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Abstract

Tics peak in late childhood and decline during adolescence. Yet, for some with Tourette’s
disorder, tics persist into adulthood. We evaluated childhood predictors of adult tic severity
and tic impairment, and change over time. Eighty adolescents/adults were evaluated 11 years
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following a randomized-controlled trial of behavior therapy. An independent evaluator rated tic
severity and tic impairment at baseline, post-treatment, and long-term follow-up. At baseline,
parents completed demographics/medical history, and youth tic, internalizing, and externalizing
symptom ratings. Youth rated premonitory urge severity and family functioning. After controlling
for prior tic treatment effects, female sex and higher tic severity predicted higher tic severity in
adulthood; and female sex, no stimulant medication use, higher tic severity, and poorer family
functioning predicted higher tic impairment. Higher tic severity and premonitory urge severity
predicted smaller reductions in tic severity, whereas higher externalizing symptoms predicted
greater reduction in tic severity. Female sex predicted smaller reduction in tic impairment, and
externalizing symptoms predicted greater reduction in tic impairment. Female sex and childhood
tic severity are important predictors of tic severity and tic impairment in adulthood. Family
functioning, premonitory urge severity, and tic severity are important modifiable targets for early
or targeted intervention to improve long-term outcomes.

Keywords
tics; course; longitudinal; gender; externalizing

Introduction

Tourette’s Disorder (TD) is characterized by abrupt, repetitive movements and/or
vocalizations lasting longer than one year (American Psychiatric Association, 2013), and
displays male predominance (Hirschtritt et al., 2015). On average, tics emerge between

4 and 8 years and develop rostrocaudally, with initial tics centered around the face and

later tics extending to the limbs (Leckman, King, & Bloch, 2014). Following onset, tics
steadily rise in severity, peaking at age 10 to 12 years, and decrease during adolescence

for many individuals (Bloch & Leckman, 2009; Hirschtritt et al., 2015). Tics range from
simple (e.g., eye blinking, nose scrunching, head jerking) to complex (e.g., kicking,
jumping, coprolalia, echolalia) in nature, and are often preceded by a localized physical
sensation presenting in the body site associated with the tic, generalized bodily sensation,

or not-just-right feeling, termed a premonitory urge (Leckman et al., 2014). TD frequently
presents with psychiatric comorbidities - particularly attention-deficit/hyperactivity disorder
(ADHD), disruptive behavior problems, obsessive-compulsive disorder (OCD), and anxiety
(Hirschtritt et al., 2015). TD may result in impairment across an array of life areas, including
work, school, and social and family relationships (Conelea et al., 2011; Edwards et al.,
2017). First line treatment for TD is behavior therapy for tics administered alone or in
combination with alpha agonists and antipsychotic medications; and stimulants are also
often prescribed to manage co-occurring ADHD (Pringsheim et al., 2019).

Although tics emerge in childhood and often improve during adolescence, tics can persist
or worsen into adulthood. Findings regarding longitudinal tic outcomes from childhood to
adulthood have shown that 69% to 82% of patients with TD report improvement in tic
severity during late adolescence/early adulthood, with 47% to 69% reporting significant
improvement (Burd et al., 2001; Erenberg, Cruse, & Rothner, 1987; Lowe, Capriotti, &
McBurnett, 2019). However, tics persist to some degree in 53% to 100% of late adolescent
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or adult follow-up samples (Bloch et al., 2006; Byler et al., 2015; Goetz, Tanner, Stebbins,
Leipzig, & Carr, 1992; Groth, Debes, Rask, Lange, & Skov, 2017; Leckman et al., 1998;
Lowe et al., 2019; Pappert, Goetz, Louis, Blasucci, & Leurgans, 2003; Thériault et al.,
2018), and at moderate or severe levels in 12% to 24% (Bloch et al., 2006; Goetz et al.,
1992; Groth et al., 2017; Leckman et al., 1998). With respect to impairment, 26% to 88%

of tic patients endorse tic impairment at long-term follow-up (Byler et al., 2015; Erenberg et
al., 1987; Lowe et al., 2019).

However, research to date offers limited information regarding predictors of long-term

tic outcomes and change in tic outcomes over time. Examining predictors of outcomes

at a given point in time and predictors of the degree of change in outcomes over time

may provide distinct information regarding long-term tic outcomes. In fact, evaluating
predictors of rate of change has added value, as it provides information regarding factors
which may either bolster or hinder symptom improvement over time. Taken together, such
knowledge has implications for the application of early and/or targeted intervention in effort
to positively influence long-term tic outcomes and trajectories.

There are a range of predictors of tic severity and tic impairment in adulthood. Childhood
tic severity has frequently been found to predict tic severity in late adolescence or adulthood
(Bloch et al., 2006; Goetz et al., 1992; Groth, Skov, Lange, & Debes, 2019); and both

tic severity and the presence of premonitory urges in childhood have predicted impairment
in late adolescence or adulthood (Cavanna, David, Orth, & Robertson, 2012). Sex also
influences outcomes, as females have shown higher motor tic severity and tic impairment in
adulthood and an increased likelihood of worsening global tic severity and tic impairment
over time than males (Lichter & Finnegan, 2015). A separate cross-sectional analysis

found higher tic severity with advancing age in females relative to males with TD (Garcia-
Delgar et al., in press). Also, psychiatric comorbidity may influence long-term outcomes.
Interestingly, the presence of ADHD during childhood predicted improvement in tic severity
in adulthood in one study (Lowe et al., 2019), but was not predictive of adult tic severity
outcomes in another study (Bloch and colleagues, 2009). Further, childhood functional
impairment also appears tied to future tic severity, as higher academic impairment during
childhood was found to predict greater improvement in tic severity at long-term follow-up
(Lowe et al., 2019).

Although informative, most prior studies are limited by a lack of clinician-rated tic outcome
measures, lack of inclusion of tic impairment outcomes, limited clinical characterization,
limited tracking of treatment obtained since initial assessment, and reliance on retrospective
report. In the first systematic, prospective, long-term follow-up study of youth with TD
who had received behavior therapy or psychoeducation and supportive therapy through a
randomized clinical trial during childhood (Piacentini et al., 2010), participants showed

a 40% remission rate for TD diagnosis and substantial decreases in clinician-rated tic
severity and tic impairment at a mean 11-year follow-up (Espil et al., in press). In the
current study, we utilized this sample to evaluate the childhood predictors of tic severity
and tic impairment in late adolescence and early adulthood at 11-year follow-up. Further,
we explored childhood predictors of change in tic severity and impairment over time. Based
on prior literature regarding long-term predictors of tic outcomes, it was hypothesized that
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sex (i.e., female status), tic severity, and premonitory urge severity would significantly
predict higher tic severity and tic impairment in late adolescence and early adulthood, and
their diminished reduction over time (Cavanna et al., 2012; Groth et al., 2019; Lichter &
Finnegan, 2015). Similarly, based on the natural phenomenology of TD (Leckman et al.,
2014), it was hypothesized that the following additional baseline characteristics, including
comorbidity (internalizing and externalizing symptoms), family functioning, and medication
status (tic medication, stimulant medication), would also significantly predict long-term tic
severity and tic impairment outcomes.

Method

Participants

Participants were 80 adolescents and adults aged 16 to 30 years (M= 22.87, SD = 2.70) who
participated in a long-term follow-up evaluation of the randomized, controlled comparison
of CBIT and Psychoeducation and Supportive Therapy (PST) in childhood (Piacentini et al.,
2010). Follow-up occurred 11.17 years on average (SD = 1.25; range = 7.08 to 13.67) after
participants completed the post-treatment assessment. The sample was predominantly male
(n = 60, 75.0%) and non-Hispanic/Latino (n = 73, 91.2%). Participants were of white (n =
69, 86.3%), Black (n = 1, 1.3%), Asian (n = 4, 5.0%), multi-racial (n = 4, 5.0%), and other
(n =2, 2.5%) racial backgrounds. The majority of the sample were single/never married (n
= 66, 82.5%) and had attained partial college education or higher (n = 57, 71.3%). Half

of the sample were employed (n = 40, 50.0%). YGTSS total tic severity at follow-up was
16.22 on average (SD = 9.54) and YGTSS tic impairment was 10.00 on average (SD =
10.77). The follow-up and full CBIT samples were comparable with respect to baseline
characteristics (see Table 1). Just over one-third of the sample (n = 31, 38.8%) reported
having received an evidence-based treatment (EBT) for tics (i.e., tic-influencing medication
and/or behavior therapy for tics) since completion of the initial trial. The present sample
included 38 participants who had originally been assigned to CBIT and 42 who had been
assigned to PST. Among follow-up participants who had been assigned to CBIT, 55.6% (n =
21) were treatment responders and 44.7% (n = 17) were non-responders. Among follow-up
participants who had been assigned to PST, 14.3% (n = 6) were treatment responders and
85.7% (n = 36) were non-treatment responders. See Espil et al. (in press) for more details.

Measures

The Yale Global Tic Severity Rating Scale (YGTSS).—The YGTSS (Leckman,
Riddle, Hardin, Ort, Swartz, Stevenson, & Cohen, 1989) is a gold-standard, clinician-
administered, semi-structured interview evaluating tic severity over the past week. The
measure includes a checklist of motor and vocal tics, and items assessing number, frequency,
intensity, complexity, and interference for both motor and vocal tics. Items are rated on

a scale from 0 to 5, with higher scores indicative of higher tic severity. The scale yields
independent motor tic and vocal tic scores, which sum to produce a total tic score; and
independent tic impairment score. The YGTSS exhibits fair to excellent test-retest reliability,
good to excellent internal consistency, interrater reliability, and convergent validity and
moderate to excellent discriminant validity (Leckman et al., 1989; McGuire et al., 2018;
Storch et al., 2005).
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Anxiety Disorders Interview Schedule-IV-Parent Version (ADIS-IV-P).—The
ADIS-1V-P (Silverman & Albano, 1996) is a semi-structured diagnostic interview evaluating
anxiety disorders and other DSM-IV psychiatric disorders in children ages 6 to 17 years.
Diagnostic severity is rated using a 0 (none)- to- 8 (extremely severe)-point clinical severity
rating, with ratings of 4 or higher indicating clinical diagnosis. The interview exhibits good
to excellent interrater reliability (Lyneham, Abbott, & Rapee, 2007), excellent test-retest
reliability (Silverman, Saavedra, & Pina, 2001), and support for concurrent validity (Wood,
Piacentini, Bergman, McCracken, & Barrios, 2002).

Demographics and Medical History.—Participants/parents provided demographics and
medical history at baseline. At 11-year follow-up, an evaluator assessed treatment utilization
since the CBIT trial ended (i.e., treatment received between post-treatment assessment

and long-term follow-up assessment), including evidence-based treatment for tics (i.e., tic-
influencing medication and/or behavior therapy for tics).

Parent Tic Questionnaire (PTQ).—The PTQ (Chang, Himle, Tucker, Woods, &
Piacentini, 2009) is a parent-reported scale assessing child tic severity over the prior week.
The measure includes 14 common motor tics and 14 common vocal tics. Parents rate the
frequency and intensity of tics present in the past week. Frequency and intensity ratings
are summed to produce independent scores for motor and vocal tics. Motor and vocal

tic scores sum to yield an overall total tic severity score. The measure displays good to
excellent internal consistency, good to excellent test-retest reliability, and good convergent
and discriminant validity (Chang et al., 2009; Ricketts et al., 2018); and high agreement
across in-person and internet videoconference-delivered modalities (Ricketts et al., 2016).

The Premonitory Urge for Tics Scale (PUTS).—The PUTS (Woods, Piacentini,
Himle, & Chang, 2005) is a 10-item self-report scale assessing presence and frequency

of premonitory urges to tic. Items are rated on a scale ranging from 1 (not at all true) to

4 (very much). The total score reflects the sum of the first 9 items. Higher scores indicate
more severe premonitory urges. The PUTS has demonstrated good internal consistency,
strong test-retest reliability, and good concurrent validity (Openneer et al., 2020; Raines et
al., 2018; Woods et al., 2005).

The Achenbach Child Behavior Checklist for Ages 6-18 (CBCL/6-18).—The
CBCL/6-18 (Achenbach & Rescorla, 2001) is a 113-item parent-report measure assessing
child behavioral and emotional functioning over the past 6 months. The CBCL includes 8
syndrome scales, including aggressive behavior, anxious/depressed, attention problems, rule-
breaking behavior, somatic complaints, social problems, thought problems, and withdrawn/
depressed; and externalizing problems, internalizing problems, and total problems scales.
The internalizing domain of the CBCL is comprised of the anxious/depressed, withdrawn/
depressed, and somatic complaints scales, and the externalizing domain includes the rule
breaking behavior and aggressive behavior scales. Total impairment scores are calculated
by summing the syndrome scales and 17 additional uncategorized items. Raw scores are
converted to norm-referenced T-scores, with higher T scores indicating high externalizing
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problems. The CBCL has demonstrated validity and reliability in several psychometric
analyses (Albores-Gallo et al., 2006; Ferdinand, 2008; Leung et al., 2006).

The Brief Family Assessment Measure-Ill (B-FAM-I11).—The B-FAM-III (Skinner et
al., 1995) is a 14-item abbreviated version of the Family Assessment Measure (FAM)-III.
The B-FAM-III includes items evaluating family values, involvement, affective expression,
communication, task accomplishment, and role performance (Gardner, Huber, Steiner,
Vazquez, & Savage, 2008). Items are summed to yield a total score. Higher scores are
indicative of poorer family functioning. Reliability and validity of the parent measure are
supported (Skinner, Steinhauer, & Sitarenios, 2000).

Participants completed an initial baseline assessment as part of a 10-week clinical trial
comparing CBIT and PST (Piacentini et al., 2010) across three sites (University of
California, Los Angeles [n = 45], University of Wisconsin-Milwaukee/Marquette University
[n = 40] and Johns Hopkins University [n = 41]). As part of this assessment, a trained
independent evaluator (IE) assessed psychiatric diagnosis (ADIS-1V-P), tic severity and tic
impairment (YGTSS) at pre-treatment. Parents provided participant and family demographic
information and medical history, and rated youth tic severity (PTQ), and internalizing and
externalizing symptoms (CBCL). Youth rated premonitory urge severity (PUTS), and family
functioning (BFAM-I111). At post-treatment (10-week), the IE re-rated the YGTSS and
completed a global tic-related illness improvement rating since baseline (i.e., Clinical Global
Impression — Improvement scale; Guy, 1976). For the current follow-up study, 80 of the
original 126 youth (63.4%) from the treatment study were recruited from three sites: UCLA
(n = 32), Marquette University (n = 22), and Weill Cornell University (n = 26). Adults
provided institutional review board-approved consent for participation. Youth (ages 17 and
below) provided assent, with parents of youth providing parent permission, and parents

of all age ranges providing consent for their own participation when available. Interviews
were completed in person or via web-based videoconferencing depending on participant
geographic proximity to the enrollment site. IEs with a Bachelor’s degree or higher, trained
to reliability and masked to original treatment assignment, administered the YGTSS to all
participants.

Statistical Analysis of Baseline Predictors of Long-term Tic Severity and
Impairment—There were no significant differences in clinician-rated tic severity or tic
impairment across sites at baseline or 11-year follow-up. Therefore, data were combined
across sites for analyses. Multiple linear regression with backward elimination was
performed to identify the most important baseline variables predicting clinician-rated tic
severity and tic impairment at 11-year follow-up, after controlling for potential prior tic
treatment effects. Specifically, to account for potential prior tic treatment effects on long-
term tic outcomes, initial treatment assignment (CBIT or PST), post-treatment responder
status on the CGI-I (i.e., rating of “much improved” or “very much improved”), and any
EBT for tics (i.e., tic-influencing medication and/or behavior therapy for tics) received
during the period between post-treatment assessment and long-term follow-up assessment
were entered as covariates. Four participants were missing data for EBT for tics and were
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subsequently coded as having not received such EBT. We collectively refer to these three
covariates as prior tic treatment effects. The following baseline predictors were determined
a priori and entered together with prior tic treatment effects variables: demographic (i.e.,
sex), medication status (tic medication, stimulant medication), tic phenomenology (PTQ
total, PUTS total), comorbidity (CBCL internalizing and externalizing totals), and family
functioning (B-FAM-I1I total). Dimensional variables were centered prior to entry into the
regression model. YGTSS total tic severity and YGTSS impairment at 11-year follow-up
were entered as dependent variables in separate yet parallel analyses. Note, parent-reported
tic severity (PTQ total) was selected as a baseline predictor rather than YGTSS total tic
severity, as clinician-rated tic severity cannot serve as a baseline predictor in analyses of
change in clinician-rated tic severity from baseline to long-term follow-up due to shared
variance.

Variables were then systematically removed from the model one-by-one. The variance-
inflation factor (VIF) was used to check for multicollinearity among predictors. Lower

VIF scores indicate a lower correlation with other predictors. Adjusted R?, a measure of

the predictive power of a model adjusted for the number of predictors in the model, is
reported. A higher value indicates that the predictive power of the model is increased based
on the predictors in the model (Ratner, 2009). A p-value of less than .05 determined the
significance level needed to remain in the model, with adjusted R2 used to ensure the
reduced model retained high predictive value. Final model selection was based on parsimony
(i.e., obtaining the simplest model with the highest predictive value).

Statistical Analysis of Baseline Predictors of Change in Tic Severity and
Impairment—Linear mixed model repeated measures analysis with backward elimination
was performed to evaluate the most relevant baseline variables predictive of change in tic
severity and tic impairment from baseline through 11-year follow-up. The model included
fixed effects for time (baseline/pre-trial, 10-week/post-CBIT, and 11-year follow-up),
predictors, and predictor x time interaction terms. First, baseline predictors were entered
together into the model as fixed effects, with dimensional variables centered prior to entry.
Models included fixed effects for prior tic treatment effects, including treatment assignment
(i.e., CBIT or PST), CGI-I 10-week treatment responder status, and EBT for tics received
during the period between post-treatment assessment and long-term follow-up assessment.
YGTSS tic severity and YGTSS tic impairment were entered as dependent variables. The
model utilized an autoregressive covariance structure of order 1 (which specifies that data
from subsequent timepoints are decreasingly correlated with baseline data over time), and
maximum likelihood estimation. A random intercept for participant was included, allowing
for individual variation in baseline YGTSS tic severity and impairment. Following this
procedure, backward elimination was performed as described above to identify the most
important predictors. A p-value of less than .05 determined the significance level needed to
remain in the model, with Bayesian Information Criterion, a measure of model fit, also used
to select the final model. A smaller BIC represents a more optimal balance between model
complexity and fit (Neath & Cavanaugh, 2012).
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Baseline Predictors of Tic Severity and Tic Impairment at 11-year Follow-up

Tic Severity.—As backward elimination reduced the predictive power (i.e., adjusted R?)
of the model, the full model was selected as optimal. In this full and final model, sex (¢=
-2.42, p=.018) and parent-reported tic severity (£=4.75, p<.001) were the most relevant
baseline predictors of YGTSS total tic severity in adulthood, controlling for prior treatment
effects. Stated differently, female sex and having higher parent-reported tic severity in
childhood were associated with greater clinician-rated tic severity in adulthood. No other
baseline variables were significant predictors of YGTSS total tic severity in adulthood. This
model accounted for 30% of the variance in total tic severity at follow-up (see Table 2).

Tic Impairment.—Sex (= -2.97, p=.004), stimulant medication status (f=-2.12, p=
.038), parent-reported tic severity (¢= 2.65, p=.010), and poorer family functioning (=
2.95, p=.004) in childhood significantly predicted tic impairment in adulthood, controlling
for prior tic treatment effects. Taken together, female sex, no stimulant medication use,

and having higher parent-reported tic severity and poorer family functioning in childhood
were the most relevant predictors of tic impairment in adulthood. There were no other
variables within this reduced model. It accounted for 21% of the variance in tic impairment
in adulthood, retaining the same predictive value of the full model (see Table 3).

Baseline Predictors of Change in Tic Severity and Tic Impairment through 11-year Follow-

up

Tic Severity.—A linear mixed model repeated measures analysis with backward
elimination showed that higher baseline parent-reported tic severity (= 2.67, p=.009),
premonitory urge severity (= 2.18, p=.032, see Table 4), and externalizing symptom
severity (£=-2.43, p=.017) were the most important predictors of change in tic severity
over time, controlling for prior tic treatment effects. Higher baseline premonitory urge
severity and parent-reported tic severity were associated with smaller reductions in tic
severity over time, whereas higher externalizing symptom severity was associated with
significantly greater reduction in tic severity over time. See Table 4 for the final reduced
model. There were no other variables within this final model, and it had the lowest BIC
value (1569.05) relative to that (1606.01) of the most complex model, and other more
complex models.

Tic Impairment.—Using backward elimination (see Table 5), sex (¢=-2.16, p=.034)
and externalizing symptoms (¢= —2.46, p=.016) were the most important predictors of
change in tic impairment from baseline through 11-year follow-up, controlling for prior tic
treatment effects. This means that female sex was associated with a smaller reduction in

tic impairment over time, and higher externalizing symptoms were associated with greater
reduction in impairment over time. The other variables in this model (stimulant medication
status, PTQ total, PUTS total, and BFAM-111 total) were not statistically significant (see
Table 5). This model had a lower BIC value (1715.92) relative to that of the most (1735.11)
and least (1784.41) complex models, while having the same two significant predictors as
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the least complex model. See supplemental tables 1 and 2 for the full predictor models of
change in tic severity and impairment over time.

Discussion

The present study evaluated childhood predictors of tic severity and tic-related impairment
in late adolescence and early adulthood, controlling for prior tic treatment effects (i.e., initial
treatment assignment, treatment response, and EBT for tics received since the initial trial).
Findings showed that female sex and higher parent-reported tic severity in childhood were
the most important predictors of higher tic severity in early adulthood. In addition, higher
parent-reported tic severity and premonitory urge severity in childhood predicted smaller
reductions in tic severity over time, while higher externalizing symptom severity predicted
greater reduction in tic severity over time. Further, female sex, higher parent-reported tic
severity, absence of stimulant medication, and higher impairment in family functioning were
the most important predictors of higher tic impairment in adulthood, whereas female sex
predicted a smaller reduction in tic impairment over time, and higher externalizing symptom
severity predicted greater reduction in tic impairment over time.

Consistent with our hypotheses and prior research (Garcia-Delgar et al., in press; Lichter
& Finnegan, 2015), female sex and higher childhood tic severity each predicted poorer
long-term tic outcomes. Indeed, this sex difference is consistent with research showing
that the sex ratio for TD exhibits less skew towards male predominance by adulthood
(Levine, Szejko, & Bloch, 2019). While cross-sectional studies have shown conflicting
sex effects on tic severity in children with TD (Baizabal-Carvallo & Jankovic, in press;
Girgis, Martino, & Pringsheim, in press), we found no baseline (i.e., pre-clinical trial) sex
differences in tic outcomes in the present sample. Thus, our findings are in line with research
showing a less-remitting tic course and greater tic symptom burden and for women with
TD in adolescence/adulthood (Garris & Quigg, 2021). Several factors may contribute to
present sex differences in adult tic outcomes. Females receive a TD diagnosis at a later
average age than males, despite similar age at tic onset between the groups (Santangelo
et al., 1994; Schlander, Schwarz, Rothenberger, & Roessner, 2011). Later diagnosis may
lead to treatment delays with regard to TD and comorbid conditions, which in turn may
delay access to psychoeducation, support, and behavior therapy for TD and co-occurring
conditions. Biological differences may also play a role, as suggested by an emerging body
of research examining the relationship between sex steroids and TD (Martino, Macerollo,
& Leckman, 2013). Preliminary research suggests select women with TD may experience
heightened tic severity coinciding with the premenstrual nadir in estrogen (Kompoliti,
Goetz, Leurgans, Raman, & Comella, 2001; Martino et al., 2013). Although preliminary,
this area of research is ripe for future investigation: future research should examine sex
differences in long-term tic course/fluctuation in association with relevant biomarkers.

The significance of higher childhood tic severity as a predictor of long-term tic severity and
tic impairment outcomes is supported by several prior studies (Bloch et al., 2006; Cavanna,
David, Orth, & Robertson, 2012; Goetz et al., 1992; Groth, Skov, Lange, & Debes, 2019).
Although tic severity may decline during adolescence on average, this may be temporary

in many cases, as tics have been shown to reemerge in adulthood for many individuals
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(Schaefer, Chow, Louis, & Robakis, 2017). Thus, childhood tic severity may serve as an
important early clinical indicator of long-term tic outcomes. This finding speaks to the

need for continued behavioral and supportive treatments across adolescence and adulthood
to manage tic symptom exacerbations and improve quality of life, particularly for those
exhibiting high tic severity in youth. Results also suggest tic interventions administered even
earlier in childhood (e.g., CBIT-JR; Bennett et al., 2020) may improve long-term outcomes —
a hypothesis certainly worth testing.

Childhood premonitory urge severity uniquely predicted a smaller reduction in tic severity
over time, as it was not predictive of other long-term outcomes. This finding aligned with
our hypothesis. It is possible that higher premonitory urge severity may interfere with the
patient’s ability to block or suppress tics. This finding has implications for the application of
interventions that directly target one’s relationship with the premonitory urge. For example,
third-wave behavior therapies (e.g., mindfulness-based stress reduction, and acceptance

and commitment therapy-enhanced habit reversal training) centered on mindfulness and
non-judgmental, present-focused awareness of premonitory urges, without performing the tic
or exerting efforts to control urges (Franklin, Best, Wilson, Lowe, & Compton, 2011; Reese
et al., 2015), may decrease the tendency to react to one’s own premonitory urges.

Being off stimulant medication, and having poorer family functioning predicted higher tic
impairment in adulthood. There is research to suggest that stimulant medication use in
youth with ADHD diminishes the structural and functional neural alterations characteristic
of medication-free ADHD patients (Spencer et al., 2013). Future research is needed to
determine whether stimulant medication use provides any such neuroprotective effect in TD.
With respect to family functioning, TD may contribute to family tension, marital problems,
parental burden, patient and family isolation, and family economic strain (Ludlow, Brown,
& Schulz, 2016; O’Hare et al., 2017; Vermilion et al., 2020). Conversely, a negative family
environment may lead to more negative family responses to child tics and worsening tic
course, irrespective of initial tic severity. This could have a lasting adverse impact on
individuals with TD into adulthood, and suggests the importance of direct assessment and
treatment of family problems during childhood to improve positive communication and
reduce stigma (Malli, Forrester-Jones, & Triantafyllopoulou, 2019). CBIT provides some
family intervention through function-based assessment and intervention and inclusion of a
parent or caregiver as a support person in habit reversal training (HRT; Woods et al., 2008).
However, more targeted treatment may be needed to address broader family impairment.
One such behavioral intervention, Living with Tics (McGuire et al., 2015), provides

family intervention in addition to HRT. Beyond providing function-based assessment and
intervention, this treatment offers training to families in differentiating between tic and
non-tic behaviors, increasing parental support through support group meetings and self-care
activities, and assisting with coordination of medical visits to ease burden (Himle, Wellen, &
Hayes, 2018).

Externalizing symptom (i.e., CBCL rule breaking and aggressive behavior scales) severity
during childhood predicted both greater reduction in tic severity and tic impairment over
time. It is worth noting that the CBCL externalizing items do not include ADHD symptoms.
Although counterintuitive, one potential explanation for this pattern of findings could be that
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as initially-high externalizing behaviors (oppositional defiant disorder, rage attacks, conduct
problems, other disruptive behaviors) in select youth with TD (Sukhodolsky et al., 2003)
improve with age, their impact on tic symptoms may diminish with the development of
self-regulatory skills, resulting in improved long-term tic outcomes. One study showed that
improvements in tic severity over a one-year period were associated with improvements in
response inhibition performance over time (Yaniv, Benaroya-Milshtein, Steinberg, Ruhrman,
Apter, & Lavidor, 2018), suggesting this self-regulatory skill is related to symptom course.
An alternative explanation could be that externalizing symptoms, which predict more
frequent and longer duration mental health service utilization among children seen in mental
health agencies (Reid et al., 2019), may have led to increased service use in the current
sample in the years following the initial trial. Services obtained for co-occurring symptoms
may have indirectly improved tics. Our analysis controlled for explicit EBT for tics during
the follow-up period but not EBT for comorbidity.

The present study has some limitations of note. A selection bias may have occurred,
whereby individuals who elected to partake in our long-term follow-up may differ in
important ways from individuals lost to follow-up. However, the baseline characteristics
for the follow-up sample (see Table 1) suggest these participants are clinically representative
of the full sample from the original clinical trial of behavior therapy for tics in youth
(Piacentini et al., 2010). As this is a treatment-seeking sample stemming from a clinical
trial, findings may not generalize to individuals who have not received treatment. Also,

the relatively small sample sizes for certain variables (e.g., female sex, and stimulant
medication use in childhood) may limit the ability to draw conclusions from these findings
regarding the broader TD population. However, the male-to-female ratio of 4:1 in the present
sample is in line with the commonly observed sex ratio for child samples (Freeman et al.,
2000). Further, the follow-up sample is comparable to that of other large treatment-seeking
samples. The current sample exhibits similar baseline tic severity (i.e., moderate to severe;
Andrén et al., 2021; Coffey et al., 2000), a somewhat higher rate (37%) of baseline

tic medication use (Andrén et al., 2021; Groth et al., 2017), and a similar-to-somewhat-
lower rate (60%) of psychiatric comorbidity (Coffey et al., 2000; Freeman et al., 2000;
Hirschtritt et al., 2015) to other treatment-seeking TD samples, suggesting the sample is
clinically representative of clinical samples of TD patients. Additionally, our measure of
tic severity at baseline is a parent-reported scale, whereas the Yale Global Tic Severity,

the dependent variable, is a gold-standard clinician-rated interview. However, this decision
was made for statistical purposes, as outlined in the statistical analysis section. Further,
although we controlled for EBT for tics received during the follow-up period, we lack
detail regarding the duration, and quality of these interventions. Moreover, although our
sample is clinically well-characterized, with psychiatric diagnoses obtained via interview,
we did not include specific psychiatric diagnoses as baseline predictors. This precludes our
ability to draw conclusions regarding the importance of specific disorders (e.g., ADHD,
OCD) commonly comorbid with TD. However, our use of dimensional internalizing and
externalizing symptom severity ratings is consistent with support for dimensional over
categorical approaches to psychopathology (Hengartner & Lehmann, 2017).

In conclusion, the present study evaluated childhood predictors of tic severity and tic-related
impairment at 11-year CBIT follow-up and their change over time, controlling for prior
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treatment effects. Notably, this statistical control for prior tic treatment effects should not
be interpreted as indicative of an inability to alter the trajectory of long-term tic outcomes
with intervention. Rather, it accounts for the receipt of prior treatment for tics in order

to better identify key clinical characteristics, which predict long-term tic outcomes above
and beyond those already accounted for by effects of prior tic treatment. Indeed, our
findings revealed various predictors of long-term outcomes, with female sex and childhood
tic severity being important predictors for both long-term tic severity and impairment,
being off stimulant medication and family impairment predicting higher tic impairment in
adulthood, premonitory urge severity predicting a smaller reduction in tic severity over
time, and externalizing symptoms predicting greater reduction in tic severity and impairment
over time. Findings have implications for providing patients, parents, and clinicians with
guidance regarding prognosis among youth with TD. Results suggest the importance of
providing early and/or targeted interventions to positively influence symptom trajectory in
susceptible youth with TD. Future studies should seek to identify the genetic and neural
predictors of long-term outcomes.
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Table 1

Baseline Characteristics for Follow-up Sample and full CBIT Sample

Characteristic

Follow-up Sample

Full CBIT Sample

(n=80) (n=126)

Age M (SD) 11.47 (2.42) 11.73 (2.32)
Male n (%) 60 (75.0%) 99 (78.5%)
On Tic Med n (%) 29 (36.3%) 46 (36.5%)
On Stimulant Med n (%) 9 (11.3%) 12 (9.5%)
Any Comorbid Psychiatric Diagnosis n (%) 47 (58.8%) 81 (64.3%)
Any Attention-Deficit/Hyperactivity Disorder n (%) 19 (23.8%) 33 (26.2%)
Oppositional Defiant Disorder n (%) 5 (6.3%) 9 (7.1%)
Any Anxiety Disorder n (%) 28 (35.0%) 46 (36.5%)
YGTSS Total Tic Severity M (SD) 24.82 (5.88) 24.66 (6.06)
YGTSS Impairment M (SD) 23.65 (8.25) 23.65 (8.42)
Parent Tic Questionnaire M (SD) 37.24 (20.06) 36.11 (20.55)
Premonitory Urge for Tics Scale Total M (SD) 17.16 (6.72) 17.36 (6.58)
CBCL Internalizing T Score M (SD) 52.44 (11.72) 53.55 (11.33)
CBCL Externalizing T Score M (SD) 47.25 (10.30) 48.96 (10.38)
BFAM-III Total Score M (SD) 24.80 (4.86) 26.07 (5.79)

Page 18

Note. CBIT = Comprehensive Behavioral Intervention for Tics; YGTSS = Yale Global Tic Severity Scale; CBCL = Achenbach; Child Behavior
Checklist 6/18; B-FAM-I111 = Brief-Family Assessment Measure-I11.
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Multiple Linear Regression analysis to identify baseline predictors of YGTSS Total Tic Severity at 11-year

follow-up

Full and Final Model

Predictor B SE B t p VIF Adj.R?
.30

Constant 22.03 4.18 527 <001

Treatment Assignment -0.77 220 -04 -035 728 143

CGI-I 10-week Tx. Responder Status -0.55 2.30 -.03 -0.24 813 141

Evidence-based Tx. for Tics -096 2.01 -.05 -0.48 635 1.14

Sex -552 228 -25 -242 .018 1.16

Tic Medication Status 209 220 A1 0.95 347  1.34

Stimulant Medication Status -491 296 -.16 -1.66 102 1.04

PTQ Total 0.27 .06 .57 475 <001 154

PUTS Total 0.29 15 .20 1.89 .063 1.21

CBCL Internalizing Total -0.04 11 -06 -041 .680 1.86

CBCL Externalizing Total -0.09 12 -10 -0.79 434 179

B-FAM-III Total 0.40 .20 21 1.98 .052 115

Note. YGTSS = Yale Global Tic Severity Scale; PTQ = Parent Tic Questionnaire; PUTS = Premonitory Urge for Tics Scale; CBCL = Achenbach

Child Behavior Checklist 6/18; B-FAM-I11 = Brief-Family Assessment Measure-111.
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Multiple Linear Regression analysis to identify baseline predictors of YGTSS Impairment at 11-year follow-

up

Full Model

Predictor B SE B t p VIF Adj.R?
21

Constant 1741 5.01 3.47 <.001

Treatment Assignment -011 263 -.01 -0.04 967 1.43

CGI-I 10-week Tx. Responder Status 272 276 A2 0.99 327 141

Evidence-Based Tx. for Tics -299 241 -14 -124 220 114

Sex -872 273 -35 -319 .002 1.16

Tic Medication Status 255 264 A1 0.97 338 1.34

Stimulant Medication Status -6.79 354 -20 -192 .060 1.04

PTQ Total 0.17 0.07 .32 2.50 015 154

PUTS Total 0.27 0.18 17 151 135 121

CBCL Internalizing Total -0.04 013 -04 -0.28 783 1.86

CBCL Externalizing Total -0.13 014 -12 -0.90 374 179

B-FAM-I11 Total 0.72 0.24 .33 297 .004 1.15

Final Reduced Model

Predictor B SE B t p VIF Adj.R?
21

Constant 15.94 475 3.36 .001

Treatment Assignment 152 249 .07 0.61 545 1.28

CGI-I 10-week Tx. Responder Status 292 273 A3 1.07 289 138

Evidence-Based Tx. for Tics -3.98 235 -18 -1.69 .095 1.08

Sex -8.00 269 -32 -297 .004 112

Stimulant Medication -7.46 352 -22 -212 .038  1.02

PTQ Total 0.16 0.06 .29 2.65 .010 1.12

B-FAM-I11 Total 0.69 0.23 31 2.95 .004 1.05

Note. YGTSS = Yale Global Tic Severity Scale; PTQ = Parent Tic Questionnaire; PUTS = Premonitory Urge for Tics Scale; CBCL = Achenbach

Child Behavior Checklist 6/18; B-FAM-111 = Brief-Family Assessment Measure-111.
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