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Abstract: Background: Preliminary research suggests that a mindfulness-based treatment approach may be
beneficial for adults with tic disorders. In the present study, we report on the feasibility, acceptability, safety,
and symptomatic effect of a novel online mindfulness-based group intervention for adults with Tourette
syndrome or persistent tic disorder. Data from this study will directly inform the conduct of a funded
randomized controlled trial comparing the efficacy of this intervention to another active psychological
intervention.
Methods: One cohort of adults with Tourette syndrome participated in an 8-week online mindfulness-based
group intervention. Measures of feasibility, acceptability, and safety were administered throughout and at
posttreatment. Self-reported measures of mindfulness and clinician-rated measures of tic severity and
impairment were administered at baseline and posttreatment.
Results: Data on refusal, dropout rate, attendance, participant satisfaction, and safety suggest that this is a
feasible and acceptable intervention. However, participant adherence to home practice was lower than
anticipated. Mindfulness, tic severity, and tic-related impairment only modestly improved from baseline to
posttreatment. Qualitative analysis of participant feedback revealed aspects of the intervention that were most
helpful and also areas for improvement.
Conclusions: Data suggest that although this is a feasible and acceptable intervention, it should be modified
to enhance participant adherence, more successfully engage the target mechanism, and optimize outcomes.
Trial registration: Clinicaltrials.gov registration #NCT03525626. Registered on 24 April 2018
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Key messages regarding feasibility
 Preliminary research suggests that a face-to-face

mindfulness-based intervention may be beneficial for
adults with Tourette syndrome or persistent tic disorder. However, face-to-face psychosocial interventions for tics have been difficult to disseminate.
Accordingly, we sought to further develop and test
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this mindfulness-based intervention in an online format
that could be more readily disseminated to those seeking treatment. The present study was conducted to
examine the feasibility, acceptability, safety, and symptomatic effect of the intervention prior to examining its
efficacy relative to an active comparison condition
within a randomized controlled trial. To our knowledge, this is the first test of an online mindfulnessbased group intervention for adults with tics.
 Data on refusal, dropout rate, attendance,
participant satisfaction, and safety suggest that
this intervention is feasible and acceptable to
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adults with tics. However, participant adherence
to home practice was lower than anticipated.
Mindfulness, tic severity, and tic-related impairment only modestly improved from baseline to
posttreatment. Qualitative analysis of participant
feedback revealed aspects of the intervention that
were most helpful and also areas for
improvement.
 Participants were satisfied with many aspects of the
intervention. However, data suggest that the
intervention must be modified to boost participant
adherence. We hypothesize that increasing
participant adherence will produce more substantial
changes in the proposed target mechanism (i.e.,
mindfulness), which will lead to more substantial
symptomatic improvements.
Tourette syndrome (TS) and persistent tic disorder
(PTD) are potentially disabling neurodevelopmental disorders characterized by sudden, rapid, recurrent motor
and/or vocal tics [1]. The vast majority of individuals
with TS or PTD also experience premonitory urges,
which are uncomfortable sensations (e.g., a pressure,
tension, or energy) that immediately precede the tics
and are temporarily relieved by completion of the tics [2,
3]. Comorbid difficulties such as attention-deficit hyperactivity disorder (ADHD), obsessive-compulsive disorder
(OCD) [4, 5], and disruptive behaviors (e.g., anger outbursts, aggression [6, 7]) are also common. Although
prevalence estimates range, recent work suggests that TS
and PTD combined affect approximately 1% of the general population [8, 9].
Although medications have long been the favored
treatment approach for tics, psychosocial interventions
for tic disorders have made great strides in recent years.
For example, Comprehensive Behavioral Intervention for
Tics (CBIT), an 8-session individual behavioral treatment, offers symptomatic relief comparable to that
achieved with medication without burdensome side effects [10, 11]. Indeed, CBIT has recently been recognized
as a first-line treatment option for children and adults
with tics [12–14]. However, CBIT is still ineffective for a
significant number of individuals [15, 16], and it has
been challenging to disseminate [11, 17]. Accordingly,
researchers have argued that we must continue to develop and test alternative psychosocial treatments, and
especially those that can be readily disseminated [12]. In
the present study, we report on the feasibility, acceptability, and symptomatic effect of a novel online
mindfulness-based group intervention for adults with TS
or PTD.
To date, mindfulness-based interventions have proven
beneficial for individuals experiencing a wide range of
psychiatric disorders [18]. We hypothesized that a
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mindfulness-based intervention could be beneficial to individuals with tics for several reasons.
First, mindfulness has been shown to improve attention regulation and body awareness (see [19, 20] for review). For individuals with tics, increased attention
regulation and body awareness may facilitate awareness
of urges to tic, tics, and factors that make the tics more
or less likely to occur. This awareness is essential for accurate self-monitoring and informed self-regulation.
Second, and perhaps most importantly, mindfulnessbased practices provide instruction and guidance regarding being with uncomfortable sensations, thoughts, and
emotions, rather than immediately trying to change or
escape them [21]. We hypothesize that this practice may
help individuals cope with the discomfort of having
urges to tic and tics. Current behavioral models of tics
posit that tics are actions that the individual performs to
alleviate the discomfort of the premonitory urge [22].
When the tic successfully rids the individual of the discomfort, it is negatively reinforced and so likely to be repeated. Through mindfulness practice, individuals may
develop the capacity to gently observe and hold the discomfort associated with the urge thereby allowing it to
subside without engaging in the tic. Over time, by allowing the urge to subside independently of the tic, the
negative reinforcement cycle that is thought to maintain
tics may weaken. This should, in turn, lead to a decrease
in tics. This approach, although theoretically consistent
with the model underlying CBIT, is a notable departure
from CBIT in that it focuses on modifying how the
individual responds to the urge rather than teaching
the individual to stop the tic by engaging in an incompatible motor movement. Additionally, this capacity to tolerate the urge to tic may be particularly
important in light of recent evidence suggesting that
premonitory urges do not habituate with successful
tic suppression [23, 24].
Third, mindfulness has been shown to reduce stress
and improve emotion regulation [25, 26]. Many individuals report that stress and certain emotional states
can provoke or worsen their tics [27]. It follows then,
that reduced stress and improved emotion regulation
may make tics less likely to occur or worsen. Similarly, there is robust evidence to suggest that mindfulness is helpful for anxiety and depression [28] and
growing evidence to suggest that it may be helpful for
obsessive-compulsive disorder [29] and attention deficit hyperactivity disorder [30]. Thus, it is reasonable
to hypothesize that a mindfulness-based intervention
may be helpful for comorbid conditions that frequently affect individuals with tics.
Finally, mindfulness-based practices encourage the
adoption of a kind, accepting, and compassionate stance
toward oneself [21]. This attitudinal shift toward
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kindness and acceptance may counter the negative selfperceptions often experienced by individuals with tics
[31, 32] and potentially improve an individual’s wellbeing regardless of tic severity.
Two recent studies have provided empirical support to
suggest that a mindfulness-based approach is worthy of
further study. In one small open trial, adults with TS or
chronic tic disorder who completed an 8-week, face-toface, modified form of Mindfulness-based stress reduction (MBSR [33]) exhibited significant improvements in
tic severity and tic-related impairment. Moreover, the
percentage of participants deemed treatment responders
exceeded that associated with CBIT in adults (58.8 and
38.1%, respectively [16]), and gains were maintained at
1-month follow-up. More recently, Gev et al. [34] conducted an experimental investigation comparing the effect of brief tic suppression instructions to brief urge
acceptance instructions on urge frequency, intensity, and
discomfort, as well as tic frequency among children with
TS or PTD. The authors found that when individuals
were instructed to notice and accept their urges, they experienced fewer urges, lower urge intensity, and less discomfort than when they were instructed to suppress
their tics. Notably, there was not a significant difference
between the tic suppression and urge acceptance conditions in degree of tic reduction. Thus, a mindful
acceptance-based approach to tic urges produced shortterm reductions in tic frequency that were comparable
to suppression-focused approaches but with less urgerelated discomfort.
While these studies show promise, face-to-face psychosocial interventions for tics have proven difficult to
disseminate [35]. Patients report difficulty finding an accessible, trained provider in their geographic area, the
time required for treatment, and the cost of treatment as
barriers to treatment [35]. Thus, consistent with the National Institute of Mental Health recommendation to
consider issues of dissemination in the earliest stages of
treatment development [36], we sought to further study
this approach by adapting it to be offered in an online,
therapist-guided format that combines standardized,
self-guided online instructional material, and live,
therapist-guided discussion.
Online, therapist-guided treatments offer a number of
advantages. First, they enable the delivery of treatments
across great physical distance, improving the accessibility
of trained providers. Second, they eliminate travel, reducing the time necessary for appointments. Third, they
reduce cost by reducing the number of therapist hours
necessary to deliver care. This is especially true in the
case of the present intervention because it is being offered in a group format.
Evidence also suggests that online psychotherapeutic
interventions are capable of producing benefits equal to
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face-to-face interventions for a range of conditions [37].
Evidence for the efficacy of online mindfulness-based interventions is also growing [38]. However, research on
the efficacy of online treatments for individuals with tics
is still in its infancy. Three pilot studies have examined
the online delivery of behavior therapy to children with
tics. In two of these studies, the online individual treatment was delivered in real-time via voice over internet
protocol [39] and videoconference [40], respectively. In
the third, more recent pilot study, the online individual
treatment was delivered through asynchronous online
self-help materials with written and phone support from
a trained therapist [41]. However, to our knowledge, no
studies have examined online treatments for adults with
tics, who are typically less responsive to treatment.
Moreover, no studies have examined the online delivery
of a mindfulness-based intervention for children or
adults with tics. And no studies have examined an online
group-based intervention for children or adults with tics.
Thus, in the present study, our primary aim was to
examine the feasibility, acceptability and safety of a
novel, online mindfulness-based group intervention for
adults with tics. We hypothesized that the intervention
would be feasible and acceptable, as indexed by refusal,
dropout, adherence, and participant satisfaction. We also
hypothesized that the intervention would not be associated with adverse outcomes. Our secondary aim was to
examine the effect of the intervention on self-reported
mindfulness and clinician-rated measures of tic severity
and tic-related impairment. We hypothesized that the
intervention would result in increased self-reported
mindfulness and decreased tic severity and tic-related
impairment. Data from this study will directly inform
the conduct of a funded randomized controlled trial
(RCT) comparing the efficacy of this intervention to another active psychological intervention.

Method
Overview

Interested participants first completed a phone screen
with the research assistant. Potentially eligible participants were then consented by the principal investigator
and screened for eligibility by the Independent Evaluator
(IE). Once enough eligible participants enrolled to form
a group (consistent with Reese et al. [42], we aimed for a
group size of 6 to capture a diversity of experiences,
while still allowing for individualized attention and communication), participants completed a baseline assessment with the IE to establish tic severity and
impairment in the week prior to beginning the intervention. The intervention lasted eight weeks and each week
consisted of a 1.5-h self-guided online lesson, 1-h
therapist-guided group videoconference, home practice,
and questionnaires. Participants then completed a
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posttreatment assessment with the IE within 1 week of
completing the intervention, and an exit interview with
the intervention instructors within 1 month of completing the intervention. All study procedures were conducted by phone or videoconference via zoom.us, a
secure online videoconferencing platform.
All study procedures were approved by the Bowdoin
College Institutional Review Board (IRB), which served
as the central IRB for this study, the Partners Human
Research Committee, and carried out in accordance with
the Code of Ethics of the World Medical Association
(Declaration of Helsinki). All participants provided online consent prior to engaging in any study activities.
The trial was registered at clinicaltrials.gov (Record #:
NCT03525626).

interviews to establish DSM-5 diagnoses [43]. The SCID
was conducted at screening to assess for the presence of
current or past DSM-5 disorders.

Participants

Participant satisfaction

Participants were recruited via free online postings
(Tourette.org, mghocd.org, clinicaltrials.gov) and emails
to Tourette organizations, support groups, and providers
(e.g., Tourette Association of America state and local
chapters). Recruitment lasted approximately 1 month.
To be eligible for the study, participants had to be 18
years of age or older, have a primary diagnosis of TS or
PTD, be fluent in English, reside in the USA, and either
not be taking any tic suppressant/psychotropic medication or be at a stable dose for 8 weeks prior to the baseline assessment and throughout the study. Participants
were excluded from the study if they were receiving concurrent psychotherapy, had extensive prior experience
with mindfulness and/or meditation, or had another psychiatric diagnosis or symptom (e.g., suicidality) that
would necessitate additional clinical care.

Participant satisfaction was assessed with the Client Satisfaction Questionnaire (CSQ [44]), an 8-item self-report
scale (e.g., “How would you rate the quality of service
you received? To what extent has our program met your
needs?”). Each item is scored from 1 to 4 with higher
scores indicating greater satisfaction. Total scores range
from 8 to 32. The CSQ was administered at posttreatment to assess participant satisfaction with the
intervention.

Assessment

Clinical assessments were conducted by an IE who
was not otherwise associated with the study. The IE
was a predoctoral psychology intern with experience
conducting online assessments with clinical populations. The IE also received specialized training on the
study measures from more experienced doctoral-level
raters. Importantly, all of the assessments were conducted via videoconference which enabled the IE to
directly observe participant tics. The IE then entered
the interview data into Qualtrics, an online platform
for electronic data capture that streamlines data collection and management and improves data quality.
Self-report measures were sent directly to participants
via Qualtrics.
Measures1
Diagnostic evaluation

The Structured Clinical Interview for DSM-5 (SCID) is
the gold standard in semi-structured diagnostic

Adherence

Adherence to the intervention was indexed by two measures: 1) attendance at the weekly videoconferences and
2) amount of completed home practice. The amount of
home practice completed was assessed via a self-report
questionnaire on a weekly basis throughout the intervention. Participants were asked to report approximately
what percentage of the formal and informal home practice they completed, on how many days they meditated,
and approximately how many minutes, per day, they
meditated.

Qualitative feedback

Participants provided written qualitative feedback on a
weekly basis throughout the program. Additionally, at
the end of the study, the program instructors conducted
individual qualitative interviews with each participant.
The weekly feedback questionnaires and exit interviews
focused on identifying aspects of the program that
worked well, did not work well, and recommendations
for improvement.
Safety

Consistent with recommendations to systematically
assess the safety of mindfulness-based interventions
[45, 46], adverse events (i.e., negative physical or psychological changes such as worsening of mood, anxiety, or tics, physical injury or pain) were assessed via
self-report questionnaire on a weekly basis throughout
the intervention and at posttreatment.

1

A number of other measures were administered, but are not reported
here. We recognized that this pilot study did not have enough
participants to support analyses of multiple outcome measures.
Nevertheless, we chose to administer these measures to get participant
feedback on the process and perceived burden of completing them
because they are slated to be administered within the RCT that will
follow this pilot.
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Mindfulness

Mindfulness was assessed with the Five Facet Mindfulness Questionnaire (FFMQ [47]), a widely-used 39item self-report measure of five empirically derived
facets of mindfulness: observing (e.g., “When I am
walking, I deliberately notice the sensations of my
body moving.”), describing (e.g., “I am good at finding
words to describe my feelings.”), acting with awareness (e.g., “When I do things, my mind wanders off
and I’m easily distracted.” reverse scored), nonjudging of inner experience (e.g., “I criticize myself
for having irrational or inappropriate emotions.” reverse scored), and non-reactivity to inner experience
(e.g., “I perceive my feelings and emotions without
having to react to them.”). Each item is scored on a 1
to 5 Likert scale and the scale yields an overall total
score as well as the five subscale scores. Higher
scores indicate greater mindfulness. The FFMQ was
administered at baseline and posttreatment.
Tic severity and tic-related impairment

The Yale Global Tic Severity Scale (YGTSS [48]) is the
gold standard clinician-rated instrument for tics. It has
demonstrated excellent internal consistency, inter-rater
reliability, and convergent and divergent validity [48].
The total tic score, which can range from 0 to 50, served
as the primary symptomatic measure because it has
demonstrated the greatest sensitivity to change in tic severity over brief periods of time [49]. The YGTSS impairment score, which can range from 0 (none) to 50
(severe), was also examined as a measure of tic-related
impairment. The YGTSS was administered at baseline
and posttreatment.
Improvement

The Clinical Global Impression-Improvement (CGI-I)
Scale is a well-established seven-item clinician-rated
measure of global improvement [50]. Consistent with
other tic treatment outcome studies [15, 16], we defined treatment responders as those who received a
rating of ‘much improved’ or ‘very much improved’
on the CGI-I. The CGI-I was administered at posttreatment only.
Intervention

In developing the intervention, we adapted the modified MBSR curriculum developed by Reese et al. to
make it more suitable for this population and mode
of delivery while still ensuring that we retained the
core features of MBSR [21]. Our adaptations were
heavily informed by qualitative participant feedback
from Reese et al. [42], and personal expertise of the
member of the authorship team (W. A. Brown) who,
in addition to being a mindfulness-based educator
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with extensive experience developing and teaching
mindfulness-based programs in an online context, was
also diagnosed with Tourette syndrome as a child.
Like MBSR, the intervention was 8 weeks long, involved approximately 2.5 h of instruction per week and
focused on the cultivation of mindfulness through four
primary meditative practices: the body scan, sitting
meditation, walking meditation, and mindful movement.
Also like MBSR, the practices were intended to help participants develop greater present-moment-focused attention, meet their experience with curiosity and
compassion, recognize habitual patterns of the mind and
body, and adopt a non-reactive, decentered stance toward their bodily sensations (and urges to tic, specifically), thoughts, and emotions.
In an effort to balance cost-effectiveness with prior
research suggesting that guided online mindfulnessbased interventions are more efficacious than unguided online mindfulness-based interventions [38],
we chose to develop the intervention as a therapistguided program, incorporating a self-guided online
lesson and live therapist-led videoconferences. At the
beginning of each week of the program, participants
received an email with a link to the online lesson.
They then logged in to the online lesson at their convenience. Each lesson consisted of a combination of
audio and/or video recordings of guided mindfulness
practices, self-guided inquiry (e.g., What did you notice in the practice that you just completed? How
might this practice be relevant to working with your
tics?), written or video-recorded didactics, and questionnaires. Each lesson required 1–1.5 h to complete,
and participants could complete each lesson in one or
several sittings. At the end of each lesson, participants
were given a daily formal and informal home practice
assignment. Formal practices consisted of guided
meditation whereas informal practices encouraged the
integration of mindfulness throughout one’s daily life
(e.g., practicing mindful eating, mindfulness of pleasant events). Audio or video recordings and worksheets to support the home practice were provided to
participants via a website. One week after the online
lesson was sent out, participants met with each other
and the two program instructors (HER and WAB) for
a 60-min videoconference. During these videoconferences, the instructors led participants in discussion
regarding their self-guided practice. In what follows,
we provide a summary of the practices and intentions
for each week of the program.
Week 1: an introduction to mindfulness

Participants were provided with a definition of mindfulness, and common misconceptions about mindfulness
were addressed. They then completed ‘the raisin
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exercise’, a common introductory practice in which participants carefully attend to all five senses as they investigate and eat a raisin or other small object of food ([33],
p. 27–28). Participants then read about the attitudinal
foundations of mindfulness ([33], p. 33–40) and watched
a video explaining the behavioral model of tics and the
rationale for taking a mindful approach to tics. Finally,
they completed a guided mindfulness of the breath
meditation. Home practice included practicing mindful
eating and a guided 10–20-min mindfulness of the
breath practice once a day.
Week 2: mindfulness of the body

Participants began by practicing a guided body scan, a
practice in which participants systematically, and nonjudgmentally attend to the physical sensations present in
different areas of the body. They then practiced guided
mindful movement consisting of gentle stretches and
yoga while maintaining sustained and nonjudgmental attention to the body. Finally, they watched a video
instructing them in the practice of mindfully attending
to pleasant events (i.e., notice a positive experience and
fully focus on it, noticing the senses as well as any associated thoughts and emotions). Home practice included
practicing mindfulness of pleasant events and a guided
30-min body scan once a day.
Week 3: mindfulness of tics

Participants began by completing guided mindful movement consisting of stretches that could be completed
while seated in a chair. They then began their first of
three guided tic-specific seated meditations. These meditations were called “Riding the Wave” meditations and
can be conceptualized as similar to urge surfing
practices that have demonstrated efficacy within
Mindfulness-based Relapse Prevention [51, 52]. The first
of these practices focused on cultivating close, nonjudgmental attention to urges to tic, tics, and associated
thoughts and emotions, without trying to change anything or behave any differently. Participants then
watched an instructional video about walking meditation
and completed the practice independently. Home practice included practicing mindfulness of unpleasant
events and a guided 20-min Riding the Wave I seated
meditation once a day.
Week 4: mindfulness of discomfort

Participants began the lesson with guided mindful movement (gentle yoga). They then watched a video explaining how tics can be connected to thoughts and emotions
as well as bodily sensations. Next, they practiced the second guided Riding the Wave seated meditation which
focused on noticing and exploring discomfort associated
with the urges to tic and how one typically responds to
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that discomfort (e.g., making it go away, avoiding it,
fighting it). Home practice included mindfully observing
the thoughts, sensations, and emotions that precede and
follow tics in daily life and practicing the guided 22-min
Riding the Wave II seated meditation once a day.
Week 5: reacting vs responding

Participants again began the lesson with guided mindful
movement (gentle yoga). They then watched a video discussing the difference between automatic habitual
responding to stimuli and conscious, mindful responding. Next, they practiced the third guided Riding the
Wave seated meditation. The third Riding the Wave
meditation invited participants to practice being with or
befriending discomfort (i.e., difficult premonitory sensations, related emotions, or thoughts) rather than automatically reacting to it. Home practice included looking
for opportunities to mindfully respond rather than react
in daily life, and practicing the guided 22-min Riding the
Wave III seated meditation once a day.
Week 6: working mindfully with comorbid conditions

Participants began the lesson by practicing self-guided
mindful movement. They then watched four videos discussing the relevance of mindfulness to working with
symptoms of OCD, ADHD, anger, and irritability. They
then practiced a guided Loving Kindness meditation focused on the cultivation of compassion toward others
and oneself. Home practice included looking for opportunities to bring mindful attention to thoughts, emotions, or sensations associated with OCD, ADHD, anger
and irritability, practicing the guided 14-minute Loving
Kindness meditation twice, and practicing one of the
previously practiced meditations (Riding the Wave,
movement, body scan, etc.) on the remaining days of the
week.
Week 7: making the practice your own

Participants again began the lesson by practicing selfguided mindful movement. They then practiced a mountain meditation ([53], p. 135–140), which uses the imagery of a mountain to facilitate non-identification with
one’s thoughts, emotions, and sensations and the cultivation of a sense of strength and stability in the face of
changing circumstances. Participants then began to consider how they would like to continue practicing mindfulness after the conclusion of the program by watching
an instructional video and developing a written home
practice plan for the week ahead.
Week 8: review and integration

Participants began the lesson by practicing an abbreviated form of the body scan. They then reviewed a written summary of the practices and concepts that they had
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learned in the prior weeks. They then practiced a final
sitting meditation focused on mindfulness of the breath,
body, sounds, thoughts, and emotions from a grounded,
nonjudgmental, and kind perspective. Finally, participants developed a plan for continuing mindfulness practice after the conclusion of the program by writing about
their intended actions, anticipated obstacles, and the
supports necessary for success. To facilitate continued
practice, participants were provided with a website that
contained all prior mindfulness practices for streaming
or download.

Results
Participant characteristics

Twelve individuals completed a brief phone interview to
assess for eligibility. Five individuals were not eligible to
participate, and one reported a scheduling conflict that
precluded participation. Six individuals signed consent
to participate in the study, completed the screening assessment, and were deemed eligible. One participant
elected not to continue in the study for personal reasons.
The remaining participants began treatment.
Of the five participants who were eligible for the study
and began treatment, four were male, and one was female. The mean age was 39.6 years (SD = 13.1, range:
26–59). Four participants identified as white and one as
Asian. One participant identified as Hispanic or Latino.
Participants resided in five different states of the USA
across three time zones.
All five participants met DSM-5 diagnostic criteria for
a primary diagnosis of Tourette syndrome. Current comorbid diagnoses were as follows: obsessive-compulsive
disorder (n = 4), attention deficit hyperactivity disorder
(n = 3), generalized anxiety disorder (n = 1), social phobia (n = 1), agoraphobia (n = 1), specific phobia (n = 1),
and hypochondriasis (n = 1). Concomitant medication
status is presented in Table 1.
Aim 1: feasibility, acceptability, and safety
Refusal and dropout

Only one individual chose not to participate in the study
after completing the phone screen. That individual cited

scheduling conflicts and asked to be re-contacted for future studies. One additional individual withdrew from
the study after completing the screening assessment but
before beginning treatment. That individual cited personal reasons. No participants dropped out after beginning treatment.
Adherence

Participants attended 87.5% of all scheduled
videoconferences.
On average, participants reported completing between
41% and 60% of the assigned formal and informal home
practice. To further assess the amount of formal practice
completed, we compared the number of actual minutes
of weekly meditation to the number of assigned minutes
of weekly meditation. Across the first 6 weeks of the
program (note that because participants devised their
own home practice plans for weeks 7 and 8, we could
not compare the actual to assigned home practice), participants were assigned an average of 108 min of meditation per week and completed an average of 39.7 min of
meditation per week (SD = 16.3) which translates to a
36.8% completion rate.
Participant satisfaction

Scores on the CSQ can range from 8 to 32 with higher
values indicating greater satisfaction. Scores on the CSQ
ranged from 22 to 31, with a mean of 27 (SD = 3.87) indicating a high level of satisfaction with the intervention.
Safety

No serious adverse events were reported. One participant reported a knee injury. One participant reported a
strained muscle. Two participants reported back pain.
One participant reported food poisoning. None of these
events were judged to be related to the intervention.
Two participants reported transient worsening of tics
during the study but did not demonstrate an overall
worsening from baseline to posttreatment. Two participants also reported transient increases in anxiety and
stress which they attributed to external factors.

Table 1 Participant characteristics and treatment response
FFMQ

YGTSS
Total tic severity

YGTSS
Impairment

ID

Baseline

Endpoint

Change

Baseline

Posttreatment

Change

Baseline

Posttreatment

CGI improvement

Concomitant tic
medication

1

129

130

1

39

39

0

30

30

Minimally improved

No

2

113

115

1

24

22

2

30

20

Much improved

Yes

3

112

135

23

34

29

5

40

30

Much improved

No

4

136

137

1

27

25

2

30

30

Minimally improved

Yes

5

119

--

--

32

32

0

30

30

No change

No
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Qualitative feedback

The qualitative questionnaires and interviews focused on
identifying aspects of the program that worked well, aspects that did not work well, and suggestions for improvement. To analyze the qualitative data provided by
participants, we adopted an inductive and comparative
approach [54, 55]. We began by reviewing all participant
responses to the self-report questions and exit interviews. We then identified statements directly relevant to
our stated questions, coded them for meaning, identified
repeating ideas, and arranged them into larger themes.
Several themes emerged.
What was helpful

Increased awareness Participants universally commented that they experienced increased awareness of their
bodies, minds, and tics. This heightened awareness of
“…what I am doing and how things impact me” led to
greater self-understanding (“It [the practice] is a tool I
can use to understand myself and my tics now and in
the future”), an increased ability to notice tics as they
are happening (e.g., “I am able to notice my tics
sooner…”, “I think this could teach me to be aware of
when (and maybe why) a tic is coming so I could adjust
my mental and physical state”), an increased ability to
notice the premonitory sensations associated with the
tics (e.g., “I soon noticed that my tics ‘originate’ from my
chest because I feel like a weight is on them.”), a recognition of factors that contribute to tic worsening (e.g.,
“Noticing that my tics get worse during times when I am
tired and a bit hungry especially after 7 pm.”), and the
ways in which one has typically responded to the urges
and tics (“Ordinarily I suppress the urge to tic. I think
usually that makes it more painful and sometimes more
intense”).
Tools for becoming calm Participants also frequently
commented on the calming effect of the practices. For
example, they stated, “an intense level of focus can help
me recenter” and “I can get into a calm state pretty
quickly”. “I continue to go to the breath awareness when
I need a quick relaxing moment” and that the practices
“calm me in stressful situations”. This calm state was described as being enjoyable and also typically associated
with tic reduction. They liked having a practice that they
could turn to when needing a respite from the tics
(“This practice gives me the confidence that when things
flare up and my tics get bad, I might have a practice to
soothe and taper down the tics over a short period of
time, to pivot and to just be again, with or without the
discomfort”, “…the change is now when I feel things
[tics and anxiety], I have a tool box of things I can turn
to. This [the tics and anxiety] doesn’t have to be the rest
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of my day. I can get out of this and there are specific
things I can do.”). One participant, who had previously
received CBIT also stated that “meditation provided a
relaxed and focused context for practicing [working with
the tics] in contrast to CBIT in which I was supposed to
practice in the midst of other activities.” Additionally,
“…by being relaxed I can calmly explore the moment
without always having the tics. It is harder when I am
not calm. When I am doing the practice I am calm and I
can better decide how to react to the urges to tic, compared to a normal moment in my day.” Thus, it seems
that the calm experienced by the participants was directly related to tic reduction but also indirectly set the
stage for working more mindfully with the urges to tic.
Acceptance and kindness Participants also commented
on the value of practicing acceptance and kindness. This
was true as it pertained to working with discomfort
(“This practice zooms in on the cycle and the discomfort
associated with trying to not tic and I may get used to
the sensation and thus not tic as much and just let the
itch in my upper chest just be there and it may even
shrink”), the tics themselves (“…accepting them [tics]
with kindness and not judgment helps them dissipate
quickly”) and the self (“This practice reminds me to be
kind and forgive myself and others for parts of having
Tourette’s that is unpleasant”). Participants noted a shift
in their experience of the tics and their relationship to
the tics (“I’m not sweating it [the tics] as much”) and a
greater comfort with the self from this practice.
Group support and discussion Participants universally
commented on the value of the group support and discussion. Several participants had not previously had an
opportunity to interact with other individuals with tics.
They found the opportunity to share experiences, learn
from others, and receive support to be integral to the
treatment (“To do it without the connection-I don’t
think it would really work as well.”) and meaningful (It’s
“really important to know you’re not alone.”).
Specific practices The Riding the Wave meditations
and the mindful movement consistently emerged as being the most helpful practices for cultivating the changes
described above. However, individual participants also
cited other practices as being helpful and expressed an
appreciation for having a range of practices to choose
from.
What was not helpful

Technical issues Several participants encouraged us to
improve the production value and sound quality of our
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videos and the compatibility of the recordings with mobile devices.
Structural issues Participants also frequently noted that
they had difficulty completing the online lesson quickly
enough to allow for home practice before the next
week’s lesson was released. They also commented that
sometimes it was not clear how the lesson and the home
practice differed and when the two components should
ideally be completed.
Content issues A couple of participants noted that the
lesson on comorbidities was too brief to be of benefit
and could be eliminated to provide more time for working mindfully with the tics.
What improvements could be made

Psychoeducation Several participants reported that they
would like to have received more psychoeducation about
tics, their causes, and how the practices connect to that
scientific knowledge.
Home practice Participants also expressed a desire for
reminders or check-ins between the weekly videoconferences to help them stay on track with the home practice.
Assessment Several participants expressed a desire for
more open-ended and/or personalized questions in the
outcome assessments. They often felt that the question
anchors were limiting and that they wished they could
elaborate or reflect more on their experiences. Examples
of suggested improvements included an online journal, a
qualitative question asking, “What is your relationship to
your tics this week?” and the inclusion of a personalized
weekly tic severity rating form.
Aim 2: symptomatic outcomes

Because of the limited sample size, we elected to present
participant-level scores in Table 1 rather than inferential
statistics. Group means are provided below. With the exception of the FFMQ, all data were complete. One participant did not complete the FFMQ at posttreatment.
That participant’s data are not included in the baseline
to group mean comparisons, but they are included, when
available, in Table 1. Two item-level responses to the
FFMQ (representing 1.2% of all FFMQ item-level responses) were missing. These items were replaced with
the response value closest to the mean subscale score for
that item.
Mindfulness

At baseline, participants had a mean FFMQ total score of
122.5 (SD = 11.9, range: 112 to 136). At posttreatment,
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participants had a mean FFMQ total score of 129.3 (SD =
9.9, range: 115 to 137), representing a mean increase of
6.75 points (SD = 10.8). Examination of the subscale
scores revealed that this increase in total mindfulness was
largely accounted for by a mean increase of 6.0 points (SD
= 3.37, range: 4 to 11) on the Nonjudge subscale. The
remaining subscales demonstrated negligible change from
baseline to posttreatment (Observe, M = 0, SD = 2.58,
range: − 3 to 3; Describe, M = − .5, SD = 1.29, range: − 2
to 1; Act with awareness, M = .75, SD = 2.50, range: − 2 to
4; Nonreactivity, M = .5, SD = 2.38, range: − 1 to 4).
Tic severity and tic-related impairment

At baseline, participants had a mean YGTSS total tic severity score of 31.2 (SD = 5.9, range: 24–39) and a mean
YGTSS impairment score of 32 (SD = 4.47, range: 30–
40). At posttreatment, participants had a mean YGTSS
total tic severity score of 29.4 (SD = 6.58, range: 22–39)
and a mean YGTSS impairment score of 28 (SD = 4.47,
range: 20–30). This represents a 1.8 point (SD = 2.04)
mean reduction in tic severity and a 4 point (SD = 5.48)
mean reduction in tic-related impairment.
Global improvement

Two participants were rated by the IE as ‘much improved’ on the CGI-I at posttreatment. The remaining
participants were rated as ‘minimally improved’ or ‘no
change’. Thus, 40% of participants were deemed treatment responders at posttreatment.

Discussion
Overall, we found evidence to suggest that an online
mindfulness-based intervention for tics is feasible, acceptable, and safe. We were able to recruit participants
quickly and affordably and retain them in the study.
Dropout was lower, and attendance was comparable to
that seen in prior in-person randomized controlled trials
of psychosocial treatments for adults with tics [16, 56].
This is especially noteworthy given the literature documenting high rates of dropout in internet-based psychological interventions [57]. Participants also reported
being highly satisfied with the intervention. Indeed, the
satisfaction scores were nearly identical to the scores obtained in the in-person pilot study of the intervention
(scores ranged from 21 to 32; M = 27.8, SD = 3.7 [42];)
suggesting that we have successfully adapted the intervention to an online format without sacrificing participant satisfaction. The intervention was also not
associated with any adverse outcomes. However, we did
notice a substantial gap between completed and assigned
home practice. Because Reese et al. [42], did not report
data on home practice completion, we cannot directly
compare this online version of the intervention to the
face-to-face version of this intervention. However, in a
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recent meta-analysis of home practice in MBSR and
mindfulness-based cognitive therapy, Parsons et al. [58]
found that participants completed approximately 64% of
assigned practice, which is higher than the 36.8% completion rate that we observed. This would suggest that
the current online intervention did not motivate engagement with the home practice to the degree observed in
similar in-person interventions. We suspect that this is
largely because of the timing and structure of the online
lessons. In traditional in-person mindfulness-based
intervention, new content is delivered within the weekly
group meetings, and home practice is assigned for the
intervening week. In the present intervention, new content was delivered in the self-guided online lesson, and
home practice was assigned for the week between the release of the lesson and the live, online group meeting.
Although the online lesson was available at the very beginning of the week, it was self-guided, and it sometimes
took participants several days to complete it, leaving
them with little time to complete the assigned practice
before the live group videoconference. Going forward,
we intend to alter the structure of the intervention so
that new content is delivered in the live, online group
meeting, and the home practice is assigned at the end of
the meeting. We also intend to provide more psychoeducation to enhance the credibility of the intervention
and develop personalized assessments to enhance participant motivation. Successfully improving adherence to
the home practice will undoubtedly be a critical task for
the subsequent RCT.
We also observed more modest symptomatic improvement relative to the in-person pilot study of the intervention. There are a couple of reasons why this may be.
First, as noted above, the amount of home practice completed was much less than was assigned. It is possible
that this reduced practice time could have contributed
to the more muted symptomatic effects. Indeed, the
meta-analysis by Parsons and colleagues [58] revealed a
small, but significant (r = 0.26) correlation between
home practice completion and clinical outcomes. Second, visual examination of the participant-level data in
Table 1 reveal an interesting relationship between
change in FFMQ scores and tic-related improvement.
Mean values obscure the fact that only one participant
(participant 3) showed a meaningful increase in mindfulness over the course of the intervention. That same participant is the only individual to exhibit a reduction in
tic severity that is comparable to the reductions observed in the face-to-face pilot [42] and CBIT for adults
[16]. Although we must interpret this very cautiously
given the preliminary nature of this data, this relationship suggests that if we can modify the intervention to
more successfully engage the hypothesized target (i.e.,
mindfulness), tic reductions may follow. Empirical
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examination of this hypothesis is, of course, necessary. It
is also worth noting that the observed change in mindfulness was largely driven by the nonjudgment subscale.
This is consistent with participants’ qualitative feedback
emphasizing the value of increased acceptance and
kindness. It also suggests that the intervention did not
adequately target the hypothesized mechanisms of
increased body awareness, attention regulation, and nonreactivity. This will also be a critical task for the
subsequent RCT. And third, and relative to other psychosocial treatment studies of adults with tics, our sample was more severe at baseline. For example, in
Wilhelm et al. [16], the mean baseline YGTSS severity
scores were 24.0 for participants receiving CBIT and
21.8 for participants receiving Psychoeducation and Supportive Therapy. Additionally, participants with a YGTS
S score above 30 were considered for exclusion. In contrast, our sample had a mean score above 30 with total
scores ranging from 24 to 39. Indeed, the two participants with baseline scores above 30 are the two participants who did not demonstrate any changes in their
YGTSS score. We intentionally did not restrict eligibility
based on YGTSS scores to increase the generalizability
of our findings. However, it is possible that tic severity
moderates the efficacy of this treatment. It should be
noted though, that prior work, examining moderators of
psychosocial treatments for tic [59] would not support
this hypothesis. This conjecture must be tested in future,
larger studies.
It is also interesting that participants reported such
high satisfaction with the intervention despite the relatively muted symptomatic changes. We suspect that the
YGTSS did not fully capture the positive changes that
may have occurred following the intervention. We saw
some evidence of this in the discrepancy between outcome based on the YGTSS and the CGI-I. Although the
reductions in the YGTSS ranged from 0 to 14.7%, two of
five participants were rated by the IE as ‘much improved’
on the CGI-I (see Table 1 for details). This 40% response
rate is comparable to that achieved with CBIT in adults
[16]. However, prior research, examining the relationship between YGTSS improvement and CGI-I score [60]
has suggested that an approximately 25% reduction in
the YGTSS total score predicted a positive response (i.e.,
score of ‘very much’ improved or ‘much’ improved) on
the CGI-I. This suggests that the perceived improvement
that occurred in this study was not captured by the
YGTSS. The improvement could be related to a sense of
greater awareness, understanding, or control over the
tics, the development of skills for coping with the urges
and tics when they arise and/or a changing relationship
to the tics such that they simply are not as bothersome
or distressing although their number, frequency, intensity, complexity, and interference (i.e., the dimensions of
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tic severity assessed in the YGTSS) did not change. This
is perhaps not that surprising since mindfulness-based
interventions seek to change the individual’s response to
their own experience rather than the experience itself.
Individuals may be learning to understand and relate differently to their urges and tics. These changes would not
be reflected in the YGTSS, but would certainly be meaningful outcomes from the practice. However, as mentioned earlier, the pilot study by Reese et al., [42] did
demonstrate significant reductions on the YGTSS suggesting that the intervention may also be capable of producing symptomatic changes. Thus, future studies that
ensure greater engagement with the intervention will be
necessary to truly determine the potential symptomatic
efficacy of this online intervention.
Taken together, these results suggest that this approach is feasible, acceptable, and safe for adults with
tics. Further development and testing are clearly needed
to enhance participant engagement and increase efficacy.
Data from this study will substantially improve the next
step in investigating this approach: a randomized controlled trial comparing it to another active psychological
intervention. Should this approach prove beneficial, it
could provide substantially greater access to an acceptable and effective treatment for the community of adults
with tic disorders.
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