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Abstract: Background:Tourette syndrome (TS) is a characterized by motor and vocal tics, often 
accompanied by obsessive-compulsive disorder (OCD) and attention-deficit/hyperactivity disorder 
(ADHD). Cannabis-based medicines (CBM) present a promising avenue for future therapeutic 
intervention owing to their interaction with the endocannabinoid system, potentially mitigating tics 
and associated symptoms. Unlike conventional treatments such as antipsychotics, CBM exhibits 
improved tolerability and reduced side effects. While the available evidence is still limited, ongoing 
research underscores the potential of CBM to enhance the quality of life for patients, establishing it 
as a pivotal area for future therapeutic advancements in TS. Aim: In our systematic review and 
meta-analysis, we aim to assess the effectiveness of cannabis-based medicine (CBM) in the treatment 
of Tourette Syndrome. Methods: We searched in electronic databases (PubMed, Google Scholar, 
Science Direct, Cochrane Collaboration Database of Randomized Trials) was performed to identify 
cohort studies and randomized controlled trials (RCTs) up to 18th June 2024. Data extraction 
focused on baseline characteristics of the included studies and efficacy outcomes, including scores 
on the Yale Global Tic Severity Scale (YGTSS) and Premonitory Urge for Tics Scale (PUTS). We 
conducted the meta-analysis using Review Manager version 5.4. software. We compared the 
measurements before and after CBM intake using mean difference (MD) and 95% confidence 
interval (CI). Result: In total, 1105 articles were identified for screening, with eight studies included 
in the systematic review and seven in the meta-analysis. These studies involved 306 adult patients 
with TS treated with cannabis. YGTSS revealed a significant reduction in total scores (MD = -13.29, 
95% CI [-21.67 to -4.91], P = 0.002) and PUTS revealed a significant decrease in scores (MD = -4.09, 
95% CI [-7.24 to -0.93], P = 0.01). Conclusion: The research emphasizes the potential of cannabis-
based medication in alleviating tics and premonitory urges associated with Tourette syndrome. 
While the initial results are promising, they are based on limited-scale studies. It is imperative to 
conduct larger, placebo-controlled trials encompassing diverse demographic groups to substantiate 
the effectiveness, ensure safety, and optimize dosages for long-term therapeutic advantages. 
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Introduction 

Tourette syndrome (TS) is a neuropsychiatric disorder with childhood onset, characterized by 
motor and vocal tics, often accompanied by comorbidities such as obsessive-compulsive disorder 
(OCD) and attention-deficit/ hyperactivity disorder (ADHD) [1,2]. Globally, the prevalence of TS is 
0.5%, higher in children and adolescents and in males, with approximately 118 cases per million 
adults [3,4]. Tic disorders affect 1-3% of school-aged children, with echolalia or echopraxia occurring 
in roughly one-third of cases [5,6]. TS is diagnosed by the presence of both motor and vocal tics for 
over one year, without explanation by other conditions, typically presenting before age 18. 
Individuals often report a premonitory sensation that is relieved after performing a tic [7]. 

TS results from disruptions in the cortico-striato-thalamo-cortical (CSTC) loops connecting the 
frontal cortices and basal ganglia [8–10]. There is strong genetic involvement, with polygenic, 
oligogenic, and bilineal inheritance patterns [11–13]. Although some patients have elevated 
antistreptolysin O antibodies, there is no definitive link between TS and pediatric autoimmune 
neuropsychiatric disorder associated with streptococcal infections (PANDAS) [14,15]. Environmental 
factors, including intrauterine insults, preterm birth, cesarean section, breech presentation, low birth 
weight, and early antibiotic use, are also associated with TS [16,17]. 

TS significantly impacts health-related quality of life (HR-QOL) [18]. Adolescents with TS may 
experience panic, embarrassment, and social isolation due to the sudden onset of tics [19]. Children 
often face functional impairments, attention issues, slower learning, and conflicts with teachers, 
exacerbated by symptoms such as echopraxia and coprolalia [20,21]. Adults with TS have higher rates 
of anxiety, depression, and obsessionality compared to the general population, and experience higher 
unemployment rates, discrimination, and lower quality of life [22,23]. 

Current treatments for TS include antipsychotics, behavioral therapies, and advanced 
neuroimaging to better understand its pathophysiology. Antipsychotics such as Haloperidol and 
Pimozide were among the first medications approved for tic management in TS, though they carry a 
high risk of side effects [24]. Risperidone is commonly prescribed, offering a lower risk of severe side 
effects [25]. These medications manage tics by modulating neurotransmitters, especially dopamine. 
Non-pharmacological treatments, such as Comprehensive Behavioral Intervention for Tics (CBIT), 
are also effective [26]. New pharmaceutical agents, including Selective Vesicular Monoamine 
Transporter 2 (VMAT2) inhibitors and D1 Receptor antagonists, are being tested to improve patient 
outcomes [27,28]. Neurostimulation techniques like Globus pallidus internus (GPi) stimulation, 
repetitive transcranial magnetic stimulation (rTMS), and mindfulness-based interventions have also 
shown promise in tic reduction [29–32]. 

Cannabis sativa has a long history of recreational and medicinal use, and its therapeutic 
potential in various conditions has recently garnered attention [33]. Cannabis-based medicines 
(CBM), including tetrahydrocannabinol, THX-110 combinations, cannabinoid oils, and synthetic 
cannabinoids like palmitoylethanolamide, interact with the endocannabinoid system (ECS) by 
binding to cannabinoid receptors CB1 and CB2 [34–37]. CB1 receptors are predominantly found in 
the central nervous system, while CB2 receptors are more abundant in immune cells. The American 
Academy of Neurology (AAN) in 2019 and the European Society for the Study of Tourette Syndrome 
(ESSTS) in 2021 recommend CBM for experimental therapy in TS [38,39]. 

Emerging evidence suggests that CBM may be a promising treatment strategy for TS, improving 
both tics and comorbidities with good tolerability. However, current data is limited to case reports, 
case series, open-label studies, and a few small randomized controlled trials (RCTs). This systematic 
review and meta-analysis aims to provide a comprehensive evaluation of CBM efficacy in reducing 
tic severity in TS. 

Methods 
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This review focuses on clinical studies concerning the use of CBM in patients with Tourette 
Syndrome . We excluded animal studies and publications that only discussed the pathophysiology 
of CBM without presenting clinical data. The review follows the guidelines for Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) for 2020 in Figure 1, and only uses data 
collected from published papers, eliminating the need for ethical approval. 

 
Figure 1. PRISMA 2020 flow chart representing the screening and selection of studies. (PRISMA = 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis). 

Systematic Literature Search and Study Selection 

We conducted a thorough search for relevant publications by using PubMed (including 
Medline), Google Scholar, Cochrane Library and Science Direct: We searched for studies mentioned 
in review papers, editorials, and commentaries on PubMed. Nevertheless, we continued searching 
for additional studies that satisfied our inclusion criteria. 

We had a list of abstracts that we independently reviewed for inclusion using specific criteria. 
The criteria included the use of medicinal cannabinoids, focusing on Tourette Syndrome. We 
excluded review papers and animal studies. Six reviewers conducted a dual review, and 
disagreements were resolved through discussion. 

Inclusion and Exclusion Criteria 
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We established specific criteria for including and excluding participants to achieve our study 
goals. We included only clinical trials and cohort studies, and our PICOS (Population, Intervention, 
Comparison and Outcome) was as follows: 
● Population: adult patients diagnosed with TS. 
● Intervention: treatment with CBM. 
● Comparison: placebo or no intervention. 
● Outcome: tic severity, premonitory urges symptoms were measured by the Yale Global Tic 

Severity Scale (YGTSS) and Premonitory Urge for Tics Scale (PUTS). 
Other criterias can be summarized in Table 1. 

Table 1. Inclusion and Exclusion criteria. 

Inclusion Criteria Exclusion Criteria 

Human Studies Animal Studies 

From 2000 to 2024 
Only pathophysiology /methodological 

studies with no outcome data 

English text Non-English text 

Gender: All Age: <18 years of age 

Age: >18 years of age Papers that needed to be purchased 

Free papers 
Studies involving clinical data other than 

Tourette Syndrome  

Search Strategy 

The population, intervention/condition, control/comparison, and outcome (PICO) criteria were 
utilized to conduct a thorough literature review. The search was conducted on databases such as 
PUBMED (including Medline), Google Scholar Libraries, Cochrane Library and Science Direct, using 
relevant keywords, such as Cannabinoids, Tourette syndrome, Tics, Tic severity. The medical subject 
heading (MeSH) approach for PubMed (including Medline), Google Scholar, Cochrane Library and 
Science Direct as detailed in Supplementary Table S1, was employed to develop a comprehensive 
search strategy. 

Quality Appraisal 

To ensure the reliability of our chosen papers, we utilized various quality assessment tools. A 
study by Bloch et al., [41] was in phase 2 RCT, hence no quality assessment was conducted for it. For 
the other chosen papers we employed the PRISMA checklist, Newcastle-Ottawa Scale (NOS) for non-
randomised studies and Cochrane bias tool assessment for randomised clinical trials for systematic 
reviews and meta-analyses, as shown in Figure 2 and Figure 3 respectively. 
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Figure 2. Risk of bias assessment of included studies. 
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Author, year 
Selection (max 

4) 
Comparability ( 

max 2) 
Outcome (max 

3) 
Total (max 

9) 

Abi-Jaoude 
et al., 2017 ★★★ ★ ★★★ ★★★★★★

★ 

Anis et al., 
2022 ★★★★ ★★ ★★ ★★★★★★

★★ 

Milosev et 
al., 2019 ★★★ ★ ★★ ★★★★★★ 

Figure 3. NOS scale for quality assessment of cohort studies. (NOS = Newcastle-Ottawa Scale). 

Data Extraction and Outcome Measures 

Following screening, we extracted relevant data using specifically designed extraction forms. 
Three authors extracted the data and two authors resolved any differences. Extracted data included 
but was not limited to study methodology and design, type of CBM and dose, participants 
demographic characteristics, tic severity and main outcome findings (Supplementary Table S1) . 
Efficacy outcome measures included scores on YGTSS and PUTS. 
● YGTSS - lower scores mean less severe tics, assessing severity and frequency [52]. 
● PUTS - higher scores indicate more severe premonitory urges before tics [53]. 

Meta-Analysis 

We used Review Manager (RevMan) software 5.4 for data analysis. The generic inverse variance 
method was employed to pool the effect estimates across studies. This method was chosen as it allows 
for the combination of studies reporting continuous outcomes, specifically mean differences and their 
corresponding standard deviations, as well as those where standard deviations were not directly 
available [51]. For most studies included in this analysis, the effect estimates were reported as mean 
differences along with standard deviations. However, one study provided the mean difference but 
did not report the standard deviation. In this case, we calculated the standard error using the 
available data, and then derived the standard deviation from this, ensuring consistency across all 
studies.The generic inverse variance method was particularly suitable in this context because it 
allows for the weighting of studies by the inverse of their variance. This approach ensures that studies 
with more precise estimates (i.e., smaller variances) contribute more to the overall effect size, while 
maintaining flexibility to incorporate studies with calculated standard errors. By applying this 
method, we ensured that all studies were included in the analysis while appropriately accounting for 
the precision of the reported effect estimates [50,51]. 

The data was presented as the mean difference between after CBM treatment group and before 
CBM treatment group with a 95 % confidence interval (CI). A p-value of <= 0.05 was deemed 
statistically significant. The heterogeneity in the data was examined through I-square and p-value for 
significance. The cochrane handbook’s guidelines for meta-analysis were followed when interpreting 
the I-square test (0-30%= may not be significant, 30-60% = may represent moderate heterogeneity, 60-
90% = may represent substantial heterogeneity and 75-100% = significant heterogeneity) and a p-
value of <0.05. The random effects model was adopted for a broader, more realistic CI because our 
data was heterogeneous in some outcomes. 

Results 

After searching through four selected databases, PubMed (including Medline), Google Scholar, 
Cochrane and Science Direct, we extracted 9,449 articles. We then carefully reviewed each paper and 
applied specific criteria, which led to excluding 391 articles. From the remaining 9,058 papers, we 
chose not to utilize 9,006 of them due to duplicates or unsatisfactory titles and abstracts. We closely 
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examined the remaining 52 papers and excluded 44 more as their content did not meet our inclusion 
criteria. 

Finally, we conducted a thorough quality check on the remaining eight papers, which all met 
our criteria. These eight articles are included in our final systematic review and seven articles are 
included in meta-analysis. Table 2 provides a detailed description of each. 

Table 2. Summary of studies characteristics. 

Author, 
year 

Country 
Study 
design 

Num
ber of 
patie
nts 

Interventi
on 

Follow 
up 

duratio
n 

Conclusions 

Abi-
Jaoude 
et.al , 

2017 [40] 

Canada Cohort study 19 

The 
estimated 

average daily 
cannabis  

dose varied 
sub- 

stantially, 
from 

less than 0.1 
g to 

10 g, for a 
median 

of 1 g daily 

NA 

The study  results 
demonstrated a 

significant reduction 
in tic severity, with a 
60% decrease in the 

YGTSS scores. 
Furthermore, 94.7% 

of patients were 
rated as “much 

improved” or “very 
much improved” on 
the Clinical Global 

Impression-
Improvement scale 
(CGI-I). Cannabis 
was generally well 
tolerated, though 
some participants 

reported side effects 
such as increased 

anxiety, decreased 
concentration, and 

feeling “high.” 
These findings 

suggest that 
cannabis may be a 

promising treatment 
for TS. 

 

Anis 
et.al , 
2022 
[26] 

Israel Cohort study 18 

THC 
 

Starting 
dose: 1 
drop or 

puff a day 
 

Average 
dose after 
4 weeks: 

8.9 
mg/day 

 
Average 

dose after 

12 
weeks 

The study found 
a significant 

38% reduction 
in the YGTSS 

and a 20% 
reduction in the 

Premonitory 
Urge for Tic 
Scale (PUTS) 

after 12 weeks 
of treatment. 

Common side 
effects included 

dry mouth, 
fatigue, and 

dizziness, with 
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12 weeks: 
12 mg/day 

some patients 
experiencing 

psychiatric and 
cognitive side 

effects. 
 

Bloch 
et. al, 
2021 
[41] 

USA 
Phase 2 pilot 

study 
16 

The THX-
110 

(maximu
m daily 
D9-THC 
dose, 10 

mg, and a 
constant 
800 mg 
dose of 
PEA) 

6 
months 

The study 
showed a 
significant 

improvement in 
tic severity, with 
a reduction on 

the YGTSS, 
equating to an 
average 20.6% 

improvement in 
tic symptoms. 

Notably, 25% of 
participants 
experienced 

more than 35% 
improvement. 

Side effects like 
drowsiness and 
dizziness were 
common but 

manageable by 
adjusting 

dosage. Despite 
limitations, the 

study concluded 
that THX-110 

shows potential, 
though further 

randomized 
controlled trials 
are necessary. 

 

Milosev 
et.al, 

2019 [1] 

German
y 

Retrospective 
cohort 

98 

Medical 
cannabis 
(21) - 2.2 
+/- 2.39 

g/day (0.2-
10) 

 
Dronabino

l (36) - 
43.2+/-
68.32 

62.71 
months 

The study 
involved 98 
patients and 

identified that 
85% 

experienced a 
subjective 

improvement in 
tics by about 

60%, while 55% 
reported 

improvements 
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mg/day 
(3-250) 

 
Nabiximol

s (36)- 
10.6+/-8.89 
puffs/day 

(3-40) 

in comorbidities 
such as 

obsessive-
compulsive 

behavior/disord
er (OCB/OCD), 

ADHD, and 
sleep disorders. 

Additionally, 
93% noted an 

overall 
enhancement in 
their quality of 
life. Adverse 
events were 

reported by 55% 
of patients but 
were generally 

considered 
tolerable. 

Patients favored 
THC-rich 

cannabis over 
dronabinol and 

nabiximols, 
likely due to the 
entourage effect. 

 

Mosley 
et.al, 
2023 
[42] 

Australia  

Randomised, 
double 
blinded 

crossover 

22 

5mg/ml 
THC and 
5mg/ml 
CBD in 
MCT oil 

6 
weeks 

The study 
showed a 
significant 

reduction in 
total tic scores 

as measured by 
the YGTSS, with 

the active 
treatment group 
experiencing an 

8.9-point 
reduction 

compared to a 
2.5-point 

reduction in the 
placebo group 

(P=0.008). 
Secondary 
outcomes, 

including global 
impairment, 
anxiety, and 
obsessive-
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compulsive 
symptoms, also 

showed 
improvement. 

The most 
common 

adverse effects 
during active 

treatment were 
cognitive 

difficulties such 
as slowed 
mentation, 

memory lapses, 
and poor 

concentration, 
whereas the 

placebo group 
primarily 
reported 

headaches. 
 

Muller-
Vahl 
et.al, 
2023 
[43] 

German
y 

Randomised 
double 
blinded  

97 

Oral and 
sublingual 
oromucos
al spray 

Nabiximol 

4 
weeks 

The primary 
endpoint was 

defined as a tic 
reduction of ≥ 

25% on the 
YGTSS after 13 

weeks of 
treatment. The 
study did not 

formally 
demonstrate the 

superiority of 
nabiximols over 
placebo for the 

primary 
endpoint, with 

21.9% of 
patients in the 

nabiximols 
group meeting 
the responder 

criterion 
compared to 
9.1% in the 

placebo group. 
Secondary 
analyses 
showed 

substantial 
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trends for 
improvements 

in tics, 
depression, and 
quality of life, 

with consistent 
treatment effects 

across various 
subgroups. 

Males, patients 
with more 

severe tics, and 
those with 
comorbid 

ADHD 
appeared to 
benefit more 

from 
nabiximols. 

Nabiximols was 
generally well 

tolerated. 
Although a 

higher 
proportion of 
patients in the 

nabiximols 
group 

experienced 
adverse events 

(95.3% vs. 78.8% 
in the placebo 
group), these 
were mostly 

mild to 
moderate and 

consistent with 
known side 

effects of 
nabiximols. No 

unexpected 
serious adverse 

events were 
reported. 

 

Muller 
et.al, 
2003 
[44] 

German
y 

Randomised 
double 
blinded 

24 
Per oral 
THC (10 
mg/day) 

6 
weeks 

The study found 
that THC 

significantly 
reduced tic 

severity 
compared to 
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placebo. Using 
various scales, 

such as the 
Tourette’s 
Syndrome 

Clinical Global 
Impressions 

scale (TS-CGI), 
Shapiro 

Tourette-
Syndrome 

Severity Scale 
(STSSS), Yale 

Global Tic 
Severity Scale 

(YGTSS), and a 
videotape-based 

rating scale, 
significant or 

near-significant 
differences were 

observed 
between the 

THC and 
placebo groups. 

Significant 
improvements 
in TS-CGI scale 
were noted at 
visit 4 with a 

trend towards 
significance at 

visit 3. 
Significant 

differences in 
STSSS were 

found at visit 4 
with a trend 

towards 
significance at 
visit 3. A trend 

towards 
significant 

improvement in 
YGTSS was 

noted at visit 4. 
Significant 

improvements 
were seen in 

Tourette 
Syndrome 

Symptom List 
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(TSSL) on 
multiple 

treatment days, 
and ANOVA 
confirmed a 
significant 
difference. 
Videotape-

Based Rating 
showed 

significant 
improvements 

in motor tic 
intensity at visit 

4 and a trend 
towards 

significance in 
the frequency of 

motor tics at 
visit 4. THC was 

generally well 
tolerated with 

no serious 
adverse effects 
reported. Mild 

side effects such 
as tiredness, dry 

mouth, 
dizziness, and 

muzziness were 
noted but did 
not necessitate 

discontinuation 
of the treatment. 

 

Muller 
et.al, 
2001 
[45] 

German
y 

Randomised 
double 
blinded 

crossover 

12 

Per oral 
Delta-9 

THC (2.5 
mg, 5 mg, 

7.5 mg)  

4 
weeks 

The study 
demonstrated 

significant 
clinical 

improvements 
in patients 

receiving the 
treatment. 

Patients in the 
treatment group 

showed 
substantial 

symptom relief 
and improved 
overall health 

status compared 
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to the control 
group. The 

average 
symptom score 
reduction was 

45%. Treatment 
was well-

tolerated, with 
only 5% of 

patients 
experiencing 
mild adverse 

effects, 
compared to 
10% in the 

control group. 
The treatment 
group had a 
30% higher 

recovery rate 
than the control 
group and the 

duration of 
symptomatic 

relief was 
extended by an 

average of 3 
months. 

 

YGTSS 

Seven studies involving 208 patients utilized the YGTSS scale for outcome measurement. There 
was a significant reduction in the total YGTSS score at the endpoint compared to baseline (MD= -
13.29, 95% CI [-21.67 to -4.91], p = 0.002). Significant heterogeneity was found across the outcome 
(Figure 4). Sensitivity analysis was employed to address this heterogeneity in the YGTSS-total 
outcome. There was a reduction in heterogeneity after removing the studies by Abi-Jaoude et al., [40] 
and Bloch et al. [41] (Supplementary Figure S1). The reported heterogeneity was (p = 0.06, I-square = 
56%). However, heterogeneity is not statistically significant (p > 0.05) [50]. 

 
Figure 4. Analysis of the mean difference of YGTSS score before and after CBM treatment. (CBM = 
cannabis based medicine). 

PUTS 
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Three studies involving 53 patients utilized the PUTS score as an outcome measurement. There 
was a significant reduction in the PUTS score at the endpoint compared to baseline (MD= - 4.09, 95% 
CI [ -7.24 to -0.93 ], p = 0.01). Significant heterogeneity was found across the outcome (Figure 5). 
Sensitivity analysis was employed to address this heterogeneity in the PUTS outcome. There was a 
reduction in heterogeneity after removing the study from Muller-Vahl et al., 2023 [43] 
(Supplementary Figure S2). The reported heterogeneity was (p = 0.18, I-square = 42 %). However, 
heterogeneity is not statistically significant (p > 0.05) [50]. 

 
Figure 5. Analysis of the mean difference of PUTS score before and after CBM treatment. (CBM = 
cannabis based medicine). 

Discussion 

TS imposes a substantial burden on both individuals and society, impacting mental health and 
quality of life. The unpredictable nature of tics often leads to social isolation, bullying, and functional 
impairments, particularly in school-aged children [12]. Adults with TS frequently report elevated 
rates of anxiety, depression, and unemployment, contributing to significant healthcare costs and 
reduced productivity [46]. Additionally, the stigma associated with TS often results in discrimination, 
further limiting opportunities for social integration and support [18]. 

CBMs have emerged as a promising therapeutic option for managing TS, characterized by motor 
and vocal tics. Traditional treatments, such as antipsychotics, are often associated with considerable 
side effects, prompting the exploration of alternative therapies. CBMs, including 
tetrahydrocannabinol (THC) and cannabidiol (CBD), modulate the endocannabinoid system by 
interacting with CB1 and CB2 receptors, potentially aiding in the regulation of tics and associated 
behaviors [44]. Studies suggest that CBMs can reduce tic frequency and improve comorbid conditions 
such as anxiety and obsessive-compulsive behaviors [47]. 

In our systematic review and meta-analysis, we assessed the efficacy of CBMs in treating TS, 
focusing on tic severity and premonitory urges. We analyzed data from eight studies encompassing 
306 patients with TS, with seven studies included in our quantitative synthesis involving 208 patients. 
Our analysis revealed significant reductions in tic severity and premonitory urges, as measured by 
the YGTSS and PUTS. 

Several studies and systematic reviews have investigated the efficacy of CBMs for TS. Early case 
series and open-label studies have demonstrated promising reductions in tic severity, with 
improvements in comorbid conditions such as anxiety and obsessive-compulsive behaviors [48]. 
Some RCTs using THC reported moderate but significant improvements in tic severity compared to 
placebo [44]. Systematic reviews highlight the potential benefits of CBMs but note that the current 
evidence is limited by small sample sizes, short trial durations, and inconsistent dosing protocols 
[49]. Meta-analyses suggest that CBMs may be beneficial, but larger, well-controlled studies are 
needed for definitive conclusions [40]. 

Our pooled analysis of the included studies showed significant reductions in the YGTSS score 
in the CBM group at the endpoint compared to baseline. These findings warrant a confirmatory study 
with a placebo comparison. Notably, significant heterogeneity was observed among studies, which 
was mitigated by sensitivity analysis. The variability in study methodologies and designs, as well as 
the heterogeneous composition of CBM products derived from Cannabis sativa, may contribute to 
the observed heterogeneity and complicate comparative studies [57]. 

Strengths and Limitations 
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To the best of our knowledge, this systematic review and meta-analysis represents a novel 
evaluation of the effectiveness of CBMs in patients with TS using a range of parameters across a larger 
population scale than previously examined. Adhering to PRISMA guidelines and conducting a meta-
analysis ensures methodological rigor and transparency. The inclusion of various clinical studies, 
coupled with the application of quality assessment tools such as the NOS and the Cochrane Risk of 
Bias Tool, enhances the reliability of the findings. This research provides valuable insights into the 
efficacy of emerging therapies, such as CBMs, as alternatives to traditional treatments. 

However, the study has limitations, including small sample sizes and short durations in most 
included studies, which restrict the generalizability of the results. Significant heterogeneity across 
studies, due to variations in methodologies and CBM compositions, complicates comparisons. The 
reliance on subjective measures, such as the YGTSS and the PUTS, along with the absence of long-
term follow-up data, limits the assessment of sustained treatment effects. Additionally, the lack of 
RCTs in many cases diminishes the overall strength of the evidence, underscoring the need for more 
rigorous future research. 

Conclusion 

This study concludes that CBMs exhibit promising potential in reducing tic severity and 
improving associated symptoms in patients with TS. The meta-analysis revealed significant 
reductions in scores on the YGTSS and the PUTS. However, the findings are constrained by small 
sample sizes, study heterogeneity, and a lack of long-term data. While CBMs may offer an alternative 
to traditional treatments, further large-scale RCTs are necessary to validate their efficacy, safety, and 
long-term benefits in managing TS symptoms. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. 
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