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Abstract

Background. Tic disorders (TD) are common neuropsychiatric conditions in children, often accompanied
by anxiety and depression. Understanding the associated risk factors and their relationship with TD severity
is crucial for effective management.

Objectives. This study investigated risk factors for TD in children and examined the relationship between
anxiety, depression, and TD severity using the Screen for Child Anxiety Related Emotional Disorders (SCARED)
and the Depression Self-Rating Scale for Children (DSRSC).

Materials and methods. A prospective observational study was conducted in 113 children diagnosed
with TD at our hospital between January 2021 and January 2024. Tic disorder severity was evaluated using
the Yale Global Tic Severity Scale (YGTSS). Anxiety and depression were assessed using SCARED and DSRSC,
respectively. Demographic and clinical characteristics, as well as comorbidities, were analyzed using IBM
SPSSv. 25.0.

Results. Children with TD had significantly higher rates of febrile seizures, family history of TD, recurrent
respiratory infections, and comorbid attention-deficit/hyperactivity disorder (ADHD). Patients with TD
exhibited elevated SCARED and DSRSC scores, which were significantly higher in moderate-to-severe cases
than in mild cases. Yale Global Tic Severity Scale scores were positively correlated with both SCARED and
DSRSC scores. Key risk factors associated with TD and with moderate-to-severe disease included a family
history of TD, higher DSRSC scores, and higher SCARED scores.

Conclusions. This study highlights a strong association between anxiety, depression, and TD severity, with
higher SCARED and DSRSC scores observed in moderate-to-severe cases. A family history of TD, along with
elevated anxiety and depression scores, were identified as significant associated factors. These findings
underscore the importance of psychological assessment and tailored interventions for children with TD.
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Emotional Disorders (SCARED), Depression Self-Rating Scale for Children (DSRSC)
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Highlights

factors for pediatric TD.

-

of pediatric TD, particularly in high-risk children.

+ Anxiety and depression are significantly elevated in children with tic disorders (TD) and strongly correlate with
tic severity, as measured using YGTSS, SCARED, and DSRSC scores.
« Family history of TD, comorbid ADHD, febrile seizures, and recurrent respiratory infections emerge as key risk

+ Children with moderate-to-severe TD show markedly higher anxiety and depression scores compared with those
with mild symptoms, highlighting a severity-dependent psychological burden.
Routine psychological screening and early mental health interventions are essential for effective management

Background

Tic disorders (TD) are neurodevelopmental conditions
characterized by involuntary, repetitive motor and vocal
tics. These disorders typically emerge in childhood and
can significantly affect a child’s daily functioning and
quality of life.? Tic disorders usually manifest between
the ages of 3 and 8 years (mean age at onset: 67 years),
with 93% of patients experiencing symptom onset
by the age of 10 years.? Tic disorders affect approx. 6%
of children, making them relatively common in pediatric
populations.* Understanding the prevalence of TD and
the factors associated with its development is crucial for
identifying vulnerable populations and developing effec-
tive intervention strategies.

Children with TD often experience anxiety and depres-
sive symptoms, which may exacerbate sleep disturbances
and impair daily functioning.>~” Another study reported
that 1 in 10 adolescents with chronic TD experienced sui-
cidal thoughts and/or behaviors, which were associated
with more complex clinical presentations and frequently
occurred during periods of anger and sadness.? Version 2.0
of the European Tourette Syndrome Guidelines recom-
mends psychoeducation as a first-line intervention across
all levels of symptom severity.” Anxiety and depressive
symptoms may further increase the burden experienced
by children with TD; therefore, investigating these psy-
chological profiles may contribute to improved clinical
management.

Objectives

This study aimed to examine risk factors for TD and
to explore how anxiety and depression scores (Screen for
Child Anxiety Related Emotional Disorders (SCARED)
and the Depression Self-Rating Scale for Children
(DSRSQ)) relate to TD severity. Through this research,
we hope to gain a deeper understanding of the etiology
and development of TD.

Materials and methods
Study population

This prospective observational study included 113 chil-
dren with TD who sought medical care at our hospital
between January 2021 and January 2024. All patients with
TD (aged 3-18 years) met the Diagnostic and Statistical
Manual of Mental Disorders, 5t edition (DSM-5),1° criteria
for TD. Exclusion criteria were as follows: 1) transient tic
disorder (TTD); 2) comorbid neurological or psychiatric
disorders (e.g., Huntington’s disease, epilepsy, intellectual
disability, or schizophrenia); 3) severe infections, hema-
tological disorders, malignancies, or abnormal cardiac,
hepatic, or renal function; and 4) comorbid autoimmune
diseases.

The exclusion of children with autoimmune diseases was
intended to minimize potential confounding, as conditions
such as pediatric autoimmune neuropsychiatric disorders
associated with streptococcal infections (PANDAS) have
been linked to neuropsychiatric symptoms, including tics,
and could introduce additional variability into the results.
By excluding these cases, we aimed to ensure a more ho-
mogeneous study population and to focus on the clinical
and psychological factors associated with TD.

Additionally, 100 healthy children were included as con-
trols, matched to the TD group by age and sex. The con-
trol group had normal liver and renal function, and chest
X-ray findings were within the normal range. None
of the control children had neurological or psychiatric
disorders. Informed consent was obtained from the par-
ents or legal guardians of all participants prior to enroll-
ment. The study was approved by the Ethics Committee
of The First Affiliated Hospital of Heilongjiang University
of Traditional Chinese Medicine (Harbin, China; approval
No. 2021034).

Assessment measures
The severity of TD in all children was assessed using

the Yale Global Tic Severity Scale (YGTSS). We used only
the 2"d section of the YGTSS (motor/vocal tic severity,
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score range: 0—-50) to quantify tic severity, classifying
scores of 020 as mild and 21-50 as moderate-to-severe.!!
We selected this section because it provides a standardized
quantitative assessment of tic severity, whereas the 15 sec-
tion serves primarily as a symptom checklist without con-
tributing to severity scoring, and the 3" section reflects
overall functional impairment, which may be influenced
by subjective factors such as individual coping strategies
and environmental support.

Additionally, SCARED was used to assess anxiety symp-
toms in all participants,!? and DSRSC was used to assess
depressive symptoms.!* SCARED is a 41-item question-
naire designed to assess anxiety symptoms in children.
Each item is rated on a 3-point Likert scale (0 = not true
or hardly ever true; 1 = somewhat true or sometimes true;
2 = very true or often true), yielding a total score ranging
from O to 82. Higher total scores indicate greater anxi-
ety symptom severity. The DSRSC consists of 18 items,
each scored as 0 (no), 1 (sometimes), or 2 (yes), with to-
tal scores ranging from 0 to 36; higher scores indicate
greater depressive symptom severity. The Chinese versions
of the YGTSS, SCARED, and DSRSC have been validated
in previous studies, demonstrating good internal consis-
tency, test—retest reliability, and construct validity in Chi-
nese pediatric populations.!4-16

Clinical data collection

In addition to the psychological scales, demographic
and clinical data were collected for all study participants.
Variables included age, body mass index (BMI), sex, tic
subtype (Tourette syndrome (TS), chronic tic disorder
(CTD), and chronic vocal tic disorder), preterm birth, ce-
sarean delivery, primiparity, history of febrile seizures,
allergies, asthma, sleep disorders, attention-deficit/hy-
peractivity disorder (ADHD), family history of TD, and
recurrent respiratory infections.

Statistical analyses

Data analysis was performed using IBM SPSS v. 25.0
(IBM Corp., Armonk, USA). The normality of data distri-
bution was assessed using the Kolmogorov—Smirnov test.
Normally distributed data are presented as mean + stan-
dard deviation (SD), whereas non-normally distributed
data are presented as median (range). Group comparisons
were performed using Student’s t-test or the Mann—Whit-
ney U test, as appropriate. Differences in proportions were
assessed using the x? test. Pearson correlation analysis was
used to examine associations between YGTSS scores and
SCARED/DSRSC scores. Heteroskedasticity was assessed
using the Breusch—Pagan test. All clinically relevant vari-
ables were included in the logistic regression models based
on theoretical considerations to comprehensively evaluate
their associations with TD and its severity. A p < 0.05 was
considered statistically significant.

Results
Basic characteristics of study participants

This prospective observational study included 113 chil-
dren with TD (TD group) and 100 healthy controls
(HC group). The TD group was categorized as follows:
TS (n = 65, 57.5%), chronic motor tic disorder (n = 32,
28.3%), and chronic vocal tic disorder (n = 16, 14.2%).
In the TD group, the median age was 10 years (range: 3—18),
59.3% were boys, and the mean BMI was 18.29 +2.30 kg/m?.
In the HC group, the median age was 9 years (range: 3-18),
59.0% were boys, and the mean BMI was 18.10 +2.12 kg/m?2.
There were no significant differences between the 2 groups
in terms of age, sex, or BMI. However, comparison of de-
mographic and clinical characteristics revealed that the TD
group had significantly higher proportions of children with
a history of febrile seizures, a family history of TD, recur-
rent respiratory infections, and comorbid ADHD (Table 1).

Higher SCARED and DSRSC scores indicating
increased anxiety- and depression-related
symptoms in TD children

Subsequently, we compared SCARED and DSRSC
scores between the 2 groups. As shown in Fig. 1, children
in the TD group had significantly higher SCARED and
DSRSC scores than those in the HC group. These findings
suggest that children with TD are more likely to exhibit
anxiety- and depression-related symptoms.

Comparison of clinical characteristics in tic
disorder children with different severity

Children with TD were stratified into a mild group
(YGTSS score: 020, n = 61) and a moderate-to-severe group
(YGTSS score: 21-50, n = 52) based on YGTSS scores. Com-
parison of the clinical characteristics between the 2 groups
revealed that the moderate-to-severe group had a signifi-
cantly higher proportion of children with a family history
of TD than the mild group (Table 2). The Breusch—Pagan test
indicated no evidence of heteroskedasticity. Pearson’s cor-
relation analysis demonstrated positive correlations between
YGTSS scores and both DSRSC and SCARED scores (Fig. 2).

Binary logistic regression analysis
in tic disorder children

To explore factors associated with TD in children,
we performed a multivariable binary logistic regression
analysis. As shown in Table 3, the Hosmer—Lemeshow test
(p = 0.864) and Nagelkerke R? (0.671) indicated good model
fit. Logistic regression analysis showed that a history of fe-
brile seizures, a family history of TD, higher DSRSC scores,
and higher SCARED scores were independently associated
with TD.
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Variable TD,n=113 HC,n=100 Z/t (df)/y? (df)
Age [years] 10 (3-18) 9(3-18) —0.183 0.855
Sex, male (%) 67 (59.3) 59 (59.0) 0.002 (1) 0.966
BMI [kg/m?] 18.29 £2.30 18.10£2.12 0.876 (211) 0.197
Tic types

Tourette syndrome, n (%) 65 (57.5)

Chronic motor tic disorder, n (%) 32(28.3) -

Chronic vocal tic disorder, n (%) 16 (14.2)

Premature, n (%) 15(13.3) 13(13.0) 0.004 (1) 0.950
Cesarean section delivery, n (%) 61 (53.9) 50 (50.0) 0.305 (1) 0.581
Second child and above, n (%) 18(15.9) 14 (14.0) 0.142 (1) 0.706

Medical history

Febrile seizures, n (%) 46 (40.7) 11(11.0) 20482 (1) <0.001
Allergies, n (%) 27 (239 19 (19.0) 0.713 (1) 0.399
Asthma, n (%) 18 (15.9) 14 (14.0) 0.142 (1) 0.706
Sleep disorders, n (%) 30 (26.5) 26 (26.0) 0.006 (1) 0.936
ADHD, n (%) 27 (23.9) 5(5.0) 14.448 (1) <0.001
Tic disorders, n (%) 40 (35.4) 4(4.0) 31.164 (1) <0.001
Recurrent respiratory infections, n (%) 32(28.3) 9(9.0) 12276 (1) <0.001

TD - tic disorders; BMI — body mass index; ADHD - attention deficit hyperactivity disorder; df — degrees of freedom; HC — healthy controls. Continuous
data presented non-normal distribution and expressed by median (minimum to maximum) and analyzed using Mann-Whitney U test. Continuous data
presented normal distribution and were expressed by mean + standard deviation (SD) and analyzed with Student’s t test; x* test was used for rates.

Table 2. Clinical characteristics in tic disorder (TD) children with different severity

Variable YGTSS score 0-20, n = 61 YGTSS score 21-50, n = 52 Z/t (df)/x2 (df) p-value
Age [years] 10 (3-18) 9.5 (3-18) -1.115 0.265
Sex, male (%) 36 (59.0) 31(59.6) 0.007 (1) 0.931
BMI [kg/m?] 18.03 £2.29 18.59 £2.28 -1.297 (111) 0.197
Premature, n (%) 7(11.5) 8(15.4) 0.653 (1) 0419
Cesarean section delivery, n (%) 33 (54.1) 28 (48.1) 0.720 (1) 0.396
Second child and above, n (%) 9(14.8) 9(17.3) 0.232(1) 0.630
Medical history
Febrile seizures, n (%) 21 (344) 25 (48.1) 3.328(1) 0.061
Allergies, n (%) 12(19.7) 15 (28.8) 2.254 (1) 0.133
Asthma, n (%) 8(13.1) 10(19.2) 1374 (1) 0.241
Sleep disorders, n (%) 14 (23.0) 16 (30.8) 1.547 (1) 0214
ADHD, n (%) 12(19.7) 15(28.8) 2.254(1) 0.133
Tic disorders, n (%) 13(21.3) 27 (51.9) 19.922 (1) <0.001
Recurrent respiratory infections, n (%) 15 (24.6) 17 (32.3) 1.501 (1) 0.221

BMI - body mass index; ADHD - attention deficit hyperactivity disorder; YGTSS - Yale Global Tic Severity Scale. Continuous data presented non-normal
distribution and were expressed by median (minimum to maximum) and analyzed using Mann-Whitney U test. Continuous data presented normal
distribution and were expressed by mean + standard deviation (SD) and analyzed with Student's t test; x* test was used for rates.

Binary logistic regression analysis
in moderate/severe tic disorder children
Lastly, we performed a multivariable binary logis-

tic regression analysis to investigate factors associ-
ated with moderate-to-severe TD compared with

mild TD. As shown in Table 4, the Hosmer—Lemeshow
test (p = 0.519) and Nagelkerke R? (0.419) indicated
good model fit. Logistic regression analysis showed
that a family history of TD, higher DSRSC scores, and
higher SCARED scores were independently associated
with moderate-to-severe TD.
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Fig. 1. Screen for Child Anxiety Related Emotional Disorders (SCARED) and Depression Self-Rating Scale for Children (DSRSC) scores in all participants.
In the boxplots, data are presented as median (minimum to maximum). Comparisons between the 2 groups were performed using Student’s t-test. All data
were normally distributed

TD - tic disorders; HC - healthy controls.

Fig. 2. Scatterplots of Yale Global Tic Severity Scale (YGTSS) scores vs Depression Self-Rating Scale for Children (DSRSC) scores and Screen for Child Anxiety
Related Emotional Disorders (SCARED) scores. Both scatterplots include regression lines fitted to the data (orange lines) with corresponding confidence
intervals (blue dots)

Table 3. Logistic regression of risk factors for tic disorder (TD) children

Variables 95% Cl

Age (per 1-year increase) 0.276 0.975 0.889-1.070 0.600
Sex 0.285 0.785 0.322-1.910 0.593
BMI (per 1-unit increase) 0.554 0.928 0.764-1.129 0.457
Premature 0.669 0.581 0.158-2.135 0413
Cesarean section delivery 0.288 0.794 0.341-1.847 0.592
Second child and above 0486 0.673 0.221-2.050 0486
Febrile seizures 10.533 0.147 0.046-0.468 0.001

Allergies 0.208 1.287 0.436-3.801 0.648
Asthma 0.001 0.983 0.236-4.093 0.981

Sleep disorders 0.012 1.061 0.370-3.040 0912
ADHD 2.169 0.305 0.063-1.481 0.141

Tic disorders 8440 0.125 0.031-0.508 0.004
Recurrent respiratory infections 3.827 0.302 0.091-1.002 0.050
SCARED scores (per 1-point increase) 34.566 0.789 0.729-0.854 <0.001
DSRSC scores (per 1-point increase) 6.775 0.797 0.671-0.945 0.009

BMI — body mass index; ADHD - attention deficit hyperactivity disorder; OR — odds ratio; 95% Cl — 95% confidence interval; SCARED - Screen for Child
Anxiety Related Emotional Disorders; DSRSC - Depression Self-rating Scale for Children.
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Table 4. Logistic regression of risk factors for moderate/severe tic disorder (TD) children

ald
Age (per 1-year increase) 1.042
Sex 0.628
BMI (per 1-unit increase) 2344
Premature 0.036
Cesarean section delivery 0.029
Second child and above 0917
Febrile seizures 0811
Allergies 0.001
Asthma 0.005
Sleep disorders 0.066
ADHD 0.022
Tic disorders 9.305
Recurrent respiratory infections 0429
SCARED scores (per 1-point increase) 7636
DSRSC scores (per 1-point increase) 9.383

0.946 0.849-1.053 0.307
1.527 0.536-4.347 0428
1.182 0.954-1.465 0.126
0.859 0.179-4.118 0.850
0918 0.342-2.464 0.866
1.867 0.520-6.702 0.338
1.581 0.584-4.281 0.368
1.001 0.324-3.095 0.999
0.948 0.225-3.994 0.942
0.855 0.259-2.823 0.798
1.093 0.343-3.477 0.881
5.302 1.815-15.454 0.002
1.429 0419-4.166 0513
1.118 1.033-1.211 0.006
1.313 1.103-1.562 0.002

BMI - body mass index; ADHD — attention deficit hyperactivity disorder; OR — odds ratio; 95% Cl — 95% confidence interval; SCARED - Screen for Child
Anxiety Related Emotional Disorders; DSRSC — Depression Self-rating Scale for Children.

Discussion

Patients with TD often experience subjective discom-
fort, social challenges, and emotional difficulties. These
problems are particularly prominent in moderate-to-
severe TD.'!8 Therefore, in this study, we investigated
factors associated with TD and with moderate-to-severe
TD. Logistic regression analysis showed that a family his-
tory of TD, higher DSRSC scores, and higher SCARED
scores were independently associated with both TD and
moderate-to-severe TD.

Previous studies have explored differences in clinical
characteristics between patients with TD and typically de-
veloping children. Hesapgioglu et al. reported that higher
parental education was associated with a lower likelihood
of TD, whereas a family history of psychiatric disorders
was associated with a higher likelihood.!® Brander et al.
reported a significant association between TS and CTD
and metabolic and cardiovascular diseases.?? Mataix-Cols
et al. suggested that comorbid psychiatric disorders and
a family history of psychiatric disorders during childhood
were major factors associated with the persistence of TD
into adulthood.?

Studies investigating the mechanisms underlying TD
have suggested that regulation of gene expression through
non-coding variants, particularly in cortico-striatal cir-
cuits, may represent a fundamental biological mecha-
nism underlying TDs,?? supporting the hypothesis that
genetic factors play an important role in TD. Consistent
with these findings, our study identified a family history
of TD as a factor independently associated with both TD
and moderate-to-severe TD, in agreement with the clinical
findings reported by Ueda et al.! and Abdulkadir et al.??

In addition to traditional clinical factors, we found that
DSRSC and SCARED scores were significantly higher
in patients with TD, with further increases observed
in those with moderate-to-severe TD. These findings
suggest that patients with TD are more likely to exhibit
anxiety- and depression-related symptoms, which are
also associated with tic severity. Research has shown that,
compared with control groups, adolescents with TD have
higher scores on the Multidimensional Anxiety Scale for
Children (MASC).”> Another study reported that, in ado-
lescents with CTD, suicidal thoughts and/or behaviors
were significantly associated with tic severity, and Child
Behavior Checklist (CBCL) anxiety/depression scores me-
diated the relationship between tic severity and suicidal
thoughts and behaviors.® A recent study on 85 children and
adolescents with CTD also found that those with comorbid
obsessive-compulsive disorder (OCD) and/or ADHD had
a higher prevalence of depressive symptoms compared
to those without comorbidities, and that depression played
an important moderating role in the relationship between
tic severity and functional impairment.!! Furthermore,
a review by Hibberd et al. reported that patients with TS
or CTD had a higher prevalence of sleep difficulties, with
the highest risk observed in those with comorbid anxiety
disorders.?* In our study, multivariable logistic regression
analysis also showed that higher DSRSC and SCARED
scores were independently associated with both TD and
moderate-to-severe TD.

While our study identified significant correlations be-
tween tic severity (YGTSS scores) and anxiety/depression
severity (SCARED and DSRSC scores), it is important
to consider the potential bidirectional nature of these rela-
tionships. On the one hand, the chronic and often socially
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stigmatizing nature of tics may lead to increased anxiety
and depression in children with TD, particularly as they
face challenges in social interactions and daily function-
ing. On the other hand, pre-existing anxiety and depres-
sion may exacerbate tic severity by increasing stress levels,
which are known to worsen tic symptoms.?> Although our
study design does not allow causal inferences, future lon-
gitudinal studies are needed to determine whether anxiety
and depression are consequences of tic severity or factors
contributing to tic severity. Understanding the direction
of these relationships will be crucial for developing tar-
geted interventions addressing both TD and associated
psychological symptoms.

Given the high rates of anxiety and depression observed
in children with TD, clinicians should adopt a multidisci-
plinary treatment approach that integrates both medical
and mental health support. Early identification of psy-
chiatric comorbidities, such as anxiety and depression,
is important for effective management. Clinicians should
consider regular psychological screening for children
with TD and provide targeted interventions, including
cognitive-behavioral therapy (CBT), to address mental
health concerns. Additionally, clinicians should be mind-
ful of the potential psychiatric side effects of medications
prescribed for TD, as these may contribute to or exac-
erbate psychological symptoms. By adopting a holistic
and proactive approach, clinicians may better support
the mental wellbeing of children with TD and improve
their overall quality of life.

Limitations of the study

There are several limitations to this study. A major
limitation is the potential confounding effect of psycho-
tropic medications commonly used in TD management,
as these may independently influence anxiety and de-
pression scores. Medications prescribed to manage TD
symptoms, particularly psychotropic drugs such as dopa-
mine antagonists, may affect psychiatric comorbidities,
including anxiety and depression, and these effects were
not fully accounted for in our analysis. Second, this was
a single-center study with a relatively small sample size,
which may limit the generalizability of our findings. Third,
we did not perform subgroup analyses to further classify
patients with TD, which might have provided additional
insights into specific clinical patterns or associated factors.
Future research should aim to control for these potential
confounders and further explore the mechanisms con-
tributing to psychological distress in children with TD.

Conclusions

Our study demonstrated significantly higher DSRSC
and SCARED scores in patients with TD, with further
increases observed in those with moderate-to-severe TD.

Additionally, a family history of TD, higher DSRSC scores,
and higher SCARED scores were identified as factors in-
dependently associated with both TD and moderate-to-
severe TD.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.18236518. The package contains
the following files:

Supplementary Table 1. Normality tests for the data pre-
sented in Table 1, Table 2, and Fig. 1.

Supplementary Table 2. Breusch—Pagan test results for
the data in Fig. 2.

Supplementary Table 3. Assumption tests for the logistic
regression analyses in Table 3 and Table 4.
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