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Purpose: Tic disorders are neurodevelopmental disorders characterized by movements or vocalizations, often accompanied by
anxiety symptoms. However, the relationships between tic severity, age, and anxiety symptoms remain unclear. Here, we investigated
the association between tic severity and age and examined how anxiety symptoms might influence this relationship.

Patients and Methods: Pacdiatric patients with tic disorders were recruited from the outpatient clinic of the in Department of
Psychiatry at Beijing Children’s Hospital, Capital Medical University. The final sample included 372 subjects (77 females, 295 males;
mean age = 10.50 + 2.70 years; age range: 6.33—15.92 years). Tic severity was assessed using the Yale Global Tic Severity Scale
(YGTSS), while anxiety symptoms were measured using the Screen for Child Anxiety Related Emotional Disorders (SCARED).
Results: We found a significant positive correlation between both total and subscale anxiety scores and tic severity. Furthermore,
anxiety symptoms, particularly separation anxiety, were found to be significantly correlated with age-related differences in tic severity.
In the high anxiety group, tic severity increased significantly with age, mirroring the overall trend. Conversely, in the low anxiety
group, tic severity remained relatively stable with age.

Conclusion: Our findings highlight the role of anxiety in the progression of tic disorders and emphasize the importance of addressing
anxiety in the clinical management of children with tic disorders.
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Introduction
Tic disorders (TD) are neurodevelopmental disorders.'” The main clinical manifestations are sudden, rapid, recurrent,
non-rhythmic motor movements or vocalizations.® Tics are common in childhood, with varying reported prevalence rates,
often estimated at around 20%, and are higher in males.' TD is often accompanied by other psychiatric comorbidities,
such as attention-deficit/hyperactivity disorder (ADHD), anxiety, and other mood disorders." ™ TD is associated with
functional impairment in multiple domains, including physical, social, family, academic, and psychological aspects.’
Understanding the manifestations and comorbidities is crucial for effective diagnosis and treatment of TD.

Tics usually begin around the age of 46 years, increase in severity around the age 10-12 years,”’ and often
spontaneously improve during adolescence according to earlier studies.®’ However, some recent studies have shown that
tic severity changes linearly with age.®'® These differing conclusions highlight the need for further research into the

relationship between tic severity and age. In addition, many factors influence the variation in tic severity with age.®!'!

Importantly, coexisting neuropsychological problems place a significant burden on patients with TD,'*'*"'* and may
influence the course of TD. In a large TD dataset (n = 1374), Hirschtritt et al found that the median age at onset of TD
was 6 years, with anxiety disorders typically emerging within one year of the TD diagnosis.'> This result may suggest
that the course of tics is related to anxiety. However, the specific impact of anxiety symptoms on the course of TD during
the vulnerable period of childhood and adolescence remains unclear.

Anxiety is characterized by excessive fear or negative emotion disproportionate to the stimulus, leading to impair-

ment or distress.'®!” Studies suggest that approximately 30% to 50% of people with chronic TD are diagnosed with an
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anxiety disorder.'®2° Recent research has increasingly focused on the association between TD and anxiety disorders,*'**

and found that anxiety symptoms may increase the severity of TD.'®!%2!2326 Eddy et al reported that greater severity of
tics and co-occurring psychiatric conditions, including anxiety, correlated with worse quality of life.*” Anxiety symptoms
could significantly moderate the relationship between tic severity and functional impairment.”® Specifically, there is
a stronger relationship between tic severity and functional impairment in patients with higher levels of anxiety symptoms
than in those with lower levels of anxiety symptoms.”® Furthermore, a significant number of young people with TD
identified anxiety reduction as an important treatment outcome, second only to tic improvement.”’ Given the variable
nature of TD in childhood and adolescence, it is crucial to understand how anxiety symptoms influence the relationship
between tic severity and age.

To address this issue, we investigated the impact of anxiety symptoms on the progression of tic severity. The study
included 372 outpatient children (female/male = 77/295) with a diagnosis of TD, aged 6.33 to 15.92 years, from the
Department of Psychiatry, Beijing Children’s Hospital, Capital Medical University, between May 2022 and June 2023.
We assessed tics using the Yale Global Tic Severity Scale (YGTSS) and anxiety symptoms using the Screen for Child
Anxiety Related Emotional Disorders (SCARED). Our hypotheses were: (i) tic severity would be significantly positively
correlated with anxiety symptom severity, and (ii) anxiety symptoms would modulate changes in tic severity with age.

Methods

Participants

Paediatric patients with a formal diagnosis of TD were enrolled from the outpatient clinic of the Department of
Psychiatry, Beijing Children’s Hospital, Capital Medical University, between May 2022 and June 2023. This study
used cross-sectional data, and all data were collected from patients’ assessments at the time of their first outpatient
diagnosis. Inclusion criteria included: (1) children diagnosed with TD by child psychiatrists based on the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) criteria. In line with recent research,*® TD is considered to
be a spectrum, encompassing all DSM-5 defined categories, including provisional/transient tic disorder, persistent/
chronic motor or vocal tic disorder, and Gilles de la Tourette’s syndrome (the presence of both motor and vocal tics
for a duration of at least one year); (2) children were fluent in Chinese, had age-appropriate intelligence, and were able to
complete questionnaires. Exclusion criteria were: (1) because the relationship between anxiety symptoms and TD is
influenced by comorbidities,”* we excluded subjects with obsessive-compulsive disorder, autism spectrum disorder,
schizophrenia, bipolar disorder, pervasive developmental disorder, somatoform disorder, severe brain injury, or other
major mental and physical illnesses (except anxiety disorder and ADHD); (2) children had organic lesions causing tics;
(3) children were taking medication or undergoing psycho-behavioural treatment in the two weeks prior to the assess-
ment; (4) missing or abnormal data on the tic severity or anxiety symptom rating scales. We initially included 645
patients, and after data cleaning, the study included 372 subjects (77 females and 295 males, age range: 6.33—15.92 years;
see Table 1). All the procedures were performed in accordance with the Declaration of Helsinki, and verbal informed
consent was obtained from all participants and their parents/guardians (see ethics statements).

Measures

We collected demographic data, including the clinical characteristics of tic symptoms and a family history of TD. All
participating children completed several assessments, including the Yale Global Tic Severity Scale (YGTSS) and the
Screen for Child Anxiety Related Emotional Disorders (SCARED). Below is a brief overview of each scale and its
relevance to our study:

Yale Global Tic Severity Scale

The severity of tic symptoms was assessed using the Yale Global Tic Severity Scale (YGTSS), developed by Leckman et al.*!
The YGTSS, a semi-structured clinician-rated scale, assesses five dimensions of tic symptoms: number, frequency, intensity,
complexity, and interference. The YGTSS can be divided into motor tics, vocal tics, and impairment scores, and the sum of the
three scores is the total YGTSS score. It provides a total tic score ranging from 0 to 100, reflecting the severity of motor and
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Table | Demographic and Clinical Characteristics of

the Participants

Variables n =372
Demographic characteristics
Age (Year, Median [IQR]) 10.50 [3.06]
Age subgroup, n [%]
6—7 years 6[1.61]
7-8 years 17 [4.57]
8-9 years 60 [16.13]
9-10 years 73 [19.62]
10—11 years 61 [16.40]
11-12 years 53 [14.25]
12—-13 years 36 [9.68]
13—14 years 33 [8.87]
14-15 years 28 [7.53]
15—16 years 5[1.34]
Sex at birth, n [%]
Male 295 [79.30]
Female 77 [20.70]
Clinical characteristics
Tic disorders, n [%]" 372 [100]
Provisional tic disorder 191 [51.34]
Chronic vocal tics 39 [10.48]
Chronic motor tics 97 [26.08]
Tourette’s syndrome 45 [12.10]
Tic severity, Median [IQR]
YGTSS total 22.00 [15.75]
YGTSS motor 13.00 [6.00]
YGTSS vocal 7.00 [11.00]
Anxiety disorders, n [%]" 94 [25.27]
Panic disorder 10 [2.69]
Generalized anxiety disorder 16 [4.30]
Separation anxiety 31 [8.33]
Social phobia 24 [6.45]
Agoraphobia 21 [5.65]
Anxiety Symptoms, Median [IQR]
SCARED total 19.50 [21.00]
SCARED panic 4.00 [7.00]
SCARED generalized 5.00 [6.00]
SCARED separation 4.00 [4.00]
SCARED social 5.00 [5.00]
SCARED school 2.00 [3.00]
ADHD, n [%]* 101 [27.15]

Note: TDiagnosis according to DSM-5.

Abbreviations: IQR, interquartile range, Q3-Ql; YGTSS, Yale
Global Tic Severity Scale; ADHD, Attention-deficit/hyperactive disor-
der; SCARED, Screen for Child Anxiety Related Emotional Disorders.

vocal tics in the previous week, with higher scores indicating greater severity. The Chinese version of the YGTSS has shown
good reliability and validity in the assessment of children and adolescents with TD.*

Screen for Child Anxiety Related Emotional Disorders
The Screen for Child Anxiety Related Emotional Disorders (SCARED) is a widely used self-report questionnaire that
screens for various anxiety disorders in children. It included five distinct domains: panic/somatic anxiety, generalized
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anxiety, separation anxiety, social phobia, and school phobia.**** The SCARED consists of 41 items and total score is
calculated by summing all item responses, with scores ranging from 0 (no anxiety) to 82 (severe anxiety). Psychometric
results suggest that SCARED is a reliable and valid tool for screening for childhood anxiety disorders, particularly in
Chinese clinical settings.>”

Statistical Analysis

To assess the relationship between tic severity and anxiety symptom severity, we calculated Spearman correlation
coefficients between the total and subscale scores for all scales. We then used hierarchical regression models to
understand how tic severity changes with age and whether this is influenced by anxiety symptoms. First, linear regression
models were used to assess the association between tic severity and age, applying this method to YGTSS total, YGTSS
motor, and YGTSS vocal scores. To investigate both linear and quadratic age effects, multiple linear regressions were
performed with age and age squared as predictors, along with covariates such as sex (female 0, male 1) and ADHD
diagnosis (no 0, yes 1). Specifically, the linear model was defined as follows

Y = By + 5, X age+ p, X sex + 3 x ADHD + ¢ (1)
The quadratic model was defined as follows
Y= ﬂo+ﬂ1><age+,52><agez+ﬂ3 x sex 4+ B4 x ADHD + & 2)

The Akaike Information Criterion (AIC) was used to select the model that best fit the data. Second, to determine the
effect of anxiety symptoms on age-related changes in tic severity, variables representing anxiety and its interaction with

age (anxiety x age) were progressively added to the regression model. These steps resulted in the following models:
Y = fBy+p, X age + f, X sex + 3 Xx ADHD + f, X anxiety + 35 X anxiety X age + € 3)
and
Y = py+ p x age+ p, X age? + B; x sex + f, X ADHD + fs x anxiety + fs X anxiety X age + € 4)

The AIC criterion was again used to select the most appropriate model. In cases where the interaction term proved to be
significant, a simple slope analysis was conducted to clarify the moderating effect. This involved repeating the simple
linear regression analysis separately for the high and low anxiety groups. Two grouping strategies are used in this study.
The first strategy utilizes a widely accepted cut-off value of 15,** defining scores above 15 as belonging to the high
anxiety group and scores below 15 as belonging to the low anxiety group. The second strategy is to divide by the
quartiles of participants’ scores to avoid possible bias introduced by the absolute cut-off. Subjects with a SCARED total
score above the 75th percentile are classified as belonging to the high anxiety group, while those with a score below the
25th percentile are classified as belonging to the low anxiety group.

Finally, to investigate the differential impact of various anxiety factors on changes in tic severity with age, we divided
the SCARED scale into its five sub-dimensions: panic/somatic, generalized anxiety, separation anxiety, social phobia, and
school phobia. For significant interaction terms, we conducted simple slope analyses and repeated the linear regression
for high and low anxiety groups, defined by two grouping strategies of each sub-dimension. The significance level was
adjusted for multiple comparisons using the Bonferroni correction method, with a corrected p-value threshold of < 0.05.
All statistical analyses were performed with MATLAB 2019b and SPSS 26.

Results

Relationship Between Anxiety Severity and Tic Severity

We found significant positive correlations within tic scales (YGTSS) and within anxiety scales (SCARED), with
correlation coefficients () ranging from 0.19 to 0.76 and 0.32 to 0.88, respectively (Table 2). Correlations between
total tic and anxiety scores and most subscale scores were also significantly positive, with coefficients ranging from 0.12
to 0.31 (Table 2).
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Table 2 Correlations Matrix for Tic Severity and Anxiety Symptoms

Spearman Correlation YGTSS YGTSS YGTSS SCARED SCARED SCARED SCARED SCARED SCARED
Coefficients Total Motor Vocal Total Panic Generalized Separation Social School
YGTSS total - 0.6 ¥ 0.76%* 0.28%¥* 0.24%%* 0.3 ¥k 0.17%¥% 0.20%¥* 0. gk
YGTSS motor - 0. gk 0.2 ¥ 0.1 4%* 0.20%¥* 0.227¥* 0.12* 0.2 ¥
YGTSS vocal - 0.9 0.16%* 0.2 ¥ 0.065 0.17%#¥* 0.083
SCARED total - 0.86%*+* 0.88*** 0.76%¥* 0.74%%* 0.60%**
SCARED panic - 0.73%¥* 0.577%%* 0.5 %% 0.48%+*
SCARED generalized - 0.58%** 0.56%** 0.47%%*
SCARED separation - 0.47%%* 0.46%+*
SCARED social - 0.327¥*
SCARED school -

Notes: *p < 0.05; **p < 0.01; ***p < 0.001. The strength of correlations is categorized based on Cohen’s guidelines: small (r = 0.10), medium (r = 0.30), and large (r = 0.50),
to facilitate interpretation of effect sizes.
Abbreviations: YGTSS, Yale Global Tic Severity Scale; SCARED, Screen for Child Anxiety Related Emotional Disorders.

Moderating Role of Anxiety on the Changes in Tic Severity with Age

We found that the total scores of YGTSS increased significantly with age (p < 0.001), as detailed in Figure 1 and Table 3.
We further analyzed the YGTSS scale by dividing it into motor and vocal tic scores and found a significant increase with
age in vocal tic severity (p < 0.001), but not in motor tic severity. To explore whether anxiety influences the progression
of tic severity with age, we conducted a hierarchical regression analysis, adding an interaction term between age and the
anxiety score (Table 3). The results showed that anxiety significantly moderated the relationship between YGTSS total
and age (p = 0.0059, ¢ = 2.77). The adjusted R-squared value for the model was 0.169, indicating that 16.90% of the
variance in tic severity was explained by the model. Anxiety was found to significantly moderate the relationship
between YGTSS vocal score and age (p = 0.037, ¢ = 2.09). However, this moderating effect did not remain significant
after applying Bonferroni correction, as the p-value should be less than 0.017.

The significant interaction effect observed suggests that anxiety acts as a moderator of the relationship between tic
severity and age. A simple slope analysis was used to further elucidate this interaction. We first defined the high and low
anxiety groups based on the optimal cut-off score of 15 on the SCARED scale.>* In the high anxiety group, a significant
increase in YGTSS total score with age was observed (p = 2.99 x 10°°, ¢ = 4.79), whereas in the low anxiety group, this
relationship was not significant (p = 0.68, ¢t = 0.42, Figure 2A). To avoid potential bias introduced by the absolute
threshold value, we defined the high and low anxiety groups based on the 75th and 25th percentiles of the participants,

— YGTSS total p <0.001
YGTSS motor p > 0.05
YGTSS vocal p <0.001

Ajusted Values
N
T

0 L] l L] I
5 10 15

Age

Figure | Age effects on the tic severity total scores. The adjusted value denotes the measure of interest corrected for sex and ADHD diagnosis.
Abbreviation: YGTSS, Yale Global Tic Severity Scale.
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Table 3 Hierarchal Regression Model for the Relationship Between Tic Severity and Age Under the Influence of Anxiety Symptoms

Variables YGTSS Total YGTSS Motor YGTSS Vocal
p t Adjusted R? (%) p t Adjusted R? (%) p t Adjusted R? (%)
Stepl 5.73 <0.001 3.04
Age 1.42x 107506 | 490 051 0.66 7.96x 0wk 3.38
Sex 087 | 0.17 0.13 151 0.95 | —0.066
ADHD 051 | —0.65 0.88 | —0.15 0.15 | —1.46
Step2 15.40 5.35 6.38
Age 1.61x10 %k | 38] 081 | —0.24 8.34% |0 ¢ 2.65
Sex 0.24 1.17 0.025% | 225 0.6l 0.51
ADHD 036 | —0.92 075 | -0.32 0.11 -1.62
SCARED 1.84x107'%kk | 656 412107 | 468 1,96 10 ik 3.76
Step3 16.90 5.23 7.69
Age 0.84 | —0.20 046 | —0.75 0.039* 2.07
Sex 0.17 1.36 0.023* | 229 0.46 0.74
ADHD 050 | —0.67 0.80 | —0.25 0.13 | —1.54
SCARED 0.14 | —1.48 088 | 0.16 0.19 | -1.32
SCARED x Age 0.0059% | 2.77 046 | 074 0.037* 2.09

Notes: *p < 0.05; **p < 0.01; ***p < 0.001.
Abbreviations: ADHD, Attention-deficit/hyperactive disorder; YGTSS, Yale Global Tic Severity Scale; SCARED, Screen for Child Anxiety Related Emotional Disorders.

respectively. In the high anxiety group, we observed a significant increase in the total YGTSS score with age (p = 1.82 x
107, t = 4.55). Conversely, this relationship was not significant in the low anxiety group (p = 0.49, ¢ = 0.69), as shown in
Figure 2B. These results suggest that high anxiety is associated with an increased in tic severity with age, whereas low
anxiety is associated with a more stable tic severity that does not change significantly with age. Furthermore, the
moderating effect of anxiety on the relationship between tic severity and age is independent of the grouping strategies of
anxiety symptoms used.

Moderating Effects of Anxiety is Different in Each Subscale

To determine which anxiety subscales most significantly influence changes in tic severity with age, we analyzed the five
dimensions of the SCARED scale. These dimensions include panic/somatic, generalized, separation, social, and school
phobia anxiety symptoms. Each subscale score was independently entered into the linear regression model. We found that
generalized, separation, and school phobia anxiety significantly influenced changes in tic severity with age (all ps < 0.05),
explaining 16%, 15.6% and 10.9% of the variance, respectively. However, only the moderating effect of separation
anxiety could pass Bonferroni correction (p < 0.01). In contrast, panic/somatic and social anxiety did not show

A B

SCARED: cutoff value of 15 SCARED: quartile

s —— High Anxiety ® — High Anxiety
9 60 e ", e p <0.0001,t=4.79 o 45 . . p <0.0001, t=4.55
a . . Low Anxiety @ : o Low Anxiety
[ = = - = =
5 40- p=0.68t=042 o 304 p=0.49 t=0.69
> >
3 3
g 207 % 154
3, 3,
o T
<o . . . . <o .

5 10 15 5

Age Age

Figure 2 Anxiety symptoms moderate the relationship between tic severity and age. (A) Simple slope analysis for grouping with cutoff value of 15. (B) Simple slope analysis
for grouping with 75th and 25th percentile of the participants. The adjusted value denotes the measure of interest corrected for sex and ADHD diagnosis.
Abbreviations: YGTSS, Yale Global Tic Severity Scale; SCARED, Screen for Child Anxiety Related Emotional Disorders.
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Table 4 Linear Regression Model for the Relationship Between Tic Severity and Age Under the Influence of Different Anxiety

Subscales
Variables YGTSS Total Variables YGTSS Total
p t Adjusted R? (%) P t Adjusted R? (%)

Anxiety—>SCARED total 16.90 Anxiety—>SCARED separation 15.60

Age 0.84 | -0.20 Age 0.92 | —0.11

Sex 0.17 1.36 Sex 039 | 085

ADHD 0.50 | —0.67 ADHD 044 | -0.78

Anxiety 0.14 | —1.48 Anxiety 0.0015% | =3.19

Anxiety x Age 0.0059** | 2.77 Anxiety X Age 3.20x 1075066 | 42|
Anxiety—>SCARED panic 13.60 Anxiety—>SCARED social 9.62

Age 0.17 1.38 Age 0.21 1.25

Sex 0.38 | 0.89 Sex 0.37 | 0.90

ADHD 0.55 | —0.60 ADHD 0.63 | -0.49

Anxiety 0.52 | —0.64 Anxiety 043 | —0.78

Anxiety x Age 0.077 1.77 Anxiety X Age 0.12 1.57
Anxiety—>SCARED generalized 16.00 Anxiety—>SCARED school 10.90

Age 0.79 | 027 Age 0.19 1.32

Sex 0.20 1.29 Sex 048 | 071

ADHD 0.37 | -0.90 ADHD 0.50 | —0.68

Anxiety 0.37 | -091 Anxiety 0.095 | —1.68

Anxiety x Age 0.032% | 2.16 Anxiety X Age 0.012* 2.54

Notes: *p < 0.05; **p < 0.01; ***p < 0.001.
Abbreviations: ADHD, Attention-deficit/hyperactive disorder; YGTSS, Yale Global Tic Severity Scale; SCARED, Screen for Child Anxiety Related Emotional Disorders.

a significant effect (Table 4). Simple slope analyses for separation anxiety still considered two grouping strategies. Using
a cut-off of 4,>* we observed a significant increase in total YGTSS score with age in the high anxiety group (p = 1.65 x
1077, t = 5.48), whereas this relationship was weaker in the low anxiety group (p = 0.024, ¢ = 2.28, Figure 3A). Using
quartiles for group participants, we found that in the high anxiety group, there was a significant increase in total YGTSS
score with age (p = 3.57 x 107, t=5.51), whereas in the low anxiety group the relationship was not significant (p = 0.24,
t = 1.18, Figure 3B). These results suggest that the effect of anxiety on the relationship between tic severity and age

varies across subscales, with separation anxiety making a notable contribution.

A
SCARED separation: cutoff value of 4

W

SCARED separation: quartile

] — 60+ . .
g High Anxiety .g 2 - — High Anxiety
2 607 o p <0.0001, t = 5.48 S . i p < 0.0001, t = 5.51
g — Low Anxiety g 40- ’ Low Anxiety
O 404 p=0.0241t=228 o p=0241t=1.18
> >
2 I
% 20 2 207
=) 3
g g
0 v T T T T 0 T T
5 10 15 5 10 15
Age Age

Figure 3 Separation anxiety moderate the relationship between tic severity and age. (A) Simple slope analysis for grouping with cutoff value of 4. (B) Simple slope analysis
grouping with 75th and 25th percentile of the participants. The adjusted value denotes the measure of interest corrected for sex and ADHD diagnosis.
Abbreviations: YGTSS, Yale Global Tic Severity Scale; SCARED, Screen for Child Anxiety Related Emotional Disorders.
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Discussion
This study uniquely demonstrates how anxiety symptoms modulate the relationship between tic severity and age. Our
analysis revealed a significant positive correlation between tic severity and anxiety severity in children and adolescents.
In particular, tic severity increased linearly with age and was moderated by the presence of anxiety symptoms. In the high
anxiety group, tic severity increased significantly with age, mirroring the overall trend. Conversely, in the low anxiety
group, tic severity remained relatively stable regardless of age. We also found that specific anxiety sub-dimensions had
varying degrees of influence on changes in tic severity with age, with separation anxiety making a notable contribution.

Our findings suggest a linear increase in tic severity with age, particularly for vocal tics. This escalation may be due
to an increase in comorbidities over time, leading to greater overall impairment. Previous research suggests that tics
typically begin between 4 and 6 years of age and peak in severity between 10 and 12 years of age.®’ In contrast to these
earlier studies, our results did not show a significant quadratic relationship between tic severity and age, which is
consistent with more recent findings.® ' However, our study does not imply that tic severity does not decrease after the
age of 12 in children with anxiety. It is important to note that this is a group-level analysis, and changes at the individual
level cannot be fully inferred from group-level findings. These differences in conclusions highlight the need for a larger
and more diverse population to provide a more accurate picture of the course of tic severity.

In recent years, there has been increasing research into comorbid anxiety symptoms in people with TD.?! On the one
hand, anxiety disorders are more commonly diagnosed in people with TD than other emotional problems such as
depression.'?2%#3-2%36 On the other hand, the anxiety of people with tics can sometimes be more distressing than the tics

h, 18,19,23,24

themselves.?*” Consistent with previous researc our study found a significant positive correlation between

both total and subscale anxiety scores and tic severity. However, a few studies show inconsistencies, reporting no

relationship between anxiety and tic severity,>®

possibly due to different methodologies and small sample sizes (n <
50), highlighting the need for consistent research approaches and increased statistical power. Our study underscores that
anxiety symptoms not only reflect the tic severity, but also significantly influence the relationship between tic severity
and age. We observed that tic severity escalated significantly with age in the high anxiety group, whereas tic severity
remained relatively stable in the low anxiety group. Our study is supported by the study by Kim et al, who followed 39
patients with provisional TD over 12 months and found that those with an anxiety disorder had more severe total tic
scores.>” This is consistent with our findings and further suggests a relationship between the course of TD and anxiety.

Although the precise pathophysiological mechanisms underlying the effect of anxiety on tic severity are not fully understood,
preliminary evidence suggests a relationship. Behaviorally, the association between anxiety and tics may be due to efforts to
suppress tics.'>*° Patients often actively inhibit tics, and failure to adequately control them may exacerbate anxiety and lead to
more severe tics. Patients with TD may also experience anxiety due to fear of social reactions, stigma and bullying from society,
social isolation and bullying. Another aspect is abnormal interoceptive awareness, where patients have difficulty accurately
identifying and responding to internal bodily cues, potentially exacerbating the co-occurrence of anxiety and premonitory urges
in TD.*'** At a neurobiological level, TD and anxiety may share common brain circuits and neurochemical pathways.***” This
overlap, particularly in the basal ganglia and cortico-striato-thalamocortical loops, which are involved in both motor control and
emotional processing, suggests a mutual influence. In addition, increased reactivity in the hypothalamic-pituitary-adrenal axis
and altered levels of corticotropin-releasing factor, which have been implicated in the expression of tics,*® may also influence
anxiety symptoms.*>** Despite these findings, direct evidence on the neural mechanisms linking anxiety and TD is still lacking.

49.30 132 may be crucial in elucidating this relationship.

Future research using neuroimaging and animal models

Our study found that different anxiety subscales variably influence changes in tic severity with age. Specifically, separation
anxiety, generalized anxiety, and school phobia showed relatively significant contributions, whereas panic/somatic and social
anxiety did not. Separation anxiety, which assesses a preference to stay close to family or a fear of being alone, was found to be
more prevalent in adolescents with TD than in participants without TD.?* It was identified as a strong predictor of tic severity,
consistent with previous studies.'®**® The significant interaction of separation anxiety in our study suggests its crucial role in
exacerbating tic severity with age, underscoring the need for parental support and care for children with TD. Generalized
anxiety disorder, characterized by widespread worries about daily life and work, was found to significantly influence tic

severity. This aligns with previous research suggesting that daily life stressors, including anxiety, can exacerbate tics.” School,
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as the primary social and educational environment for children, can be a significant stressor. Peer ridicule and special treatment
by teachers can contribute to psychological distress, leading to increased efforts to suppress tics and subsequent stress or
anxiety about attending school.

Children with TD often face underdiagnosis or undertreatment of their anxiety symptoms.?**>* Our results should alert
clinicians to the critical need to manage anxiety symptoms in children with TD. First, it is essential to increase the
screening for anxiety disorders, according to established practice guidelines,” to ensure that every child with TD is
assessed for potential anxiety symptoms. Second, there is the possibility that treating anxiety first may reduce tic severity
or increase the effectiveness of subsequent tic treatment. Studies have shown that the presence of an anxiety disorder may
reduce the response to tic-specific treatments.’® Improving emotion regulation has been shown to be beneficial in
alleviating tics.”” Future work needs to evaluate the effects of treating anxiety on tic symptoms.

There are several key issues and directions for further research. First, the current study is only based on cross-sectional
studies only and lacks longitudinal data. We cannot further capture the dynamic relationship between anxiety and tics as a result
of treatment or natural changes. Although cross-sectional data may still reflect certain longitudinal characteristics,”® future
research should aim to increase the longitudinal sample size. Second, our current subjects were drawn from clinical settings,
which may limit generalizability. Future studies should include patients from community settings, such as schools or residential
areas, to broaden our conclusions. Third, although our study used a moderation model to explore the relationship between
anxiety and tic changes, future research should use more sophisticated approaches, such as multivariate models®® or machine

. 2
learning models,**°

to further elucidate these dynamics. Furthermore, due to the limitations of our data, we only assessed the
relationship between a single anxiety symptom and tic severity. In the future, more attention could be paid to investigating tics in
children with comorbid multiple anxiety disorders. Fourth, we have focused on children and adolescents, a critical period for the
onset and treatment of most mental disorders.”> However, the impact of anxiety symptoms on the lifespan trajectory of tic
severity remains an area for future investigation. In particular, some studies suggest that TD may manifest as early as infancy,**
but the concurrent anxiety status during this period remains unclear. The development of effective assessment tools to evaluate
internalizing disorders (eg, anxiety) in younger children is of paramount importance. Finally, this study primarily considers self-
reported anxiety symptoms and clinician-rated tic severity. Future research may benefit from incorporating parent-reported data

to avoid bias in the rating of scales and to provide a more comprehensive understanding of anxiety and tic symptoms.

Conclusion

This study shows that anxiety, especially separation anxiety, significantly influences the relationship between tic severity
and age. In the high anxiety group, tic severity increased significantly with age, mirroring the overall trend. Conversely,
in the low anxiety group, tic severity remained relatively stable regardless of age. These findings highlight the importance
of considering anxiety in the effective management of TD.
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