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Introduction

Recently, several studies about therapist-supported online remote behavioral therapy (TSORBT) have been showed effective for tic disorders (TD). With the increasing adoption of telemedicine, a systematic review of existing evidence is crucial to confirm the efficacy of TSORBT in treating TD.





Aim

We aim to assess the efficacy of TSORBT on the treatment of TD.





Method

This review followed PRISMA guidelines. We searched PubMed, Web of Science, Cochrane, and Embase up to September 2024 for clinical trials on TSORBT’s efficacy in TD. Two researchers independently screened studies, focusing on the Total Tic Severity Score of the Yale Global Tic Severity Scale (YGTSS-TTSS) and other subscores of the YGTSS-motor tic score (YGTSS-MTS), YGTSS-vocal tic score (YGTSS -VTS), YGTSS-impairment score and Parent Tic Questionnaire (PTQ). Risk of bias was assessed using Cochrane RoB 2. Data were analyzed in RevMan 5.4, with outcomes expressed as mean difference (MD) and 95% CI.





Results

In total, 2764 articles were identified for screening. Nine studies involving 1049 participants, with 527 assigned to the TSORBT and 522 to the control were included. TSORBT exhibited potential in addressing YGTSS-TTSS (MD = -2.22, 95% CI: [-3.16, -1.29], P<0.00001), YGTSS-MTS (MD = -2.17, 95% CI: [-3.39, -0.96], P=0.0004), YGTSS-impairment score (MD= -1.69, 95% CI: [-3.26, -0.12], P=0.03) and PTQ score (MD= -6.05, 95% CI: [-8.65, -3.44], P<0.00001);. Subgroup analyses revealed that TSORBT demonstrated nearly the same efficacy as face-to-face BT in addressing YGTSS-TTSS (MD = -0.38, 95% CI: [-3.20, 2.43], P=0.79), but more effective than online psychoeducation (MD = -2.37, 95% CI: [-3.64, -1.10], P = 0.0002).





Conclusion

The current study demonstrates the promising therapeutic efficacy of TSORBT in TD. Further rigorously designed studies, particularly those assessing long-term treatment durability, are warranted to consolidate the evidence base.
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1 Introduction

Tic disorders (TD) is a prevalent neurodevelopmental disorder, which affected up to 1% of children and adolescents, distinguished by abrupt and repetitive movements or vocalizations, and in most patients, symptoms persist into adulthood (1, 2). These disorders can be categorized into three types based on the duration of the condition, with a one-year threshold, as well as the clinical features: transient TD, chronic motor or vocal TD, and Tourette Syndrome (TS) (3). In addition, many TD children have behavioral or psychological disorders, such as attention deficit hyperactivity disorder, obsessive-compulsive disorder, and learning difficulties, which have adverse effects on children’s learning, life, social life, and psychology (4–6).

Currently, the predominant approach to managing TD involves pharmaceutical interventions (7, 8). Nonetheless, the utilization of these medications is accompanied by notable drawbacks, including the potential for severe and diverse adverse effects, as well as limitations in their long-term applicability (9, 10). In recent decades, behavior therapy (BT) has emerged as a successful modality for effectively addressing TD (11–14). Both Habit Reversal Training (HRT) and Comprehensive Behavioral Intervention (CBIT), as well as Exposure and Response Prevention (ERP), are recommended as primary interventions for TD by European clinical guidelines (15). Despite this clear recommendation, BT is rarely available in most countries due to barriers, such as lack of trained therapists and personal and domestic considerations concerning time, distance and costs (16, 17). During the past 10 years, the development of online remote BT has progressed significantly in treating various mental health conditions, including anxiety disorders, depressive symptoms and severe health anxiety (18–20). Recently, several studies have shown that therapist-supported online remote BT (TSORBT) is efficacious in treating TD (21–25). The potential benefits of TSORBT are customizability, time-effectiveness, geographic flexibility, consistency and availability (26).

While these findings are promising, the studies were conducted in different countries, with different interventions, and even yielded some contradictory results. In addition, with the increasing adoption of telemedicine, a systematic review of existing evidence is crucial to confirm the efficacy of TSORBT in treating TD. Specifically, the aims of the present study were to: (1) evaluate the TSORBT’s effects on tic severity in patients with TD. (2) assess the therapeutic efficacy of TSORBT in comparison with traditional face-to-face (f2f) therapy and online psychoeducational programs. This review not only informs clinical decision-making regarding TSORBT implementation in TD populations but also provides guidance for future research directions to optimize therapeutic protocols. Furthermore, it underscores the importance of consolidating this knowledge in the context of the growing applications of telemedicine.




2 Methods



2.1 Study design

The present systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 2020 statement (27), encompassing the published clinical trials on using TSORBT for TD (Supplementary S1: PRISMA Checklist). This trail was registered in PROSPERO (CRD42023432189).




2.2 Literature search

We searched the PubMed, Web of Science, Cochrane and Embase using extensive search strategies. The literature was searched from inception to September 2024. We included clinical trials investigating the efficacy of TSORBT for TD. We constructed a thorough search string using the entry terms of relevant keywords (“Tic Disorders”, “Tourettes Syndrome”, “Tics”, “Internet-Delivered”, “online remote”, “Internet”, “web”, “Videoconference” and “behavior therapy”). The search was restricted to human studies and the language of publications was restricted to English. Detailed search strategies can be seen in Supplementary S2.




2.3 Eligibility criteria: types of studies, participants and intervention

We selected eligible studies based on pre-identified criteria. We included only clinical trials, and our PICOS (Population, Intervention, Comparison, Outcome) was as follows:

	Population: patients diagnosed with TD or TS

	Intervention: treatment with TSORBT

	Comparison: face to face BT or psychoeducation.

	Outcome: tic severity were measured by the Total Tic Severity Score of the Yale Global Tic Severity Scale (YGTSS-TTSS) and other subscores of the YGTSS-motor tic score (YGTSS-MTS), YGTSS-vocal tic score (YGTSS -VTS), and YGTSS-impairment score. We also focus on Parent Tic Questionnaire (PTQ).



This meta-analysis included studies that met the following criteria: Patients: (1) Participants had to have a clinical diagnosis of TD based on the Diagnostic and Statistical Manual of Mental Disorders, 4th ed. (DSM-IV). (2) Diagnostic and Statistical Manual of Mental Disorders, 5th ed. (DSM-5). (3) The International Classification of Diseases, Tenth Revision; Exclusion criteria included (1) Receiving acupuncture or massage therapy; (2) open-label studies. (3) review articles, conference abstracts, editorials, commentaries, case reports.




2.4 Screening of the studies

The process of literature screening involves two researchers independently assessing the inclusion and exclusion criteria for the literature. In cases where there are discrepancies in the inclusion of literature, a third party is consulted to make the final decision. Subsequently, the literature data is extracted, encompassing various elements such as title, author’s name, publication year, randomization method, sample sizes of the study and control groups, intervention method, and outcome evaluation indices. If data is missing in the paper, we contact the author directly to obtain it.




2.5 Assessment of risk of bias

We have used the Cochrane risk-of-bias 2 tool (RoB 2) for randomized controlled trials (RCTs) (28). For each study, two authors independently assessed the risk of bias, and a third author resolved any differences.




2.6 Statistical analysis

Data were analyzed using RevMan 5.4 software provided by the Cochrane Collaboration (Cochrane Collaboration, Copenhagen, Denmark). Continuous data was presented as the mean difference between groups 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 (low heterogeneity: I2 = ≤ 25%; moderate: I2 = 25 to ≤ 50%; high: I2 = > 75%) and a p value < 0.05. Visual inspection of a funnel plot and Egger’s test were performed to assess publication bias (Stata 17.0). We also conducted subgroup analyses based on the different control. TSORBT have shown great efficacy, but when compared with the mean of face to face or online psychoeducation, which one showed better efficacy need to be clarified. Thus, subgroup analysis was performed to identify the differences between them.





3 Results



3.1 Results of the search

A total of 2764 studies were searched in the target databases. Among these, 533 duplicates were eliminated, 2231 were assessed through titles and abstracts, and 25 were evaluated by reading full-texts. Ultimately, nine studies were subjected to analysis (the PRISMA flow diagram in Figure 1).




Figure 1 | Flow chart of the included studies.






3.2 Study characteristics and quality assessment

Table 1 presents a comprehensive overview of the characteristics of these studies. Notably, only one RCT focused on adults, while the remaining studies encompassed children and adolescents. The nine studies involved 1049 participants and 84.2% were male, with 527 assigned to the TSORBT and 522 to the control. The treatment groups that were considered were TSORBT of various online remote BT. All the study followed up more than 2 months.


Table 1 | Characteristics of included studies.



Details of the risk-of-bias assessment of the studies are reported in Figure 2. Visual inspection of the plot and Egger’s test suggested that no publication bias was observed, with the funnel plot showing a relatively symmetrical distribution (Egger’s test, P>0.05). The funnel plot and Egger’s test of studies was presented in Supplementary S3.




Figure 2 | The risk-of-bias assessment of the studies.






3.3 Efficacy outcomes



3.3.1 Efficacy of TSORBT on YGTSS-TTSS

Based on the meta-analysis, the TSORBT had significantly more efficacy on YGTSS-TTSS compared with control group (MD = -2.22, 95% CI: [-3.16, -1.29], P<0.00001; I2 = 0%), which is considered a conclusive superiority (Figure 3). Due to age factors may affect the results, when removing the studies by Haas et al., which the Participants included were adults (age >18 years), the significant efficacy had persisted (MD = -2.27, 95% CI: [-3.24, -1.31], P<0.00001; I2 = 0%) (Supplementary S4).




Figure 3 | Forest plot for efficacy of TSORBT on YGTSS-TTSS.



Long-term follow-up studies of TSORBT for TD have been exceedingly rare. There are two studies to demonstrate the long-term effectiveness (beyond 6 months) of ERP. The analysis revealed that the TSORBT intervention reduced YGTSS-TTSS after 12-month follow-up with an effect size of (MD= -2.45, 95% CI: [-4.04, -0.85], P=0.003; I2 = 0%) (Supplementary S5). Sensitivity analysis was employed to address this heterogeneity in the YGTSS-TTSS outcome. There is no significant heterogeneity even after removing any of the studies (Supplementary S6).




3.3.2 Efficacy of TSORBT on YGTSS-MTS

Three RCTs involving 156 patients evaluated YGTSS-MTS. There was a significant reduction in the motor tic score at the endpoint compared to the control (MD = -2.17, 95% CI: [-3.39, -0.96], P=0.0004; I2 = 0%) Figure 4.




Figure 4 | Forest plot for efficacy of TSORBT on YGTSS-MTS.






3.3.3 Efficacy of TSORBT on YGTSS-VTS

Three RCTs involving 156 patients evaluated YGTSS- VTS. There was no significant reduction in the vocal tic score at the endpoint compared to the control (MD= -1.09, 95% CI: [-2.93, 0.75], P=0.25; I2 = 0%) Figure 5.




Figure 5 | Forest plot for efficacy of TSORBT on YGTSS-VTS.






3.3.4 Efficacy of TSORBT on YGTSS-impairment score

Five RCTs involving 602 patients evaluated YGTSS-impairment score. There was a significant reduction in YGTSS-impairment score at the endpoint compared to the control (MD= -1.69, 95% CI: [-3.26, -0.12], P=0.03; I2 = 23%) Figure 6.




Figure 6 | Forest plot for efficacy of TSORBT on YGTSS-impairment score.






3.3.5 Efficacy of TSORBT on PTQ score

Six RCTs involving 873 patients evaluated PTQ score. There was a significant reduction in PTQ score at the endpoint compared to the control (MD= -6.05, 95% CI: [-8.65, -3.44], P<0.00001; I2 = 20%) Figure 7.




Figure 7 | Forest plots for the PTQ score outcome with the TSORBT.






3.3.6 Subgroup analysis

In a subgroup analysis, the YGTSS-TTSS data related to the f2f and online psychoeducation were included. Three RCTs involving 115 patients evaluated YGTSS-TTSS between TSORBT and f2f. There was no significant difference observed in the reduction of the YGTSS-TTSS at the endpoint (MD= -0.38, 95% CI: [-3.20, 2.43], P=0.79; I2 = 0%). Three RCTs involving 540 patients evaluated YGTSS-TTSS between TSORBT and online psychoeducation. There was a significant difference observed in the reduction of the YGTSS-TTSS at the endpoint (MD= -2.37, 95% CI: [-3.64, -1.10], P=0.0002; I2 = 0%) Figure 8.




Figure 8 | Forest plots of the subgroup analysis by different comparisons for the efficacy of TSORBT.



Furthermore, we evaluated all the results using the GRADE pro (https://gdt.gradepro.org/app). The GRADE quality of the supporting evidence for the outcome was high (Supplementary S7).






4 Discussion

In this systematic review and meta-analysis, we managed a comprehensive analysis to identify the efficacy of TSORBT for TD. We focus on tic severity and PTQ. We analyzed data from nine studies involving 1049 patients with TD, and found significant reductions in YGTSS-TTSS, YGTSS-MTS, YGTSS-impairment score and PTQ. However, our findings did not significantly impact vocal tic measured by the YGTSS-VTS. Furthermore, subgroup analysis found that, in contrast to studies using f2f BT, TSORBT shows almost the same effect. However, when compare with online psychoeducation, there was a significant difference observed in the reduction of the YGTSS-TTSS at the endpoint. To our knowledge, this is the first systematic review and meta-analysis of TSORBT for TD.

TD are commonly encountered in pediatric neurology clinics. Individuals with tic disorders, including TS, face numerous psychological and social difficulties due to persistent tics, such as peer stigmatization and diminished quality of life, which can also affect their families (34, 35). The limited availability of trained therapists in numerous countries hinders access to behavioral treatments for tic disorders (36, 37), resulting in a mere one-fifth of young individuals with TD being able to receive therapy (10). The integration of information technology and treatment has led to the development of a therapy that involves real-time communication between patients and therapists through Internet (23, 32). TSORBT provides a standardized treatment platform and a professional treatment manual, both designed to enhance participants’ effectiveness and efficiency. This intervention does not require therapists to have graduate-level education or prior experience in treating tic disorders. Instead, they receive training on the platform and its contents, along with regular expert supervision. Additionally, the platform integrates supplementary information and instructions specifically for parents/caregivers, enabling them to optimally support their children/adolescents. The TSORBT improves treatment adherence and reduces the time commitment for both therapists and patients (38), it also reduces the cost for patients (39), allowing them to receive treatment without disrupting their school or work commitments (22, 40). Moreover, this intervention presents a potential solution to mitigate the stigma associated with in-person therapy visits and also had a positive impact on helping users,mental health (10).

The first report about the efficacy of BT delivered via telehealth dates to the study by Himle et al. (29) at 2012. Previous studies included small sample sizes and had short follow-up periods (1, 22, 29, 30), which didn’t had enough evidence to prove its advantage. Recently, three RCTs exceeded more 500 participants included (24, 31, 32), have further explored the effects of TSORBT on TD and added long-term follow-up data. In the trial of Haas et al. (24), they investigated treatment effects of iCBIT on tics in adult patients with TD compared to placebo and f2f CBIT and found that iCBIT is superior to placebo and not inferior to f2f in the reduction of tics. In the study of Hollis et al. (31), they evaluate the effectiveness of internet-delivered, therapist-supported, and parent-assisted ERP for treatment of tics in children and young people with TS or chronic tic disorder in England. This is the first adequately powered, randomized, controlled trial assessing online delivery of therapist-supported ERP for tics. They found that the acceptability and safety of the intervention were high. Importantly, the therapeutic effect was durable and even increased slightly at 6 months. Interestingly, only recently, Andrén et al. (32)reported both internet-delivered ERP or education were associated with clinically meaningful improvements in tic severity, but ERP led to higher response rates at little additional cost.

In this study, our meta-analysis indicates that the TSORBT had significantly more efficacy on YGTSS-TTSS compared with other interventions after end of treatment over 2 to 6 month follow-up period. Long-term follow-up is particularly important in the evaluation of treatments for TD, as tics naturally wax and wane over time. Two RCTs reports on 12-month follow-up to establish the long-term efficacy, the results showed that TSORBT is an effective intervention with durable benefits extending for up to 12 months, even 18 months (only in Hollis et al. (23)). This effect is also reflected in YGTSS-MTS, YGTSS-impairment score. Nevertheless, the YGTSS-impairment score had a wide confidence interval, especially the lower limit to -3.26, while the upper limit is close to 0, indicates that there may be some uncertainty in the results. Although statistically significant, clinical significance needs to be considered, suggesting that the results need to be interpreted with caution.

In addition, our observations revealed no significant improvement in vocal tics. This finding aligns with Rachamim et al.’s report (22), which documented minimal improvement during active intervention but marked amelioration during follow-up. Similarly, Hans et al. (24) observed a progressive reduction in vocal tic scores after six-month follow-up, though this change lacked statistical significance (P=0.06). These gradual improvements may reflect continued practice and supplemental sessions during follow-up. Yet, the delayed efficacy of the intervention on vocal tics, in contrast to motor tics, could potentially stem from distinct neurobiological mechanisms and the heightened susceptibility of vocal tics to environmental influences (41). At the same time, only three studies followed vocal tics, adding to the heterogeneity of the results. This suggests that future studies need to pay more attention to the effects of BT on vocal tics, and the follow-up time should be extended.

Subgroup analysis revealed comparable efficacy between TSORBT and f2f BT. However, TSORBT demonstrated significantly greater reduction in YGTSS-TTSS scores compared to online psychoeducation. TSORBT provides a standardized treatment platform and a professional treatment manual, both designed to enhance participants’ effectiveness and efficiency. The platform incorporates additional guidance specifically for parents, enabling them to provide optimal support. Furthermore, built-in progress tracking and regular therapist reminders significantly improve treatment adherence. Therapists not only guided participants in platform navigation but also provided consistent reminders and positive reinforcement for module completion and therapeutic progress. In contrast, the online psychoeducation control condition focused on tic disorder epidemiology (history, prevalence, risk factors) and general health recommendations, without specific tic-management strategies.

Particularly, when compared with traditional face-to-face therapy, TSORBT offers distinct advantages by enabling flexible participation timing, thus minimizing school/work absenteeism and eliminating the need for long-distance travel to specialized centers. These accessibility benefits contributed to a two-fold greater likelihood of positive treatment response among participants. A key distinction between online delivery and face-to-face behavioral therapy for tics lies in three aspects: reduced therapist time requirements, lower necessary skill level for therapists, and decreased costs. The total therapist contact time was approximately 2.5 hours, compared to 9–10 hours in comparable evidence-based face-to-face behavioral therapy for tics (31). Given the shortage of therapists specialized in tic disorders and limited access to behavioral therapy, TSORBT has significant potential to expand the availability of effective behavioral interventions.

Based on our current findings, we propose three key directions for future research: First, studies should examine the durability of TSORBT treatment effects through extended follow-up periods. Second, research should explore potential synergies between TSORBT and complementary digital health technologies (e.g., smartphone-based monitoring applications) to improve both treatment accessibility and adherence. Third, a stepped-care model could be developed where TSORBT serves as a first-line behavioral intervention for tic disorder screening and initial treatment. In this model, non-responders to the digital intervention could transition to either blended online-offline approaches for complex cases or other intervention (e.g. deep brain stimulation) (42, 43), thereby optimizing clinical resource allocation while expanding treatment access for individuals with transient or chronic tic disorders. On the whole, the ultimate purpose of our study on TSORBT for tics is not to replace ftf therapy, but to allow this scarce resource to be better targeted to those who need it most and to provide an effective intervention for those with limited access to BT. This meta-analysis demonstrates that TSORBT represents a promising treatment alternative for TD patients.

Our study has several limitations that should be acknowledged. Firstly, the sample size of some studies was relatively small, which may have limited the statistical power of our findings. We also found that in some studies, the dropout rate increased over time, especially in the face-to-face group, which could have affected the results. Although most outcomes demonstrated low heterogeneity, this finding should be interpreted cautiously as only nine studies were included. Furthermore, other heterogeneity may exist due to variations in participants’ age ranges and comorbid conditions across studies. Secondly, the wide scope of our experiment, involving multiple countries, introduces potential variations in conditions that could impact the treatment effect. In addition, there are some differences in online behavioral interventions. For example, in the studies of Himle et al. (29) and Ricketts et al. (30), CBIT was delivered by a therapist via video instead of f2f. In the study of Andrén et al. (32), Therapist-Supported Internet-Delivered ERP was accompanied by both therapists and parents, and in the study of Rachamim et al. (22), a therapist not only guided participants in the use of the online platform, but also repeatedly reminded and praised them to complete relevant modules and for making progress. Consequently, further targeted studies are necessary to account for these differences. Thirdly, the short duration of treatment in the identified studies, typically ranging from 2 to 3 months, may restrict the comprehensive understanding of outcomes. Lastly, despite our thorough search, the possibility remains that unpublished studies have not been identified, which could potentially introduce bias to our findings. Although Visual inspection of the plot and Egger’s test suggested that no publication bias was observed, we should indeed be interpreted with caution due to potential error.




5 Conclusions

TSORBT represents an efficient public mental health intervention that enhances access to BT for tics, demonstrating efficacy comparable to face-to-face BT while outperforming online psychoeducation. To further validate these findings, rigorously designed studies, particularly those evaluating long-term treatment durability, are warranted to consolidate the evidence base.





Author contributions

XX: Writing – original draft, Writing – review & editing. KZ: Data curation, Writing – original draft. WW: Data curation, Writing – review & editing. TZ: Investigation, Data curation, Writing – original draft. CF: Funding acquisition, Investigation, Project administration, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Young Top Talents Program of Scientific and Technological Research in Higher Education Institutions of Hebei Province (grant no. BJK2023003) and Young Science and Technology Innovation Talents Fostering Program of Hebei Medical University (grant no. TJZR202201) and the Medical Science Research Project of Hebei (grant no.20211432) and the students innovative experimental plan project of Hebei Medical University (grant no.USIP2023317).




Acknowledgments

We are grateful for the constructive suggestions of Dr. Xinyi Xu from Hebei Medical University for the manuscript.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1521947/full#supplementary-material



Abbreviations


TS, Tourette Syndrome; TD, Tic disorder; BT, behavior therapy; TSORBT, Therapist-supported online remote behavioral therapy; YGTSS, Yale Global Tic Severity Scale; RCTs, Randomized controlled trials; HRT, Habit Reversal Training; f2f, Face to face.




References

1. Hollis C, Pennant M, Cuenca J, Glazebrook C, Kendall T, Whittington C, et al. Clinical effectiveness and patient perspectives of different treatment strategies for tics in children and adolescents with tourette syndrome: A systematic review and qualitative analysis. Health Technol Assess. (2016) 20:1–450, vii-viii. doi: 10.3310/hta20040

2. Black KJ, Kim S, Yang NY, Greene DJ. Course of tic disorders over the lifespan. Curr Dev Disord Rep. (2021) 8:121–32. doi: 10.1007/s40474-021-00231-3

3. Whittington C, Pennant M, Kendall T, Glazebrook C, Trayner P, Groom M, et al. Practitioner review: treatments for tourette syndrome in children and young people - a systematic review. J Child Psychol Psychiatry. (2016) 57:988–1004. doi: 10.1111/jcpp.12556

4. Robertson NP. Advances in tourette’s syndrome. J Neurol. (2023) 270:1808–10. doi: 10.1007/s00415-023-11588-3

5. Johnson KA, Worbe Y, Foote KD, Butson CR, Gunduz A, Okun MS. Tourette syndrome: clinical features, pathophysiology, and treatment. Lancet Neurol. (2023) 22:147–58. doi: 10.1016/s1474-4422(22)00303-9

6. Set KK, Warner JN. Tourette syndrome in children: an update. Curr Probl Pediatr Adolesc Health Care. (2021) 51:101032. doi: 10.1016/j.cppeds.2021.101032

7. Martino D, Pringsheim TM. Tourette syndrome and other chronic tic disorders: an update on clinical management. Expert Rev Neurother. (2018) 18:125–37. doi: 10.1080/14737175.2018.1413938

8. Ramsey KA, McGuire JF. Advancements in the phenomenology, assessment, and treatment of tourette syndrome. Curr Opin Psychiatry. (2024) 37:57–64. doi: 10.1097/yco.0000000000000922

9. Roessner V, Eichele H, Stern JS, Skov L, Rizzo R, Debes NM, et al. European clinical guidelines for tourette syndrome and other tic disorders-version 2.0. Part iii: pharmacological treatment. Eur Child Adolesc Psychiatry. (2022) 31:425–41. doi: 10.1007/s00787-021-01899-z

10. Farhat LC, Behling E, Landeros-Weisenberger A, Levine JLS, Macul Ferreira de Barros P, Wang Z, et al. Comparative efficacy, tolerability, and acceptability of pharmacological interventions for the treatment of children, adolescents, and young adults with tourette’s syndrome: A systematic review and network meta-analysis. Lancet Child Adolesc Health. (2023) 7:112–26. doi: 10.1016/s2352-4642(22)00316-9

11. Billnitzer A, Jankovic J. Current management of tics and tourette syndrome: behavioral, pharmacologic, and surgical treatments. Neurotherapeutics. (2020) 17:1681–93. doi: 10.1007/s13311-020-00914-6

12. Yu L, Li Y, Zhang J, Yan C, Wen F, Yan J, et al. The therapeutic effect of habit reversal training for tourette syndrome: A meta-analysis of randomized control trials. Expert Rev Neurother. (2020) 20:1189–96. doi: 10.1080/14737175.2020.1826933

13. Yang C, Cheng X, Zhang Q, Yu D, Li J, Zhang L. Interventions for tic disorders: an updated overview of systematic reviews and meta analyses. Psychiatry Res. (2020) 287:112905. doi: 10.1016/j.psychres.2020.112905

14. Müller-Vahl KR, Szejko N, Verdellen C, Roessner V, Hoekstra PJ, Hartmann A, et al. European clinical guidelines for tourette syndrome and other tic disorders: summary statement. Eur Child Adolesc Psychiatry. (2022) 31:377–82. doi: 10.1007/s00787-021-01832-4

15. Andrén P, Jakubovski E, Murphy TL, Woitecki K, Tarnok Z, Zimmerman-Brenner S, et al. European clinical guidelines for tourette syndrome and other tic disorders-version 2.0. Part ii: psychological interventions. Eur Child Adolesc Psychiatry. (2022) 31:403–23. doi: 10.1007/s00787-021-01845-z

16. Bhikram T, Elmaghraby R, Abi-Jaoude E, Sandor P. An international survey of health care services available to patients with tourette syndrome. Front Psychiatry. (2021) 12:621874. doi: 10.3389/fpsyt.2021.621874

17. Cuenca J, Glazebrook C, Kendall T, Hedderly T, Heyman I, Jackson G, et al. Perceptions of treatment for tics among young people with tourette syndrome and their parents: A mixed methods study. BMC Psychiatry. (2015) 15:46. doi: 10.1186/s12888-015-0430-0

18. Verdellen C, van de Griendt J, Hartmann A, Murphy T. European clinical guidelines for tourette syndrome and other tic disorders. Part iii: behavioural and psychosocial interventions. Eur Child Adolesc Psychiatry. (2011) 20:197–207. doi: 10.1007/s00787-011-0167-3

19. Adhikary D, Barman S, Ranjan R. Internet-based cognitive behavioural therapy for individuals with depression and chronic health conditions: A systematic review. Cureus. (2023) 15:e37822. doi: 10.7759/cureus.37822

20. Olthuis JV, Watt MC, Bailey K, Hayden JA, Stewart SH. Therapist-supported internet cognitive behavioural therapy for anxiety disorders in adults. Cochrane Database systematic Rev. (2015) 3:Cd011565. doi: 10.1002/14651858.Cd011565

21. Chamberlain LR, Hall CL, Andrén P, Davies EB, Kilgariff J, Kouzoupi N, et al. Therapist-supported online interventions for children and young people with tic disorders: lessons learned from a randomized controlled trial and considerations for future practice. JMIR Ment Health. (2020) 7:e19600. doi: 10.2196/19600

22. Rachamim L, Zimmerman-Brenner S, Rachamim O, Mualem H, Zingboim N, Rotstein M. Internet-based guided self-help comprehensive behavioral intervention for tics (Icbit) for youth with tic disorders: A feasibility and effectiveness study with 6 month-follow-up. Eur Child Adolesc Psychiatry. (2022) 31:275–87. doi: 10.1007/s00787-020-01686-2

23. Hollis C, Hall CL, Khan K, Jones R, Marston L, Le Novere M, et al. Long-term clinical and cost-effectiveness of a therapist-supported online remote behavioural intervention for tics in children and adolescents: extended 12- and 18-month follow-up of a single-blind randomised controlled trial. J Child Psychol Psychiatry. (2023) 64:941–51. doi: 10.1111/jcpp.13756

24. Haas M, Jakubovski E, Kunert K, Fremer C, Buddensiek N, Häckl S, et al. Online-tics: internet-delivered behavioral treatment for patients with chronic tic disorders. J Clin Med. (2022) 11(1):250. doi: 10.3390/jcm11010250

25. Prato A, Maugeri N, Chiarotti F, Morcaldi L, Vicario CM, Barone R, et al. A randomized controlled trial comparing videoconference vs. Face-to-face delivery of behavior therapy for youths with tourette syndrome in the time of covid-19. Front Psychiatry. (2022) 13:862422. doi: 10.3389/fpsyt.2022.862422

26. Andersson G, Titov N, Dear BF, Rozental A, Carlbring P. Internet-delivered psychological treatments: from innovation to implementation. World psychiatry: Off J World Psychiatr Assoc (WPA). (2019) 18:20–8. doi: 10.1002/wps.20610

27. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The prisma 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

28. Flemyng E, Moore TH, Boutron I, Higgins JP, Hróbjartsson A, Nejstgaard CH, et al. Using risk of bias 2 to assess results from randomised controlled trials: guidance from cochrane. BMJ Evidence-Based Med. (2023) 28:260–6. doi: 10.1136/bmjebm-2022-112102

29. Himle MB, Freitag M, Walther M, Franklin SA, Ely L, Woods DW. A randomized pilot trial comparing videoconference versus face-to-face delivery of behavior therapy for childhood tic disorders. Behav Res Ther. (2012) 50:565–70. doi: 10.1016/j.brat.2012.05.009

30. Ricketts EJ, Goetz AR, Capriotti MR, Bauer CC, Brei NG, Himle MB, et al. A randomized waitlist-controlled pilot trial of voice over internet protocol-delivered behavior therapy for youth with chronic tic disorders. J Telemed Telecare. (2016) 22:153–62. doi: 10.1177/1357633x15593192

31. Hollis C, Hall CL, Jones R, Marston L, Novere ML, Hunter R, et al. Therapist-supported online remote behavioural intervention for tics in children and adolescents in england (Orbit): A multicentre, parallel group, single-blind, randomised controlled trial. Lancet Psychiatry. (2021) 8:871–82. doi: 10.1016/s2215-0366(21)00235-2

32. Andrén P, Holmsved M, Ringberg H, Wachtmeister V, Isomura K, Aspvall K, et al. Therapist-supported internet-delivered exposure and response prevention for children and adolescents with tourette syndrome: A randomized clinical trial. JAMA network Open. (2022) 5:e2225614. doi: 10.1001/jamanetworkopen.2022.25614

33. Andrén P, Sampaio F, Ringberg H, Wachtmeister V, Warnström M, Isomura K, et al. Internet-delivered exposure and response prevention for pediatric tourette syndrome: 12-month follow-up of a randomized clinical trial. JAMA network Open. (2024) 7:e248468. doi: 10.1001/jamanetworkopen.2024.8468

34. Evans J, Seri S, Cavanna AE. The Effects of Gilles de la Tourette Syndrome and Other Chronic Tic Disorders on Quality of Life across the Lifespan: A Systematic Review. Eur Child Adolesc Psychiatry. (2016) 25:939–48. doi: 10.1007/s00787-016-0823-8

35. Wadman R, Glazebrook C, Beer C, Jackson GM. Difficulties experienced by young people with tourette syndrome in secondary school: A mixed methods description of self, parent and staff perspectives. BMC Psychiatry. (2016) 16:14. doi: 10.1186/s12888-016-0717-9

36. Pringsheim T, Holler-Managan Y, Okun MS, Jankovic J, Piacentini J, Cavanna AE, et al. Comprehensive systematic review summary: treatment of tics in people with tourette syndrome and chronic tic disorders. Neurology. (2019) 92:907–15. doi: 10.1212/wnl.0000000000007467

37. Hall CL, Davies EB, Andrén P, Murphy T, Bennett S, Brown BJ, et al. Investigating a therapist-guided, parent-assisted remote digital behavioural intervention for tics in children and adolescents-’Online remote behavioural intervention for tics’ (Orbit) trial: protocol of an internal pilot study and single-blind randomised controlled trial. BMJ Open. (2019) 9:e027583. doi: 10.1136/bmjopen-2018-027583

38. Soerensen CB, Lange T, Jensen SN, Grejsen J, Aaslet L, Skov L, et al. Exposure and response prevention for children and adolescents with tourette syndrome delivered via web-based videoconference versus face-to-face method. Neuropediatrics. (2023) 54:99–106. doi: 10.1055/a-1987-3205

39. Hedman E, Ljótsson B, Lindefors N. Cognitive behavior therapy via the internet: A systematic review of applications, clinical efficacy and cost-effectiveness. Expert Rev Pharmacoecon Outcomes Res. (2012) 12:745–64. doi: 10.1586/erp.12.67

40. Olthuis JV, Watt MC, Bailey K, Hayden JA, Stewart SH. Therapist-supported internet cognitive behavioural therapy for anxiety disorders in adults. Cochrane Database systematic Rev. (2016) 3:Cd011565. doi: 10.1002/14651858.CD011565.pub2

41. Goldman KJ, DeLeon IG. A review on functional analyses of tics. Behav Modif. (2020) 44:296–315. doi: 10.1177/0145445518809046

42. Wang S, Zhang Y, Wang M, Meng F, Liu Y, Zhang J. Deep brain stimulation for tourette’s syndrome. Cochrane Database systematic Rev. (2024) 8:Cd015924. doi: 10.1002/14651858.Cd015924

43. Wang S, Fan S, Gan Y, Zhang Y, Gao Y, Xue T, et al. Efficacy and safety of combined deep brain stimulation with capsulotomy for comorbid motor and psychiatric symptoms in tourette’s syndrome: experience and evidence. Asian J Psychiatr. (2024) 94:103960. doi: 10.1016/j.ajp.2024.103960




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Xu, Zhu, Wang, Zhao and Fu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpsyt-16-1521947-g006.jpg
Experimental Control Moan Difference Moan Difference

—Studyor Subroup  Mean  SD Total Mean SO Total Weioht IV, Fixed,95%Cl 1V, Fixed, 95% CI

acrén 2022 768 B8z M1 87 61 11 498%  1024325,121) i

Haas 2022 22 137 2 11 1289 53 103%  087(576.400 s

Hollis 2021 147 107 112 17 105 112 319%  -230[508,048) e

Ratharmim 2022 1522 1238 25 2688 1621 16 28% -11.66[2097,-235

Reets20i6 3125 91 12 3175 62 B 54% 0501726260 —_—t

Tota (855 €1 302 00 1000%  169(326,012) -

Hetarogensiy: Ch*=5.17, df= 4 (= 0.2 = 23% e———— 3 ry
Testior veral efect Z= 211 (P= 003)

‘Favours [experimental] Favours [contiol]





OEBPS/Images/fpsyt-16-1521947-g008.jpg
Haas 2022 1968 782 42 21 98¢
Himle 2012 156 98 10 175 65
Prato 2022 1183 20 137 54
Sublotal (85% C1) 7
Heterogensity Chi*=0.46,df= 2 (P = 079), F= 0%
Testfor overall efect 7= 0.27 (= 0.79)

2.3 TSORBT vs Psychoeducation

Andrén 2022 1617 682 111 1772 711
Haas 2022 1088 782 42 2208 7
Holls 2021 25 88 112 25 78
Subtotal (95% C1) 265

Heterogeneity Chi*=1.92,of= 2 (P = 0.40), F= 0%
Test or overal effect 2= 367 (-

000

110

5
12
275

2.1

1%
176%
307%

1000%

273%

1324683, 419]
200 £9.55,5.56]
040(3.24,4.04]
-038(320,243]

-155¢339,029)
238 1540, 0.64]
350 15.65,1.35)
237364140

ED

5 ] 5
Favours [experimenta] Favours [control

0





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

    		Cover



      		

        Efficacy of therapist-supported online remote behavioral therapy for tic disorders: a systematic review and meta-analysis

      

        		

          Introduction

        



        		

          Aim

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study design

          



          		

            2.2 Literature search

          



          		

            2.3 Eligibility criteria: types of studies, participants and intervention

          



          		

            2.4 Screening of the studies

          



          		

            2.5 Assessment of risk of bias

          



          		

            2.6 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Results of the search

          



          		

            3.2 Study characteristics and quality assessment

          



          		

            3.3 Efficacy outcomes

          

            		

              3.3.1 Efficacy of TSORBT on YGTSS-TTSS

            



            		

              3.3.2 Efficacy of TSORBT on YGTSS-MTS

            



            		

              3.3.3 Efficacy of TSORBT on YGTSS-VTS

            



            		

              3.3.4 Efficacy of TSORBT on YGTSS-impairment score

            



            		

              3.3.5 Efficacy of TSORBT on PTQ score

            



            		

              3.3.6 Subgroup analysis

            



          



          



        



        



        		

          4 Discussion

        



        		

          5 Conclusions

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpsyt-16-1521947-g004.jpg
Experimental Control ‘Mean Difference
n Total 1 it 1 Fixed, 95% CI

Haas 2022 1208 348 42 1408 351 53 736%

Rachamim2022 1144 608 25 1475 313 16 183% -331(6.15,-0.47] ——

Ricketts 2016 1254 471 12 1373 48 8 81% 1184545307 T —

Total (95% C1) 79 77 100.0% 217(:3.39, 0.96) >

Heterageneity Chi*= 0.96,df= 2 (P = 064, P= 0% et

1o 5] o 5 10

‘Testfor overal effect Favours [experimental] Favours (contiol]

351 = 00008)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-16-1521947-g002.jpg
seiq 1340
(se1n Supoda) Buodal anjasias

(se10 uonuRE) Ejep aw02N0 aja|dwoau)

(se10 uoajan) JuaLISSaSSE B3O J0 BUIpUYE

(se1y 89uEuLouad) jauuosiad pue sjuediaed Jo Gupulg
(Se1q U0)IB|as) JUBLLIESIU0I UDNEIO|Y

(se10 U01931as) UoeIaUal 23uaNbas WopUEy

adrén202 | @ |9 |9 |© |9 @ |©
anaen202¢ | @ | O | O | OO | O | @

Haas2022 | D | D (O | (©|® | ©
Hime2012| @ | @@ | @ | @@ | @
Hotis 2021 | @ | @ | @ |9 | © | @ | @
Holis 2023 | @ | D | @ | © ([ ® | © | @
Prato 2022 . . . . . . .
Rachamim2022 | @ | @ | @ | ® |® | @ |®

Ricketis 2016 | @ | @ |© | @ | @ | @ | @






OEBPS/Images/fpsyt.2025.1521947_cover.jpg
& frontiers | Frontiers in Psychiatry

Efficacy of therapist-supported online
remote behavioral therapy for tic disorders:
a systematic review and meta-analysis





OEBPS/Images/fpsyt-16-1521947-g005.jpg
Experimental Control Mean Difference. Mean Difference
Studyor Subaroup _Mean SO Total Mean _SD Total Weight IV, ixed, 95% CL IV, Fixed, 95% 1
Hass 2022 642 589 42 823 591 53 503% -1811420,058 —a—
Rachamim2022 468 505 25 563 602 16 268% -0.05}450,260] —
Ricketts 2016 705 581 12 62 533 8 138% 1750319660 —_—
Total (95% CI) 79 77 1000% 1.091283,075) -
Heterogeneity: Ch*= 1,62, f=2 (= 0.44); = 0% ' 3 + r

Test or overall efect: Z= 1.18 (= 0.25)

Favours [experimental] Favours [control]





OEBPS/Images/fpsyt-16-1521947-g007.jpg
Experimental Control Mean Difference Mean Difference
_Studvor Subrowp  Mean _SD Total Mean SD Total Weiat  I.Fixed,95%Cl  NFxedoswel
‘Andrén 2022 1984 1792 111 2351 1814 110 300%  -36718.42,1.08) - 15
Andrén 2024 1676 1597 104 2076 1704 104 337%  -400£849,049) B
Himle 2012 16157 10 179 185 8 26% -180(1789,1419 & ———————
Hollis 2021 1216 112 406 243 112 187% -950[1552,-348)
Hollis 2023 307 238 91 43 253 01 133% -1230(1944,515 &
Ricketts 2016 275 207 12 2063 2315 & 17% -788(27.7411.08
Total (95% CI) 433 100.0%  -6.05(8.65,344] —~—
eterogenef ———
Hewronenehy Chx 10 5 o 5 10

Testfor overal effct 2= 4.55 (P < 0.00007)

Favours [experimental] Favours [control]





OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/fpsyt-16-1521947-g003.jpg
Experimental Control Mean Difference Mean Difference
—Studyor Subgroup _ Mean SO Total Mean SO Total Weight IV.Fixed,95%Cl IV, Fixed, 95% C1

“Andién 2022 1617 682 111 1772 741 110 257% -155(339,029) =T

Andrén 2024 1493 77 104 1673 83 104 183% -180}398,038) - i

Haas 2022 2088 886 42 223 79 53 76% 1620499175 —

Himle 2012 156 98 10 176 65 8 15% -20019.55,556]

Hollls 2021 25 88 112 25 76 112 187% -350(665,-135] ——

Holls 2023 27 88 91 249 73 91 157% -320(555.-085] ——

Prato 2022 141 63 20 137 54 20 66% 040324404 —
Rachamim2022 1612 796 25 2094 783 16 35% -482(977,013

Ricketls 2016 185 775 12 2025 621 8 23% -175(7.89,439]

Total (95% CI) 527 522 100.0% -2.22[:3.46,-1.29] >

Heterogeneity Chi*= 5.88, df=8 (P = 0.66); F= 0% EN £ ] H 10

Test or overal effect:

(88 (P <0.00001)

‘Favours [experimental] Favours [control]





OEBPS/Images/table1.jpg
Study

and year

Study
design

Comparison
Condition

Total
sample
size

Age
(Mean,
D)

Sex,
Male

Comorbidities

Main findings

Prao 2022 (25)

Himle 2012 (25)

Rickts 2016 (30)

Rachamim 2022 22)

Hass 2022 1)

Hols 2021 (1)

Andeén 2022 (52

Holls 2023 (23)

Andrén 2024 (33

Rer

Randomized
plc il

Randomized
plot il

rer

Rer

Rer

Rer

Ker

rer

Online BT vs fceto-
e BT

videoconference BT vs
fce-o-fce BT

Voice over nternet v
watst

ICBIT vs wailist

ICBIT vs placebo snd
ficeto-fice CBIT.

Online therspist.
supportcd ERP.
5 piychocducaion

Therapistsupported
nernet delivered
ERP v peychocduction

Online therapist.
supported ERP.
5 pychosducation

Therapistsupported
nternet delivered
BRP v peychocducation

W

s

@

161

P

By

w2

s

13500

nsen

123
3o
s
@

nas
as)

)

124
@y
22
@0

n1ey

124
@n

22
@0

n16y

0%

%

%

s

s

s

2 month

4 month

10wecks

6 monih

6 month

3 month

3 month

18 month

12 month

+0cD 24
Yy
+Amicty 17

+ADHD 255
+0CD 2%
Amicty 3%

+ADHD 20%.
ocD 5%
+Aniey 3%

+ADHDI39%
0D 317%
+Anxicty 390%

N

SADHDZ2S%.
+0CD 5%
+Amicty 272%

+ADHDIS4%
+0CD 77%
Amicty 1%

+ADHD225%
0D 5%
+Anxicty 272%

+ADHDISA%
0cD 77%
+Amicty 145%

Onlin remote and 21
BT are cqually cflctive
in the weament of tcs

videoconference i 3
visbl option for
diseminsing
Betavionl Inervention
forTis

Sigiianty geter
rducions in tic
vty were found in
CBIT-VolP reative
o witls,

ICBIT offrs an
acceptable and sle
ltemative for TD,

ICBIT i clfstiveinthe
weatment of tics and
esuls n grestr st
responsisly once
accepted by the ptient

Onlinethespist.
supported ERP is an
elictive behaviorsl
therspy for reducton
in tic symproms which
s thepotentil to
ety ncrese the
avllabily of elctive
behavioral wcatment
for hidren and
adolscents with

i disordes.

Therspitsupported
interet.dlverd ERP.
and educaton were
both asociated with
sgniicanty snd
dlinically meaningl
improvements in

tic severy:

Remorly delvered
onlin ERP i3 clincal
and cost effctive
intervention with
durble benefs
extending forup 10

15 morths.

No satistically
sgpiicant changes i
tic seveiy from the 3-
monih tothe 12-month
followup fo cither the
internetdlivered ERP.
sroup or the inemet
detvered
peychocduction group.






OEBPS/Images/fpsyt-16-1521947-g001.jpg
Embase (1

Records identified from:2764
PubMed (n = 266)

Cochrane library (n = 537)
Web of Science (n = 1600)

Records screened (n =2231)

Records removed before
screening:

Duplicate records removed
(n=533)

61)

Title and abstract screening Reports of irrelevant studies

(n=2231)

(n=2206)

v

Reports assessed for eligibility

(n=25)

Reports excluded:
Trials (n =11)
Comment (n=2 )
Intervention not interest (n =2)
prospective observational study
(n=1)

Studies included in review
(n=9)






