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Supplementary Methods

Table S1. Enrollment by source.

Other /
Clinical Advertising unknown
Contacted 33 31 41
Not interested / no show 9 11 8
Ineligible 8 10 16
Enrolled 16 10 17

43 participants were recruited in total from Sep/24/2010 through Jun/27/2017.

Supplementary Results

The identical analysis as reported in prognosis section of the results were conducted with the
change in TTS over time (i.e., the 12-month TTS — the baseline TTS, ATTS) as dependent variable.
As ATTS was correlated with baseline TTS (r=-.47, p<.05), baseline TTS was included as a



covariate. The correlation analyses revealed the exact same results, so the results are not shown

again. The ANCOVA analyses results are shown in Table S2.

Table S2. Mean total tic score (TTS) at 12-month follow-up for each subgroup of the categorical
variables and the results of ANCOVA.

Group 1 Group 2

Predictor () mean=SD () meanzSD F p

Sex M(26) -2.962+6.63 F(13) -3231+7.002 0017 0.897
tFI::rSSt relative with Y (15) -4067+7.015 N(24) -2417+6507 072 0.402
Parent with Tics Y (@)  -1778+622 N(30) -3433+6.847 0517 0.477
Vocal tics ever Y (32) -3906+6.65 N(7) 0857+558L 3553 0.068

3 or more vocal tics Y (11) -1.909 £ 6.76 N (28) -3.5+£6.697 0.601 0.443

Non-tic K-SADS Y(31) -3097+7.162 N(8) -2875+4612 0.009 0.927

diagnosis

ADHD diagnosis Y (14) -4.786+8.088 N (25) -2.08+£5.671 1.863 0.181
OCD diagnosis Y (5) 0x7.416 N (34) -35+£6.547 1.487 0.231
Anxiety disorder Y (20) -1.25 +7.048 N (19) -4.947+5.826 4.046 0.052

Supplementary Discussion

Previous studies suggested potential variables that might predict future tic outcome, including sex,
age, tic phenomenology, tic duration, and comorbidity. We discuss each of these in the following

paragraphs.

Baseline tic severity and tic duration

First of all, we found that tic severity (as measured by the TTS) at baseline was correlated with tic
severity at the 12-month follow up. In a previous cross-sectional prevalence study, children with
tics for less than a year had lower severity than the children with TS or CTD *. This would predict
that the children who had more severe TTS at the baseline visit would show more persistent tics
(worsening or less improvement in tics) at the 12-month visit, but our results showed the opposite
pattern. The participants who had more severe tics at the baseline visit showed more improvement

while the participants who had less severe tics at the baseline visit showed less improvement or



worsening of tics. We included the baseline TTS in all the additional prognostic analyses to control

baseline differences across the participants.

We also examined whether tic duration at study entry could predict tic outcome at the follow-up
visit. At the baseline visit, all the participants had tics less than 6 months, but the duration of tics
varied across the participants from 22 to 182 days. Note however that a shorter tic duration at the
baseline visit implies a longer interval between the baseline visit and the 12-month visit. We found
no relationship between the tic duration at the baseline visit (or the length of the interval between

the two visits) and tic outcome at the 12-month follow-up visit.

Phonic tics and distribution of motor tics

Previous studies suggested that the location or type of tics could predict tic outcome. Shapiro et
al.2 identified a tic below the neck at the first visit as a factor associated with less favorable
outcomes. Similarly, Corbett et al. * found a trend for fewer remissions in patients with a lower
extremity tic at presentation. In the current study, 27 out of 39 participants had tics below the neck
at the baseline visit, but the presence of these tics did not predict outcome. Previous studies also
reported better prognosis in children who presented without phonic tics 24. In the current study, 7
out of 39 participants had no history of phonic tics at the baseline visit, but the presence of phonic
tics did not predict outcome. Shapiro et al.? also reported that participants with three or more
phonic tics during the first year were more likely to develop TS, while all their participants with
0-2 phonic tics remitted. In the current study, tic severity at follow up was worse in children with
3 or more phonic tics at baseline. However, note that all the participants still showed tics at the 12-
month follow-up visit regardless of the presence or number of phonic tics at the baseline visit,
though most did not meet DSM-11I-R (as used in Shapiro et al.2 or DSM-IV criteria for TS due to
the lack of impairment or marked distress. If the group difference in the number of patients with a
diagnosis of TS at the follow-up visit in Shapiro et al.2 was due to the presence or absence of
marked distress or impairment, then the finding that the patients with three or more phonic tics

were more likely to experience marked distress or impairment is not surprising.

Phenomenology of tics and premonitory symptoms

We examined whether participants who presented with a more classic history of Tourette

Syndrome (i.e., higher DCI score) or who reported stronger premonitory urges (i.e., higher PUTS



score) at the baseline visit showed worse tic severity at the 12-month follow up visit. DCI scores
at baseline significantly predicted tic severity at follow up but PUTS score did not. The relationship
between baseline DCI and 12-month TTS might not be surprising given that baseline DCI and
baseline TTS were correlated. However, baseline DCI predicted 12-month TTS even after
statistically controlling for baseline TTS. While YGTSS assesses the tic symptom severity of the
prior week, DCI assesses the lifetime experience of “classic” TS features. Since tics wax and wane,
it is possible for an individual to have a low TTS but high DCI. The DCI also includes questions
assessing subjective and cognitive experiences (such as suppressibility) that are highly typical of
the disorder but not necessarily correlated to high symptom severity 5. Our results suggest that
future tic outcome can be predicted better considering both TTS and DCI scores rather than TTS
alone. Baseline PUTS score, on the other hand, did not predict the 12-month tic outcome. This
might be partially because PUTS can be less reliable in children under 10 years old ®.

Family History

Khalifa and Von Knorring! reported that 80% of their TS participants had a first-degree relative
with a psychiatric disorder. Our study found similar rates in a PTD sample. About 77% of the
participants had a first-degree relative with a history of psychiatric disorder (including tics, ADHD
or OCD). Specifically, 38% of the participants had a first-degree relative with motor or phonic
tics. A first-degree relative with tics might be expected to presage worse outcome, given the
heritability of tic disorders 8. However, there was no significant difference in tic outcome at the
12-month visit between the participants with or without an affected first-degree relative. It is
possible that our sample was biased with regard to family history of tics, as participants whose
mother or father had a history of tics tended to show lower TTS at the baseline visit (n=9,
mean=14.111, SD=3.516, vs. n=30, mean=18.133, SD=6.474, independent sample t-test,
t(37)=—1.776, p=.084). This difference may be due to parents with tics themselves being more

sensitive to noticing tics in their child.

SRS Scores

The SRS assesses symptoms related to the autism spectrum, with higher score indicating more
autistic traits. In the current study, SRS total T scores at the baseline visit significantly predicted
tic severity at the 12-month visit. Note that this study excluded participants with a DSM-IV
Autistic Disorder diagnosis, and generally SRS scores in this sample were in the non-clinical



range; only 7 children had a score in the mild to moderate range (60 -75 ; Constantino & Gruber,
2005), and none had higher scores. Darrow et al.'° reported that the TS population showed higher
SRS scores mostly due to the Restricted Interests and Repetitive Behavior (RRB) subscale
(originally called Autistic Mannerisms; renamed in SRS-2) 11, which needs to be interpreted
carefully as it is possible that tic symptoms led to endorsement of items intended to describe non-
tic stereotypies. However, we found no significant relationship between current tic severity and
SRS total score or the mannerisms subscore at the baseline visit (both p>.05). In fact, exploring
the SRS subscales revealed a significant association between tic severity outcome and baseline

communication and motivation subscores in addition to mannerisms.

One could imagine that autistic-like symptoms captured by higher SRS scores could exacerbate
the distress or social impairment that TS patients experience, rather than tic severity itself.
However, in this sample, the YGTSS Impairment score at follow-up was low in almost all
participants. Alternatively, children with higher SRS scores may be less sensitive to negative social
feedback due to their tics, and hence suppress tics less in social settings, leading to overall higher
YGTSS TTS scores at follow-up. Thus, it is possible that these children cannot suppress tics as
well as children with lower SRS scores due to less practice over time. However, SRS scores and
tic suppression ability were not correlated at the baseline visit (data not shown). Another possibility
is that autistic traits (which tend to persist themselves) might generally predict persistence of any
co-occurring neurodevelopmental disorders. For example, in a longitudinal study of autistic-like
social communication deficits and ADHD symptoms (Avon Longitudinal Study of Parents and
Children), children with persistent (rather than childhoood-limited) hyperactive-inattentive
symptoms were most likely to show social-communication deficits 2. There is also evidence that
among children with tics, those with more autistic traits have increased rates of additional
neuropsychiatric comorbidities, such as ADHD, rage attacks, and Oppositional-Defiant
Disorder 3. Considering these studies, the presence of elevated autistic traits may indicate the

presence of a more severe, complex, and persistent disorder.

CBCL Scores

The CBCL assesses a range of behavioral and emotional problems in children, and provides eight
different Syndrome Scales 4. Previous studies utilized the sum of three of these scales -
Anxious/Depressed, Attention Problems, and Aggressive Behavior (A-A-A scale) - to



categorically define deficient emotional self-regulation (DESR; i.e., emotional lability, as a score
of 180 to 210 *>16) and severe dysregulation with a presumed risk of developing bipolar disorder
(score > 210 7). Althoff and colleagues describe the same CBCL profile as the CBCL
Dysregulation Profile (CBCL-DP) and suggest it measures a broad range of dysregulation,
including affective, behavioral, and cognitive domains '8, Emotional dysregulation has been
reported as common in TS patients 1°, and a study that assessed the CBCL A-A-A scale in
adolescents with TS found evidence for emotional lability unrelated to comorbidity 2°.
Interestingly, 60% of those TS participants showed CBCL A-A-A scores > 180 and 15% of them
showed scores > 210. In our sample, 6 out of 43 (14%) participants scored 180 to 210 and no
participant scored over 210 at the baseline visit. Nevertheless, CBCL A-A-A scale scores at
screening predicted tic severity at follow up. While prognostic significance of the CBCL A-A-A
scale has been reported in children with ADHD 2, a similar predictive value has not previously

been demonstrated in a tic disorder population.

ADHD, OCD and Anxiety
The majority of the TS population has one or more psychiatric comorbidity such as ADHD, OCD,

or anxiety disorder ?2. We carefully examined our participants and identified participants with
ADHD, OCD or anxiety disorder at baseline. We tested whether their tic outcome at 12 months
differed depending on comorbidity. Perhaps surprisingly, ADHD or OCD did not significantly
predict outcome. ADHD and OCD are the most common comorbid disorders in TS 2%, and have
been suggested to predict future tic outcomes in chronic tic disorders. Spencer et al.?* conducted a
prospective study and found that boys with ADHD showed 5 times more tic disorders at baseline.
Furthermore, those who did not have tics at baseline were 7 times more likely to have new onset
tics by 4-year follow-up compared with a control group without ADHD. The high prevalence and
incidence of tic disorder in boys with ADHD suggests (though does not prove) that ADHD might
predict longer persistence of tic disorder. Peterson et al.?> showed that ADHD symptoms at early
adolescence could predict tic persistence into late adolescence, and OCD symptoms in late
adolescence could predict tic persistence into early adulthood. In the current study, the participants
diagnosed with ADHD or OCD at the baseline visit did not show different tic outcome at the 12-
month visit. Neither did symptom severity at the baseline visit, using the ADHD rating scale or
CY-BOCS. The different results might be due to the difference in age between studies. Our
participants were younger than the age range that was suggested as a critical period in which certain



comorbid disorders could predict future tic persistence. Previous studies have suggested that tic
disorder, ADHD, and OCD are tightly related, so it is plausible for one disorder to predict the
course of the other disorder. However, these syndromes are known to have different developmental
time courses, such that on average, the onset of ADHD symptoms precedes the onset of tics by 2-
3 years Kumar, Trescher, & Byler, (2016), while the period of worst-ever OCD symptoms follows
the peak of tic symptoms by about 2 years?’. Unlike ADHD and OCD, we found that the
participants with an anxiety disorder (other than OCD) at the baseline visit showed significantly
higher TTS at the 12-month visit. The individuals who had any anxiety disorder at the baseline
visit showed more severe TTS at the 12-month visit than the rest of the participants. Consistent
results were also found in that the Anxious/Depressed CBCL subscale scores at the baseline visit
could predict the tic outcome at the 12-month visit. Why might anxiety predict clinical tic
outcome? Possible explanations include the following. (1) Anxiety is conceptualized as being
sustained by negative reinforcement, so perhaps anxious children are “better” at negative
reinforcement learning. Under the traditional model for habit reversal therapy for tic disorders, this
would tend to lead to more persistent tics. However, several recent empirical studies cast doubts
on the idea that behavior therapy benefits tics by interrupting negative reinforcement 28, (2)
Children with anxiety may be more likely to endorse cognitive distortions about tics such as “If |
repress my tics, I’ll blow up,” one of the items captured by the Beliefs About Tics Scale (BATS?).
Such beliefs would tend to undermine efforts to suppress tics. We have no BATS data in this
sample. (3) Tics are exacerbated by moment-to-moment changes in stress or anxiety >3, and
children with higher trait anxiety may thus show more tics throughout the week. These 3 ideas
may also help explain the link with the A-A-A score, as the anxiety symptom scale was the A-A-

A component linked most strongly to outcome.

Other

Age of onset has been previously identified as a possible predictor of tic outcome. For example,
Corbett et al.® found that complete remission was more likely if tics began between 6 and 8 years
than between 2-5 years or 9-10 years. However, in the current study there was no significant
relationship between the age of tic onset and tic symptom outcome (not even a non-linear
relationship, data not shown). Another potentially predictive variable is sex, yet previous findings
are mixed. One study reported that girls with a tic disorder were more likely to show spontaneous

remission than boys 3!, while a similar study found no relationship between remission and sex *2.



In the current study, we found no significant difference between male and female participants in

tic outcome at the 12-month visit. In addition, neither K-Bit 1Q nor SES was related to tic outcome

at 12-month visit. These findings suggest that standard demographic information may not be

reliable predictors of tic outcomes.
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