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Abstract 

Tourette Syndrome (TS) is a disorder in which the patient has a history of multiple motor and vocal tics. Depression 
and anxiety are common in these patients. The results of the studies show different prevalence of these disorders 
in patients with TS. So, the objective of the present study was to liken the prevalence of depression and anxiety 
in patients with TS by systematic review and meta-analysis. The present study was conducted according to PRISMA 
guidelines during 1997–2022. The articles were obtained from Scopus, Embase, PubMed, Web of Science (WoS) 
and Google Scholar databases.  I2 was used to investigate heterogeneity between studies. Data were analyzed 
by comprehensive meta-analysis software (Version 2). Finally, 12 articles with a sample size of n = 3812 were included 
in the study. As a result of combining the results of the studies, the total estimate of the prevalence of depression 
and anxiety in patients with TS was 36.4% (95% confidence interval: 21.1–54.9%) and 53.5% (95% confidence interval: 
39.9–66.6%), respectively. The results of meta-regression showed that by increasing mean age (9–31.5 years), the prev-
alence of depression and anxiety in patients with TS increased significantly (P<0.001). The results of the present 
study showed that the prevalence of depression and anxiety was high in patients with TS. Therefore, it is suggested 
that health officials and policy makers design measures to prevent and control these disorders.

Keywords Prevalence, Depression, Anxiety, Tourette syndrome, Meta-analysis

Introduction
Disorders of early life remaining throughout life are 
called neurodevelopmental disorders [1]. These disorders 
usually appear early in a child’s development, often before 
they reach school age. Defects associated with these dis-
orders include personal, social, educational, or occupa-
tional dysfunction. These disorders may show significant 

changes over time [1, 2]. Childhood and adolescence 
disorders can delay and / or even hinder children’s social 
development [3].

Tic   disorders are a group of neurodevelopmental disor-
ders that commonly begin in childhood and adolescence 
and may be constant or alternatively severe over time [1, 
3]. Tics are repetitive, involuntary, inharmonic and sud-
den movements or sounds that can involve distinct mus-
cle groups and often appear between the ages of 4 and 
6. These disorders are divided into TS, chronic motor 
or vocal tics, and transient tics [4]. The prevalence of tic 
disorders is higher in children than adults. Thus, about 
5–30 out of ten thousand children and only 1–2 out of 
ten thousand adults have this disorder [5].

Diagnostic criteria for Tourette syndrome based on 
DSM-5 include (1) multiple motor tics and one or more 
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vocal tics sometimes present during the disease (though 
not necessarily simultaneously), (2) the frequency of tics 
may increase and reduce, but continue for more than a 
year since the beginning of the first tick, (3) before 18 
years old, (4) this disorder is not caused by the effects of 
drugs (such as cocaine) or other physical diseases such 
as Huntington’s disease, inflammation of the brain after 
the virus, and etc. [4]. The meta-analysis of TS in China 
reported the prevalence in children as 1.7% [6], 0.52% in 
USA [7] and 0.11% in Polish in adults [8]. The prevalence 
of TS in boys is 3 times higher than in girls [5].

Anxiety and depression are among the most important 
issues studied by psychologists, psychiatrists and behav-
ioural scientists around the world [9]. Among physical 
and mental diseases, depression is the number one prob-
lem in the world. Depression is one of the most impor-
tant mood disorders that is associated with low mood, 
loss of interest, guilt and worthlessness, sleep and appe-
tite disorders, reduced energy and poor concentration. 
Depression and anxiety are the most common psychiat-
ric disorders with a prevalence of 10–20% in the general 
population [10]. Approximately 15% of the total popu-
lation experience a period of major depression at some 
point in their lives [11]. Anxiety is an unpleasant and 
unknown state that affects a person and is accompanied 
by symptoms such as fatigue, restless and heartbeat. The 
genetic, hereditary, environmental, psychological, social 
and biological factors are involved in the etiology of anx-
iety [12]. A person who is constantly exposed to anxiety 
loses his self-confidence and feels depressed while feel-
ing humiliated, which in turn will fuel the vicious cycle 
of job stress and efficiency. Continuation of this cycle 
can gradually erode the mental and physical abilities of 
individuals and after a while lead to unstable nervous 
disorders [13].

Several preliminary studies have been conducted on 
the prevalence of depression and anxiety in patients with 
TS in different parts of the world, but these studies have 
investigated the prevalence in a small environment with a 
smaller sample size. The results of studies showed differ-
ent prevalence of these disorders in different populations. 
Also, none of these studies have investigated the effect of 
potential factors such as age and prevalence over time. 
So, the objective of the present study was to standardize 
the prevalence of depression and anxiety in patients with 
TS by systematic review and meta-analysis.

Methods
The present systematic review and meta-analysis was 
conducted according to PRISMA 2020 guidelines [14] 
during 1997–2022. The articles entered the meta-analysis 
were obtained from Scopus, Embase, PubMed, Web of 
Science (WoS) and Google Scholar databases. Keywords 

used in the search included "Prevalence", "Epidemiol-
ogy", "Prevalent*", "Tourette syndrome", "Depression", 
"Depressive "Disorder", "Depress*", "Anxiety*", and "Anxi-
eties" and in combination using (or) and (and) operators. 
Keywords were validated using MeSh for PubMed and 
Emtree for Embase. The study search did not consider 
any time or language restrictions to retrieve all possible 
related articles by January 2022. Finally, Google Scholar 
and the references of all articles entered the meta-analy-
sis were manually searched. For example, PubMed search 
strategy was defined as follows:

(((((((((Epidemiology[MeSH Terms]) OR 
(Prevalence[MeSH Terms])) OR (Epidemiology[Title/
Abstract])) OR (Prevalance[Title/Abstract])) OR 
(Prevalence[Title/Abstract])) OR (Prevalent*[Title/
Abstract])) OR ("Prevalences"[Title/Abstract])) 
OR ("Prevalence s"[Title/Abstract])) AND ((("Tou-
rette’s syndrome"[Title/Abstract]) OR ("Tou-
rette syndrome"[Title/Abstract])) OR ("Tourette 
syndrome"[MeSH Terms]))) AND ((((Depression[MeSH 
Terms]) OR ("Depressive Disorder"[MeSH Terms])) 
OR (Depress*[Title/Abstract])) OR (((Anxiety[MeSH 
Terms]) OR (Anxiety*[Title/Abstract])) OR 
(Anxieties[Title/Abstract]))).

In order to reduce publication bias and error, all stages 
of searching in different databases, review, selection, data 
extraction and quality evaluation of articles were per-
formed by two researchers, and in case of disagreement, 
first with discussion, then review and finally according 
to the opinion of the third person, an agreement was 
reached.

Inclusion criteria

1. Original Research Articles
2. Observational articles (cross-sectional study, case 

study and cohort study)
3. Access to the full text of the article
4. Studies that reported the percentage or frequency 

of prevalence of depression or anxiety in patients 
with TS.

Exclusion criteria

1. Studies unrelated to the objective of the study
2. Interventional studies (clinical trial study, field trial 

study and social trial study), qualitative studies, case 
series, case reports, letter to editor, articles presented 
at conferences, reviews, systematic review and meta-
analysis, dissertations and animal studies

3. The full text of the article is not available
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4. Repeated and overlapping studies in different data-
bases

Selection process of studies
After determining the search strategy for each data-
base, all articles obtained from different databases were 
entered EndNote X8 software. First, all repeated and 
overlapping studies in different databases were excluded. 
The names of the authors, institutes and journals of all 
studies were then excluded. At the next stage, the title 
and abstract of the studies were reviewed and unrelated 
studies were excluded. Then, full text of the remaining 
articles were thoroughly reviewed according to inclu-
sion and exclusion criteria and irrelevant studies were 
excluded. Finally, articles that met all inclusion criteria 
entered the qualitative evaluation.

Qualitative evaluation of studies
Qualitative evaluation of studies was performed using 
Joanna Briggs Institute (JBI) checklist, which is a stand-
ard and well-known checklist for qualitative evaluation 
of prevalence studies [15]. This checklist has 9 different 
questions about: (1) sample frame, (2) participants, (3) 
sample size, (4) study subject and setting described in 
detail), (5) data analysis, (6) valid methods for identify-
ing conditions, (7) measure the situation, (8) statisti-
cal analysis and (9) adequate response rate. For scoring, 
"Yes" was awarded if mentioned, "No" was awarded if not 
mentioned, and "NA" was awarded if not reported. The 
minimum and maximum scores based on the number of 
"Yes" were 0 and 9, respectively. The results of qualita-
tive evaluation of studies based on JBI checklist items are 
reported in Table 1.

Data extraction
Data were extracted using a pre-prepared checklist. The 
various items on this checklist included name of the cor-
responding author, year of publication of the article, sam-
ple size (total, male and female), country, diagnostic tools 
for depression and anxiety, prevalence, age of patients 
and population studied.

Statistical analysis
The index studied in this study was the prevalence of 
depression and anxiety in patients with TS, which was 
used to combine the results of different studies on the 
frequency in each study. Heterogeneity between studies 
was investigated by  I2 and due to the high heterogene-
ity between the results of studies included in the meta-
analysis  (I2˃ 75%), the random effects model was used. 
Funnel Plot and Egger’s regression intercept were used 
to investigate publication bias. Meta-regression was also 

used to investigate the relationship between the preva-
lence of depression and anxiety in patients with TS with 
sample size, year of publication and mean age of patients. 
Subgroup analysis was performed according to the study 
population. Data analysis was performed by Comprehen-
sive Meta-Analysis software (Version 2) and P value less 
than 0.05 was considered as statistically significant.

Results
Stages of articles entry in meta‑analysis
A total of 496 studies were found in the initial search 
using the search strategies identified for the various 
databases. 2 studies were added through manual search. 
224 studies were repeated in different databases and 
excluded. 274 studies were reviewed by title and abstract, 
of which 239 studies were excluded due to irrelevance. 
Full-text of remaining 35 studies was reviewed, of which 
23 studies were excluded due to not meeting all inclu-
sion criteria. Finally, the remaining 12 articles entered the 
qualitative evaluation and none of the studies based on 
JBI checklist were of poor quality. The stages of PRISMA 
2020 flow chart are shown in Fig. 1.

General information of the articles
The total sample size of the studies was n = 3812. The 
highest and lowest sample sizes were related to the 2019 
study in the USA [21] with n = 1428 and the 2021 study 
in Spain [26] with n = 22, respectively. Two-thirds of the 
studies have been conducted on children or adolescents. 
The oldest and newest studies were in 1997 and 2021, 
respectively. 50% of the studies have been conducted in 
the UK. Also, the studied studies reported the prevalence 
of depression between 8.7% and 73% and the prevalence 
of anxiety between 31.4% and 80%. The data of the arti-
cles entered systematic review and meta-analysis are 
given in Table 2.

Meta‑analysis of the prevalence of depression and anxiety 
in patients with TS
The results of  I2 test for the global prevalence of depres-
sion and anxiety in patients with TS indicated a signifi-
cant heterogeneity between studies (depression = 98.63 
and anxiety = 96.91). So, random effect model was used 
for data analysis (Table  3). According to funnel plot 
(Figs. 2 and 3) and the results of Egger’s regression inter-
cept, there was no publication bias among the studies at 
the level of 0.1 (depression = 0.685 and anxiety = 0.410). 
As a result of combining the results of all studies, the 
prevalence of depression in patients with TS; 36.4% (95% 
confidence interval: 21.1–54.9%) and prevalence of anxi-
ety in patients with TS; 53.5% (95% confidence inter-
val: 39.9–66.6%) was estimated by random effect model 
(Figs. 4 and 5) (black square percentage and the length of 
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the line on which the 95% confidence interval is located 
in each study, the rhomb represents the total estimate of 
the prevalence). The results of sensitivity analysis showed 
that by excluding each of the studies, the final estimate of 
the prevalence percentage does not change significantly 
(Figs. 6 and 7).

Meta‑regression of prevalence of depression and anxiety 
in patients with TS
Using meta-regression, the relationship between poten-
tial factors such as sample size (Figs.  8 and 9), year of 
study (Figs. 10 and 11) and mean age of patients (Figs. 12 
and 13) and the total estimate of the prevalence of 
depression and anxiety in patients with TS was inves-
tigated. The results showed that by increasing sample 
size, the prevalence of depression (Fig.  8) and anxiety 
(Fig.  9) reduced significantly (P<0.001). By increasing 
year of study, the prevalence of anxiety (Fig. 11) reduced 

significantly (P<0.001), but the relationship between 
year of study and prevalence of depression (Fig. 10) was 
not significant (P˃0.05). By increasing mean age (9–31.5 
years) of patients, the prevalence of depression (Fig. 12) 
and anxiety (Fig. 13) increased significantly (P<0.001).

Subgroup analysis
Due to the high heterogeneity among the studies, sub-
group analysis by population was reported in Table 4. The 
highest prevalence of depression and anxiety in patients 
with TS in the adult population was estimated to be 47.9% 
(95% confidence interval: 27.6–68.9%) and 61.3% (95% 
confidence interval: 34.7–82.5%), respectively (Table 4).

Discussion
The present systematic review and meta-analysis was 
performed to determine the prevalence of depression 
and anxiety in patients with TS. Finally, after combining 

Fig. 1 PRISMA 2020 flow diagram for article selection
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the data obtained from 12 articles entered the meta-
analysis, the prevalence of depression and anxiety was 
36.4% and 53.5% in these patients, respectively. The high-
est prevalence of depression and anxiety was reported 
by Gharatya et al. (75% and 80%, respectively) [20]. The 
lowest prevalence of depression was reported by Robert-
son et al. (8.7%) [24] and the lowest prevalence of anxiety 
was reported by Baglioni et al. (31.4%) [25]. The highest 
quality assessment score [8] based on JBI checklist was 
related to a 2017 study in Italy [23], which reported a 
66.7% prevalence of depression and a 44.8% prevalence of 
anxiety in patients with TS.

To the best of our knowledge, no systematic review or 
meta-analysis has been performed to estimate the prev-
alence of depression and anxiety in patients with TS. 
According to a meta-analysis by Kisely et al., the preva-
lence of depression and anxiety was 12.5%   and 3.4% in 
the general population, respectively [28]. Also, Salari 
et  al. reported the prevalence of anxiety and depres-
sion 29.6% and 33.7% in the general population during 
Covid-19 pandemic, respectively [29]. Comparison of the 
results of the above meta-analyzes with the present study 
showed that the prevalence of depression and anxiety in 
patients with TS was higher than the general population, 
which requires special attention of health officials and 
policy makers.

There is evidence of dopamine involvement in tic dis-
orders, based on the fact that dopamine antagonist drugs 
such as haloperidol suppress tics and factors that increase 
central dopaminergic activity, such as Ritalin, exacerbate 
tics. The relationship between tics and dopamine is not a 
simple one and has not yet been fully known [30]. There 
is also evidence of dysfunction of the cerebral cortex cir-
cuits involved in motor functions. Studies using magnetic 
resonance imaging have shown natural asymmetry of the 
tail nuclei in those with these disorders [31]. Environ-
mental and social factors also play a role in the develop-
ment of this syndrome, such as smoking and high levels 
of stress during pregnancy, prematurity and low birth 
weight, psychiatric disorders, streptococcal infections 
and other psychological stresses. Therefore, therapeu-
tic approaches to tic disorders can be divided into three 
main groups: medication, cognitive-behavioral therapy, 
and behavioral therapy [32].

The onset of Tourette syndrome is usually between 
4 and 6 years old. The highest severity occurs between 
the ages of 10 and 12. So that in adolescence its intensity 
reduces. Many adults with Tourette syndrome experience 
reduced symptoms [4]. However, the results of subgroup 
analysis of the present study showed that the preva-
lence of depression and anxiety in patients with TS in 
the adult population was higher than other populations 

Fig. 2 Results of funnel plot for estimating the total prevalence of depression



Page 9 of 16Abbasi et al. Italian Journal of Pediatrics          (2023) 49:160  

Fig. 3 Results of funnel plot for estimating the total prevalence of anxiety

Fig. 4 Forest plot for estimating the total prevalence of depression
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Fig. 5 Forest plot for estimating the total prevalence of anxiety

Fig. 6 Sensitivity analysis for estimating the total prevalence of depression
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studied. Also, the results of meta-regression showed that 
by increasing mean age (9–31.5 years), the prevalence 
of depression and anxiety in patients with TS increased 
significantly. The reasons for the higher prevalence of 
depression and anxiety with age can be the influence of 
social environment, university and work, pubertal stress, 
substance abuse, negative thinking patterns, differences 
in the brain (adolescents’ brain is structurally different 

from adults’ brain), changes in the brain circuits of ado-
lescents play a role in the risk-reward response, and 
increase stress levels. The adolescents with anxiety and 
depression have different neurotransmitters, including 
dopamine, serotonin, and norepinephrine in their brains 
affecting mood and behavior) and etc.

The high prevalence of depression and anxiety in 
patients with TS in different populations, especially 

Fig. 7 Sensitivity analysis chart for estimating the total prevalence of anxiety

Fig. 8 Meta-regression of the relationship between sample size and prevalence depression
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Fig. 9 Meta-regression of the relationship between sample size and prevalence anxiety

Fig. 10 Meta-regression between years of study and prevalence depression

Fig. 11 Meta-regression between years of study and prevalence anxiety
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in young people, indicates the need for investigation 
and follow-up for these disorders in these patients. 
Due to the complications and problems that depres-
sion and anxiety cause in these patients and its sig-
nificant effect on various aspects of life, there is a need 
for special attention by the authorities. In order to 
reduce the prevalence of depression and anxiety, one 
should become aware of this issue, find the appropri-
ate solution, implement these solutions, and follow up 
the results of the actions. This policy is effective when 
implemented at the individual, group and organiza-
tional levels.

Due to the small number of studies included in the 
meta-analysis in the systematic review and meta-anal-
ysis of the present study and most of the articles were 
presented in continental Europe, it was not possible to 
analyze subgroups according to the continent and social 

environment studied. Due to the influence of culture and 
social environment on the prevalence of depression and 
anxiety, it is suggested to conduct further studies with 
larger sample sizes in different parts of the world, conti-
nents and cultures to determine the prevalence of these 
disorders more accurately in different populations and 
cultures.

High heterogeneity between studies (90%>) led to per-
form a subgroup analysis according to the study popu-
lation, which reduced a small amount of heterogeneity 
between studies, but still heterogeneity in all subgroups 
is high, which may be due to demographic information, 
sample size and study methodology. Other limitations 
included the lack of uniform reporting of articles, the 
same method, the random selection of some samples, the 
small sample size of some articles, the small number of 
studies in some subgroups for subgroup analysis and the 

Fig. 12 Meta-regression between the mean age of patients and prevalence depression

Fig. 13 Meta-regression of the relationship between the mean age of patients and prevalence anxiety
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lack of access to the full text of articles presented at the 
conference.

Conclusion
The results of the present systematic review and 
meta-analysis showed that the prevalence of depres-
sion and anxiety in patients with TS was high. There-
fore, it is suggested that health officials and policy 
makers design measures to prevent and control these 
disorders.
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