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Background: At present, tic disorder has attracted the attention of medical researchers
in many countries. More clinicians choose non-drug therapy, especially cognitive-
behavioral therapy (CBT) because of the cognitive side effects of drug therapy. However,
few studies had assessed its efficacy. It is necessary to have a more comprehensive
understanding of the literature quality of CBT and its intervention effect.

Methods: In this study, MEDLINE, Embase, and Cochrane were searched from the
beginning to June 15, 2021 to study the efficacy of -CBT on tic disorder. Only studies
using the Yale Global Tic Severity Scale (YGTSS) and the control group were included.

Results: A total of 12 randomized controlled trials (RCTs), including 536 patients with tic
disorders, were identified. The results showed that the effect of CBT was better than that
of the control group. The pooled standardized mean difference (SMD) was −0.34 (95%
CI: −0.61, −0.07). The effect size of CBT differs from different intervention conditions.
In seven studies, the subjects’ motor tic scores were counted. The sample size of the
experimental group was 224 and that of the control group was 218. The pooled SMD
was −0.43 (95% CI: −0.75, −0.11). Seven studies counted the vocal tic scores of
subjects, 224 in the experimental group and 218 in the control group. The pooled SMD
was −0.22 (95% CI: −0.54, −0.11). Seven studies counted the tic impairment scores
of subjects, 220 in the experimental group and 214 in the control group. The pooled
SMD was −0.48 (95% CI: −0.73, −0.23).

Conclusion: The literature shows that different CBTs can significantly reduce the total
score of tic disorder and the score of motor tic, but cannot significantly reduce the score
of vocal tic. In the future, more new interventions were needed to improve the symptoms
of different patients, especially vocal tic.

Keywords: cognitive behavioral therapy, habit reversal therapy, comprehensive behavioral intervention for tics,
tic disorders, meta-analysis
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INTRODUCTION

Tic disorder is defined as a neurodevelopmental disorder that
occurs or motor extraction lasts for more than 1 year (American
Psychiatric Association [APA], 2013). Studies have pointed out
that tic disorder is a syndrome related to psychology, involving
emotional changes, psychological problems, and behavioral
problems (O’Hare et al., 2016). One of the behavioral problems
is that they often speak inappropriate language on inappropriate
occasions, which may lead to their loss of work and affect
their life and labor ability (Davis et al., 2004). Relevant studies
have shown that from the perspective of patients, there is
no difference between the issuance of tic disorder movements
and the issuance of normal movements in their life (Ganos
et al., 2021). Other studies attribute tic disorder, nail-biting,
hair-pulling addiction, and other diseases to personal habits.
Therefore, patients can be treated through the cognitive-
behavioral therapy (CBT), such as habit reversal training (HRT)
(Bate et al., 2011), the comprehensive behavioral intervention
of tic (CBIT) (Zimmerman-Brenner et al., 2021), neurofeedback
(Sukhodolsky et al., 2020), and so on. HRT includes five
exercises (Azrin and Nunn, 1973). The first exercise is called
awareness training, which trains patients to perceive their
feelings, environment, frequency, and high-risk situations when
they tic (Ganos et al., 2021). Relaxation training is to teach
patients to resist the stress they encounter (Ganos et al., 2021).
Competition response training is to train patients to form a
new habit, so as to prevent the emergence of tic. This new
habit needs to be not easy to be found by others in life
and can maintain a certain duration (Ganos et al., 2021).
Motivation training is achieved by stimulating the patient’s own
inner motivation. The main method is to let them understand
the harm of convulsions, encourage others, and let patients
show others control of convulsions (Teng et al., 2006; Bate
et al., 2011). Generalization training is to train patients to
imagine and rehearse in the brain to control convulsions when
they are about to appear (O’Donohue et al., 2003). Later,
researchers gradually developed richer treatment schemes in
practice, such as CBIT. Based on HRT, other researchers have
also developed different treatment schemes, such as coexistence
with convulsions (living with tic; LWT) (McGuire et al., 2015)
and anger control training (ACT) (Sukhodolsky et al., 2009), and
added training modules for patients’ families in the cognitive-
behavioral treatment scheme.

Some drugs are used to treat tic disorder, but these drugs
have certain side effects. In drug treatment, clinicians often
choose risperidone, clonidine, and aripiprazole for treatment,
but the specific drug is the preferred drug, and the survey
results of different studies are inconsistent (Chadehumbe et al.,
2011; McNaught and Mink, 2011). Clonidine is A-2 agonist,
and its main side effect is sedation (Goetz, 1992; Weisman
et al., 2013). It is thought to reduce tics through the resultant
decrease of norepinephrine release and turnover (Song et al.,
2017). Risperidone is an antipsychotic drug, and its side effect
is sedation (Gaffney et al., 2002). It has a high affinity for the

dopamine D2 receptor and 5-HT2 receptor. It may reduce tic
by regulating dopamine and 5-HT (Roessner et al., 2011). The
side effects of haloperidol are sedation and cognitive retardation
(Curtis et al., 2009). The researchers believe that it reduces
convulsions by blocking the D2 dopamine receptor in the
striatum (Bressan et al., 2004). The cannabinoid is another drug
that is used to treat tic disorder. It is currently believed that it also
reduces tic by regulating dopamine. A study of 20 people taking
cannabinoids for a long time showed that 19 people had side
effects, such as cognitive function (Romero et al., 2015). Because
the pathogenesis and mechanism of tic disorder are not clear, it
is difficult to determine the cause of the efficacy of these drugs.
Since the side effects of these drugs are mainly sedation and affect
cognitive function, it can be speculated that these drugs may
reduce symptoms by suppressing some normal brain function.
Therefore, it is possible that too strong cognitive function is
the cause of tic disorder, which may lead to patients being
too sensitive to the changes in the surrounding environment,
resulting in various psychological changes, resulting in physical
reactions and behavioral problems. This situation is the goal of
CBT treatment. Instead of using drugs to inhibit the cognitive
function of patients, it is better to correctly guide the cognitive
function of patients through CBT. Therefore, this study only
includes CBT research and summarizes the role of CBT in the
treatment of tardive dyskinesia (TD).

At present, some meta-analysis studies (McGuire et al., 2014;
Yu et al., 2020) have determined the therapeutic effect of some
CBT, but some problems need to be further studied. First,
some new findings can be added to the meta-analysis to help
clinicians make more rigorous decisions (McGuire et al., 2014;
Chen et al., 2020). Secondly, the efficacy of different CBTs on
different tic symptoms needs to be compared (O’Donohue et al.,
2003). Therefore, in this study, we conducted a meta-analysis to
determine the efficacy of CBT in patients with a tic disorder.
We also compared the efficacy of CBT in different aspects of
tic disorder. The control group of the study involved included
group-Educational Intervention for Tics (EIT), sham-control,
psychoeducation (PE), psychoeducation and supportive therapy
(PST), supportive psychotherapy (SP), treatment-as-usual (TAU),
and waitlist. The main content of the intervention methods of
EIT, PE, PST, SP, and other psychological education groups is
to teach patients how to face psychological problems, such as
stress and anxiety (Zimmerman-Brenner et al., 2021). The sham
control group is mainly to isolate the electroencephalographic
(EEG) biofeedback communication between the patient and the
display, so as to realize the comparison with the experimental
group. The experimental group can complete the relevant tasks
through the EEG signal control software, while the EEG signal
control software in the sham control group cannot complete the
relevant tasks (Sukhodolsky et al., 2020). TAU group includes
parental education, clinical monitoring of specific symptoms,
drug management, school counseling, etc. (Sukhodolsky et al.,
2009). These methods can alleviate the psychological problems
of TD patients to some extent, but the symptom relief
may not be obvious.

Frontiers in Psychology | www.frontiersin.org 2 March 2022 | Volume 13 | Article 851250

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-851250 March 18, 2022 Time: 16:4 # 3

Shou et al. The CBT for Tic Disorder

METHODS

Search Strategy and Selection Criteria
MEDLINE, Embase, and Cochrane were searched from the
beginning to June 15, 2021. Search terms included “cognitive
behavior therapy” and “tic disorder” along with numerous other
related terms. We limited the study language to English. The full
search strategies are detailed in the Supplementary Material. We
also reviewed the reference lists of eligible studies and previous
evidence summaries to identify additional literature.

Two reviewers (SS and YL) working independently considered
the potential eligibility of each of the abstracts generated by
the search strategy. Full-text articles were obtained unless both
reviewers decided that an abstract was ineligible. Each full-
text report was assessed independently for final study inclusion.
Disagreements about the inclusion of full-text articles were
resolved by consensus.

Inclusion and Exclusion Criteria
Our study only included randomized controlled trials (RCTs),
and the intervention form of the experimental group must be
CBT. The intervention forms of the comparison group included
routine nursing, routine medical education, relaxation training,
psychological education, supportive therapy, waiting list, or
placebo treatment. The outcome was evaluated within 1 month
after treatment. The evaluation tool was the Yale Global Tic
Severity Scale (YGTSS). Studies were excluded in which the
control group also used cognitive behavior treatment studies or
did not give any score in the YGTSS.

Data Extraction
We extracted the following data from various studies: (1) the
first author; (2) year of publication; (3) sample size; (4) mean
and standard deviation (SD) of age; (5) outcome indicators; (6)
intervention methods; and (7) duration of intervention. Draw the
above information into a standard form, which will be evaluated
by two reviewers, and form a unified opinion after negotiating
different opinions. Researchers check each other to ensure the
accuracy of test data entry.

Effect Size
Review Manager 5.3 software was used to analyze various
data. The efficacy was evaluated according to the mean
and the standard mean difference (Weisman et al., 2013).
The differences between the two groups were compared by
comparing the data of the experimental group and the control
group. The total tic score, motor tic score, sound tic score,
and tic impairment score of the two groups were drawn
by forest plots.

Quality Assessments
The quality of literature was evaluated according to the
quality evaluation criteria specified in the Cochrane bias risk
assessment tool (Higgins et al., 2008). The evaluation was
conducted from selection (such as random sequence and
allocation concealment), implementation (such as blinding by

researchers and subjects), measurement (blind evaluation of
study outcomes), follow-up (the integrity of outcome data),
reporting (selective reporting of study results), and other (other
sources of bias). The judgment results of "low-risk bias," "high-
risk bias," and "unclear" were made according to the bias risk
assessment criteria. It is displayed in different colors (green,
red, and yellow).

Statistical Analyses
Revman5.3 software was used for meta-analysis to quantitatively
synthesize the data. The standardized mean difference (SMD)
was used as the effect scale index for the measurement
data, which was expressed by 95% confidence intervals (CI).
According to the Z or U value or chi-square value, the
probability p-value under this statistic is obtained, and the
significance level is set to 0.05. If p < 0.05, the combined
effect of multiple studies is statistically significant. If there is no
statistical heterogeneity between studies (I2

≤ 50% or p ≥ 0.10),
the fixed-effect model is adopted. If there is heterogeneity
(I2 > 50% or p < 0.10), subgroup analysis and sensitivity
analysis are carried out according to the factors that may cause
heterogeneity, but the heterogeneity cannot be eliminated, the
random effect model is adopted. Publication bias analysis was
performed by stata mp 14.

RESULTS

Included Studies
Two hundred and forty seven articles were identified by the
search strategy, of which 12 met the criteria for full-text review
(Figure 1). The characteristics of the included studies are
summarized in the Supplementary Material. In total, 12 RCTs
that include 565 patients were met the eligibility criteria. Among
the 12 RCTs, 4 studies by Wilhelm et al. (2003), Deckersbach
et al. (2006), Yates et al. (2016), and Rizzo et al. (2018)
involved HRT. Five studies by Piacentini et al. (2010), Wilhelm
et al. (2012), Ricketts et al. (2016), and Zimmerman-Brenner
et al. (2021) involved CBIT. Three studies involved some other
cognitive-behavioral treatments, consisting of ACT (Sukhodolsky
et al., 2009), LWT (McGuire et al., 2015), and neurofeedback
(Sukhodolsky et al., 2020). The author, sample size, intervention
methods, and related characteristics are listed in Table 1.

Risk of Bias
Of the 12 RCTs included in this study, 7 did not describe how
to generate random sequences, 4 did not describe the allocation
and concealment, 2 did not describe how to use the blind method
for participants and personnel, 1 did not describe how to use the
blind method to evaluate the outcome data, the outcome data of
1 study assessed that blind method was of high risk, and 1 study
may have incomplete outcome data, one study may have selective
reporting bias. There may be some bias in these studies, but it
is not possible to assess whether there is bias caused by other
important factors (Figures 2, 3).
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FIGURE 1 | The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of study identification, screening, assessment of eligibility,
and inclusion for synthesis.

The Effect Size of Cognitive-Behavioral
Training
Twelve studies were measured with a random effect model
(Figure 4), and the combined SMD was −0.51 (95% CI: −0.80,
−0.22; p = 0.0005). The heterogeneity test I2 was 59%.

In seven studies (Figure 5), the subjects’ motor tic scores were
counted. The sample size of the experimental group was 224
and that of the control group was 218. The pooled SMD was
−0.43 (95% CI: −0.75, −0.11; p = 0.008), the I2 was 59%. Seven
studies counted the vocal tic scores of subjects (Figure 6), 224
in the experimental group and 218 in the control group. The
pooled SMD was −0.22 (95% CI: −0.54, −0.11; p = 0.19), the
I2 was 62%. Seven studies counted the tic impairment scores of
subjects (Figure 7), 220 in the experimental group and 214 in

the control group. The pooled SMD was −0.48 (95% CI: −0.73,
−0.23; p = 0.0001), the I2 was 30%.

Publication Bias
The publication bias of these studies was performed by the egger
test (Lewis et al., 1997). From Figure 8, there might be no
publication bias for included studies.

Subgroup Analysis
Twelve studies were conducted in six subgroups according to the
type of CBT, age, tic severity, country, number of subjects, and
publication time. The differences of each group were evaluated
by the total score of YGTSS. There was no heterogeneity among
the six subgroup analyses (Supplementary Table 1).
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TABLE 1 | Basic characteristics of the included studies.

References Nationality Sample size of
intervention group

Sample size of
control group

Intervention methods JADAD

Zimmerman-Brenner et al., 2021 Israel 23 23 CBIT/EIT 7

Sukhodolsky et al., 2020 America 23 23 Real-NF/Sham control 7

Chen et al., 2020 China 12 12 CBIT/PE 7

Rizzo et al., 2018 Rome 25 24 hrt/PST 5

Ricketts et al., 2016 United States 12 8 CBIT/Waitlist 5

Rizzo et al., 2018 Rome 25 24 hrt/PST 5

Yates et al., 2016 United Kingdom 17 16 HRT/SP 4

McGuire et al., 2015 United States 12 12 LWT/Waitlist 4

Wilhelm et al., 2012 United States 63 59 CBIT/PST 6

Piacentini et al., 2010 United States 61 65 CBIT/PST 4

Sukhodolsky et al., 2009 United States 13 13 ACT/TAU 5

Wilhelm et al., 2003 United States 16 7 HRT/PST 4

CBIT, comprehensive behavioral intervention for tics; HRT, habit reversal therapy; LWT, living with tic; SP, supportive psychotherapy; PE, psychoeducation; NF,
neurofeedback; PST, psychoeducation and supportive therapy; ACT, anger control training; TAU, treatment-as-usual; EIT, educational intervention for tics.

FIGURE 2 | Risk of bias in the included trials.

DISCUSSION

At present, the treatment effect of CBT is affirmed in
the relevant guidelines of tic disorder in the United States
(Murphy et al., 2013), Canada (Steeves et al., 2012), and Europe
(Verdellen et al., 2011), and CBT should be the first choice for
the treatment of tic disorder (Pringsheim et al., 2019). In this
study, the efficacy of CBT was determined through meta-analysis.
By summarizing the results of several trials, we believe that
CBT is often better than the intervention in the control group
to reduce the symptoms of tic disorder. We not only included
the latest research, but also used the most detailed subgroup
analysis. Subgroup analysis shows that HRT alone seems to
reduce patients’ symptoms more than more complex CBIT, and
the development of new CBT needs more trials to prove its
efficacy. At the same time, according to the current experimental
research, there is no significant difference in the therapeutic
effect of CBT on patients of different ages, different regions,
and different severity. There is no significant difference between
studies in different years and different sample sizes.

From the existing research, CBT has become a new direction
of tic disorder treatment in the future, and more and more
behavioral cognitive therapies are being developed. However,
according to the results of this study, there are two problems
to be studied in the treatment of tic disorder by CBT. The first
problem is whether the more comprehensive the tic disorder
CBT is, the better. In this study, the training effect of HRT is
better than that of CBIT, which is developed from HRT training.
The training method of CBIT includes all the training of HRT,
but it is not better than that of HRT in a limited time. There
may be three reasons. The first possible reason is that HRT
is more accurate for patients, and more time can be spent on
training against the emergence of tic movements. Through the
existing evaluation methods, the number of tic movements often
indicates the severity of tic. In fact, according to the research,
tic patients not only suffer from tic disorders but often due to
psychological reasons, accompanied by other problems, such as
ADHD, obsessive-compulsive disorder (OCD), and so on (March
et al., 2007). These can lead to the second reason that why CBIT is
not as effective as HRT. The second possible reason may be that
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FIGURE 3 | Risk of bias in individual studies. +, low risk of bias; ?, unclear risk
of bias; –, high risk of bias.

HRT can only eliminate the tic movement of patients, and the
causes of tic include many other factors, which may be eliminated
in CBIT, but the elimination speed is slow, so the training time
is not enough to significantly help patients alleviate symptoms.
Therefore, more samples were needed to compare HRT with
CBIT to verify the efficacy of both. At the same time, more
follow-up visits are needed to judge whether the curative effect
will continue. In addition, the psychological state of tic disorder
patients should be evaluated from multiple dimensions, such as
anxiety, fear, and other emotions (Godar and Bortolato, 2016).
The second problem of CBT in the treatment of tic disorder
is the development of new CBT methods for tic disorder. CBT
includes a variety of therapies, far more than HRT and CBIT.
At present, the new methods included in this study include ACT,
LWT, and neurofeedback. From the research results of this study,
the summary analysis of the efficacy of these new methods is

not satisfactory. This not only requires more trials to verify its
effectiveness but also requires more new methods to be added to
the treatment of tic disorder, so as to find more appropriate, more
interesting, and more effective treatment methods and reduce the
lack of cooperation in the treatment process of tic disorder due to
children’s lack of interest, or the effect is not obvious, leads to the
non-cooperation of patients and their families.

In the included literature, the bias of Rizzo’s test results is
greater than that of other tests (Ricketts et al., 2016). From the
data, the effect of this study is stronger than that of other tests.
This performance is not only reflected in the evaluation of the
total score of tic, but also in the motor score and sound score. The
efficacy data of this study are also the best one. According to the
intervention measures, it can be found that in the intervention
measures, in addition to the regular HRT training courses, each
subject is required to carry out HRT training for 15 min under
the supervision of their parents every day during HRT training
(Ricketts et al., 2016). Taking the training as a part of daily
life may be more helpful to form the habit of inhibiting tic
disorder movements and sounds. Therefore, the curative effect
is higher than in other studies. This method of taking HRT
as daily self-training should be paid attention to and applied
to more studies to verify its effectiveness for many times. The
most effective intervention for tic damage score is Joseph F.
McGuire’s LWT intervention method, in which an education
module for the subject’s parents is designed to deal with various
destructive behaviors made by the subject through corresponding
means (McGuire et al., 2015). However, at present, there are few
relevant studies on its research methods, which has a certain
research prospect, so more research should be carried out on
this intervention method. A study has shown that the severity
of psychosocial stress can often affect the severity of tic disorder
(Lin et al., 2007). In included studies, although some test results
are negative, combined with its intervention measures, it may
also provide us with some reference significance. For example, in
Sharon Zimmerman-Brenne’s study, the CBIT method adopted
is different from other studies (Yates et al., 2016). The training
is conducted in the form of games in groups of two. It may be
that this kind of game aggravates the score of vocal twitch due
to the problems reported by the subjects in the process, such as
quarrels, which aggravates the large total score of twitch. Chia-
Wen Chen and Rachel Yates also showed that HRT and CBIT
were not as effective as psychological education groups in the
treatment of vocal tic (McGuire et al., 2014; Yu et al., 2020).
Therefore, we speculate that if we want to control motor tic, the
direction of CBT may need to be biased toward somatic CBT
treatment, while the direction of CBT of vocal tic needs to be
biased toward psychotherapy. A study in 2014 showed that the
factors of TiC have individual differences. The factors of some
events can aggravate the tic disorder of one patient, and the same
factors can reduce the tic disorder of another patient (Himle et al.,
2014). Therefore, the future research direction should not stay in
the control of symptoms, but should deeply study their cognitive
problems. More targeted investigation, research, and treatment
can be carried out in the form of case or case series.

In addition to the above common HRT-based CBT, there
is a new CBT method, neurofeedback. Different from other
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FIGURE 4 | Forest plot of the effect of cognitive-behavioral therapy (CBT) treatment groups vs. control groups on the total tic score.

FIGURE 5 | Forest plot of the effect of cognitive-behavioral therapy (CBT) treatment groups vs. control groups on the motor tic score.

FIGURE 6 | Forest plot of the effect of cognitive-behavioral therapy (CBT) treatment groups vs. control groups on the vocal tic score.

trials, other trials treat by intervening subjects to focus on
their own body, while neurofeedback shows subjects the EEG
generated by their twitch through visual means. The twitch
and twitch control behaviors of patients can be fed back in
time, which is convenient for patients to self-supervise at any
time. The research shows that this method has achieved certain
research results and has certain research potential. More attention
should be paid and more experiments should be carried out

to verify its effectiveness and prove the authenticity of its
research results.

LIMITATION

This study has some limitations. Firstly, because there are few
studies on some CBT intervention schemes, the conclusion of
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FIGURE 7 | Forest plot of the effect of cognitive-behavioral therapy (CBT) treatment groups vs. control groups on the tic impairment score.

FIGURE 8 | Funnel plot for publication bias evaluation.

comparing the effects of various CBTs may not be reliable.
Secondly, as a scale-based research, it is often inevitably affected
by the evaluator’s supervisor emotion. Thirdly, the emergence
of psychological state, family environment, and other factors.
Fourth, this study only includes the study of language as English.
In the future research, if the research studies of multiple countries
and languages can be combined, it may better show the real
situation of the disease.

CONCLUSION

In short, through this study, it can be seen that the effects of
different CBT treatments are slightly different, but in general,
it is an effective intervention and a promising treatment. The
condition of tic disorder has its unique characteristics. It belongs
to a chronic disease with a long course of the disease. Therefore, it

is very important whether the treatment effect can be maintained
at a certain level. However, the current research is insufficient
for the reexamination after treatment. At the same time, there
are still insufficient studies on CBT as an intervention method,
but from the only remaining studies, It can still be seen that
the effectiveness and persistence of CBT intervention are more
suitable as the first choice of treatment than drug intervention,
and there are still many kinds of CBT intervention methods that
have not been used in the treatment of tic disorder, so more
trials should be done. At the same time, strengthen the case study
of tic disorder.
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