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ABSTRACT

Objective: This study aimed to examine associations between tic severity, emotion regulation
(ER), and social and family functioning in children and adolescents with Tourette Syndrome
(TS). The potential mediational and/or moderational role of ER was also examined. Method:
Caregivers of youth with TS were administered proxy-report measures of tic severity, ER, social
functioning, social impairment, and impact on family life. Results: Total tic severity and motor
tic severity were associated with ER and all social and familial outcomes. Vocal tic severity was
not associated with ER or social functioning, but was related to social impairment and impact on
family life. ER mediated the relations between total tic severity and all social and familial
outcomes, as well as between motor tic severity and all social and familial outcomes. ER did not
moderate any of the tested associations. Conclusion: Tic severity is associated with ER and
social and family functioning in youth with TS, with ER mediating the associations between total
and motor tic severity and social functioning, social impairment, and impact on family life.
Implementing interventions that target ER would likely be a beneficial adjunctive therapy
provided to youth with TS, and may result in improved social and family functioning.
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CHAPTER 1
RELATIONS BETWEEN TIC SEVERITY, EMOTION REGULATION, AND SOCIAL AND
FAMILY FUNCTIONING IN YOUTH WITH TOURETTE SYNDROME

Tourette Syndrome (TS) is a neuropsychiatric disorder with childhood onset
characterized by the presence of multiple motor and vocal tics for more than one year (American
Psychiatric Association, 2013). Tics are defined as sudden and recurrent motor movements or
vocalizations that wax and wane in frequency and severity. TS is recognized as a complex
disorder; in addition to experiencing tics, children with TS often present with comorbid
psychiatric conditions, including attention-deficit/hyperactivity disorder (ADHD), obsessive
compulsive disorder (OCD), mood disorders, and anxiety disorders (Hirschtritt et al., 2015).
Studies conducted in clinical populations and community samples have consistently found that
about 90% of individuals with TS present with psychiatric and behavioral comorbidities
(Cavanna et al., 2013), and approximately 30% of patients with TS have three additional
disorders (Miiller-Vahl et al., 2010). TS affects around 1% of school-aged individuals and is
three to four times more common in males than females (Cavanna et al., 2013).

TS is strongly associated with impairment across many psychosocial domains of
functioning (Conelea et al., 2011). Storch and colleagues (2007a) examined tic-related functional
impairment in a clinical sample of youth with TS. Parents rated the degree to which tics
interfered with their children’s school, home, and social functioning. Results indicated that
approximately 52% of children experienced significant tic-related impairment in at least one

domain, and 38% of the sample had two or more significant tic-related problem areas. While



multiple domains of tic-related impairment were represented, parents most frequently reported
that their child’s social functioning was negatively impacted by their tics. This finding is
consistent with the extant literature, which suggests that social functioning is often negatively
affected by TS (Giiler, Berkem, Yazgan, & Kalaga, 2015; O’Hare, Helmes, Reece, Eapen, &
McBain, 2016). Within the domain of social functioning, research shows that peers rate youth
with TS less positively (Friedrich, Morgan, & Devine, 1996) and less socially acceptable
(Boudjouk, Woods, Miltenberger, & Long, 2000) than children without TS. Similarly, Storch
and colleagues (2007b) found that peer victimization, such as bullying and teasing, occurred at
higher rates in those with TS compared to age-matched controls. Peer victimization was also
found to be positively associated with loneliness, anxiety, and internalizing symptoms, indicating
that victimization has a negative impact on overall adjustment. Further research produced similar
findings to those highlighted above. Specifically, children with TS were significantly more
withdrawn and less popular than their typical classmates (Stokes, Bawden, Backman, Dooley, &
Camfield, 1991). Of note, Stokes and colleagues (1991) also found that children with TS
displayed more aggressive behavior than their classmates. In sum, research suggests that youth
with TS are viewed less favorably by their peers, are more likely to be the recipients of peer
victimization, and are often more withdrawn, less popular, and experience higher levels of
loneliness compared to children and adolescents without TS.

In addition to social functioning, TS often negatively impacts family functioning. In a
study conducted by Wilkinson et al. (2001), results indicated that TS had significant adverse
effects on the family in domains such as the quality of family relationships, family social life,
and family finances. Other areas of impact on the family include high caregiver strain (Cooper &

Livingston, 2003; Schoeder & Remer, 2007) and stress (Lee, Chen, Wang, & Chen, 2007;



Wilkinson, Marshall, & Curtwright, 2008). For example, Cooper and Livingston (2003)
compared the level of impact on the family between a group of children with TS and a group of
children with asthma. Findings showed that mothers of children with TS felt significantly greater
burden than did mothers of children with asthma. Furthermore, mothers of children with TS
reported that the source of most of their stress was related to managing their child’s daily
activities and their child’s behavioral difficulties. Thus, having a child with TS seems to
negatively impact family functioning, as well as result in caregiver burden.

A main contributing factor to these various social and familial difficulties in individuals
with TS is tic severity (Wilkinson et al., 2001; O’Hare et al., 2016). In a study conducted by
Woods, Fuqua, and Outman (1999), results revealed that as tic frequency and severity increase,
negative social impact also increases. Additionally, Conelea and colleagues (2011) conducted a
study on the impact of chronic tic disorders on youths’ functioning in various domains, including
physical, social, familial, academic, and psychological functioning. According to both caregiver
and child report, tic severity was positively related to social interference. In regards to familial
outcomes, greater tic severity has been found to be associated with an overall greater negative
impact on the family (Wilkinson et al., 2001). Likewise, Woods, Himle, and Osmon (2005)
found that greater tic severity is associated with greater impact on family relationships, the
family’s social life, and family finances.

One factor to consider when studying the impact of tics on social and familial functioning
is the effect of comorbid disorders (Woods et al., 2005). Although tics are the distinguishing
feature of TS, other psychiatric symptoms and disorders co-occur in approximately 90% of
individuals with TS (Cavanna et al., 2013). Thus, comorbid conditions are part of the overall

presentation for the vast majority of individuals with TS. It is possible that the comorbid



symptoms or an interaction between the TS symptoms and comorbid symptoms, rather than just
the TS symptoms themselves, are primarily responsible for functional impairment. In research,
the creation of TS-only groups (without comorbid conditions) either requires specially designed
enrollment procedures or the enrollment of large samples to yield enough participants who have
TS without comorbid conditions. In a between-group study that examined the differential impact
of TS alone versus TS with comorbid disorders, findings suggest that TS has negative effects on
functioning independent of comorbid symptoms (e.g., O’Hare et al., 2016). Greater impairment,
however, is typically found for those with TS plus comorbid symptoms in comparison to those
with TS alone (e.g., Carter et al., 2000; Conelea et al., 2011; Wilkinson et al., 2001). Given that,
in reality, most children and adolescents with TS also have comorbid disorders, the current study
will examine social and familial outcomes without controlling for comorbid diagnosis or
symptomology.

While there are established relations between tic severity and social and familial
impairment, it is possible that other variables may significantly impact these associations. A
factor that has been identified as a vital component in children’s adaptive social functioning and
psychological adjustment is emotional competence (Suveg & Zeman, 2004). One critical skill
that underlies emotional competence is emotion regulation (ER). According to Thompson
(1994), ER is defined as “the extrinsic and intrinsic processes responsible for monitoring,
evaluating, and modifying emotional reactions, especially their intensive and temporal features,
to accomplish one’s goals.” Included in this definition are several aspects of ER. First, ER
involves adjusting emotional arousal to be congruent with the situation at hand. Also, ER
includes both acquired, internal self-regulation strategies (e.g., deep breathing) as well as

external influences that play a role in regulating one’s emotions (e.g., caregivers using distraction



to soothe a child during a medical procedure). Third, ER often affects the intensity and temporal
features of different emotions. Specifically, various aspects of emotion management can reduce
or enhance experienced emotion, slow down or speed up its onset or recovery, limit or augment
its persistence over time, and decrease or increase emotion range or lability. Lastly, ER is
utilized to help achieve one’s goals for a particular situation.

To date, very few studies have examined ER in individuals with TS. Thus, it is unclear
whether ER may function as a mediator or moderator of the effects of tic severity on social and
family functioning in children and adolescents with this disorder. It is possible that ER mediates
the relation between tic severity and social and family functioning, as the neural mechanisms that
are responsible for tics are also associated with the emotional difficulties (e.g., outbursts, low
frustration tolerance) often seen in those with TS (Stern, Blair, & Peterson, 2008). TS is
associated with abnormalities in the striatal GABAergic system that result in excessive striatal
dopamine and disinhibition of prefrontal motor circuits, which causes an increase in tic
production (Caligiore, Mannella, Arbib, & Baldassarre, 2017). Similarly, ER relies on sub-
regions of the prefrontal cortex that decrease activation of the amygdala and allow individuals to
more easily implement ER strategies (Ochsner, Silvers, & Buhle, 2012). Thus, both tics and ER
rely on the same prefrontal circuitry.

Furthermore, the orbitofrontal cortex (OFC) is a portion of the prefrontal cortex that is
largely involved in ER processes (Golkar et al., 2012) and has been implicated as a brain region
that is responsible for severe emotion dysregulation in individuals with TS (Stern et al., 2008).
Specifically, a sub-set of those with TS report experiencing a high rate of explosive outbursts and
self-injurious behavior, which are likely due to abnormalities in the OFC (Stern et al., 2008). In a

study of 218 individuals (ages 5-75 years) with TS, 20% of participants experienced sudden,



dramatic, repetitive, explosive outbursts of verbal and/or physical aggression (Chen et al., 2013).
Although explosive outbursts are short-term displays of emotion, many researchers believe that
these explosive outbursts are linked to ER more broadly and that these repetitive outbursts are
potentially part of wider difficulties with impulse control (Drury, Wilkinson, Robertson, &
Channon, 2016). Additionally, 29% of a large sample of children and adults with TS engaged in
self-injurious behaviors, such as head-banging, persistent skin picking, or scratching (Mathews et
al., 2004). Predictors for severe self-injurious behaviors included explosive outbursts and risk-
taking, suggesting that self-injurious behaviors are linked to ER in individuals with TS (Stern et
al., 2008). Taken together, although few studies have been conducted on the neurobiological
effects of TS on ER specifically, especially among children and adolescents, preliminary
evidence suggests that dysfunction in prefrontal circuitry in individuals with TS contributes to
the ER difficulties seen this population.

Graziano, McNamara, Geffken, & Reid (2011) conducted a study that provides further
evidence in support of a mediational role of ER in the relation between tic severity and social
and familial outcomes. This study, which examined the association between ADHD symptom
severity and parenting stress, revealed a mediational role of emotional lability, among other
factors (Graziano et al., 2011). Specifically, in a sample of 80 children and adolescents with
ADHD, multiple mediation analyses indicated that the association between ADHD symptoms
and parenting stress was explained by children’s emotional lability, perceived comorbid
aggression levels, and executive functioning difficulties. Given the high comorbidity between TS
and ADHD, similar relations between symptom severity, ER, and social and familial outcomes

may be observed in youth with TS.



On the other hand, it is possible that ER moderates the relation between tic severity and
social and familial outcomes. Prior research has preliminarily identified ER as a moderator of the
relation between symptom severity and children’s social functioning in youth with anxiety, a
disorder that also commonly co-occurs with TS. In a study conducted by Jacob, Suveg, and
Whitehead (2014), analyses revealed that the relation between anxiety severity and social
problems was exacerbated for youth who were high in lability/negativity and low in ER coping.
Thus, it is possible that the relation between tic severity and social and familial outcomes is
enhanced in TS-affected youth who have poor ER skills, and reduced in youth with TS who have
strong ER skills, suggesting a moderational role of ER. As ER has yet to be studied in children
and adolescents with TS, as well as there being evidence to support both mediation and
moderation models, both pathways will be examined in the current study.

The Current Study

The current study aims to address gaps in the TS literature by furthering our
understanding of the relations between tic severity, ER, social functioning, social impairment,
and impact on family life in youth with TS. If ER emerges as a factor that helps to explain the
relations between tic severity and poor social and familial outcomes, results from this study
could be used to help guide the development of interventions to support the functioning of
children with TS and their families. Based on a review of the literature on pediatric TS, it was
hypothesized that tic severity will be negatively associated with ER, social functioning, and
impact on family life (higher scores indicate less negative impact), and positively associated with
social impairment. ER is also expected to be positively associated with social and family

functioning. Additionally, given that it is theoretically plausible that ER can function as either a



mediator or moderator based on the extant literature, both models will be tested with no specific

hypotheses offered.



CHAPTER 2
METHOD
Participants

Participants included 77 caregivers of children and adolescents with a diagnosis of TS.
All participants were the caregivers of children and adolescents attending Camp Twitch and
Shout, a week-long summer camp in the Southeastern United States for youth with TS. Inclusion
criteria for this study include: (1) having a child who is between the age of 8 and 18, and (b)
being fluent in English. All caregivers of children who attended camp (N = 141) were requested
to complete various inventories prior to camp to aid the directors in planning for campers’
special needs. Of those, 84 completed some or all of the inventories, with 82 caregivers
consenting for their data to be used in the current study. Of these 82 consenting participants, 77
completed all study measures. This yielded a final participation rate of 54.6% of all caregivers of
campers, and 91.7% of all caregivers who completed some or all inventories.

The present sample represents predominately female (n = 61; 79.2%) caregivers between
the ages of 31 and 62 (M =44.17; SD = 6.65). A majority of the participants were biological
parents of the children and adolescents attending camp (n = 69; 89.6%), while others were
adoptive parents and legal guardians. Most participants were Caucasian (n = 72; 93.5%),
followed by African American, Hispanic, and Biracial.

Demographic information about the caregivers’ children was also collected. Participants’
children were mostly male (n = 48; 62.3%), ranging in age from 8 to 17 years (M = 13.1; SD =

2.29). A majority of campers were Caucasian (n = 70; 90.9%), followed by African American,
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Hispanic, Asian, and Biracial. Approximately 18% of campers had been diagnosed with one
comorbid condition (e.g., ADHD, OCD, depression, anxiety), 19.5% of campers had been
diagnosed with 2 comorbidities, and approximately 56% of campers had been diagnosed with 3
or more comorbid conditions. Only 6.5% of campers had TS without comorbidities. See Table 1
for further details.
Procedure

All study procedures were approved by the Institutional Review Board of the
participating institution. To recruit participants for this study, investigators contacted all
potentially eligible caregivers (N = 141) approximately 1 to 2 months before camp via email
using contact information provided by Camp Twitch and Shout. Details regarding the study aims
were provided in the initial contact email, and parents were asked to click on a secure Qualtrics
hyperlink to access the full informed consent document and questionnaires. Caregivers consented
or declined to participate in research prior to responding to the questionnaires. Those who
declined were still asked to complete the questionnaires in order to help camp staff best prepare
for the needs of each individual camper. In addition to the recruitment email, trained research
assistants contacted families by telephone to invite them to participate in the study and answer
any questions that they had about the research procedures and goals. Caregivers did not receive
compensation for their participation. Caregivers who declined to participate in the study (n = 2)
were asked to complete a brief anonymous demographic questionnaire to allow the researchers to
examine sociodemographic differences between those who participated and those who did not.
However, due to the low rate of declines among caregivers who provided any information,

differences between participants and decliners were not examined.
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Measures

Participants completed a brief demographic questionnaire to provide basic information
about themselves (i.e., age, gender, ethnicity, relationship to the child or adolescent, relationship
status, and family income) and their children (i.e., age, gender, ethnicity, and comorbid
diagnoses).
Tic severity

Tic Severity Scale Report — Parent Report (TSSR-P; Allen et al., 2005; Scahill, Leckman,
Schultz, Katsovich, & Peterson, 2003). Caregivers completed the TSSR-P, which is a caregiver
proxy-report measure of children’s motor and vocal tic severity over the past week. Items are
rated on a 4-point scale ranging from No symptoms at all this past week to Tics were very
frequent and very forceful. The TSSR-P yields two subscales: Motor Tic Severity and Vocal Tic
Severity; a Total Tic Severity composite was also calculated by summing the motor and vocal tic
severity ratings. In a previous study, the TSSR-P Total Tic Severity scale showed good internal
consistency, with a Cronbach’s alpha of .88 (Eaton et al., 2016). In the present study, internal
consistency on the TSSR-P was excellent for Total Tic Severity (a = .92) and Motor Tic Severity
(0 =.90), and good for Vocal Tic Severity (o = .87).
Child and adolescent emotion regulation

Emotion Regulation Checklist (ERC; Shields & Cicchetti, 1997). Caregivers completed
the ERC, which assesses caregivers’ perceptions of their child’s typical methods of managing
emotional experiences on a 4-point scale ranging from Never to Always. The ERC yields two
subscales: (1) Lability/Negativity and (2) Emotion Regulation. In the current study, only the
Emotion Regulation subscale, which measures appropriate emotional expression, empathy, and

emotional self-awareness, was used. The ERC has previously been used in a sample of children
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and adolescents with ADHD who ranged in age from 4.5 to 18 years of age (Graziano et al.,
2011). Furthermore, Cronbach’s alpha for the Emotion Regulation subscale has been shown to
be good (o = .83), and discriminant validity of the ERC has been established (Shields &
Cicchetti, 1997). In the current sample, internal consistency of the Emotion Regulation subscale
of the ERC was acceptable (o = .73).
Social functioning

The Pediatric Quality of Life Inventory — Parent Report (PedsQL; Varni, Seid, & Kurtin,
2001). Caregivers completed the PedsQL, which assesses caregivers’ perceptions of their child’s
or adolescent’s health-related quality of life. The PedsQL has 4 subscales, including physical
functioning, emotional functioning, social functioning, and school functioning. In the current
study, only the 5-item social functioning subscale was utilized. Depending on the age of their
child, caregivers either completed the PedsQL Parent Report for Children (for ages 8-12) or the
PedsQL Parent Report for Teens (for ages 13-18); both versions contain the same questions, but
with different wording (e.g., “getting along with other children” versus “getting along with other
teens). Items are rated using a 5-point scale ranging from Never to Almost always. The 5-point
scale translates into values of 0, 25, 50, 75, and 100 per item, with the total social functioning
score representing the average of all items. The reliability of the social functioning subscale of
the PedsQL typically ranges from acceptable to excellent, exceeding the standard of .70, and
strong validity has been demonstrated (Varni et al., 2001). In the current study, internal
consistency of the PedsQL social functioning subscale was good for both the Parent Report for
Children (o = .84) and the Parent Report for Teens (o = .80).
Social impairment

Child Tourette Syndrome Impairment Scale — Parent Report (CTIM-P; Storch et al.,
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2007a). Caregivers completed the CTIM-P, which is a measure that includes school, home, and
social activities that may be impaired by a child’s tic symptoms. In the current study, only the
social activities subscale was used. Caregivers are asked to “Please rate how much your child’s
Tourette syndrome (vocal and motor tics) has caused difficulties for him or her in the following
areas over the past month” on a 4-point scale ranging from Not at all to Very much. Internal
consistency of the CTIM-P has been found to be excellent (o = .94), and convergent and
divergent validity has been established (Storch et al., 2007a). In the current sample, internal
consistency of the CTIM-P social activities subscale was excellent (o = .93).
Impact on family life

Parent Response to Child Illness (PRCI; Austin et al., 2008). Caregivers completed the
PRCI, which assesses caregivers’ responses and perceptions related to having a child with TS.
The PRCI has 5 subscales: (1) Child Support, (2) Family Life/Leisure, (3) Condition
Management, (4) Child Autonomy, and (5) Child Discipline. In the current study, only the
Family Life/Leisure subscale was utilized. Items are rated on a 5-point scale ranging from
Strongly disagree to Strongly agree, reflecting the negative impact that TS has on the activities
of the family, with higher scores indicating less impact. High internal consistency reliability and
validity of the Family Life/Leisure subscale of the PRCI is supported by previous research
(Austin et al., 2008). Internal consistency of the Family Life/Leisure subscale in the current
sample was good (a =.88).
Statistical Analyses

All statistical analyses were conducted using IBM Statistical Package for the Social

Sciences, Version 22.0 (SPSS).
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Descriptive and Correlational Analyses

Descriptive statistics including means, standard deviations (SD), and ranges were
calculated for all sociodemographic (i.e., caregiver age, gender, ethnicity, relationship to the
child or adolescent, and annual family income; child or adolescent age, gender, ethnicity, and
comorbid diagnoses) and study variables (i.e., total tic severity, motor tic severity, vocal tic
severity, ER, social functioning, social impairment, and impact on family life) to characterize the
sample. Preliminary analyses using Spearman’s rank-order correlations were conducted to
determine if there were any significant associations between sociodemographic variables and
study variables. Additionally, Spearman’s correlations or partial correlations controlling for
specific demographic variables, as determined by the preliminary analyses, were conducted to
investigate the associations among all main study variables. Due to the non-normal distribution
of six of the seven study variables, as described below, Spearman’s correlations were used.
Spearman’s correlations are recommended when data do not meet the normality requirement for
using Pearson product-moment correlations (Hauke & Kossowski, 2011).
Mediation and Moderation Analyses

Nine separate mediation analyses, as well as 9 separate moderation analyses, were
conducted to examine the extent to which ER mediates and/or moderates the relations between
tic severity (total, motor, vocal) and social functioning, social impairment, and impact on family
life. To conduct these analyses, approaches that are best supported by the current literature were
used. Specifically, the PROCESS procedures for SPSS outlined by Hayes (2013) were utilized.
The SPSS macro for PROCESS is available online at http://www.athayes.com/introduction-to-
mediation-moderation-and-conditional-process-analysis.html.

Mediation Analyses. To examine the proposed mediation analyses, indirect effects of the
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models were tested by producing a bootstrapped estimation of the indirect effect based on 5,000
iterations and a 95% confidence interval for this estimate. In the event that zero does not lie
within the 95% confidence interval for the bootstrapped results for indirect effects, we can
conclude that the indirect effect is significantly different from zero and that mediation is
demonstrated (Preacher & Hayes, 2004). Especially with small sample sizes, recent research
supports the use of the bootstrapped samples and associated confidence intervals to determine
significance (Preacher & Hayes, 2004). Given that the proposed study used cross-sectional data,
the mediational analyses do not support determining causal relations.

Moderation Analyses. Moderation analyses examined the simple effects at high (+1 SD)
and low (-1 SD) levels of ER (Holmbeck, 2002) following procedures of Hayes (2013) using the
PROCESS macro for SPSS. Due to the non-normal distributions of the data for each of the
variables except social functioning (raw data ranges: kurtosis = 0.29 — 4.60, skewness = -2.24 —
5.03), log transformations were conducted. This resulted in normal distributions for total, motor,
and vocal tic severity, but did not result in improvements to the distributions beyond the raw data
for ER, social impairment, and impact on family life (raw data ranges: kurtosis = 0.29 —-0.62,
skewness = -2.24 — 3.89). Data analyses were conducted in two ways in order to thoroughly test
for moderation, with raw data for all variables as well as with the log transformed data for total,
motor, and vocal tic severity.

Power Analyses

Sample sizes necessary to detect significant statistical effects were determined a priori.
G*Power (Faul, Erdfelder, Buchner, & Lang, 2009) was used to calculate the sample size
necessary to detect effects with power = .80, a = .05, and medium effect size for correlational

analyses = 0.30 (Cohen, 1988). It was determined that 82 caregivers are required to detect effects
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for Spearman’s rank-order correlations. For mediation analyses with power = .80, a = .05, and
medium effect size for mediation = 0.15 (Cohen, 1988), 55 caregivers are required to detect
significant effects. For moderation analyses with power = .80, a = .05, and medium effect size

for moderation = 0.15 (Cohen, 1988), 77 caregivers are required to detect significant effects.
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CHAPTER 3
RESULTS

Descriptive Data, Preliminary Analyses, and Correlational Results

Means and standard deviations for all study variables are indicated in Table 2.
Preliminary correlational analyses were conducted to determine if there were any significant
associations between sociodemographic variables and study variables. Results indicated that
child or adolescent age was significantly and positively correlated with impact on family life (p =
.27, p =.02), and was included as a covariate in the analyses that included impact on family life.

Spearman’s rank-order correlations and partial correlations, as appropriate, were
conducted to investigate the associations between all main study variables. Both total tic severity
and motor tic severity were negatively associated with ER, social functioning and impact on
family life, and positively associated with social impairment. Vocal tic severity was not
associated with ER or social functioning, but was positively associated with social impairment
and negatively associated with impact on family life. Of note, when examining impact on family
life in the current study, higher scores indicate less negative impact. Correlations between all
study variables are presented in Table 2.
Mediation Analyses

We tested whether ER mediated the relations between tic severity (total, motor, vocal)
and social functioning, social impairment, and impact on family life.
Total Tic Severity

ER mediated the relation between total tic severity and social functioning, with a point
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estimate of -0.13 (SE = 0.07, 95% CI -0.27 — -0.02). The effect of total tic severity on social
functioning was significant without the inclusion of ER (SE = 0.14, p <.05), but became non-
significant when ER was included in the model (SE = 0.13, p = .10), indicating full mediation.
The total model accounted for 23.12% of the variance in social functioning (p <.001).

ER mediated the relation between total tic severity and social impairment, with a point
estimate of .05 (SE = 0.03, 95% CI 0.01 — 0.11). The effect of total tic severity on social
impairment was significant without the inclusion of ER (SE = 0.06, p <.001), but became less
significant when ER was included in the model (SE = 0.06, p <.01), indicating partial mediation.
The total model accounted for 26.22% of the variance in social impairment (p <.001).

Lastly, ER mediated the relation between total tic severity and impact on family life, with
a point estimate of -.003 (SE = 0.002, 95% CI -0.01 —-0.0002). The effect of total tic severity on
impact on family life was significant without the inclusion of ER (SE = 0.005, p =.002), but
became less significant when ER was included in the model (SE = 0.005, p = .01), indicating
partial mediation. The total model accounted for 20.76% of the variance in impact on family life
(p <.001). Although age was significantly correlated with impact on family life, it did not serve
as a significant covariate in this model (p = .08). Figures 1, 2, and 3 illustrate the effects of each
of these mediation models.

Motor Tic Severity

ER mediated the relation between motor tic severity and social functioning, with a point
estimate of -.24 (SE = 0.10, 95% CI -0.47 — -0.08). The effect of motor tic severity on social
functioning was significant without the inclusion of ER (SE = 0.22, p <.01), but became less
significant when ER was included in the model (SE = 0.21, p <.05), indicating partial mediation.
The total model accounted for 25.05% of the variance in social functioning (p <.001).

ER also mediated the relation between motor tic severity and social impairment, with a
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point estimate of .09 (SE = 0.05, 95% CI 0.02 — 0.21). The effect of motor tic severity on social
impairment was significant without the inclusion of ER (SE = 0.10, p <.001), but became less
significant when ER was included in the model (SE = 0.10, p <.01), indicating partial mediation.
The total model accounted for 25.74% of the variance in social impairment (p <.001).

Lastly, ER mediated the relation between motor tic severity and impact on family life,
with a point estimate of -.01 (SE = 0.004, 95% CI -0.02 — -0.0005). The effect of motor tic
severity on impact on family life was significant without the inclusion of ER (SE = 0.01, p <
.01), but became less significant when ER was included in the model (SE = 0.01, p <.05),
indicating partial mediation. The total model accounted for 19.41% of the variance in impact on
family life (p <.01). Although age was significantly correlated with impact on family life, it did
not serve as a significant covariate in this model (p = .10). Figures 4, 5, and 6 illustrate the
effects of each of these mediation models.

Vocal Tic Severity

ER did not mediate the relation between vocal tic severity and social functioning (SE =
0.13, 95% CI-0.44 — 0.06), social impairment (SE = 0.06, 95% CI -0.03 — 0.20), or impact on
family life (SE = 0.004, 95% CI -0.01 — 0.001), as evidenced by the insignificant indirect effects
in these models. Figures 7, 8, and 9 illustrate these findings.

Moderation Analyses

We also tested whether ER moderated the relations between tic severity (total, motor,
vocal) and social functioning, social impairment, and impact on family life. None of the models
supported a moderation effect, as evidenced by nonsignificant interaction terms. Thus, support

was not found for ER moderating the relations between tic severity and social and familial
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functioning. The nonsignificant interaction terms for the moderation analyses using both raw and

transformed data are presented in Tables 3 and 4.
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CHAPTER 4
DISCUSSION

The aim of the current study was to examine the associations between tic severity and
ER, as well as how these factors relate to social and family functioning in children and
adolescents with TS. As hypothesized, greater total tic severity was associated with poorer ER
and social functioning, and with greater impact on family life and social impairment. These
findings are consistent with the extant literature indicating that tic severity is related to indices of
negative social and familial outcomes. Specifically, several prior studies revealed that greater tic
severity is associated with outcomes such as peer victimization, bullying, and a lower quality of
family relationships (e.g., O’Hare et al., 2016; Wilkinson et al., 2001; Woods et al., 2005).
Expanding on the existing literature, results of the current study also indicate that tic severity is
related to ER, such that more severe tics are associated with worse ER. Further, poorer ER was
associated with greater social impairment and impact on family life, as well as worse social
functioning. Prior to the current study, ER had not been directly studied in this population; only
measures of emotional difficulties that may relate to problems with ER, such as explosive
outbursts and self-injurious behaviors, had been utilized.

In addition to total tic severity, this study investigated how the separate domains of motor
and vocal tic severity related to ER and social and family functioning. Although engaging in both
motor and vocal tics at some time during the illness is necessary for a diagnosis of TS, the two
categories of tics are qualitatively different and may have differing associations with important

aspects of emotional, social, and family functioning. As was found for total tic severity, greater
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motor tic severity was associated with poorer ER and social functioning, as well as greater social
impairment and impact on family life. However, while greater vocal tic severity was also
associated with greater social impairment and impact on family life, it was not significantly
associated with ER or social functioning. Due to the scarcity of literature investigating ER in
youth with TS, further research needs to be conducted to examine why motor tics were
significantly associated with ER, and vocal tics were not. In regards to the differing associations
between motor and vocal tic severity and social functioning, it is possible that motor tics have a
more profound impact on peers. While many vocal tics are relatively inconspicuous (e.g., throat
clearing, whistling, humming, gulping, coughing), most motor tics are atypical relative to normal
behavior and are easily observable by others (e.g., excessive eye blinking, head jerks, leg
kicking, hitting oneself, skipping). Thus, compared to vocal tics, it is likely that motor tics result
in more negative perceptions and rejection from peers. For example, peers may be more willing
to befriend a child who clears her throat more than usual, as opposed to one who frequently jerks
his or her head or shoulders.

An additional goal of this investigation was to examine whether ER might mediate or
moderate the relations between tic severity and social and familial outcomes. Results showed
that ER served as a mediator of the relations between total tic severity and social functioning,
social impairment, and impact on family life. Examination of the components of total tic severity
also revealed a mediational role of ER in the analyses including motor tic severity, but not in
those that included vocal tic severity. More specifically, as with total tic severity, ER mediated
the relations between motor tic severity and social functioning, social impairment, and impact on
family life, while ER did not mediate the relations between vocal tic severity and these social

and familial domains. It is possible that the smaller correlations between vocal tic severity versus
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motor tic severity and the other variables in this investigation differentially influenced the results
of the mediation analyses. In contrast to finding support for mediation, ER was not found to be a
moderator of the relations between total, motor, or vocal tic severity and social and family
functioning. Neurobiological mechanisms may help explain why support for mediation, as
opposed to moderation, was found. Prior research indicates that the neural mechanisms that
contribute to TS symptoms also appear to be the same ones that underlie ER (Stern et al., 2007).
The prefrontal cortex is disinhibited in children and adolescents with TS, and is also the brain
region that is responsible for ER processes (Caligiore et al., 2017; Ochsner et al., 2012). More
specifically, TS is associated with excess striatal dopamine, which results in disinhibition of
prefrontal motor circuits, and in turn, an increase in tic production (Caligiore et al., 2017).
Likewise, ER relies on sub-regions of the prefrontal cortex that decrease activation of the
amygdala and allow individuals to more easily and successfully implement ER strategies.

In regards to clinical implications, current results suggest that implementing ER
interventions, such as teaching appropriate emotional expression and adaptive ways of thinking
about emotion (Southam-Gerow, 2013), deep breathing exercises, muscle relaxation, and
mindfulness techniques, may result in better social and family functioning for youth with TS.
Currently, Comprehensive Behavioral Intervention for TICS (CBIT) is an established, evidence-
based treatment that has been shown to effectively reduce tic severity (Woods et al., 2008).
Although the efficacy of ER treatments has yet to be documented in the TS literature, training in
ER skills may serve as an important adjunctive component to CBIT to help improve the social
and family functioning of youth with TS. Furthermore, enhanced ER skills may potentially result
in additional TS symptom reduction. Previous research suggests that an increase in certain

emotions, such as stress, anxiety, frustration, and tension, may be associated with an increase in



24

tic symptoms (Conelea & Woods, 2008). Thus, being able to better regulate these negative
emotions may result in less severe and frequent tics.

While this study provides novel and important contributions to existing literature, it is not
without limitations. Although the number of participants in this study is large relative to many
investigations of youth with TS, larger sample sizes would support broader generalization, as
well as increase statistical power. A related limitation is a low level of participant diversity. The
current sample was predominately Caucasian and had a high annual family income. Thus, it is
not clear how these results apply to minority and lower SES families and children with TS. This
study also relied on proxy-report measures from one caregiver and did not include ratings from
other reporters (e.g., from the child or adolescent, camp counselor, and/or an additional
caregiver) or in vivo behavioral measures. Future researchers should consider including multiple
reporters, as well as observational methods (e.g., tic frequency and severity, social interactions)
and other forms of data collection. An interesting future direction for research in this area is the
possibility of incorporating neuroimaging as a means to further investigate the interplay among
the shared neurobiological pathways responsible for TS symptoms and ER. Utilizing
neuroimaging to examine brain circuitry would likely reveal novel information regarding the
association between TS symptom severity and ER difficulties. Lastly, the study design was
cross-sectional; thus, the use of mediation analyses should not be used to infer causation, but
instead shows indirect effects. Longitudinal research is needed to test causal relations between tic
severity, ER, and social and family functioning.

In conclusion, the results of the current study provide further insight into the associations
between tic severity, ER, and social and family functioning in children and adolescents with TS.

ER helped to explain the relations between total and motor tic severity and social functioning,
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social impairment, and impact on family life. Interventions that target ER may include teaching
appropriate emotional expression and adaptive ways of thinking about emotion, deep breathing
exercises, muscle relaxation, and mindfulness techniques. Clinically, results suggest that
providers working in this area should be assessing and addressing ER difficulties in children and
adolescents with TS, as poor ER seems to be an important factor leading to negative social and

familial outcomes in this population.



26

REFERENCES

Allen, A. J., Kurlan, R. M., Gilbert, D. L., Coffey, B. J., Linder, S. L., Lewis, D. W., ... &
Milton, D. R. (2005). Atomoxetine treatment in children and adolescents with ADHD and
comorbid tic disorders. Neurology, 65, 1941-1949. doi: http://dx.doi.org/10.1212/01.wnl.
0000188869.58300.a7

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders: DSM-5. Washington, D.C.: American Psychiatric Association.

Austin, J. K., Shore, C. P., Dunn, D. W., Johnson, C. S., Buelow, J. M., & Perkins, S. M. (2008).
Development of the parent response to child illness (PRCI) scale. Epilepsy &
Behavior, 13, 662-669. doi: 10.1016/j.yebeh.2008.07.017

Boudjouk, P. J., Woods, D. W., Miltenberger, R. G., & Long, E. S. (2000). Negative peer
evaluation in adolescents: Effects of tic disorders and trichotillomania. Child & Family
Behavior Therapy, 22, 17-28. doi: http://dx.doi.org/10.1300/J019v22n01 02

Caligiore, D., Mannella, F., Arbib, M. A., & Baldassarre, G. (2017). Dysfunctions of the basal
ganglia-cerebellar-thalamo-cortical system produce motor tics in Tourette
syndrome. PLoS Computational Biology, 13(3), €1005395. doi:
https://doi.org/10.1371/journal.pcbi. 1005395

Carter, A. S., O'Donnell, D. A., Schultz, R. T., Scahill, L., Leckman, J. F., & Pauls, D. L. (2000).
Social and emotional adjustment in children affected with Gilles de la Tourette's
syndrome: Associations with ADHD and family functioning. Journal of Child

Psychology and Psychiatry, 41(2), 215-223.



27

Cavanna, A. E., David, K., Bandera, V., Termine, C., Balottin, U., Schrag, A., & Selai, C.
(2013). Health-related quality of life in Gilles de la Tourette syndrome: A decade of
research. Behavioural Neurology, 27, 83-93. doi: 10.3233/BEN-120296

Chen, K., Budman, C. L., Herrera, L. D., Witkin, J. E., Weiss, N. T., Lowe, T. L., ... & Mathews,
C. A. (2013). Prevalence and clinical correlates of explosive outbursts in Tourette
syndrome. Psychiatry Research, 205, 269-275. doi:
http://dx.doi.org/10.1016/j.psychres.2012.09.029

Cohen, J. (1988). Statistical power and analysis for the behavioral sciences (2™ ed.). Hillsdale,
NJ: Lawrence Erlbaum Associates.

Conelea, C. A., & Woods, D. W. (2008). The influence of contextual factors on tic expression in
Tourette's syndrome: A review. Journal of Psychosomatic Research, 65, 487-496.
doi:10.1016/].jpsychores.2008.04.010

Conelea, C. A., Woods, D. W, Zinner, S. H., Budman, C., Murphy, T., Scahill, L. D., ... &
Walkup, J. (2011). Exploring the impact of chronic tic disorders on youth: Results from
the Tourette Syndrome Impact Survey. Child Psychiatry & Human Development, 42,
219-242. doi: 10.1007/s10578-010-0211-4

Cooper, C., & Livingston, G. (2003). Psychological morbidity and caregiver
burden in parents of children with Tourette's disorder and psychiatric comorbidity.
Journal of the American Academy of Child & Adolescent Psychiatry, 42(11), 1370-1375.
doi: http://dx.doi.org/10.1097/01.CHI.0000085751.71002.48

Drury, H., Wilkinson, V., Robertson, M. M., & Channon, S. (2016). Self-reported emotion
regulation in adults with Tourette's syndrome. Psychiatry Research, 245, 157-163. doi:

http://dx.doi.org/10.1016/j.psychres.2016.08.026



28

Eaton, C. K., Jones, A. M., Gutierrez-Colina, A. M., Ivey, E. K., Carlson, O., Melville, L., ... &
Blount, R. L. (2016). The influence of environmental consequences and internalizing

symptoms on children’s tic severity. Child Psychiatry & Human Development, 48, 327-

334. doi: 10.1007/s10578-016-0644-5

Faul, F., Erdfelder, E., Buchner, A., & Lang, A. G. (2009). Statistical power analyses using

G*Power 3.1: Tests for correlation and regression analyses. Behavior Research Methods,

41, 1149-1160. doi:10.3758/BRM.41.4.1149.
Friedrich, S., Morgan, S. B., & Devine, C. (1996). Children's attitudes and behavioral intentions

toward a peer with Tourette syndrome. Journal of Pediatric Psychology, 21(3), 307-319.

doi: 10.1093/jpepsy/21.3.307

Golkar, A., Lonsdorf, T. B., Olsson, A., Lindstrom, K. M., Berrebi, J., Fransson, P., ... & Ohman,
(2012). Distinct contributions of the dorsolateral prefrontal and orbitofrontal cortex
during emotion regulation. PLoS One, 7(11), 1-9. doi:
http://dx.doi.org/10.1371/journal.pone.0048107

Graziano, P. A., McNamara, J. P., Geftken, G. R., & Reid, A. (2011). Severity of children’s
ADHD symptoms and parenting stress: A multiple mediation model of self-

regulation. Journal of Abnormal Child Psychology, 39, 1073. doi1:10.1007/s10802-011-
9528-0

Giiler, A. S., Berkem, M., Yazgan, Y., & Kalacga, S. (2015). Cognitive flexibility
and social responsiveness in children and adolescents with Tourette syndrome. Child

Psychiatry & Human Development, 46, 940-950. doi: 10.1007/s10578-015-0533-3



29

Hauke, J., & Kossowski, T. (2011). Comparison of values of Pearson's and Spearman's
correlation coefficients on the same sets of data. Quaestiones Geographicae, 30, 87-93.

doi: 10.2478/v10117-011-0021-1,

Hayes, A. F. (2013). Introduction to mediation, moderation, and conditional process analysis.
New York: The Guilford Press.

Hirschtritt, M. E., Lee, P. C., Pauls, D. L., Dion, Y., Grados, M. A., Illmann, C., . . . Mathews, C.
A. (2015). Lifetime prevalence, age of risk, and genetic relationships of comorbid
psychiatric disorders in Tourette syndrome. JAMA Psychiatry, 72, 325-333. doi:
10.1001/jamapsychiatry.2014.2650.

Holmbeck, G. N. (2002). Post-hoc probing of significant moderational and mediational effects in
studies of pediatric populations. Journal of Pediatric Psychology, 27, 87-96. doi:
http://dx.doi.org/10.1093/jpepsy/27.1.87

Jacob, M. L., Suveg, C., & Whitehead, M. R. (2014). Relations between emotional and social
functioning in children with anxiety disorders. Child Psychiatry & Human
Development, 45, 519-532. doi: 10.1007/s10578-013-0421-7

Lee, M. Y., Chen, Y. C., Wang, H. S., & Chen, D. R. (2007). Parenting stress and related factors
in parents of children with Tourette syndrome. Journal of Nursing Research, 15(3), 165-
174. doi: 10.1097/01.JNR.0000387612.85897.9a

Mathews, C. A., Waller, J., Glidden, D., Lowe, T. L., Herrera, L. D., Budman, C. L., ... & Reus,
V. 1. (2004). Self injurious behaviour in Tourette syndrome: Correlates with impulsivity
and impulse control. Journal of Neurology, Neurosurgery & Psychiatry, 75(8), 1149-
1155. doi: http://dx.doi.org/10.1136/jnnp.2003.020693

Miller-Vahl, K., Dodel, 1., Miiller, N., Miinchau, A., Reese, J. P., Balzer-Geldsetzer, M., ... &



30

Oertel, W. H. (2010). Health-related quality of life in patients with Gilles de la Tourette's
syndrome. Movement Disorders, 25(3), 309-314. doi: 10.1002/mds.22900
O'Hare, D., Helmes, E., Reece, J., Eapen, V., & McBain, K. (2016). The differential impact of
Tourette's Syndrome and comorbid diagnosis on the quality of life and functioning of
diagnosed children and adolescents. Journal of Child and Adolescent Psychiatric Nursing,
29, 30-36. doi: 10.1111/jcap.12132
Ochsner, K. N, Silvers, J. A., & Buhle, J. T. (2012). Functional imaging studies of emotion
regulation: A synthetic review and evolving model of the cognitive control of
emotion. Annals of the New York Academy of Sciences, 1251, E1-E24. doi:
10.1111/.1749-6632.2012.06751 .x
Preacher, K., & Hayes, A. (2004). SPSS and SAS procedures for estimating indirect effects in
simple mediation models. Behavior Research Methods, Instruments, and Computers, 30,
717-731. doi: 10.3758/BF03206553
Scahill, L., Leckman, J. F., Schultz, R. T., Katsovich, L., & Peterson, B. S. (2003). A placebo-
controlled trial of risperidone in Tourette syndrome. Neurology, 60, 1130-1135. doi: http://
dx.doi.org/10.1212/01.WNL.0000055434.39968.67
Schoeder, C. E., & Remer, R. (2007). Perceived social support and caregiver strain in caregivers
of children with Tourette’s Disorder. Journal of Child and Family Studies, 16, 888-901.
doi: 10.1007/s10826-007-9133-6
Shields, A., & Cicchetti, D. (1997). Emotion regulation among school-age children: The
development and validation of a new criterion Q-sort scale. Developmental Psychology,
33,906-917. doi: http://dx.doi.org/10.1037/0012-1649.33.6.906

Southam-Gerow, M. A. (2013). Emotion regulation in children and adolescents: A practitioner's



31

guide. Guilford Press.

Stern, E. R., Blair, C., & Peterson, B. S. (2008). Special section on a biological window on
psychological development. Edited by Clancy Blair & Jean-Louise Gariepy Inhibitory
deficits in Tourette’s syndrome. Developmental Psychobiology, 50(1), 9-18. doi:
10.1002/dev.20266

Stokes, A., Bawden, H. N., Backman, J. E., Dooley, J. M., & Camfield, P. R. (1991). Peer
problems in Tourette's disorder. Pediatrics, 87(6), 936-942.

Storch, E. A., Lack, C. W., Simons, L. E., Goodman, W. K., Murphy, T. K., & Geftken, G. R.
(2007a). A measure of functional impairment in youth with Tourette's syndrome. Journal
of Pediatric Psychology, 32(8), 950-959. doi: 10.1093/jpepsy/jsm034

Storch, E. A., Murphy, T. K., Chase, R. M., Keeley, M., Goodman, W. K., Murray, M., &
Geftken, G. R. (2007b). Peer victimization in youth with Tourette’s syndrome and
chronic tic disorder: relations with tic severity and internalizing symptoms. Journal of
Psychopathology and Behavioral Assessment, 29,211-219. doi: 10.1007/s10862-007-
9050-4

Suveg, C., & Zeman, J. (2004). Emotion regulation in children with anxiety disorders. Journal of
Clinical Child and Adolescent Psychology, 33(4), 750-759. doi:
http://dx.doi.org/10.1207/s15374424jccp3304 10

Thompson, R. A. (1994). Emotion regulation: A theme in search of definition. Monographs of
the Society for Research in Child Development, 59(2-3), 25-52. doi: 10.2307/1166137

Varni, J. W., Seid, M., & Kurtin, P. S. (2001). PedsQL™ 4.0: Reliability and validity of the
pediatric quality of life inventory™ version 4.0 generic core scales in healthy and patient

populations. Medical Care, 39, 800-812.



32

Wilkinson, B. J., Marshall, R. M., & Curtwright, B. (2008). Impact of Tourette’s
disorder on parent reported stress. Journal of Child and Family Studies, 17, 582-598. doi:
10.1007/s10826-007-9176-8

Wilkinson, B. J., Newman, M. B., Shytle, R. D., Silver, A. A., Sanberg, P. R., & Sheehan, D.
(2001). Family impact of Tourette's syndrome. Journal of Child and Family Studies,
10(4), 477-483.

Woods, D. W., Fuqua, R. W., & Outman, R. C. (1999). Evaluating the social acceptability of
persons with habit disorders: The effects of topography, frequency, and gender
manipulation. Journal of Psychopathology and Behavioral Assessment, 21, 1-18. doi:
do0i:10.1023/A:1022839609859

Woods, D. W., Himle, M. B., & Osmon, D. C. (2005). Use of the impact on family scale in
children with tic disorders: Descriptive data, validity, and tic severity impact. Child &
Family Behavior Therapy, 27(2), 11-21. doi: 10.1300/ JO19v27n02_02

Woods, D. W., Piacentini, J., Chang, S., Deckersbach, T., Ginsburg, G., Peterson, A., ... &
Wilhelm, S. (2008). Managing Tourette syndrome: A behavioral intervention for children

and adults therapist guide. Oxford University Press.



Table 1. Participant Demographic Information

Caregivers® Age (Range = 31-62; M =44.17,
SD = 6.65)
N (%)
Gender
Male 16 (20.8%)
Female 61 (79.2%)
Ethnicity
Caucasian 72 (93.5%)
African American 3 (3.9%)
Hispanic 1(1.3%)
Biracial 1(1.3%)
Relationship to Child
Biological Parent 69 (89.6%)
Adoptive Parent 6 (7.8%)
Legal Guardian 2 (2.6%)
Annual Family Income
$9,999 or less 2 (2.6%)
$10,000 to $24,999 6 (7.8%)
$25,000 to $49,999 9 (11.7%)
$50,000 to $74,999 12 (15.6%)
$75,000 to $99,999 11 (14.3%)
$100,000 or greater 26 (33.8%)
Prefer not to say 11 (14.3%)
Child/Adolescent Age (Range =8-17; M =13.1;
SD =2.29)
N (%)
Gender
Male 48 (62.3%)
Female 29 (37.7%)
Ethnicity
Caucasian 70 (90.9%)
African American 2 (2.6%)
Hispanic 1(1.3%)
Asian 2 (2.6%)
Biracial 2 (2.6%)

Comorbid Diagnoses
ADHD

58 (75.3%)

OCD 46 (59.7%)
Depression 20 (26.0%)
Anxiety 55 (71.4%)
Other 14 (18.2%)

Note: "N = 77 caregivers



Table 2. Correlation Matrix for Main Study Variables

34

Variables 1 2 3 4 5 6 7
1. Total Tic Severity - 88** 84%* -.23% -.24* A3 -35%*
M*=25.79, SD" = 17.73, Range = 0 — 93.00

2.  Motor Tic Severity - S2x* -28% 0 -33%% 4% -34%*
M =15.03,SD =10.76, Range = 0 — 52.00

3. Vocal Tic Severity - -.09 -.12 36%* -.29%
M=10.77,SD =9.12, Range = 0 — 41.00

4. Emotion Regulation - A3FEF L33 30%*
M =29.08, SD = 3.83, Range = 19.00 — 36.00

5. Social Functioning - -62%F  S4xEX
M =63.64, SD = 21.65, Range = 0 — 100.00

6. Social Impairment - .63 FF*

M =24.75,S8D = 10.13, Range = 15.00 — 56.00
7. Impact on Family Life
M=3.94, 8D =0.89, Range = 1.80 — 5.00

Note: Correlations with Impact on Family Life are partial correlations controlling for child or adolescent

age. All other correlations are Spearman’s rank-order correlations.
“M = Mean; °SD = Standard Deviation
*p < .05, **p <01, "p<.001



Table 3. Interaction Term Statistics for Moderation Analyses Using Raw Data
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Social Functioning

Social Impairment

Impact on Family Life

R” Change F p R’ Change F p R’ Change F p
Total Tic 01 056 .46 01 125 27 001 0.04 .84
Severity
Motor Tic 002 0.20 65 01 056 .46 002 0.18 .68
Severity
Vocal Tic 0l 1.22 27 03 290 .09 001 0.10 .75
Severity

Note: Child or adolescent age was included as a covariate in the models that included Impact on Family

Life.
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Table 4. Interaction Term Statistics for Moderation Analyses Using Transformed Data

Social Functioning Social Impairment Impact on Family Life

R” Change F p R” Change F p R” Change F p

Total Tic 01 0.77 38 02 233 .13 001 0.05 .82
Severity

Motor Tic 01 145 23 01 128 26 001 0.06 .81
Severity

Vocal Tic 005 046 .50 04 396 051 | .0000 00000 .99
Severity

Note: Child or adolescent age was included as a covariate in the models that included Impact on Family

Life.
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Emotion Regulation

a=-0.06 (CI: -0.10 — -0.01)* b =228 (CL: 1.09 - 3.47)***

Total Tic Severity » | Social Functioning
¢=-035 (CI: -0.62 — -0.08)*
¢’ =-0.22 (CI: - 0.47 - 0.04)

Figure 1. Mediation model: Emotion regulation mediates the relation between total tic severity
and social functioning. Path values indicate unstandardized regression coefficients. ¢ represents
the total effect, and ¢’ represents the direct effect. *p < .05, ***p <.001



a=-0.06 (CI: -0.10 —-0.01)*

Emotion Regulation

Total Tic Severity

»

b=-0.85 (CI: -1.40 — -0.31)**

¢=0.23 (CT: 0.11 — 0.35)%**
¢’ =0.18 (CI: 0.07 — 0.30)**

Social Impairment

Figure 2. Mediation model: Emotion regulation mediates the relation between total tic
severity and social impairment. Path values indicate unstandardized regression coefficients. ¢
represents the total effect, and ¢’ represents the direct effect. *p <.05, **p <.01, ***p <.001
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Emotion Regulation

a=-0.06 (CL: -0.11 —-0.01)* b=0.05 (CI: .0006 — 0.10)*

Total Tic Severity » | Impact on Family Life

¢=-0.02 (CT: -0.03 —-0.01)**
¢’ =-0.01 (CI: -0.03 — -0.004)**

Figure 3. Mediation model: Emotion regulation mediates the relation between total tic
severity and impact on family life. Child or adolescent age was included as a covariate
in this model. Path values indicate unstandardized regression coefficients. ¢ represents
the total effect, and ¢’ represents the direct effect. *p < .05, **p <.01
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Emotion Regulation

a=-0.11 (CL: -0.19 — -0.04)** b=2.12 (CL: 0.93 - 3.32)***

Motor Tic Severity »| Social Functioning
¢=-0.71 (CL: -1.14 — -0.28)**

¢’ =-0.47 (CI: -0.89 — -0.04)*

Figure 4. Mediation model: Emotion regulation mediates the relation between motor tic
severity and social functioning. Path values indicate unstandardized regression coefficients. ¢
represents the total effect, and ¢’ represents the direct effect. *p <.05, **p <.01, ***p <.001
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Emotion Regulation

a=-0.11 (CIL: -0.19 — -0.04)** b=-0.81 (CI: -1.37 — -0.25)**

Motor Tic Severity » | Social Impairment

¢=0.39 (CT: 0.19 — 0.59)***
¢’ =0.30 (CT: 0.10 — 0.50)**

Figure 5. Mediation model: Emotion regulation mediates the relation between motor tic
severity and social impairment. Path values indicate unstandardized regression coefficients.
c represents the total effect, and ¢’ represents the direct effect. **p < .01, ***p <.001



Emotion Regulation

a=-0.12 (CL: -0.19 — 0.04)** b=0.05 (CI: -0.003 — 0.10)

Motor Tic Severity » | Impact on Family Life
¢=-0.03 (CI: -0.05 — -0.01)**

¢’ =-0.02 (CI: -0.04 — -0.004)*

Figure 6. Mediation model: Emotion regulation mediates the relation between motor
tic severity and impact on family life. Child or adolescent age was included as a
covariate in this model. Path values indicate unstandardized regression coefficients. c
represents the total effect, and ¢’ represents the direct effect. *p <.05, **p <.01
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b=2.48 (CI: 1.30 — 3.66)***

¢=-0.32 (CI: -0.86 — 0.22)

¢’ =-0.18 (CI: -0.68 — 0.31)

Social Functioning

Figure 7. Mediation model: Emotion regulation does not mediate the relation between vocal
tic severity and social functioning. Path values indicate unstandardized regression coefficients.
c represents the total effect, and ¢’ represents the direct effect. ***p <.001



Emotion Regulation

a=-0.06 (CI: -0.15 — 0.04) b =-0.99 (CI: -1.53 — -0.44)%**

Vocal Tic Severity PP —— > Social Impairment

¢’ =0.28 (CT: 0.05 — 0.50)*

Figure 8. Mediation model: Emotion regulation does not mediate the relation between vocal
tic severity and social impairment. Path values indicate unstandardized regression
coefficients. ¢ represents the total effect, and ¢’ represents the direct effect. *p < .05, **p <
01, ¥**p <.001
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Emotion Regulation

Vocal Tic Severity

¢=-0.03 (CI: -0.05 —-0.01)*

¢’ =-0.02 (CI: -0.04 — -0.003)*

v

b=0.06 (CI: 0.01 —0.11)*

Impact on Family Life

Figure 9. Mediation model: Emotion regulation does not mediate the relation between
vocal tic severity and impact on family life. Child or adolescent age was included as a
covariate in this model. Path values indicate unstandardized regression coefficients. c

represents the total effect, and ¢’ represents the direct effect. *p <.05



