, Buhlmann, & Wilhelm, 2006; 

Piacentini et al., 2010; Wilhelm et al., 2003; Wilhelm et al., 2012), with a recent meta-

analysis identifying moderate-to-large treatment effects (McGuire, Piacentini, et al., 2014). 

Indeed, treatment guidelines recommend behavior therapy as a first-line intervention for 

youths with CTDs (Murphy, Lewin, Storch, & Stock, 2013; Steeves et al., 2012; Verdellen, 

van de Griendt, Hartmann, & Murphy, 2011).

Although HRT and CBIT are efficacious in reducing tic severity, not all tics reduce and/or 

remit after behavioral treatment. Thus, it is possible that specific characteristics of tics (e.g., 

premonitory urge, motor/vocal, anatomical location) are associated with differential 

treatment response to this intervention. For instance, clinical experience suggests that some 

tics (e.g., eye blinking) may be more difficult to manage with behavioral interventions 

relative to other tics (e.g., arm movements). This treatment disparity may be attributed to the 

automaticity of the tic (e.g., a simple tic versus a complex tic) or to tic typology, or it may be 

influenced by the presence of a premonitory urge. Premonitory urges are unpleasant and 

distressing sensory phenomena that often precede tics and are relieved by tic expression 

(Leckman, Walker, & Cohen, 1993; Woods, Piacentini, Himle, & Chang, 2005). Indeed, 

youths and adults often identify the urge as the most distressing aspect of illness relative to 

tic symptoms (Leckman et al., 1993). As premonitory urges precede many tics, the presence 

of an urge may facilitate tic awareness training exercises and the timely implementation of 

competing responses, subsequently leading to better HRT/CBIT response relative to tics 

without premonitory urges. Contrary to anecdotal clinical experience, the literature has been 

mixed regarding the relationship between premonitory urges and behavioral control of tics 

(Ganos et al., 2012; Specht et al., 2013).

Understanding factors associated with individual tic outcome is important for several 

reasons. First, given the limited number and availability of trained behavioral treatment 

providers (Woods, Conelea, & Himle, 2010), identifying tics that respond well to behavior 

therapy can facilitate allocation of scarce therapeutic resources. Second, identification of tics 

that respond well to behavioral treatment can help clinicians successfully target tics early in 

the treatment process. Successful treatment of a tic can promote patient confidence and 

therapeutic alliance, and it can reinforce patient participation. Third, identification of tics 

that respond poorly to behavior therapy can highlight the need for better competing 

responses or augmentative approaches to enhance existent behavioral techniques. Despite 

the importance of this investigation for research and clinical practice, there has been no 

systematic examination of behavioral treatment efficacy for individual bothersome tics, 

largely due to small treatment samples and heterogeneous presentation of tics.

The current study examined the nature of bothersome tics and explored the efficacy of CBIT 

for common bothersome tics relative to a nonbehavioral treatment (e.g., psychoeducation 

and supportive therapy; PST). First, we characterized the most common bothersome tics 

reported by participants. Second, we investigated whether specific tic characteristics (e.g., 

motor/vocal tic type, premonitory urge) were associated with differential efficacy for CBIT 
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relative to PST. Given that the presence of a premonitory urge may facilitate awareness 

training exercises, we hypothesized that tics with a premonitory urge would respond better 

to CBIT relative to PST. Third, we examined whether specific bothersome tics had 

differential efficacy for CBIT relative to PST. We hypothesized that bothersome tics would 

exhibited a greater reduction with CBIT compared to PST. Finally, we explored whether 

specific bothersome tics were more likely to remit among individuals receiving CBIT 

relative to PST. We hypothesized that bothersome tics would more likely remit to among 

individuals receiving CBIT relative to PST.

Methods

Participants

Two hundred forty-eight participants were enrolled in two randomized multisite clinical 

trials that examined the efficacy of CBIT for reducing tic symptom severity relative to PST 

(Piacentini et al., 2010; Wilhelm et al., 2012). Although differing in target age, the two 

studies employed similar inclusion/exclusion criteria as follows: (1) a diagnosis of CTD of 

moderate or greater severity; (2) English fluency; (3) an estimated IQ > 80; and (4) a stable 

dose of psychiatric medication for at least six weeks with no planned changes (if applicable). 

Exclusion criteria included: (1) an unstable medical condition; (2) current diagnosis of 

substance abuse/dependence; (3) lifetime diagnosis of pervasive developmental disorder, 

mania, or psychosis; and (4) four or more previous sessions of HRT. Although 248 

participants were included in primary trials (Piacentini et al., 2010; Wilhelm et al., 2012), 

eight participants had unusable baseline data for bothersome tics (e.g., illegible, inconsistent, 

or missing). Those participants who discontinued study participation prematurely and/or did 

not complete the posttreatment assessment were excluded from posttreatment analyses (n = 

41). Complete treatment data on participant’s most bothersome tics from baseline to 

endpoint was available for 207 participants. Table 1 details demographic and clinical 

characteristics of the sample.

Measures

Diagnostic interviews—Age-appropriate structured diagnostic interviews were used to 

assess tic and relevant co-occurring diagnoses at baseline. Youth enrolled in the study were 

administered the Anxiety Disorders Interview Schedule (ADIS) for DSM-IV-TR: Child 

Version (Silverman & Albano, 1996), which has demonstrated strong psychometric 

properties (Silverman, Saavedra, & Pina, 2001; Wood, Piacentini, Bergman, McCracken, & 

Barrios, 2002). Adult participants received the Structured Clinical Interview for DSM-IV 

(SCID; First, Spitzer, Gibbon, & Williams, 2002). Given the focus on bothersome tics in the 

context of behavioral treatment, only co-occurring attention-deficit/hyperactivity disorder 

(ADHD) and obsessive-compulsive disorder (OCD) are reported here.

Yale Global Tic Severity Scale—(YGTSS; Leckman, Riddle, Hardin, & Ort, 1989). Tic 

severity was assessed at baseline and posttreatment using YGTSS, a clinician-rated scale 

with demonstrated reliability and validity (Leckman et al., 1989; Storch et al., 2005). The 

YGTSS includes a symptom checklist of commonly reported motor and vocal tics and yields 
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four tic severity scores: Total Motor Tic Score (range: 0-25); Total Vocal Score (range 

0-25); Total Tic Score (range 0-50): and Impairment Score (range 0-50).

Hopkins Motor/Vocal Tic Scale—(HM/VTS; Walkup, Rosenberg, Brown, & Singer, 

1992). Participants nominated up to five motor and five vocal tics they deemed most 

bothersome at baseline using a modified version of the HM/VTS. These tics were then rated 

by a clinician on a 5-point scale that ranged as follows: 0 (none), 1 (mild), 2 (moderate), 3 

(moderately severe), and 4 (severe). These ratings incorporated frequency, forcefulness, 

interference, and subject distress. For example, an arm jerking tic that is frequent and 

forceful, occurs in extended bouts, and interferes with handwriting or other everyday 

activities would probably warrant a rating of at least moderately severe. The same tic that 

was lesser in frequency and interference might be properly rated as mild. Participants also 

reported whether a premonitory urge was associated with each bothersome tic. The same 

bothersome tics nominated at baseline were reevaluated at midtreatment (Week 5) and 

posttreatment (Week 10) assessments on the 5-point scale by a treatment-blind clinician. 

Participants could also nominate new tics that either developed or increased in 

bothersomeness at the midtreatment and posttreatment assessments. Once nominated, these 

new bothersome tics tracked in a similar fashion, but are not included in the present report 

because they did not receive a full course of behavior therapy.

Treatment

Comprehensive Behavioral Intervention for Tics (CBIT) included strategies such as 

psychoeducation about tics, relaxation training, function-based interventions to minimize 

factors that worsen tics, with the emphasis of treatment placed on tic awareness training and 

competing response training (Woods et al., 2008). Tic awareness training involved the 

identification of premonitory urges that precede tics (Leckman et al., 1993) and/or early tic 

movements. Awareness training helped individuals recognize and intervene before fully 

engaging in a tic. Competing response training involved developing a behavior that was 

physically incompatible with the performance of the tic to be implemented contingent upon 

the premonitory urge or early tic movement. The competing response helped the individual 

respond to the urge to tic in a new manner, and attempted to break the negative 

reinforcement cycle between the premonitory urge and the relief following the tic. 

Psychoeducation and supportive therapy (PST) served as the comparison treatment 

condition. In this treatment, individuals received psychoeducation about the course, genetics 

and underlying neurobiology of CTD, as well as the rationale for current treatments. 

Although individuals were allowed to discuss tics and tic-related issues as part of supportive 

therapy, therapists were prohibited from providing advice on strategies for tic management. 

This treatment was designed to parallel recommended adjunctive components of 

psychopharmacologic treatment (Goetz & Horn, 2005).

Procedures

Child study recruitment took place at the Johns Hopkins School of Medicine, the University 

of California Los Angeles, and the University of Wisconsin-Milwaukee. Massachusetts 

General Hospital/Harvard Medical School, the University of Texas Health Science Center at 

San Antonio, and Yale University’s Child Study Center served as adult study recruitment 
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sites. Both studies were approved by the Institutional Review Boards at each of these sites. 

All participants provided written informed consent (assent and parental permission for 

minors). Clinical assessments were completed by a treatment-blind independent evaluator 

with a master’s degree or higher in a mental health field. All independent evaluators were 

trained to reliability and supervised using a structured protocol (Piacentini et al., 2010; 

Wilhelm et al., 2012). Participants were randomly assigned to receive eight sessions of 

CBIT or PST over 10 weeks. At posttreatment (Week 10), the independent evaluator 

reassessed participant’s current tic symptoms and severity (YGTSS), the original 

bothersome tic symptoms (HM/VTS), and any new bothersome tics that emerged over the 

course of treatment (HM/VTS). Further methodological details can be found in Piacentini et 

al. (2010) and Wilhelm et al. (2012).

After trial completion, nominated bothersome tics were coded and grouped into 49 distinct 

tic type categories using the YGTSS symptom checklist to guide categorization by two 

raters. There was excellent agreement between the two raters (kappa = 0.91, p < .001), with 

categorization discrepancies resolved through discussion and consensus. Although every 

effort was made to ensure complete data collection across all assessments, there were a few 

instances in which individual bothersome tics were not appropriately tracked at the 

posttreatment assessment. For these few instances, the following precautionary steps were 

taken to ensure accurate data entry. If a bothersome tic nominated at baseline was omitted 

from the HM/VTS at post-treatment, the YGTSS symptom checklist was consulted to 

determine tic presence. If the tic appeared on the YGTSS symptom checklist at post-

treatment, the tic was rated as missing data on the HM/VTS because the tic was assumed to 

be present without a severity rating. Alternatively, if the bothersome tic nominated at 

baseline was no longer endorsed on the post-treatment YGTSS symptom checklist, the tic 

was assumed to be extinguished and received a post-treatment HM/VTS severity rating of 

zero.

Analytic plan

Among the 240 participants that completed the baseline assessment, there were 27 

individual bothersome tic severity ratings that were missing and/or unclear, with baseline 

premonitory urge data unavailable for 136 bothersome tics. For the 207 participants that 

completed baseline and posttreatment assessments, there were 19 individual bothersome tic 

severity ratings that were missing and/or unclear. Little’s Missing Completely At Random 

(MCAR) evaluated whether a relationship existed between missing data and any values 

within the dataset (observed or missing), with a significant relationship indicating that data 

were not MCAR (Little, 1988). Findings suggested that missing bothersome tic severity 

ratings were MCAR (p = .86). Although this would permit the use of missing data 

imputation strategies, given the preliminary nature of these analyses, these data were treated 

as missing and no data imputation strategies were used to minimize unintentional bias.

Descriptive statistics were used to characterize the participant sample, bothersome tic types, 

and associated premonitory urges (Table 2). A Pearson’s correlation examined the 

association between the YGTSS Total Tic Severity Score and number of bothersome tics 

endorsed at baseline. Independent sample t-tests compared baseline severity by tic type 
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(motor/vocal) and premonitory urge presence (absent/present). Chi-square examined the 

association between tic type and premonitory urge presence. An analysis of covariance 

(ANCOVA) examined whether tic type, premonitory urge presence, and/or treatment group 

(CBIT/PST) were associated with a lower severity rating at posttreatment on the HM/VTS, 

controlling for baseline tic severity on the HM/VTS. Pair-wise comparisons were corrected 

using Sidak correction (Šidák, 1967). For each bothersome tic that was endorsed by more 

than 10% of the sample at baseline, an ANCOVA examined the effect of treatment group on 

bothersome tic severity on the HM/VTS at posttreatment, controlling for baseline 

bothersome tic severity ratings (Table 3). Pair-wise comparisons were corrected using Sidak 

corrections (Šidák, 1967). Although Levene’s test for homogeneity of variance was 

significant in some instances (see Table 3), ANCOVA is robust to violations of this 

assumption of homogeneity of variances provided the ratio of the largest group variance is 

not more than three times the smallest group variance (Pendhazur, 1997), which was the 

case in these analyses. Chi-square examined whether bothersome tic remission 

(characterized by a severity rating of 0 on the HM/VTS at the posttreatment assessment) 

differed by tic type, premonitory urge presence, and/or treatment condition. Chi-square also 

examined whether the remission of individual bothersome tics was more likely to occur with 

CBIT relative to PST (Table 3). Effect sizes are presented for continuous (Cohen’s d) and 

categorical (Cramer’s V) comparisons.

Results

Bothersome tics

Participants reported an average of 6.22 bothersome tics at baseline (SD = 2.02; range: 

1-10). A strong relationship was observed between YGTSS total tic severity and the number 

of bothersome tics nominated at baseline (r = .68, p < .001), which is unsurprising given that 

YGTSS total tic severity score incorporates the number of tics present and interference 

caused by the tics. Table 2 provides a list of the most frequently nominated bothersome tics 

and their baseline severity. The five most frequently endorsed bothersome tics included eye 

blinking, head jerking or nodding, sniffing, throat clearing, and other complex motor 

combinations. Bothersome tics with the greatest severity ratings included coprolalia, full 

body tics, copropraxia, head jerking or nodding, and other complex motor combinations. At 

baseline, motor tics had greater severity ratings (M = 2.11, SD = 1.03) than vocal tics (M = 

1.90, SD = 1.01), t(1490) = 3.68, p < .001, d = .21. Tics associated with a baseline 

premonitory urge (n = 766, 55%, M = 2.19, SD = 1.01) were rated as more severe than tics 

without an identified urge (n = 617, 45%, M = 1.86, SD = 1.00), t(1381) = 6.22, p < .001, d 

= .33. At baseline, bothersome motor tics were more likely to have an associated 

premonitory urge (58% versus 42%) relative to vocal tics (51% versus 49%), χ2 = 5.23, p < .

02, V = .06.

Impact of tic type and premonitory urge on posttreatment tic severity

An ANCOVA revealed that baseline tic severity on the HM/VTS positively predicted 

posttreatment tic severity on the HM/VTS, F(1,167) = 157.45, p < .001. When controlling 

for baseline tic severity of the individual tics on the HM/VTS, a significant main effect for 

treatment condition [F(1, 1167) = 40.18, p < .001, η2
p = .03] and premonitory urge presence 
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[F(1, 1167) = 20.88, p < .001, η2
p = .02] was found at posttreatment, but there was no 

significant main effect for tic type (i.e., motor vs. vocal; p = .09, η2
p < .01). The interaction 

between treatment condition and baseline urge presence was also significant [F(1,1167) = 

5.59, p < .015, η2
p = .005]; however, no other interactions were significant (p = .35-.89). 

Pair-wise comparisons revealed that bothersome tics treated with CBIT had lower severity at 

posttreatment (M = 0.83, SE = 0.04) relative to bothersome tics treated with PST (M = 1.22, 

SE = 0.04, p < .001, d = .37). Additionally, tics preceded by a premonitory urge at baseline 

were rated as more severe at posttreatment (M = 1.17, SE = 0.04) relative to tics without an 

urge at baseline (M = 0.89, SE = 0.05, p < .001, d = .27). Follow-up analyses for the 

treatment condition by baseline urge interaction revealed that bothersome tics with a 

baseline urge had lower severity scores following treatment with CBIT (M = 0.97, SE = 

0.05) relative to PST (M = 1.51, SE = 0.06, p < .001, d = .53), F(1,670) = 48.85, p < .001, 

η2
p = .07) (see Figure 1). Similarly, bothersome tics without an urge at baseline were also 

rated as less severe following CBIT (M = 0.72, SE = 0.06) relative to treatment with PST (M 

= 0.93, SE = 0.06, p < .015, d = .22), F(1,500) = 5.98, p < .015 η2
p = .01).

Impact of tic type and premonitory urge on bothersome tic remission

Thirty-nine percent of bothersome tics assessed at posttreatment (n = 1301) met criteria for 

tic remission at the posttreatment assessment (a severity rating of 0 on the HM/VTS). 

Bothersome tics of any type were more likely to remit with CBIT relative to PST (44% 

versus 34%, χ2 = 13.99, p < .001, V = .10), and this finding also held for motor (39% versus 

31%, χ2 = 5.52, p < .019, V = .08) and vocal tics (52% versus 38%, χ2 = 8.85, p < .003, V = .

14) separately. Tics associated with premonitory urge at baseline (n = 674) were more likely 

to remit following treatment with CBIT than with PST (37% versus 21%), χ2 = 19.03, p < .

001, V = .17. However, there was no statistically significant difference between remission 

rates for CBIT (55%) and PST (48%) for tics without a premonitory urge at baseline (n = 

503), χ2 = 2.48, p = .12, V = .07. Interestingly, bothersome tics without a baseline urge were 

more likely to remit relative to bothersome tics with a baseline urge in both CBIT (55% 

versus 37%, χ2 = 19.77, p < .001, V = .18) and PST conditions (48% versus 21%, χ2 = 

43.97, p < .001, V = .28). For participants receiving CBIT, vocal tics were more likely to 

remit compared to motor tics (52% versus 39%, χ2 = 10.09, p < .001, V = .12). However, 

there was no difference between motor or vocal tic remission rates for PST (32% versus 

38%, χ2=2.59, p = .11, V = .06).

Posttreatment tic severity and remission for individualized bothersome tics after treatment

Table 3 presents the results from the ANCOVA for the most commonly reported bothersome 

tics (those endorsed by 10% or more of the sample). After controlling for baseline tic 

severity on the HM/VTS, the following bothersome tics had significantly lower tic severity 

scores at posttreatment with CBIT relative to PST: eye blinking; head jerking or nodding; 

sniffing; throat clearing; complex head/shoulder/neck tics; and other complex motor tic 

combinations. Notably, full body tics had lower tic severity ratings that trended toward 

significance (p = .06) at posttreatment with CBIT relative to PST.

Few specific bothersome tic types demonstrated differential remission rates across the two 

treatment conditions. Only throat clearing and other complex motor combinations of tics 
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evidenced significantly higher remission with CBIT than PST, although both complex head/

shoulder/neck tics (p = .06) and sniffing tics (p = .08) each trended towards greater 

remission with CBIT compared to PST. Meanwhile, neck stretches/movements were more 

likely to remit with PST relative to CBIT (see Table 3).

Discussion

This study examined the baseline characteristics of bothersome tics in a large sample of 

children, adolescents, and adults with CTDs. At baseline, motor tics and tics associated with 

a premonitory urge were more commonly nominated as bothersome relative to vocal tics and 

tics without an associated urge, respectively. More specifically, bothersome motor tics were 

more likely to be preceded by an urge relative to vocal tics. When examining specific tics, 

the five most frequently nominated bothersome tics included eye blinking, head jerking or 

nodding, sniffing, throat clearing, and other complex motor combinations. Individual tic 

severity did not appear to be related to the frequency of nominated tics, as only head jerking 

or nodding and other complex motor combinations were frequently reported, with 

coprolalia, copropraxia, and full body tics being severe but less common. From a clinical 

perspective, these severe tics are commonly reported as highly distressing and interfering 

due to their negative social impact. Indeed, these severe tics may serve as potential triggers 

to treatment-seeking behaviors and may prove to be useful early targets for treatment since 

their resolution could lead to greater reduction in associated distress and impairment.

This study also examined whether specific tic characteristics or specific types of tics were 

associated with differential reduction tic severity or tic remission with CBIT relative to PST. 

In general, CBIT outperformed PST in reducing bothersome tic severity, which is consistent 

with overall findings from the CBIT RCTs (Piacentini et al., 2010; Wilhelm et al., 2012). 

Across treatment conditions, bothersome tics associated with an urge at baseline had greater 

severity at posttreatment relative to tics without an urge. These findings are consistent with 

the conceptualization of premonitory urges as an aversive sensation that is associated with 

greater symptom severity. Alternatively, it may be that more complex tics possessed 

baseline urges and caused greater impairment relative to simple tics that infrequently have 

associated urges.

When examining associations between tic characteristics and tic remission, both motor and 

vocal tics were more likely to remit with CBIT relative to PST, with a more robust effect 

observed for vocal tics treated with CBIT. Given that the competing response for most vocal 

tics is controlled breathing, participants may have been able to implement this response 

more readily due to its common use with other vocal tics. Additionally, controlled breathing 

may require more concentration and may be more effective in directing attention away from 

the premonitory urge relative to muscle tensing responses used for motor tics. Furthermore, 

controlled breathing may also serve as a calming function that alleviates anxiety that can 

increase tic presence. While tics with a baseline urge were more likely to remit with CBIT 

relative to PST, remission rates for tics without a premonitory urge at baseline did not 

significantly differ by treatment (p = .12). This may suggest that tics without an urge are 

more transient in nature and have the potential to remit in the absence of targeted 

interventions. Alternatively, it may be that tic symptoms are less likely to persist in the 
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absence of the negative reinforcement cycle hypothesized to maintain tic behavior (e.g., 

urge-relief cycle; Capriotti, Brandt, Turkel, Lee, & Woods, 2014; Himle, Woods, Conelea, 

Bauer, & Rice, 2007; Specht et al., 2013). Taken together, these findings support anecdotal 

evidence that tics with a premonitory urge are good initial candidates for CBIT. Given that 

complex tics are more likely than simple tics to be preceded by a premonitory urge, our 

finding that complex tics with such urges are good targets for CBIT has somewhat 

counterintuitive treatment implications. More specifically, they support the use of CBIT as 

first-line intervention for these arguably more severe tics as opposed to the current practice 

of psychopharmacologic intervention or other more invasive techniques.

When examining individual bothersome tics, eye blinking, head jerking or nodding, 

complex head/shoulder/neck tics, other complex motor combinations, sniffing, and throat 

clearing had lower posttreatment severity with CBIT compared to PST. Given that these are 

many of the same common bothersome tics that participants frequently nominated (e.g., eye 

blinking, head jerking or nodding, sniffing, throat clearing, and other complex motor 

combinations), CBIT is an ideal and efficacious treatment to manage bothersome tics. When 

examining tic remission, an interesting pattern emerged. Complex motor combinations and 

throat clearing were more likely to remit with CBIT, with complex head/shoulder/neck tics 

and sniffing tics trending towards significantly greater remission with CBIT. Although 

future research should examine the transition and evolution of tics in greater detail, taken 

together, these findings suggest that tics that respond well to CBIT in many cases are likely 

to remit.

Individual bothersome tics that did not statistically differ between treatments may be 

accounted for in at least three ways. First, some individual tic comparisons had modest 

power due to limited tic endorsement within the sample. Thus, differences that did not reach 

statistical significance may be attributed to low power and should be interpreted with 

caution. Second, these data focus only on bothersome tics nominated at baseline and do not 

identify which tics were specifically targeted at which point in the CBIT treatment 

condition. Tics with premonitory urges are associated with more distress and/or higher 

severity ratings, and thus, may have served as initial targets in treatment relative to tics 

without premonitory urges. This may likely account the nonsignificant difference between 

treatment groups for tics without baseline urges as these tics without urges may likely have 

not been targeted initially in treatment (p = .12). Finally, some tics may be more challenging 

to treat with current behavioral approaches due to their specific nature, minimal awareness, 

and/or lack of an adequate competing response. Future research should examine the 

differential benefit of specific competing responses for individual tics and explore other 

pharmacological or behavioral augmentation strategies that have shown promise in related 

conditions (McGuire, Lewin, & Storch, 2014).

Although novel and noteworthy, several limitations exist. First, the analysis focused on the 

five most bothersome motor and vocal tics as reported by participants at baseline. While this 

captured the most relevant tics for treatment, it did not capture all tics that could have been 

targeted in treatment. Second, we did not assess the effect of CBIT on tics that emerged after 

baseline. These tics may have served as targets for CBIT due to onset or perceived severity 

and would not have been captured in the present analysis. While some case reports suggest 
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that behavior therapy may precipitate new tics (Burd & Kerbeshian, 1988), larger studies 

have failed to find any difference in tic onset in response to behavior therapy (Peterson et 

al., in submission). Third, the behavioral descriptions of nominated tics were coded and 

grouped into 49 distinct tic categories using the YGTSS symptom checklist to guide 

categorization. Although this coding approach was selected to make the findings clinically 

applicable with YGTSS, some tic categories could have been subsumed into broader tic 

groupings and may have influenced study findings (e.g., eye blinking and eye movements 

into a broader category of eye tics). Finally, we did not examine therapeutic factors such as 

homework compliance (Park et al., 2014) and treatment expectancy (Lewin, Peris, Bergman, 

McCracken, & Piacentini, 2011) that have been shown to influence treatment outcomes in 

related interventions.

In summary, this study examined the most bothersome tics in a large sample of individuals 

with CTDs and explored whether specific tic characteristics or individual tics exhibited a 

differential reduction in tic severity with CBIT relative to PST. This examination suggested 

that CBIT outperformed PST on several tic characteristics and individual tics, with baseline 

urge presence being associated with greater tic remission for CBIT. These findings provide 

hope for patients and clinicians alike as they demonstrate that some bothersome tics can 

remit with behavior therapy. Indeed, tic remission in CBIT may likely be attributed to the 

discontinuation of the negative reinforcement cycle that is implicated in the maintenance of 

tic symptoms (Capriotti et al., 2014; Himle et al., 2007; Specht et al., 2013). This rationale 

receives further support by the findings that tics without a baseline urge were more likely to 

remit in either treatment, as there was no urge-relief cycle to reinforce tic symptoms. Given 

the robust reduction in tic severity and remission to CBIT for tic characteristics and specific 

tics, it raises questions as to whether significant improvement observed in prior treatment 

studies of behavior therapy may be largely driven by the dramatic improvement of 

individual bothersome tics. While this may be true for some patients that present with one or 

two severe tics, the broad domain of tic characteristics captured by the YGTSS (number, 

frequency, intensity, complexity, interference) would not likely be influenced by the 

reduction/remission of a handful of bothersome tics. However, future research should 

explore this question in greater detail. From both a research and clinical perspective, these 

findings strongly encourage a comprehensive assessment of individuals with CTDs that 

included both individualized tic ratings and standardized global tic rating scales (McGuire et 

al. 2012). Indeed, it would be interesting to conduct parallel analyses of individualized tic 

responses to psychiatric medication (e.g., alpha-2 agonists, antipsychotics). These analyses 

may prove beneficial in identifying the clinical presentation of individuals with CTD that 

would benefit from pharmacotherapy or behavior therapy.
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Highlights

1. Nominated motor tics had greater severity relative to nominated phonic tics.

2. Tics with a premonitory urge had greater severity relative to tics without urges.

3. CBIT was efficacious relative to PST for tics without and without premonitory 

urges.

4. Tics with a baseline premonitory urge were more likely to remit with CBIT.

5. Individual tics had differential improvement and remission with CBIT relative 

to PST.
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Figure 1. 
Baseline and Post Treatment Severity Ratings on the Hopkins Motor/Vocal Tic Scale by 

baseline premonitory urge status and treatment condition.
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Table 1

Baseline sample demographic and clinical characteristics (N = 240)

Characteristic N (%)

Male 171 (71%)

Co-occurring OCD 44 (18%)

Co-occurring ADHD 65 (27%)

Taking tic medication 76 (32%)

Randomized to CBIT/HRT therapy 122 (51%)

Mean SD (Range)

Age (in years) 21.57 14.02 (9-70)

 Child/adolescent participants (n = 140) 12.37 2.72 (9-17)

 Adult participants (n = 100) 34.44 13.31 (18-70)

YGTSS total score 23.73 6.41 (10-45)

YGTSS impairment score 23.84 7.73 (5-50)

Number bothersome tics on HM/VTS 6.22 2.02 (1-10)

Note. OCD = Obsessive-Compulsive Disorder; ADHD = Attention-Deficit/Hyperactivity Disorder; YGTSS = Yale Global Tic Severity Scale, 
HM/VTS = Hopkins Motor/Vocal Tic Scale
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Table 2

Characteristics, frequency, and severity of bothersome tics at baseline (N = 240) and severity ratings at 

posttreatment (N = 207)

Tic Symptom Type Frequency

Tic Type
a

# of Participants
Endorsing Tic

Type
a

Baseline
Urge

Present
b

Baseline
HM/VTS

Rating

Posttreatment
HM/VTS

Rating

Motor Tics n n (%) n (%) Mean (SD) Mean (SD)

Eye blinking 98 96 (40%) 39 (40%) 2.02 (0.99) 1.19 (1.08)

Head jerk/nod movements 95 90 (38%) 47 (49%) 2.46 (1.03) 1.41 (0.95)

Shoulder shrugs/movements 64 64 (27%) 36 (56%) 1.95 (0.97) 1.09 (0.95)

Mouth/tongue movements 67 61 (25%) 31 (46%) 1.77 (0.89) 0.93 (1.02)

Hand movements 64 59 (25%) 37 (58%) 1.98 (1.02) 1.17 (0.98)

Other complex motor combinations 71 56 (23%) 40 (56%) 2.46 (1.08) 1.03 (1.16)

Eye movements 57 57 (24%) 20 (35%) 1.93 (0.95) 0.85 (1.05)

Facial grimace 52 52 (22%) 26 (50%) 2.00 (0.99) 1.10 (0.93)

Arm movements 51 49 (20%) 31 (61%) 1.94 (0.99) 0.86 (0.95)

Chest/stomach tensing 46 45 (19%) 28 (61%) 2.32 (1.18) 0.81 (0.95)

Nose twitches/movements 42 42 (18%) 22 (52%) 1.74 (1.06) 0.91 (0.98)

Other motor tics 36 33 (14%) 23 (64%) 2.11 (1.06) 1.06 (1.16)

Neck stretches/movements 34 33 (14%) 24 (71%) 1.97 (1.00) 1.41 (0.95)

Foot movements 30 30 (13%) 14 (47%) 2.10 (1.09) 1.00 (1.24)

Complex head/shoulder/neck tics 27 26 (11%) 14 (52%) 2.33 (1.18) 1.44 (1.36)

Hand to face tics 26 23 (10%) 13 (50%) 2.35 (1.13) 1.00 (0.82)

Full body tic 24 23 (10%) 19 (79%) 2.61 (1.03) 1.65 (1.23)

Torso rotation/twisting/bending 24 21 (9%) 19 (79%) 2.29 (0.91) 1.00 (1.05)

Jaw movements 18 18 (8%) 10 (56%) 2.06 (0.66) 1.17 (1.11)

Leg tense 17 17 (7%) 10 (59%) 1.82 (0.81) 1.08 (0.73)

Leg kick 14 14 (6%) 8 (57%) 2.07 (1.21) 0.86 (1.10)

Pelvic tensing/movements 13 13 (5%) 9 (69%) 2.00 (0.71) 1.08 (1.16)

Object specific tics 10 9 (4%) 7 (70%) 2.1 (0.99) 0.60 (0.70)

Arm/hand movements 7 7 (3%) 3 (43%) 2.14 (0.90) 1.17 (0.75)

Complex arm and leg movements 7 7 (3%) 2 (29%) 2.43 (0.98) 1.29 (1.25)

Copropraxia 5 5 (2%) 0 (0%) 2.60 (0.89) 0.50 (0.71)

Vocal Tics n n (%) n (%) Mean (SD) Mean (SD)

Sniffing 75 75 (31%) 32 (43%) 1.64 (1.01) 0.94 (1.01)

Throat clearing 74 72 (30%) 36 (49%) 1.78 (1.05) 1.11 (1.27)

Animal noises 50 44 (18%) 22 (44%) 2.10 (1.07) 0.96 (1.06)

Coughing 42 42 (18%) 19 (45%) 1.98 (0.92) 0.79 (0.99)

Grunting 41 41 (17%) 21 (51%) 1.95 (0.90) 0.91 (1.00)

Atypical breathing 36 33 (14%) 15 (42%) 1.89 (0.82) 0.70 (0.99)

Blocking/stuttering/pallialia 26 26 (11%) 13 (50%) 1.96 (0.93) 0.86 (0.99)

Syllables 25 23 (10%) 8 (32%) 1.75 (0.91) 0.89 (0.96)
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Vocal Tics n n (%) n (%) Mean (SD) Mean (SD)

Humming 21 21 (9%) 7 (33%) 2.05 (1.02) 1.05 (1.12)

Snorting 18 18 (8%) 9 (50%) 1.72 (1.23) 1.00 (1.21)

Other vocal tics 17 17 (7%) 9 (53%) 2.35 (1.06) 1.07 (1.03)

Speech atypicalities 17 16 (7%) 6 (35%) 1.63 (1.02) 1.00 (1.41)

Coprolalia 14 12 (5%) 10 (71%) 3.00 (1.08) 2.20 (1.69)

Echolalia 14 14 (6%) 7 (50%) 2.07 (1.07) 0.83 (0.94)

Mouth noises 13 11 (5%) 5 (38%) 1.77 (0.83) 0.82 (1.17)

Whistling 8 7 (3%) 4 (50%) 2.25 (1.39) 0.88 (0.64)

Words 8 8 (3%) 2 (25%) 1.75 (0.71) 0.71 (0.95)

Gulping/gargling/swallowing/burping 7 7 (3%) 3 (43%) 1.86 (0.69) 0.57 (0.53)

Phrases 6 6 (3%) 3 (50%) 1.80 (0.84) 1.40 (1.67)

Hiccup 5 5 (2%) 2 (40%) 1.40 (1.14) 1.00 (1.00)

Other musical tics 2 2 (1%) 1 (50%) 1.50 (0.71) 1.00 (1.41)

Other complex vocal tics 1 1 (<1%) 1 (100%) 2.00 (-----) ----- (------)

a
Participants could endorse multiple bothersome tics with the same tic type.

b
Percentage based on the total frequency of bothersome tics endorsed (not number of participants endorsing the tic).
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Table 3

Symptom response and remission for individual bothersome tics (N = 207)

Post-Tx Severity
a Tic Remission

CBIT PST CBIT PST

Motor Tics Mean (SD) Mean (SD) F test d n (%) n (%) χ 2 V

Eye blinking 0.98 (0.95) 1.44 (1.17) F1,80=5.35* .43 16 (36%) 11 (28%) 0.76 .10

Head jerk/nod movements 1.17 (1.16) 1.76 (1.32) F1,80=5.47* .48 13 (32%) 11 (26%) 0.39 .07

Other complex motor combinations 0.64 (0.86) 1.54 (1.30) F1,56=16.35*** .84 19 (58%) 7 (23%) 7.60* .35

Mouth/tongue movements
b 0.72 (0.77) 1.18 (1.26) F1,51=1.62 .46 14 (42%) 9 (41%) 0.01 .02

Hand movements 1.08 (0.93) 1.27 (1.04) F1,49=0.79 .19 9 (35%) 7 (27%) 0.36 .08

Shoulder shrugs/movements 1.17 (1.04) 1.00 (0.94) F1,50=0.25 −.18 9 (31%) 7 (28%) 0.06 .03

Eye movements 0.96 (1.07) 0.76 (1.05) F1,48=0.25 −.19 9 (39% 14 (54%) 1.06 −.15

Facial grimace 1.18 (1.01) 1.00 (0.84) F1,37=0.34 −.19 6 (27%) 5 (28%) c −.01

Arm movements 0.83 (0.96) 0.89 (0.96) F1,39=0.01 .06 10 (42%) 8 (44%) 0.03 −.03

Chest/stomach tensing 0.77 (0.97) 0.86 (0.95) F1,33=0.13 .09 12 (55%) 6 (40%) 0.76 .14

Nose twitches/movements 0.82 (1.01) 1.00 (0.97) F1,30=0.11 .18 9 (53%) 6 (38%) 0.79 .16

Other motor tics 1.06 (1.14) 1.07 (1.22) F1,29=0.17 .01 7 (42%) 7 (47%) 0.10 −.06

Neck stretches/movements 1.47 (0.64) 1.36 (1.22) F1,26=0.07 −.11 0 (0%) 4 (29%) c
 *

−.41

Foot movements 0.83 (0.94) 1.18 (1.54) F1,20=0.51 .28 5 (42%) 5 (45%) c −.04

Complex head/shoulder/neck tics 0.63 (0.92) 1.82 (1.38) F1,22=6.57* .95 5 (63%) 3 (18%) c
 ^

.45

Hand to face tics 0.93 (0.83) 1.09 (0.83) F1,22=0.59 .20 5 (36%) 3 (27%) c .09

Full body tic 1.20 (0.92) 2.10 (1.37) F1,17=3.87^ .77 2 (20%) 2 (18%) c .02

Vocal Tics Mean (SD) Mean (SD) F test d n (%) n (%) χ 2 V

Sniffing 0.63 (0.89) 1.22 (1.04) F1,59=7.48** .60 17 (43%) 11 (34%) 3.12 ^ .22

Throat clearing
b 0.73 (0.96) 1.71 (1.46) F1,58=8.37** .83 20 (54%) 7 (27%) 4.59* .27

Animal noises 1.18 (1.22) 0.76 (0.88) F1,44=0.95 −.40 9 (41%) 11 (44%) 0.05 −.03

Coughing 0.74 (0.81) 0.87 (1.25) F1,35=0.80 .15 11 (48%) 8 (53%) 0.11 −.05

Grunting 0.94 (1.06) 0.88 (0.96) F1,29=0.07 −.06 7 (44%) 8 (47%) 0.04 −.03

Atypical breathing 0.52 (0.60) 1.11 (1.54) F1,27=0.59 .61 11 (52%) 5 (56%) c −.03

Blocking/stuttering/pallialia 0.50 (0.76) 1.07 (1.07) F1,19=2.01 .59 5 (63%) 7 (47%) c 15

Syllables 0.50 (0.76) 1.20 (1.03) F1,15=2.75 .76 5 (63%) 5 (38%) c .23

a
Analyses controlled for baseline tic severity.

b
Heterogeneous baseline variances observed by Levene’s Test.

c
Fisher’s Exact Test.

*
p < .05,
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**
p < .01,

***
p < .001

^
p = .06-0.08
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