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distressing, especially if severe or unpredictable. Tics 
also interfere with activities of daily living. Furthermore, 
patients with tic disorders have significantly higher prob-
abilities of co-occurring attention-deficit hyperactivity 
disorder (ADHD), obsessive-compulsive disorder (OCD), 
and depression than the general population, which can 
further complicate the difficulties they face. Multiple 
trials have attempted to identify efficacious treatment 
options for the disease [2].

Tic disorders typically begin during childhood and 
may last for less than a year or even an entire lifetime. 
Neither the exact cause nor the factors determining 
the disease duration are known, but they are believed 
to involve a combination of various genetic and envi-
ronmental factors. Previous studies have supported the 

Background
Tic disorder is a neuropsychiatric condition affecting 
almost 3% of all children [1]. It is characterized by sud-
den, brief, repetitive, and involuntary movements or 
sounds, called tics, that involve various body parts. 
Although tics are not inherently harmful, they can be 
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Abstract
Tic disorder is a neuropsychiatric condition that affects 3% of all children and can have a significant impact on 
their quality of life. Cytokines, interferons, interleukins, lymphokines, and tumor necrosis factors are involved in the 
neuroinflammatory circuitry of tic disorders. This study aimed to identify the cytokines involved in the pathogenesis 
of tic disorders. We enrolled 44 patients with tic disorder and 38 healthy controls. Patients were free of psychotropic 
medications for at least 3 weeks. Whole blood samples were analyzed using a Luminex® human cytokine multiplex 
assay kit. Patients were divided into groups with “mild tics” and “above moderate tics” based on Yale Global Tic 
Severity Scale (YGTSS) scores for comparison. The final analysis included 35 patients (28 male and 7 female) and 
31 controls (20 male and 11 female). In the mild tic group, interleukin (IL)-12 p70 negatively correlated with motor 
tic scores. Granulocyte-macrophage colony-stimulating factor, IL-4, IL-8, and tumor necrosis factor (TNF)-α were 
positively correlated to phonic tic scores. IL-12 p40 and TNF-α were positively correlated to total tic scores. IL-12 
p70 and IL-17a negatively correlated to impairment scores and total YGTSS scores. Tic disorder patients and healthy 
controls exhibit different cytokine profiles. Only patients with mild symptoms exhibit significant correlations, 
suggesting that the correlations between cytokine levels and tic symptoms are more relevant during the mild or 
remission phases. Our results present the importance of IL-1β and TNF-α, among others, but the identification of 
key cytokines are still necessary.
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neuroinflammatory aspect of tic disorders. This idea was 
driven by the description of post-infection cases of tic 
disorders, mainly associated with group A β-hemolytic 
streptococci [3]. Other studies have described tic disor-
der cases that met the criteria for pediatric autoimmune 
neuropsychiatric disorders associated with streptococ-
cus (PANDAS) or pediatric acute-onset neuropsychiatric 
syndrome (PANS) [4]. These findings have naturally led 
to research on the involvement of cytokines in tic disor-
der patients.

Cytokines are small proteins involved in various 
immune modulatory processes. Chemokines, interferons, 
interleukins, lymphokines, and tumor necrosis factors 
are considered subgroups of cytokines. Clinical research 
has revealed that they can be used as biomarkers for cer-
tain diseases or as treatment options for conditions such 
as hepatitis, multiple sclerosis, and some types of cancer 
[5]. Research on the association between cytokine levels 
and psychiatric disorders has yielded significant results. 
Adolescents with major depressive disorder show differ-
ent cytokine profiles than those of healthy individuals, 
which are further altered by antidepressant treatment 
[6, 7]. A recent meta-analysis on adolescent depression 
patients concluded that tumor necrosis factor (TNF)-α 
is higher in patients than in controls, but their results 
failed to reach statistical significance [8]. Patients with 
bipolar disorder and obsessive-compulsive disorder have 
also shown different cytokine levels compared to those of 
controls in several studies [9, 10].

A comprehensive review by Martino et al. stated that 
studies on cytokines and immunoglobulins suggest an 
overactive immune response at the systemic level [11]. 
Unfortunately, studies on the association between indi-
vidual cytokines and tic disorders have yielded diverse 
results [12]. This may be because tic disorders start at a 
young age and pediatric patients have difficulty partici-
pating in clinical research [13]. However, older patients 
usually exhibit milder symptoms due to the clinical 
characteristics of the disease, and thus may show differ-
ent neuroinflammatory profiles than those of younger 
patients. Such difficulties might have resulted in the 
enrollment of heterogeneous participant groups, which 
in turn led to heterogeneous results.

As demonstrated, cytokines likely play a role in the 
pathogenesis or progression of tic disorders. However, 
further studies are requisite to substantiate these find-
ings. Therefore, in the present study, we gathered a 
homogeneous group of young, medication-free patients 
with tic disorders using semi-structured interviews with 
high diagnostic accuracy. Blood cytokine levels were ana-
lyzed and compared with healthy controls to identify the 
cytokines involved in the neuroinflammatory circuitry of 
tic disorders. Through this approach we aim to identify 

potential biomarkers for predicting the pathogenesis and 
prognosis of tic disorder in the form of cytokines.

Methods
A total of 44 patients with tic disorder and 38 healthy 
controls were enrolled. All participants were between the 
ages of 6 and 18 years; had IQ scores above 70, as mea-
sured by the Korean version of the Wechsler Intelligence 
Scale for Children (K-WISC-IV); were free of psycho-
tropic medication for at least 3 weeks; and had no past 
medical history of neurologic disorders, head trauma, 
tumors, or seizures. Child and adolescent psychiatrists 
clinically diagnosed patients with tic disorders based on 
the 5th edition of the Diagnostic and Statistical Manual 
of Mental Disorders.

Patients were recruited from the Department of Psy-
chiatry of Korea University Guro Hospital. The healthy 
controls were recruited from local schools and kinder-
gartens. Patients were assessed using the Korean ver-
sion of the Kiddie-Schedule for Affective Disorders and 
Schizophrenia-Present and Lifetime Version for psy-
chiatric comorbidities and the Yale Global Tic Severity 
Scale (YGTSS) for tic disorder symptom severity. The 
YGTSS is a clinical rating instrument specifically applied 
in Tourette’s syndrome and tic disorders [14]. It encom-
passes the number, frequency, intensity, complexity, and 
interference of both motor and phonic symptoms by 
assessing tic symptoms using a combination of motor tic 
scores, phonic tic scores, and impairment rating scores. 
Whole blood samples of all participants were taken for 
analysis of cytokine levels using a Luminex® human cyto-
kine multiplex assay kit. The cytokines for assessment 
were selected based on previous literature and sorted 
into pro-inflammatory and anti-inflammatory cytokines 
[4, 15–20].

Patients were divided into two subgroups based on 
YGTSS scores: scores below 20 were seen as patients with 
“mild tics,” and score of 20 or above were seen as patients 
with “above moderate tics” [21–23]. T-tests and one-way 
analysis of variance (ANOVA) with Bonferroni correc-
tions were performed to compare cytokine levels in the 
patient, control, and patient subgroups. Correlation anal-
ysis between the YGTSS scores and cytokine levels was 
performed for all patients and their two subgroups.

Patients and guardians were asked about the time of 
initial symptom onset. The duration between the ini-
tial onset and hospital visit for enrollment in this study 
(duration until visit) was calculated in months. Correla-
tion analysis was performed between cytokine levels and 
the duration until the visit.

Statistical analyses were performed using SPSS version 
23 software (IBM Corp., Armonk, NY, USA). The signifi-
cance level was set at p < 0.05. The study was approved by 
the Institutional Review Board (IRB) of Korea University 
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Guro Hospital. Written consent was obtained from the 
parents or legal guardians of all participants.

Results
Demographic and clinical characteristics
Several participants were excluded from the analy-
sis. Of the 44 patients, six withdrew their consent, and 
three patients failed to acquire blood samples. Of the 
38 controls, two were reassigned to the patient group 
after the initial clinical assessment, four withdrew con-
sent, and one failed to provide a blood sample. A total 
of 35 patients (28 male and 7 female) and 31 controls (20 
male and 11 female) were included in the final analysis. 
Patients and controls showed significantly different intel-
ligence quotients (94.80 ± 2.85 and 102.90 ± 10.68 respec-
tively). Among the patients, 11 were diagnosed with 
comorbid ADHD, 1 with generalized anxiety disorder, 
and 1 with comorbid enuresis. Tables 1 and 2 summarizes 
the patients’ demographic and clinical characteristics.

Cytokine level differences between patients and controls
A t-test analysis of cytokine levels between patients 
and controls revealed no significant differences. The 
results are summarized in Table  3 and visualized in 
Fig.  1. ANOVA with according post-hoc analyses com-
paring mild, above moderate tic patients with controls 
revealed that interleukin (IL)-1β levels were significantly 
lower in mild tic patients compared to healthy controls 
(2.51 ± 1.49 and 4.81 ± 3.02, respectively). Table 4 presents 
the ANOVA results and Fig. 2 shows a graphical repre-
sentation of the data.

Correlation analyses
Correlation analyses between cytokine levels and YGTSS 
scores for all patients and the moderate-tics subgroup 
revealed no significant correlations. However, several sig-
nificant correlations were observed in the mild tics sub-
group. IL-12 p70 levels negatively correlated with motor 

Table 1  Demographic and clinical variables of patients and 
controls

Patients 
(n = 35)

Controls 
(n = 31)

p 
value

Sex (male/female) 28/7 20/11
Age (years) 9.40 ± 2.85 9.87 ± 2.32 0.468
IQ 94.80 ± 10.15 102.90 ± 10.68 0.002*
Duration until visit (months) 44.74 ± 37.60
YGTSS score 24.57 ± 13.32
  Motor tic score 7.03 ± 3.89
  Phonic tic score 4.69 ± 4.63
  Total tic score 11.71 ± 6.41
  Impairment score 12.86 ± 7.89
Comorbidities (male/female)
  ADHD 9/2
  Generalized anxiety 
disorder

1/0

  Enuresis 1/0
*p < 0.05

IQ intelligence quotient, YGTSS Yale Global Tic Severity Scale, ADHD attention-
deficit hyperactivity disorder

Table 2  Demographic and clinical variables of patient sub-
groups

Mild (n = 13) Above 
moderate 
(n = 22)

p value

Sex (male/female) 10/3 18/4
Age (years) 7.46 ± 1.61 10.55 ± 2.82 0.001*
IQ 90.77 ± 10.787 97.18 ± 9.19 0.070
Duration until visit (months) 22.50 ± 16.90 56.86 ± 40.44 0.002*
YGTSS score 14.46 ± 6.62 30.55 ± 12.70 > 0.001*
  Motor tic score 4.85 ± 3.72 8.32 ± 3.46 0.009*
  Phonic tic score 1.15 ± 2.82 6.77 ± 4.23 > 0.001*
  Total tic score 6.00 ± 3.11 15.09 ± 5.37 > 0.001*
  Impairment score 8.46 ± 3.76 15.45 ± 8.58 0.002*
Comorbidities (male/
female)
  ADHD 5/1 4/1
  Generalized anxiety 
disorder

1/0 0/0

  Enuresis 0/0 1/0
*p < 0.05

IQ intelligence quotient, YGTSS Yale Global Tic Severity Scale, ADHD attention-
deficit hyperactivity disorder

Table 3  T-test analysis of cytokine levels between patients and 
controls
Cytokine Patients Controls p 

value
Pro-inflammatory
  GM-CSF 0.13 ± 0.44 0.01 ± 0.05 0.111
  IFN-α2 4.09 ± 6.98 6.57 ± 17.05 0.433
  IFN-γ 0.49 ± 0.52 0.72 ± 0.68 0.112
  IL-1β 3.54 ± 2.57 4.81 ± 3.02 0.070
  IL-2 0.24 ± 0.16 0.36 ± 0.49 0.153
  IL-5 1.26 ± 0.96 1.69 ± 1.27 0.117
  IL-6 0.37 ± 0.24 0.38 ± 0.15 0.898
  IL-8 12.65 ± 6.77 13.18 ± 5.56 0.729
  IL-12 p40 14.79 ± 9.93 28.21 ± 59.35 0.192
  IL-12 p70 0.91 ± 0.43 0.99 ± 0.23 0.318
  IL-17a 1.63 ± 6.15 0.14 ± 0.17 0.160
  TNF-α 7.18 ± 10.14 5.40 ± 1.78 0.339
Anti-inflammatory
  IL-1ra 235.21 ± 158.40 219.95 ± 105.13 0.651
  IL-4 0.39 ± 0.23 0.46 ± 0.20 0.204
  IL-10 4.98 ± 4.11 6.09 ± 5.09 0.337
  IL-13 5.67 ± 8.60 7.76 ± 9.63 0.356
*p < 0.05

GM-CSF granulocyte-macrophage colony-stimulating factor; IFN interferon, IL 
interleukin, TNF tumor necrosis factor
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tic scores. Granulocyte-macrophage colony-stimulating 
factor, IL-4, IL-8, and TNF-α levels positively correlated 
with phonic tic scores. IL-12 p40 and TNF-α levels posi-
tively correlated with total tic scores. IL-12, p70, and IL-
17a le7vels were negatively correlated with impairment 
and total YGTSS scores. Table  5 presents the results of 
the correlation analyses.

Correlation analyses between cytokine levels and the 
duration until visit for all patients did not reveal any sig-
nificant relationships. Only the interferon (IFN)-γ levels 
were significantly higher in patients with duration until 
visit shorter than or equal to 6 months (n = 5) than they 
were in patients with duration until visit longer than 6 
months (0.98 ± 0.74 vs. 0.41 ± 0.45).

Discussion
Our study strived to investigate the cytokine networks 
of tic disorder patients. The established literature recog-
nizes the influence of psychotropic medication, particu-
larly antipsychotics, on cytokine levels. We introduced a 
washout period to minimize such effects. The main regi-
mens used to treat tic disorders in Korea are aripiprazole 
and risperidone. Aripiprazole has an elimination half-life 
of 75  h (94  h for its active metabolite), and risperidone 
has an elimination half-life of 22 h [24, 25]. Based on this 
information and past studies we considered three weeks 
to be sufficient for a washout period [26, 27]. Fortunately, 
only one patient with above moderate tics was taking 
15  mg of aripiprazole prior to participation, which was 
stopped three weeks before assessments.

This study revealed that tic disorder patients and 
healthy controls show different cytokine profiles. Par-
ticularly, patients with mild tic symptoms showed lower 
IL-1β levels than those of controls. The exact pathway 
by which IL-1β may affect in tic disorder is also not well 

known, and past literature on the association between tic 
disorder and IL-1β show mixed results [15, 16]. However, 
some studies suggest that inflammatory cytokines includ-
ing IL-1β may modulate tryptophan metabolism, leading 
to over-production of toxic metabolites, further leading 
to abnormal responsiveness to stress [28, 29]. Our study 
also showed that the YGTSS scores of mild tic patients 
correlated with the levels of various cytokines: GM-CSF, 
IL-4, IL-8, IL-12 p40, and TNF-α levels exhibited posi-
tive correlations, whereas IL-12 p70 and IL-17a levels 
exhibited negative correlations. Previous studies have 
investigated the relationship between tic disorders and 
cytokines to identify the cytokines that play key roles. 
A recent research by Tao et al. compared tic disorder 
patients with controls, determining that patients had 
higher levels of IL-6 while levels of IL-2, IL-4, IL10, TNF-
α, and IFN-γ were lower than controls [18]. Leckman et 
al. also compared tic disorder patients and healthy con-
trols, showing that the patients had elevated IL-12 and 
TNF-α levels [30]. A recent meta-analysis summarizing 
25 studies also identified small-to-large effect sizes for 
increased IL-6 levels and a large effect size for increased 
TNF-α levels in tic disorder patients [31]. Additionally, 
although not directly about tic disorders, some stud-
ies found that OCD patients, which is comorbid with tic 
disorder, have increased monocytes compared to healthy 
controls, which in turn release more cytokines including 
GM-CSF, IL-1β, IL-6, IL-8, and TNF-α [10, 32]. Parker-
Athill showed that TNF-α levels were associated with tic 
symptom exacerbation [17]. A Chinese study on 1724 tic 
disorder patients also showed that TNF-α among other 
cytokines increased in levels as symptoms get more 
severe, although statistical significance was not reached 
[18].

Fig. 1  Cytokine levels of all patients and controls visualized using a logarithmic scale
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Table 4  One-way analysis of variance comparing the cytokine levels of the mild and above moderate tic patients and those of the 
controls
Cytokine Group mean SD F-value p value
Pro-inflammatory
GM-CSF Mild tics 0.04 0.10 2.12 0.128

Above moderate tics 0.19 0.55
Controls 0.01 0.05

IFN-α2 Mild tics 2.45 2.48 0.48 0.623
Above moderate tics 5.05 8.53
Controls 6.57 17.05

IFN-γ Mild tics 0.64 0.69 1.98 0.147
Above moderate tics 0.40 0.39
Controls 0.72 0.68

IL-1β Mild tics 2.51 1.49 3.19 0.048*
Above moderate tics 4.15 2.90
Controls 4.81 3.02

IL-2 Mild tics 0.20 0.10 1.16 0.322
Above moderate tics 0.26 0.18
Controls 0.36 0.49

IL-5 Mild tics 0.97 0.66 1.95 0.150
Above moderate tics 1.43 1.08
Controls 1.69 1.27

IL-6 Mild tics 0.47 0.31 2.58 0.084
Above moderate tics 0.31 0.15
Controls 0.38 0.15

IL-8 Mild tics 12.02 4.13 0.16 0.849
Above moderate tics 13.02 8.00
Controls 13.18 5.56

IL-12p40 Mild tics 12.55 5.59 0.89 0.417
Above moderate tics 16.11 11.70
Controls 28.21 59.35

IL-12p70 Mild tics 0.85 0.31 0.79 0.459
Above moderate tics 0.94 0.49
Controls 0.99 0.23

IL-17a Mild tics 0.49 1.42 1.60 0.211
Above moderate tics 2.31 7.67
Controls 0.14 0.17

TNF-α Mild tics 5.64 2.19 0.90 0.410
Above moderate tics 8.10 12.71
Controls 5.40 1.78

Anti-inflammatory
IL-1ra Mild tics 271.61 196.50 0.85 0.432

Above moderate tics 213.71 131.36
Controls 219.95 105.13

IL-4 Mild tics 0.42 0.29 0.96 0.390
Above moderate tics 0.38 0.19
Controls 0.46 0.20

IL-10 Mild tics 3.34 0.96 1.85 0.165
Above moderate tics 6.00 4.96
Controls 6.09 5.09

IL-13 Mild tics 1.67 0.81 2.56 0.086
Above moderate tics 8.04 10.18
Controls 7.76 9.63

*p < 0.05
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The above-mentioned studies as well as ours suggest 
that TNF-α plays a significant role in the etiology of tic 
disorder. The results of previous studies vary widely. In 
fact, a recent meta-analysis failed to identify specific 
cytokines that are significantly associated with Tourette 
disorder [4]. More comprehensive research on large 
datasets is necessary to eliminate possible confounding 
factors and to identify reliable neuroinflammatory bio-
markers for tic disorders.

The fact that only patients with mild tic symptoms 
showed significant results is probably the most important 
finding of this study. This is not the first study to dem-
onstrate that patient subgroups with different symptom 
severities exhibit different cytokine profiles. A previ-
ous study by Parker-Athill observed patients during the 
symptom exacerbation and remission phases [17]. Higher 
TNF-α levels were associated with antipsychotic use dur-
ing exacerbation phases while increased IL-4 levels were 
associated with antipsychotic and antibiotic use during 
remission phases. Another recent study also divided tic 
disorder patients into minimal, mild, and moderate-to-
severe symptom groups, where only the mild symptom 
group showed increased TNF-α levels [33]. Tao et al. also 
pointed out that patients with mild symptoms (YGTSS 
scores below 10) IL-4, IL-10, and IFN-γ levels were signif-
icantly lower in medicated patients than in unmedicated 
patients whereas moderate and severe symptomatic 
patients did not show differences [18].

These results raise the following fundamental question: 
Do cytokine levels change with the progression of tic dis-
orders? Tic disorders typically wax and wane in symp-
tom severity over time. Researchers have suggested that 
severe symptoms are associated with increased neuroin-
flammatory reactions. Our results suggest that this phe-
nomenon might not be simple, as correlations between 

cytokine levels and symptom severity were more relevant 
during the mild or remission phases. Neuro-inflamma-
tory reactions could have “brewed up” during remission 
phases and quickly reach a stable state as symptoms still 
developed, thus resulting in no significant correlations 
during the exacerbation phase. In addition, it is impera-
tive to note that the mild and above moderate tic groups 
not only significantly differ in the severity of symptoms 
but also in age and the duration until visit. The fact that 
the mild tic group is younger, and that the above mod-
erate group has persisted a longer period without treat-
ment might also elucidate the disparities in their cytokine 
profiles. Future studies on the early exacerbation phases 
of tic disorders could shed light on possible neuroinflam-
matory biomarkers of the disease.

Investigating the neuroinflammatory perspective of tic 
disorders, it was postulated that the temporal duration 
of experienced inflammation without medical interven-
tions might be of significance. This length of time could 
have influenced attributes like reactivity of cytokine pro-
files, thereby potentially modulating the manifestation 
and progression of the disorder. Unfortunately, despite 
our investigation, our study did not yield evidence to sub-
stantiate this hypothesis.

Our study had a few limitations. First, only 66 partici-
pants were included. A larger sample size would have 
provided more reliable results. Second, we attempted to 
gather information about the initial onset of tic symp-
toms to calculate the duration of tic disorder; however, 
most patients and guardians could not remember the 
exact time and provided only approximate answers on 
the year the symptoms emerged. This is probably because 
most tic symptoms start in a subtle manner, and patients 
are usually too young to remember the exact moment. 
We used this information for our analysis, but the results 

Fig. 2  Cytokine levels of patient subgroups and controls visualized using a logarithmic scale
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Table 5  Correlation analysis between the cytokine levels and YGTSS scores of the tic disorder patient subgroups
Tic subgroup Cytokine Motor tic score Phonic tic score Total tic score Impairment score YGTSS score
All patients GM-CSF -0.075 0.075 0.009 0.082 0.053

IFN-α2 0.065 0.089 0.103 0.137 0.131
IFN-γ -0.320 -0.167 -0.315 -0.295 -0.327
IL-1β 0.014 0.092 0.075 0.108 0.100
IL-2 0.116 0.087 0.134 0.141 0.148
IL-5 0.112 0.037 0.095 0.066 0.085
IL-6 -0.317 -0.079 -0.250 -0.151 -0.210
IL-8 0.112 -0.119 -0.018 0.068 0.032
IL-12 p40 0.081 0.007 0.054 -0.027 0.010
IL-12 p70 -0.056 -0.079 -0.091 -0.175 -0.148
IL-17a -0.026 0.073 0.037 0.110 0.083
TNF-α -0.154 0.179 0.036 -0.040 -0.006
IL-1ra -0.083 -0.006 -0.055 0.007 -0.022
IL-4 -0.238 0.053 -0.106 -0.097 -0.108
IL-10 0.087 0.146 0.159 0.114 0.143
IL-13 0.063 0.072 0.090 0.181 0.151

Mild tics GM-CSF -0.344 0.946** 0.296 0.175 0.239
IFN-α2 0.353 0.024 0.407 0.315 0.370
IFN-γ -0.234 0.089 -0.195 -0.440 -0.341
IL-1β -0.070 0.228 0.085 -0.037 0.019
IL-2 0.254 0.072 0.332 0.269 0.309
IL-5 0.405 -0.147 0.343 0.175 0.261
IL-6 -0.070 0.104 -0.003 0.167 0.093
IL-8 -0.042 0.745** 0.486 0.557 0.545
IL-12 p40 0.271 0.414 0.595* 0.469 0.546
IL-12 p70 -0.682* 0.321 -0.524 -0.583* -0.577*

IL-17a -0.443 -0.099 -0.560 -0.664* -0.640*

TNF-α 0.202 0.586* 0.642* 0.650* 0.671*

IL-1ra 0.181 -0.216 0.046 0.049 0.050
IL-4 -0.294 0.915** 0.329 0.142 0.236
IL-10 -0.188 -0.285 -0.411 -0.101 -0.251
IL-13 0.012 0.421 0.315 0.297 0.317

Above moderate tics GM-CSF -0.192 -0.143 -0.250 -0.144 -0.206
IFN-α2 0.020 -0.062 -0.035 -0.145 -0.116
IFN-γ -0.326 -0.004 -0.234 -0.153 -0.206
IL-1β -0.146 -0.113 -0.193 0.043 -0.052
IL-2 -0.036 0.062 0.024 0.115 0.090
IL-5 -0.143 0.009 -0.094 0.040 -0.012
IL-6 -0.097 0.012 -0.060 -0.121 -0.110
IL-8 0.119 -0.296 -0.151 0.058 -0.024
IL-12 p40 -0.103 -0.178 -0.215 -0.232 -0.252
IL-12 p70 0.004 -0.151 -0.118 -0.150 -0.154
IL-17a -0.014 -0.046 -0.047 -0.076 -0.073
TNF-α -0.317 0.154 -0.102 -0.134 -0.136
IL-1ra 0.165 -0.056 0.073 0.096 0.098
IL-4 -0.178 -0.158 -0.252 -0.145 -0.207
IL-10 -0.068 0.018 -0.034 0.048 0.019
IL-13 -0.108 -0.191 -0.229 0.047 -0.064

*p < 0.05, **p < 0.01

YGTSS Yale Global Tic Severity Scale, GM-CSF granulocyte-macrophage colony-stimulating factor, IFN interferon, IL interleukin, TNF tumor necrosis factor
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were limited and inaccurate. More precise data on the 
initial onset and recent aggravation of the disease are 
necessary in future studies to identify the exact exacerba-
tion and remission phases. Third, our samples were taken 
throughout the course of tic disorder, but it remains 
ambiguous whether the observed changes are a precur-
sor or a result of the disorder’s manifestation. Future 
cohort studies regarding the onset of the disorder would 
potentially provide further insight to this issue. Fourth, 
we chose to analyze cytokines that repeatedly demon-
strated significant results in previous studies and selected 
a kit that could investigate as many of these as possible, 
but it is undeniable that financial constraints were pres-
ents during this decision-making process. We hope that 
future research will allow to analyze a broader array of 
cytokines, thereby yielding more comprehensive results 
than those obtained in the present study.

Conclusions
This study analyzed the possible associations between 
various cytokine levels and tic disorders, and their corre-
lation with the severity of tic symptoms. Previous studies 
have concluded that neuroinflammatory pathways play 
a critical role in tic disorders. Our results suggest IL-1β 
and TNF-α among other cytokines as possible candi-
dates, but the identification of key elements and research 
on how they manifest pathological symptoms is yet to 
be done. Consequently, to advance further, longitudinal 
cohort studies along with epigenetic or neuroimaging 
studies seem to be necessary. We highlight the need for 
more systematic research with the aid of deep learning or 
artificial intelligence to analyze much larger datasets and 
clarify the pathogenesis of tic disorders.
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