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Abstract

Practice guidelines endorse comprehensive behavioral intervention for tics (CBIT) as first-line treatment for tic disorders
(TD) in youth. Nevertheless, CBIT is rarely available due to various barriers. This study evaluated the feasibility and poten-
tial effectiveness of an Internet-based, self-help CBIT program (ICBIT) guided by parents with minimal therapist support
delivered via telepsychotherapy. Forty-one youths, aged 7—18 years, were randomly assigned to receive either ICBIT (n=25)
or a wait-list (WL) condition (n=16) in a crossover design. ICBIT was feasible to implement and at post-treatment, 64%
of the participants have improved significantly. Results demonstrated clinically meaningful reductions in tic severity and
improved youth global impairment and functioning. Gains were maintained over a 6-month follow-up period. The effect
size for the primary outcome measure (Yale Global Tic Severity Scale) ranged between large effect size (Cohen”s d=0.91)
at post-intervention to very large effect size (Cohen’s d=2.25) 6 months after the end of the acute intervention. These were
comparable to face-to-face delivery treatment trials for TD. Participants rated the intervention as highly acceptable and
satisfactory. Youth receiving ICBIT experienced improvement in self-esteem and comorbidity. Finally, during the COVID-
19 pandemic, the ICBIT program enabled the delivery of the intervention consecutively without interruption. The results
observed provide preliminary evidence of the feasibility and effectiveness of this innovative modality to assist youth with
TD and remove various barriers to treatment, including those during a public crisis, such as the COVID-19 pandemic. Larger
studies with an active control group are warranted.

Trial registration URL: http://clinicaltrials.gov, ClinicalTrials.gov Identifier: NCT04087616.
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Introduction

Primary tic disorders (TD) including Tourette syndrome
(TS) and chronic tic disorder (CTD) are characterized by
sudden, rapid, recurrent, non-rhythmic motor movements
or vocalizations that are typically not context-related. Tics
characteristically wax and wane in frequency and severity
and are commonly preceded by an interoceptive sensa-
tion termed premonitory urge [1]. TS is a neurodevelop-
mental disorder defined by the presence of multiple motor
and phonic tics that begins in childhood and persists for
more than 1 year. Diagnosis of CTD is applied to chil-
dren who exhibit motor or phonic tics, but not both, for
at least a year [2]. The population prevalence estimate of
CTD in youth is 1.5-3% and TS occurring in 0.3-0.9% of
youth [3, 4]. Commonly associated comorbidities include
attention-deficit hyperactivity disorder (ADHD; 29%),
obsessive—compulsive disorder (OCD; 19%) and anxiety
disorders including social phobia disorder (SPD; 21%),
and general anxiety disorder (GAD; 20%) [5]. Studies
suggest that TD may have negative ramifications on vari-
ous spheres of life that may continue to adulthood [6-8].
Therefore, early and effective intervention of tic disorders
is crucial.

Comprehensive behavioral intervention for tics (CBIT)
[9], has gathered robust support from randomized con-
trolled trials (RCTs) for its efficacy in improving tics [10].
Out of 126 children and adolescents (9—17 years old)
receiving CBIT, 53% demonstrated a clinically significant
tic improvement compared with supportive therapy and
education [11], and significant improvement in comorbid
symptoms 6 months after treatment [12]. The efficacy of
CBIT for young children (5-8 years old) was recently sup-
ported [13]. Despite the efficacy of CBIT, the vast major-
ity of children with TD do not receive evidence-based
interventions for tics [14] due to barriers, such as lack of
trained therapists and personal and domestic considera-
tions concerning time, distance and costs [15]. Remote
administrations, such as tele-psychotherapy and internet-
based self-help formats, have the potential to address some
barriers in the dissemination of evidence-based interven-
tions in the routine care of youth with TD. Such interven-
tions have become more prominent during the COVID-
19 global pandemic of 2020, which has posed additional
barriers to implementing psychotherapy and has enforced
therapists to convert in-person therapy to online health
service modalities. However, to date, only few pilot stud-
ies evaluated the feasibility and effectiveness of remote
administrations of evidence-based treatments for youths
with TD.

One pilot RCT conducted by Himle et al. [16] showed
that CBIT delivered over videoconference (VC) was as
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effective as traditional face-to-face delivery. Another ran-
domized WL-controlled pilot study, showed that CBIT
delivered over VC was superior to a WL control group
[17]. Only one pilot RCT showed that internet-based self-
help programs were feasible, acceptable and effective in
reducing tics in youth [18]. Twenty-three children were
allocated to either internet-delivered habit reversal train-
ing (HRT) program (BIP TIC HRT) or internet-delivered
exposure and response prevention (ERP) program (BIP
TIC ERP), both were therapist-guided and parent-guided.
Results indicated that while both interventions were effec-
tive in reducing tic-impairment, parent-rated tic severity
and improved quality of life, only BIP TIC ERP resulted
in a significant reduction on the Yale Global Tic Severity
Scale (YGTSS) total tic severity score with gains main-
tained 12 months after intervention completion. While
the study of Andrén et al. [18] adds to the growing evi-
dence supporting the feasibility and potential efficacy of
internet-delivered programs, further studies are needed to
establish feasibility and effectiveness of internet-based
self-help programs for pediatric TD and comorbid disor-
ders. Whilst CBIT delivered via face-to-face and telehealth
modalities has been previously established as an effec-
tive treatment for pediatric TD, internet-delivered CBIT
(ICBIT) self-help program has not been yet evaluated in
youth. To address this gap, we developed the first ICBIT
Hebrew-language program guided by parents, and evalu-
ated the feasibility, acceptability, durability and primary
effectiveness of the program.

The aims of the present study were to: (1) evaluate the
feasibility, acceptability and potential effectiveness of a
novel parent-guided ICBIT program for improving tics in
youth; (2) assess ICBIT effects on improving child’s global
impairment and functioning; (3) evaluate the effects of
ICBIT on secondary outcomes including self-esteem, anxi-
ety, attention deficit and impulsive symptoms, and obses-
sive—compulsive symptoms.

Methods
Participants

Participants were children and adolescents recruited through
the pediatric movement disorders (PMD) clinic at Dana-
Dwek Children’s Hospital (DDCH), Sourasky medical
center and the Tourette syndrome association in Israel.
Inclusion criteria comprised a primary diagnosis of TS or
CTD using the DSM-5 criteria [2]; Yale Global Tic Severity
Scale; YGTSS [19] of mild to moderate (total tic severity
score > 14) in order for tic severity to be high enough to
offer room for measurable change [11]; age between 7 and
18 years; at least one available parent to actively participate
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and support the child on regular basis throughout the pro-
gram; agree to refrain from receiving other psychological
treatment for TD; fluent Hebrew speakers; have access to a
computer with Internet and web camera; children receiving
psychotropic medications were eligible if the dose was stable
for 6 weeks before and with no planned changes during par-
ticipation in the study; children with comorbid symptoms of
ADHD, anxiety, depression and OCD were allowed unless
they required immediate intervention for such comorbid con-
ditions. Exclusion criteria comprised a current diagnosis of
substance abuse/dependence; a current diagnosis of major
depression; suicidal risk; self-injurious tics; lifetime diagno-
sis of pervasive developmental disorder (PDD), mania and
psychosis; intellectual developmental disorder (IDD) and
previous sessions of CBIT.

Procedure

Broad inclusion and exclusion criteria were assessed via
a phone screening interview conducted with the child’s
parent. The study was reviewed and approved by the Tel
Aviv Sourasky Medical Center research ethics committee.
The trial is registered on the National Institute for Health
Research Portfolio Database (ClinicalTrials.gov Identi-
fier: NCT04087616). All study procedures were conducted
in accord with all necessary national and institutional
regulations. The period of recruitment was 09/12/2018
to 09/12/2019. All parents and children signed an online
informed consent form with a trained study staff member
who provided information explaining the procedures and
terms of the study. Participants were evaluated face-to-face
at the PMD clinic at DDCH by a trained pediatric neurolo-
gist. The diagnosis of TS, CTD, PDD and IDD was obtained
and clinically verified by DSM-5 criteria [2]. After informed
consent, eligible participants were invited to complete online
questionnaires designed to assess tics and comorbid symp-
toms. Further information was obtained via video conference
(VC) diagnostic interview by two PhD level clinicians who
were blind to the experimental condition. Principal diagnosis
of TS, CTD and comorbidity was confirmed by the DSM-5
criteria [2] as well as the YGTSS [19] and the Anxiety Dis-
orders Interview Schedule; ADIS-C/P [20]. The combined
reports of children and parents were used to establish diag-
noses. Following assessment, families who met inclusion
criteria were randomly allocated by a research assistant who
was not otherwise involved in the study to one of two condi-
tions: ICBIT or WL, using a 2:1 allocation ratio.

Assessment
Assessments were at baseline, post-ICBIT (9-weekly mod-

ules) or post-WL of equal duration. Directly after assess-
ment, youths in the WL arm received ICBIT and were

assessed at post-ICBIT, 3- and 6-months post-ICBIT
completion. Figure 1 summarizes the flow of participants
through the study. Out of the 92 children assessed for eligi-
bility, 40 were excluded after a telephone screening inter-
view with the parent and 11 were excluded after the diag-
nostic interview. Families excluded from the study were
provided with appropriate referral information.

Measures
Primary outcomes

Yale Global Tic Severity Scale; YGTSS [19], is a semi-
structured clinical interview carried out with the parent and
the child. The interview is composed of questions regarding
motor and phonic tic severity over the previous week, fol-
lowed by ratings, number, frequency, intensity and complex-
ity of tics and degree of interference caused. Four composite
scores are generated which are total motor tic severity (rated
from 0 to 25), total phonic tic severity (rated from 0 to 25),
total tic severity (composed of total motor and total phonic
tic severity, rated from O to 50) and global YGTSS score
(composed of total tic severity and impairment score, rated
from 0O to 100). In the present study, inter-assessor reliability,
determined from a random sample of 10% of participants,
was 0.97 for the YGTSS ratings. YGTSS scores demon-
strated strong correlations with Clinical global impression
scale-severity (r=0.82).

Clinical Global Impression-Improvement Scale (CGI-
I), a clinician-rated scale was used to assess treatment
response since baseline [21]. The CGI-I scale ranging from
1 (very much improved) to 7 (very much worse). In the
present study, inter-assessor reliability, determined from
a random sample of 10% of participants, was 0.99 for the
CGI-I ratings. A score of 1 (very much improved) and 2
(much improved) was used to indicate a positive intervention
response (at least “much improved”).

Functional status was assessed with the clinician-rated
Global Assessment Scale for Children; CGAS [22]. The
CGAS provides a measure of global impairment and func-
tioning over the previous month. Scores range from 1 (low-
est functioning) to 100 (highest functioning). The CGAS
possesses acceptable psychometric properties [23]. Scores
on the CGAS were based on information gathered during
the clinical interviews. In the present study, inter-assessor
reliability, determined from a random sample of 10% of par-
ticipants, was 0.96 for the CGAS ratings.

Secondary outcomes

Diagnostic status and symptom severity. Anxiety Disorders
Interview Schedule; ADIS-C/P [20]. The ADIS child and
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Fig. 1 Subject flow through
enrollment and follow-up
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Children required immediate intervention for
comorbid conditions (n = 6)
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Declined to participate (n = 6)
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[ Follow-up ]
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Analysed (n = 25)

parent versions assesses anxiety, mood, and externalizing
disorders in youth and screens for additional disorders.

Tic severity was measured through Parent Tic Question-
naire; PTQ [24]. Parents rate both the frequency and inten-
sity of each tic on a 4-point scale. Each tic score is summed
to yield overall scores for motor (RANGE =0-112) and
vocal (range =0-112) tics and a total score (range =0-224).
In the current study, the total PTQ score had good Cron-
bach’s alpha (Cronbach’s @ =0.88).

ADHD severity was measured by the Revised Connors’
Parent Rating Scale; CPRS-R [25], a 48-item scale assess-
ing symptom severity on a 4-point scale (range=0-144). In
the current study, the total score had good Cronbach’s alpha
(Cronbach’s a=0.94).

OCD comorbidity was measured through the Obses-
sive—Compulsive Inventory; OCI-CV [26], a 21-item
scale assessing symptom severity on a 3-point scale
(range =0-42). In the current study, the total OCI-CV score
had good Cronbach’s alpha (Cronbach’s @ =0.88).

The Screen for Child Anxiety Related Emotional Disor-
ders; SCARED [27], a 41-item measure assessing anxiety
symptom severity on a 3-point scale (range =0-82). The
scale is completed separately by the child and his or her
parent. In the current study, the total SCARED score had
good Cronbach’s alpha (Cronbach’s @ =0.88).
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The Liebowitz Social Anxiety Scale; LSAS [28], a
24-item measure assessing social anxiety and avoidance
symptom on a 3-point scale (range =0-144). In the current
study, the total LSAS score had good Cronbach’s alpha
(Cronbach’s a=0.94).

The Rosenberg Self Esteem Scale; RSES [29], a
10-items rated on a 4-point scale. Higher scores indicate
greater self-esteem (range = 10—40). In the current study,
the total RSES score had good Cronbach’s alpha (Cron-
bach’s a=0.81).

The Children’s Depression Inventory; CDI [30], a
27-item self-report scale that evaluates depression severity
on a 3-point scale (range =0-81). In the current study, the
total CDI score had good Cronbach’s alpha (Cronbach’s
a=0.81).

Satisfaction with the program and acceptability was
assessed through a 3-item self-report questionnaire using
a 0 (not at all), 1 (a little), 2 (fairly) 3 (very much) rat-
ing system for the program acceptability and perceived
effectiveness: 1. The program for managing tics was
clear and I could implement it; 2. The program for man-
aging tics has improved tics; 3. The program was help-
ful. Higher scores were indicative of greater satisfaction
with treatment.
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Intervention

The ICBIT program was delivered through an internet pro-
gram based on CBIT protocol [9] adapted to an interactive
caregiver-guided self-help format. The main goals in the
ICBIT program are to provide both child and caregiver with
specific behavioral and cognitive skills for managing tics and
facilitate the caregiver’s support. The intervention consists
of 9 consecutive conjoint child-caregiver modules, delivered
over 9 weeks (see Table 1). Caregivers’ only segments are
included to facilitate their knowledge and skills to reinforce
the child’s coping and adherence to the program. Exercises
for daily practice between modules provide the opportunity
for practicing techniques that were practiced in each of the
nine modules. ICBIT facilitates self-help therapy via age-
appropriate texts and descriptive diagrams, animations,
video clips of clinicians demonstrating techniques, such as
competing response exercises and interactive tables. These
interactive tables facilitate the tracking of progress and
recording data about each tic (e.g., precipitating situations,
behaviors and feelings experienced before tic, the number of
tics et cetera). The intervention allows flexibility for the car-
egiver to present a module in one or more sittings depending
on the child’s attention span and to review previous units.
Daily time spent on training is between 20 and 30 min.

To enhance actual implementation of the program,
improving the use of the skills and individualizing ICBIT
strategies [31], throughout the intervention, two assistants
provided weekly communication with the child and his or
her parents. Children and parents were introduced to their
assistant via a 15-20-min VC and received technical assis-
tance in setting up the program. Weekly phone and VC calls
were scheduled ahead to facilitate implementation of the
program, providing assistance when necessary and gauging
adverse outcomes. The assistants prompted program com-
pletion by providing feedback, praise and ensured accurate
application of ICBIT skills. If the participants were not
accessing the platform regularly, the assistant provided an
additional telephone or VC call prompting youth and their
parents to complete the module. The assistants checked
module completion and adherence to the content of the mod-
ule and sent reminders when the participant did not complete
the tasks. In addition to supporting the child with his or her
tasks, the assistants provided support to the parents (e.g.,
advise how to overcome the lack of his or her child’s motiva-
tion, remind the parent to reward his or her child, organize
and dedicate time for daily practice). The assistants were
trainees (students in a Master’s degree program in Clinical
Psychology) with no previous experience in providing CBIT
or ICBIT. Shortly before the intervention, they received brief
training for the program and were familiarized with TD and
related impairments. Three clinicians with considerable
clinical experience in treating CBIT supervised the trainees

regularly to provide guidance. All therapist time was logged.
The average support time was 7.44 min (SD = 1.86) per fam-
ily per week.

Booster sessions

Module 9 was repeated once a month as a monthly booster
module for the next 6 months. During this time, a reminder
was sent via email to remind participants to enter the plat-
form to complete the booster session. In addition, the assis-
tants reminded the participants to enter the booster module
and scheduled a VC call to facilitate adherence and under-
standing of the booster module. When necessary, the assis-
tants gave support to the child and the parent. Emphasis was
placed on the importance of practicing the acquired skills on
tics that may have been aggravated and implementing skills
for other tics as well as new-onset tics.

Participants initially assigned to the WL, were instructed
by the assistants they were to begin the ICBIT program once
the initial WL period had ended. Participants in the WL arm
received no intervention for 9 weeks and had no access to the
ICBIT program during the WL period. Contact with the WL
group was kept to a minimum (scheduling post-WL period
assessment). Following post-WL assessment, all participants
chose to receive ICBIT and received access to the ICBIT
program.

Adverse events

Adverse events were monitored each week throughout the
intervention. The assistants asked about recent tic worsen-
ing, behavioral changes, health complaints and visits for
medical and psychological care, change in ongoing medica-
tions and need for concomitant medication and offered the
opportunity for spontaneous report of any other problem.
Confirmatory replies prompted further inquiry concerning
the onset, severity and outcome of the adverse event and
measures taken to address it.

Statistical analysis

All analyses were conducted using SPSS Version 25. Base-
line characteristics were compared between groups with ¢
tests for continuous variables and y” tests for categorical
variables. An intention-to-treat analysis was used. All par-
ticipants assessed at baseline were included (n=41), using
last assessment carried forward for participants (n=2) who
were lost to post-intervention assessment, with all par-
ticipants analyzed in their assigned group. A subsequent
analysis included only participants who attended 4 or more
sessions (n=23) to provide a measure of effects when the
program was adhered to treatment condition. A 2 X 2 mixed-
design repeated-measures analysis of variance (ANOVA)
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Table 1 Overview of the ICBIT Modules

Module 1

Module 2

Module 3

Module 4

Module 5-7

Module 8

Module 9

Psycho-education about tics and awareness training for tic occurrence
("Tic detectives’” team). Youth and their parents are taught to recog-
nize their tics and increase awareness of precipitating and maintaining
factors associated with tics. They are asked to monitor and record
their tics daily (e.g., time of day, location and activity, the number
of tics). Youth and their parents simply enter the data by clicking the
interactive fields in the table. To keep children actively engaged in the
program, parents are taught how to reword their child’s efforts and
record the points the child won.

Stress management skills (deep breathing and stress inoculation training
and imagery).

Identifying factors that exacerbate tics (e.g., social settings, watch-
ing television) and developing functional strategies and day-to-day
changes for reducing contact with contextual factors and improving
coping skills in dealing with such factors. Coping skills and strate-
gies are linked to a corresponding matrix that directs participants how
and when to use them. For example, if tics are more prominent when
watching television, less screen time is suggested as a strategy for
reducing tics. Likewise, a child who starts tics more before an exam at
school would be taught to manage his or her stress before and during
the exam.

Education about a competing response and identifying premonitory urge
for the first (out of 6) tic that the child identifies as his or hers most
bothersome tics. Participants are introduced to perform a movement
that is incompatible with the tic using antagonistic muscles (a "Tic
blocker") that the child may apply when the urge for the tic is felt. A
detailed list of 21 suggested competing responses for various motor
and vocal tics and specifically created video clips, presenting a clini-
cian specialized in CBIT for children, are used to illustrate choosing
and practicing a range of competing responses. For example, a corre-
sponding competing response for a shoulder shrug tic: "push shoulders
downward to tighten shoulders and arms muscles against the shrug-
ging movement". The child is taught to recognize the premonitory
urge and begin pushing shoulders downward as a competing response.

Continue training for the second, third, fourth and the fifth tics (if a
child has three tics or less, the guiding principles are to continue prac-
ticing the skills on the same tics).

Continue training for the sixth tic and generalization training. Partici-
pants practice in various daily situations including more challenging
situations that may exacerbate tics (e.g., preparing for an exam, play-
ing computer games).

Maintaining intervention gains and relapse prevention. Creating a
“final project” (e.g., a simple folder detailing the methods and gains
achieved and coping skills that may help to promote further improve-
ment and relapse prevention); instructions and demonstrations for
further practicing and weekly activities intendent to assist with main-
tenance and improvement (e.g., recording tics and setting new goals
such as practicing the skills on additional tics, in various situations
and during periods of tic exacerbation).

test was used to examine main effects of group (ICBT or
WL) as a between-subjects factor and time-point as a within-
subjects factor, as well as interaction effects. ANOVA tests
were separately conducted for YGTSS total tic score (TTS)
and impairment score (IS). Statistically significance for all
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analysis was set at the level of p <0.05 for a two-tailed test,
and confidence intervals are given with 95% margin. A sta-
tistical power analysis, based on repeated-measures com-
parison (G*Power 3.1.10), between two groups indicated
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that a sample size of 41 participants would provide a power
of 0.87 to detect an effect size of 0.25 at a=0.05.

As all the families in the WL condition (n=16) continued
to the next assessment phase and crossed over to receive
ICBIT, an open-trial analysis was conducted to increase
power and examine effects of the ICBIT intervention for
completers in the total sample (15 WL, 23 ICBIT) and
maintenance of gains during the 6-month follow-up period.
A series of repeated-measures ANOVA were conducted to
investigate the maintenance of treatment effects from pre-
ICBIT (time 1) to post-ICBIT (time 2), to 3 (time 3) and
6-month (time 4) follow-up assessments. F tests with Bon-
ferroni corrections were performed.

Results
Sociodemographic and diagnostic information

Table 2 presents the sociodemographic and diagnostic infor-
mation for the participants in each group and baseline group
differences. Participants were 41 children and adolescents
(12 girls) aged 7.89-17.57 years (M =11.26, SD=1.94) with
a principal diagnosis of TS or CTD. All children were born
in Israel. The majority of children (92.70%) were living in
families with both biological parents, and on average, chil-
dren came from middle-income families as assessed through
parental education level (M =16.21 SD=2.57) and parental
employment status. No significant group differences in base-
line characteristics were found on any variables except for
specific phobia (SP). All participants (n=4) who were diag-
nosed with SP were in the ICBIT arm. Out of the 25 youths
allocated to ICBIT, 23 youths completed the 9-weekly mod-
ules. No medication changes were reported between baseline
and post-intervention.

ICBIT versus WL
Primary outcomes, module completion and safety

Intention-to-treat analyses were performed (n=25). Table 3
presents mean scores, effect sizes, and confidence intervals
(CIs) on the difference between ICBIT and the WL control
condition for all study outcomes. Module completion was
monitored via the platform. Twenty-three families (92%)
completed all intervention modules. Participants com-
pleted a mean of 8.80 (SD=1.00) out of the 9 modules.
Reasons for stopping (n=2) included a lack of motivation
and self-discipline.

Improvement rate (as indicated by a score of 1 and 2 on
the CGI-I) was significantly higher for the ICBIT group
(16/25, 64.00%) vs WL group (1/16, 6.25%) [;(2(1): 13.40,
p<0.001].

A significant interaction was found for the YGTSS TTS
between time-point and group [F(1, 39)=9.96, p=0.003,
PES =0.20, large effect]. At post-intervention (time 2),
the YGTSS TTS was significantly reduced in the ICBIT
arm only. ICBIT was associated with a mean YGTSS
TTS reduction of 6.60 points (p <0.001) compared with
a mean YGTSS TTS reduction of 0.94 points (p=0.51)
in the WL arm. This 6.60 points difference was clinically
meaningful, as suggested by an effect size of within-group
Cohen’s d=0.91, large effect. For the YGTSS IS, a signifi-
cant interaction was found between time-point and group
[F(1, 39)=8.46, p=0.006, PES =0.18, large effect]. The
YGTSS IS was significantly reduced in the ICBIT arm only
(p<0.001). ICBIT was associated with a mean reduction
of 16.40 points compared with a 3.12-point decrease in
the WL arm. The 29.05% mean decrease in clinical rated
YGTSS TTS and the 48.81% decrease in the YGTSS IS were
significantly greater than the WL group and fall between
the ranges of large treatment effects. The Motor Tic Sever-
ity Score (MTS) significantly decreased [F(1, 39)=26.61,
p<0.001, PES=0.40, very large effect)] The Vocal Tic
Severity Score (VTS) did not decrease significantly [F(1,
39)=0.12, p=0.73, PES =0.00].

Compared to youth in the WL condition, only youth in
the ICBIT group experienced a significant improvement on
the CGAS [65.60-72.20 vs 70.56-70.69, respectively; F(1,
39)=10.59, p=0.002; PES=0.21]. ICBIT was associated
with a mean increase of 6.60 points on the CGAS scores
compared with a 0.13-point increase in the WL arm.

A second analysis included only participants who
attended 4 or more sessions (n=23) to provide a measure
of effects when the program was adhered to. There were
no significant differences between the first and secondary
analyses on all main outcomes.

Follow-up

The follow-up analysis included the participants in the
CBIT arm. Intention-to-treat analyses were performed
(n=25). Out of 25 participants allocated to ICBIT, 22
completed the 6 booster modules and the follow-up assess-
ments at 3 months and 6 months after the completion of the
acute intervention. Results showed significant reductions
during the follow-up period [F(3, 19)=28.29, p <0.001;
PES =0.81, very large effect]. At 3 months, the YGTSS
TTS was associated with a mean reduction of 11.68 points
(»<0.001), Cohen’s d=2.11, huge effect. At 6 months, the
YGTSS TTS was associated with a mean reduction of 11.73
points (p <0.001), Cohen’s d=2.25, very large effect. For
the YGTSS IS, results showed significant reductions [F(3,
19)=22.67, p<0.001; PES=0.78, very large effect]. At
3 months, the YGTSS IS was associated with a mean reduc-
tion of 27.73 points (p <0.001), Cohen’s d=2.27, very
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Table 2 Baseline demographic
and clinical characteristics by
group
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Measure All (n=41) CBIT (n=25) WL (n=16) Statistic P
Age, mean (SD) 11.26 (1.94) 11.42(2.19) 11.01 (1.49)  130,=0.66  0.51
Gender, mean (SD)

Males 29 (70.73%) 17 (68%) 12 (75%) =023 0.63

Females 12 (29.26%) 8 (32%) 4 (25%)
Maternal age, mean (SD) 41.24 (4.02) 42.04(3.92) 40 (3.98) ta9y=1.60  0.11
Maternal years of education, mean (SD) 16.21 (2.57) 16.36 (2.3) 16 (3.01) 1(39)=0.43 0.66
Maternal employment status, n (%)

Full-time job 22 (53.65%) 14 (56.00%) 8 (50.00%) ;(2(2)= 1.53 046

Part-time job 14 (34.14%) 7 (28.00%) 7 (43.75%)

Unemployed 5(12.19) 4 (16.00%) 1(6.25%)
Paternal age, mean (SD) 43.06 (3.88) 43.41 (3.58) 42.53 (4.37)  136=0.67 0.50
Paternal years of education, mean (SD)  15.4 (2.7) 15.82 (2.82) 14.86 (2.5)  136=1.06  0.29
Paternal employment status, n (%)

Full-time job 33 (80.48%) 20 (80.00%) 13 (81.25%) ;(2(2)=0.14 0.93

Part-time job 3(7.31%) 2 (8.00%) 1(6.25%)

Unemployed 2 (4.87%) 1 (4.00%) 1(6.25%)
Current medication use, n (%)

No 31 (75.60%) 21 (84%) 10 (62.5%) ;(2(1)= .52 0.21

-agonists 4.(9.75%) 1 (4%) 3 (18.75%)

Antipsychotics 1(2.43%) 1 (4%) -

SSRI (Anxiety) 1 (2.43%) - 1(6.25%)

Benzodiazepine 1(2.43%) 1 (4%)

Stimulants (ADHD) 2 (4.87%) 1 (4%) 1(6.25%)

Medicinal-herbs 1(2.6%) - 1(6.25%)
Past psychotherapy experience, n (%)

No 13(31.7%) 8(32%) 5(31.25%) ;(2(5)=2.44 0.78

Psychotherapy 12 (29.26%) 7 (28%) 5 (31.25%)

Expressive Arts Therapy 7(17.07%) 4 (16%) 3 (18.75%)

Occupational therapy 5(12.19%) 4 (16%) 1(6.25%)

Animal-assisted therapy 1(2.43%) - 1(6.25%)

Acupuncture 3(7.31%) 2 (8%) 1(6.25%)
Tic disorder, n (%)

CTD 9(21.95%) 6 (24%) 3(18.75%)  t;=1.33 0.21

TS 31(75.6%) 19 (76%) 13 (81.25%) 135,=0.87  0.50
SAD, n (%) 6 (14.63%) 3 (12%) 3 (18.75%) ;(2(1)=O.35 0.55
GAD, n (%) 16 (39.02%) 11 (44%) 5(31.25%) ;(2(1) =066 041
SPD, n (%) 9(21.95%) 6 (24%) 3 (18.75%) ;(2(1)=O.15 0.69
SP, n (%) 4 (9.80%) 4 (16%) - ;(2(1)=2.83 0.04
OCD, n (%) 13 (31.70%) 6 (26.08%) 7 (43.75%) ;(2(1)=2.41 0.29
Dysthymia, n (%) 3(7.31%) 3 (12%) - ;(2(1)=2.07 0.15
Enuresis, n (%) 3(7.31%) 2 (8%) 1(6.25%) )(2(1)=0.44 0.83
Encopresis, n (%) 1(2.43%) 1 (4%) - ;{2(])=0.65 0.41
ADHD, n (%) 18 (43.90%) 10(39.13%) 8 (46.66%) )(2(])=3.96 0.52
LD, n (%) 7(7.07%) 4 (16%) 3 (18.75%) ;(2(])=0.052 0.81
SMD, n (%) 6 (14.63%) 4 (16%) 2 (12.5%) ;(2(1)=O.09 0.75

SAD separation anxiety disorder, SPD social phobia disorder, GAD general anxiety disorder; SP specific
phobia, OCD obsessive—compulsive disorder and subclinical OCD, ADHD attention-deficit hyperactivity
disorder, LD learning disabilities, SMD sensory modulation disorder
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Table 3 Baseline (time 1) and post-intervention (time 2) scores on key outcome measures by group

PES

F value (df)

WL (n=16)

=25)

CBIT (n

Group difference (95% CI)

Time 1 Time 2

Group difference (95% CI)

Time 2

Time 1

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

0.000
0.73

0.40
0.

26.61 (1, 39)
0.11 (1, 39)
9.96 (1, 39)

—2.11t0 1.23 (- 0.43)

0.20 to 3.66 (1.93)

14.75 (3.13)
5.63 (6.02)
20.94 (7.83)

14.31 (3.82)
7.57 (6.00)
21.88 (5.03)

3.69-6.38 (5.04)
0.17-2.94 (1.56)
4.30-8.89 (6.60)

11.44 (6.09)
4.68 (5.05)

16.48 (4.55)

6.24 (5.50)

YGTSSMTS

03

YGTSSVTS

0.003

0.20
0.18

21

— 1.93 t0 3.81 (0.93)
— 408 to 10.33 (3.12)
~3.01t03.26 (0.12)

22.72 (6.37) 16.12 (7.96)

YGTSS TTS
YGTSS IS
CGAS

0.006
0.002

8.46 (1, 39)

26.88 (16.21)
70.69 (13.12)

30.00 (17.51)

10.63-22.16 (16.40)
4.08-9.11 (6.60)

15.22 (12.38)
72.20 (12.94)

33.60 (14.86)
65.60 (11.13)

10.59 (1, 39)

70.56 (12.37)

YGTSS MTS Yale Global Tic Severity Scale Motor Tic Score, YGTSS VTS Yale Global Tic Severity Scale Vocal Tic Score, YGTSS TTS Yale Global Tic Severity Scale Total Tic Score, YGTSS

IS Yale Global Tic Severity Scale Impairment Score, CGAS Children’s Global Assessment Scale

large effect. At 6 months, the YGTSS TTS was associated
with a mean reduction of 28.64 points (p <0.001), Cohen’s
d=2.42, very large effect. The YGTSS VTS yielded signifi-
cant reductions during the follow-up period [F(3, 19)=3.74,
p=0.03; PES=0.37, large effect], and the YGTSS MTS also
yielded significant reductions [F(3, 19)=60.56, p <0.001;
PES =0.90, very large effect].

The results on the CGI-I showed that at 3- and 6-month
follow-up assessments, 21/22, 95.45%, were rated as treat-
ment responders (as indicated by a CGI-Improvement rating
of “very much improved” or “much improved”).

Adverse events

One adverse event was reported, rated as mild (high fever,
n=1) during the trial and the follow-up period. However, the
event was not considered study related and no tic worsening
was reported.

COVID-19 pandemic

Between March 15, 2020 and June 2020, the delivery of the
intervention and assessments continued despite the quaran-
tine imposed by the COVID-19 pandemic. Youths and their
parents continued to log into the platform and participated
in the clinical assessments delivered via VC.

Open-trial analyses

Table 4 displays baseline and mean scores, effect sizes, and
confidence intervals (CIs) for all study outcomes. Partici-
pants in the open-trial analysis completed all nine modules.
Two families (5.26%) did not complete the booster-modules
phase and did not return our calls. The results on the CGI-I
showed that at post-intervention, 31/38, 81.57% were rated
as treatment responders. 3-month follow-up assessment,
33/36, 91.66%, and 6-month follow-up 34/36, 94.44%, were
rated as treatment responders.

At the end of the intervention, caregivers and children
were asked to fill in a questionnaire regarding treatment
and skills receipt. The questions referred to caregiver and
child comprehension and perceived effectiveness of the
ICBIT program, and caregiver and child satisfaction with
the therapeutic outcomes. No intervention-related adverse
events were reported. Results show that both children
(n=37) and parents (n=37) gave high acceptability and
satisfactory ratings. Mean child acceptability ratings were
M=7.89, SD=1.21. Mean parent acceptability ratings
were M =7.94, SD=1.10 (scale range 0-9).

Youths exhibited a significant decrease in tic sever-
ity [F(3, 33)=54.25 p<0.001, PES =0.83, very large
effect]. From time 1 to time 2, YGTSS TTS decreased
from 20.58 to 12.47, 39.40% decrease. At time 3, there was
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Table 4 Baseline (time 1), post-intervention (time 2) and 3 (time 3) and 6-month (time 4) scores on primary and secondary outcome measures

for ICBIT completers
Measure Time 0 Time 2 Time 3 Time 6 F value (df) PES P
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
YGTSSMTS 15.25 (3.00) 9.42 (3.87) 7.19 (4.02) 6.78 (3.89) 88.74 (3, 33) 0.89 0.001
YGTSSVTS 5.08 (4.80) 3.06 (3.74) 2.25(3.52) 1.94 (2.66) 5.25(3,33) 0.32 0.004
YGTSS TTS 20.58 (5.47) 12.47 (5.56) 9.36 (5.84) 8.72 (5.12) 54.25 (3, 33) 0.83 0.000
YGTSS IS 30.00 (14.41) 13.06 (11.11) 5.83(9.41) 4.72 (3.89) 33.81 (3, 33) 0.75 0.000
CGAS 68.47 (12.40) 75.44 (13.05) 78.83 (12.74) 80.64 (12.87) 17.34 (3, 33) 0.61 0.000
PTQ 31.17 (15.93) 18.39 (14.54) 14.61 (11.30) 11.97 (14.84) 14.93 (3, 33) 0.57 0..000
CRS-R 30.22 (18.07) 23.33 (17.01) 22.14 (14.63) 19.68 (15.41) 10.34 (3, 33) 0.48 0.000
SCARED: Parent 16.56 (9.79) 12.61 (9.34) 10.56 (8.55) 6.06 (7.32) 12.17 (3, 33) 0.52 0.000
SCARED: Child 21.92 (12.19) 15.72 (11.36) 13.22 (11.16) 7.86 (9.65) 16.94 (3, 33) 0.60 0.000
RSE: child 34.14 (4.22) 35.39 (4.48) 35.58 (3.43) 23.08 (16.07) 14.73 (3, 33) 0.57 0.000
CDI: child 8.78 (7.06) 5.22(5.37) 4.78 (5.40) 9.94 (9.38) 15.60 (3, 33) 0.58 0.000
LSAS: child 34.50 (21.69) 23.72 (23.66) 21.05 (22.00) 17.72 (22.72) 6.83 (3,33) 0.38 0.001
OCI-CV: child 11.31 (6.33) 6.81 (6.04) 6.97 (6.62) 7.00 (7.13) 6.16 (3, 33) 0.36 0.002

YGTSS MTS Yale Global Tic Severity Scale Motor Tic Score, YGTSS VTS Yale Global Tic Severity Scale Vocal Tic Score, YGTSS TTS Yale
Global Tic Severity Scale Total Tic Score, YGTSS IS Yale Global Tic Severity Scale Impairment Score, CGAS Children’s Global Assessment
Scale, PTQ Parent Tic Questionnaire, CRS-R Conner’s Rating Scales-Revised, SCARED Screen for Child Anxiety Related Emotional Disorders,
RSE Rosenberg Self Esteem Scale, CDI Children’s Depression Inventory, LSAS Liebowitz Social Anxiety Scale, OCI-CV Obsessive—Compul-

sive Inventory-Childe Version

an additional reduction of 3.11, 24.04% decrease, and at
time 4, there was an additional reduction of 0.64, 6.15%
decrease. For the YGTSS IS, there was a significant reduc-
tion [F(3, 33)=33.81, p<0.001, PES=0.75, very large
effect]. From time 1 to time 2, scores decreased from 30.00
to 13.06, 56.47% decrease, and from time 2 to time 3, from
13.06 to 5.83, 55.36% decrease, and from time 3 to time 4,
from 5.83 to 4.72, 19.04% decrease.

Youth exhibited a significant decrease in VTS [F(3,
33)=5.25 p=0.004, PES =0.32, large effect] as well as
in MTS [F(3, 33)=88.74 p<0.001, PES =0.89, very large
effect].

Two children had medication changes during the follow-
up period. Long-acting amphetamine was prescribed to
relieve ADHD symptoms 2 months before time-4 assess-
ment and one child stopped taking antipsychotics 2 months
before time-4 assessment. The YGTSS TTS score of the
first child continued to improve with an 18-point decrease
from time 3 to time 4, and a 2-point increase in YGTSS
TTS score of the second child. The analyses were repeated
excluding these children with no significant changes seen
in the results.

Youth exhibited a significant increase on the CGAS
scale [F(3, 33)=17.34 p<0.001, PES=0.61, very
large effect]. From time 1 to time 2, CGAS scores
increased from 68.47 to 75.44, 9.25% improvement,
from time 2 to time 3, from 75.44 to 78.83, 4.31%
improvement, and from time 3 to time 4, from 78.83 to
80.64, 2.25%.

@ Springer

Secondary outcomes

The PTQ total tic scores from the parent-rated scale
showed that youth exhibited significant tic severity
decrease [F(3, 33)=14.93 p<0.001, PES =0.57, very
large effect]. From time 1 to time 2, there was a 41.01%
decrease, a 20.56% decrease from time 2 to time 3, and an
18.07% decrease from time 3 to time 4.

Significant reductions were reported on the CPRS-R
rating scale [F(3, 33)=10.34 p<0.001, PES =0.48, large
effect].

Youths reported a significant large mean decrease in
SCARED scores [F(3, 33)=16.94 p <0.001, PES =0.60,
very large effect]. Parent-reported SCARED scores also
showed significant reductions [F(3, 33)=12.17 p<0.001,
PES =0.52, very large effect].

Youths experienced significant reductions on the OCI-
CV [F(3,33)=6.16 p=0.002, PES =0.36, large effect].

Youths reported a significant mean increase in the RSE
scores [F(3, 33)=14.73 p<0.001, PES =0.57, very large
effect].

Significant reductions were reported on the child rating
LSAS scale [F(3, 33)=6.83 p=0.001, PES =0.38, large
effect].

Youths reported a significant large mean decrease in CDI
scores [F(3, 33)=15.60 p<0.001, PES=0.58, very large
effect]. See Table 4.
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Discussion

The present study presents original data on the feasibility
and preliminary effects of an internet-based CBIT self-help
program guided by parents, with brief remote support by a
therapist for Israeli youth with TD. The outcome data of this
study indicated that ICBIT was feasible as demonstrated by
the high retention rate (92%). The dropout rate of 8% in this
study is very encouraging and is similar to the reported rates
in studies of face-to-face [11] and VC delivery of CBIT [16].
Based on the study of Radomski et al. [31], several delivery
features in self-help internet-based programs may have led
to the high retention rate in the current study: (1) social
role—an adjunct therapist support to facilitate the use and
prompting as well as praising the participant’s completion
and progress; (2) Flexibility—the program allows children
and their parents to engage in the intervention when it is
convenient for them without missing school or work. The
contribution of the social role supporting self-help inter-
vention for youth with TD was recently reported and sug-
gest that adjunct therapist support may prompt adherence to
treatment and improve the efficacy of the intervention [32].
The results suggest that this avenue of administration is safe
as no unusual events have been reported due to the use of
this intervention modality. The program was associated with
high levels of satisfaction among participants. Furthermore,
the intervention was cost-effective since the average thera-
pist support time was around 8 min per participant per week.

Following ICBIT, there was a significant reduction
in motor tic severity and in impairment scores whereas
participants in the WL group showed no improvement.
Although the present study did not include a comparison
to an active treatment condition, the findings are prom-
ising in showing large effects on motor tics as well as
on global level of functioning that are comparable with
CBIT administered in an in-person, clinic-based setting
[11]. The reductions found in the current study are higher
than the 25% considered clinically meaningful by Jeon
et al. [33]. ICBIT yielded a mean YGTSS TTS reduction
of 6.6 points (29.15%) and a mean YGTSS IS reduction
of 14.80 points (44.05%) from baseline to post-interven-
tion, which is comparable to the 7.6 points (31%) and 12.8
points (51%) reductions reported by Piacentini et al. [11].
The tic reduction as well as response rate observed in the
present study is comparable to what was observed in pre-
vious trials incorporating face-to-face and VC delivery as
well as self-help programs [11, 16, 18].

The follow-up analyses showed further significant
improvements in motor tic severity as well as significant
improvement in vocal tic severity between baseline and
3-to-6 month follow-ups. It is plausible that the six booster
modules in the current study were associated with outcome

improvement as was previously found in the study of Hei-
jerman-Holtgrefe et al. [34]. Furthermore, during the fol-
low-up period, participants were instructed to implement
their recent acquired skills on additional tics. Participants
could go back and watch the video illustrations for practic-
ing a range of competing responses in various situations and
practice relaxation through accessible audio clips. It is con-
ceivable that the availability of the program, as well as the
booster sessions, allowed for generalization and enhanced
further improvement during the follow-up period.

Comparable to motor tics, vocal tics did not significantly
improve following the acute phase of the intervention (time
2). Nevertheless, vocal tics did significantly improve dur-
ing the follow-up phase. In the current study, out of the 25
youths allocated to ICBIT, 17 had vocal tics. Only eight
youths ranked vocal tics as the most distressing tic and chose
to address them in the acute phase. During the follow-up
phase, vocal tics improved significantly. This improvement
may be attributed to further practicing and booster sessions
during the follow-up period. It is conceivable that 8 youths
constituted a small sample size to obtain a significant find-
ing. However, the delayed impact of the intervention on
vocal tics compared to motor tics may be attributed to dif-
ferent neurobiological substrates [35] and to vocal tics sen-
sitivity to environmental effects [36].

The open-trial analysis yielded significant effects of
ICBIT on improving self-esteem as was previously found in
adults with TD [37] and on comorbid symptoms of anxiety
found in youth with TD [12]. Additionally, although ICBIT
is not designed to improve symptoms of OCD, anxiety and
ADHD, the program yielded significant improvement in
OCD, ADHD, social anxiety as well as depressive symp-
toms. These findings may suggest that several components of
ICBIT, such as relaxation techniques, may regulate comor-
bid symptoms [12]. Nevertheless, ICBIT is not intended
to replace evidence-based treatment practices for ADHD,
OCD, and anxiety disorders.

Taken together, our results suggest that internet self-help
CBIT program for youth with TD, guided by caregivers with
limited remote professional support, offers an acceptable
and safe alternative that may facilitate wide accessibility
to families who face barriers to accessing evidenced-based
therapy for TD.

The outbreak of the COVID-19 global pandemic has
confronted the healthcare systems with unprecedented chal-
lenges. Worldwide containment efforts embrace isolation,
quarantine and social distancing. Nevertheless, the ICBIT
program and videoconferencing allowed the delivery of
the intervention consecutively. During the COVID-19 pan-
demic, we continued to support and monitor the participants’
implementation of the ICBIT intervention as usual. Thus,
ICBIT has the potential to enhance accessibility of effective
interventions for youth with TD.
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Strengths and limitations

Several limitations should be noted. The study consisted of a
small, yet compelling, sample size of Israeli youth. The pre-
sent study did not include youth with minimal impairment
(total severity scores < 14) and youth with marked impair-
ment scores (total severity scores >40). Children under the
age of 7 years old were not included. In addition, the study
did not include a non-CBIT active treatment control group.
These may restrict generalizability of the results. It would be
important to replicate this trial with a larger, and more heter-
ogenic sample, and compare ICBIT with traditional face-to-
face delivery. While the average therapist time was logged,
the parental support time was not logged in the current study.
Additional studies on the contribution of parental support
for the efficacy of self-help ICBIT are warranted. Further
research is needed to advance our knowledge on moderators
and predictors of response to ICBIT to help identify those
individuals who may not benefit from internet-delivered
CBIT. This area of exploration is in its infancy and future
studies should aim to compare the efficacy and long-term
maintenance of gains made between internet-based CBIT
modalities in a larger cohort of patients.

Despite the previously mentioned study limitations, the
present RCT was the first to evaluate the feasibility and effi-
cacy of ICBIT. Additional well-controlled and empirically-
based treatment outcome studies are warranted.
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