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We summarize a few research reports from 2024 relevant to Tourette syndrome that the authors consider most important or interesting. This working draft aims towards submitting this content for publication around the beginning of 2025 in the yearly Tourette Syndrome Research Highlights series on F1000Research. The authors welcome article suggestions and thoughtful feedback from readers, who can add a comment by clicking on the rectangular comment box icon just to the left of the LOG IN link at the top of this page. For private comments you can reach us by email (andreas {dot} hartmann {at} aphp {dot} fr, or kevin {at} wustl {dot} edu). 
Copyright © 2024, the authors. 
[bookmark: introduction]Introduction
This article is meant to disseminate scientific progress on Gilles de la Tourette Syndrome (GTS) that appeared in the year 2024, summarizing research reports the authors judged important or interesting. 
[bookmark: methods]Methods
We searched PubMed using the search strategy (“Tic Disorders”[MeSH] OR Tourette) NOT ((Tourette[AU] OR Tourette[COIS]) NOT (“Tic Disorders”[MeSH] OR Tourette [tiab])) AND 2024[PDAT] NOT 1800:2023[PDAT]. On 24 Jan 2024 this search returned 14 citations. On the same date, a search of PubMed Central for (“tic disorders”[mesh] OR tourette*[ti] OR tourette*[ab] OR Tourette*[kwd] OR tourettism[tw]) AND 2024[dp] NOT 1800:2023[dp] returned 7 citations. All these citations are available in this NLM article collection. Colleagues also recommended articles, and we attended selected medical conferences. We selected material for this review subjectively, guided by our judgment of possible future impact on the field.
[bookmark: results]Results
[bookmark: phenomenology-and-natural-history]Phenomenology and natural history
[bookmark: definition-and-phenomenology]Definition and phenomenology
An analysis of a large TS genetics database examined possible sex differences in people with a persistent tic disorder (Dy-Hollins et al. 2024). Girls were diagnosed later and less often, but symptoms started only slightly later (0.5-1.0 years) and were of similar severity. OCD was more common in females and ADHD was more common in males. The Montreal group examined possible sex differences in 66 children age 7-14 with tics, 19 of whom were girls (doi 10.3390/jcm13092477). They found no differences in tic symptoms, but substantial differences in psychological style, comorbidity and impairment.
Sleep in TS (Keenan et al. 2024).
[bookmark: assessment-and-quantification-of-tics]Assessment and quantification of tics
Important work: “Automatic identification of facial tics using selfie-video” (Loewenstern et al. 2024).
[bookmark: prognosis-and-natural-history]Prognosis and natural history


[bookmark: sensory-phenomena-and-premonitory-urge]Sensory phenomena and premonitory urge


[bookmark: comorbidities]Comorbidities
https://doi.org/10.1136/bmj-2023-077564
Medication treatment for ADHD saves lives (Li et al. 2024).
[bookmark: functional-tic-like-behaviors]Functional tic-like behaviors
What features are most and least common in functional tic-like behaviors (FTLB) vs primary tic disorder? (Nilles et al. 2024). Specificity of some features of ESSTS criteria assessed vs. a registry of people with a primary tic disorder (Nilles et al. 2024).


[bookmark: etiology]Etiology
[bookmark: genetics-and-epigenetics]Genetics and epigenetics
In autism, genetic effects on several early neurodevelopmental traits are better explained indirectly by their effect on cognitive ability and educational attainment (Hegemann et al. 2024).
GWAS identifies 30 loci associated with OCD {DOI 10.1101/2024.03.13.24304161}.
[bookmark: environmental-risk-factors]Environmental risk factors
“The Challenge of Examining Social Determinants of Health in People Living with Tourette Syndrome” (Dy-Hollins et al. 2023).
[bookmark: post-mortem-studies]Post-mortem studies
“[W]e performed single cell transcriptomic and chromatin accessibility analyses of the caudate nucleus from 6 adult TS and 6 control post-mortem brains. … interneurons were decreased by roughly 50% in TS brains, while no difference was observed for other cell types. … Differential gene expression analysis suggested that mitochondrial function, and specifically oxidative metabolism, in MSN and synaptic function in interneurons are both impaired in TS subjects, while microglia display strong activation of immune response pathways.” (Wang et al. 2024)
[bookmark: pathophysiology]Pathophysiology
[bookmark: electrophysiology]Electrophysiology
[bookmark: neuroimaging-studies]Neuroimaging studies
Interesting fMRI study design looking at brain activity related to situations that trigger tics and tic imagery (Zapparoli et al. 2024).
“Functional connectivity of the nucleus accumbens predicts clinical course in treated and non-responder adult ADHD” (Zaher et al. 4AD).
[bookmark: animal-models]Animal models
“Phonic Tics in a Rat Model of Tourette Syndrome Enable Research on Symptom-Based DBS” (Sagalajev et al. 6AD). [Note: preprint appeared in 2023]
[bookmark: other]Other


[bookmark: treatment]Treatment
(Wang et al. 2024) summarize the pill placebo response rate in tic disorders. They find a pooled effect size of −0.79, and note that 44% of study participants reported adverse events on placebo. These results are important for designing future treatment studies in TS.
[bookmark: psychological-interventions]Psychological interventions
Tic suppression-based treatments for tics have been criticized (mostly by those who do not do behavior therapy) as likely to provoke tic substitution or to be too difficult. The group that performed the first large CBIT trial in children 11 years ago followed up with those participants, now adults, to ask about such experiences then or since (Barber et al. 2024). The great majority of study participants recalled no such negative experiences, and importantly those who did were no more likely to have been in the CBIT arm vs. the control therapy arm. This study adds to substantial prior data showing that such negative experiences are rare, and hopefully can put to rest these concerns.
(Mohamed et al. 2024) provide a meta-analysis of differential reinforcement of other (DRO) as a treatment of tics. Here, DRO refers to rewarding someone every time a defined duration passes with no tics. In 8 studies totaling 79 participants, DRO decreased tic frequency by an average of 10.25 tics per minute (p  < 0.00001). An important caveat is that the available primary studies focus only on immediate results, i.e. decrease of tic frequency for a period several minutes long while DRO rewards are given consistently. Nevertheless, the authors note that DRO’s potential ease of dissemination and use provide justification for real-world treatment studies. We note that an open software web implementation of DRO is available gratis (Black and Black 2017).
Rotstein and colleagues from Tel Aviv developed a gamified adaptation of exposure and response prevention (DRO) that provides immediate rewards for tic suppression, and tested it in a crossover trial with 35 children with tics (Rotstein et al. 2024). Compared to non-contingent, end-of-session reward, immediately rewarded tic suppression resulted in substantially increased tic suppression during treatment sessions. Clinically, tic ratings improved 26% during treatment and 43% at 3 months after treatment. This approach adds reward variety and a much more engaging format to TicTrainer (Black and Black 2017), and seems very likely to prove clinically useful.
[bookmark: pharmacological-studies]Pharmacological studies
The Phase 2b T-GOLD study of valbenazine for youth with Tourette syndrome did not meet its primary endpoint (BNN Correspondents 2024). Secondary analyses are planned to determine whether a subgroup of patients responded well.
A mechanistic study of vitamin D3 in a rodent model of tics (Li et al. 2024).
[bookmark: neurosurgery]Neurosurgery
“Responsive” DBS for TS (Okun et al. 2024).
[bookmark: tics-family-and-society]Tics, family and society
(Isaacs et al. 2024) completed a focus group to summarize thoughts of adults with TS on priorities for research and on the development of a registry. 
In the past decade, the first authors of over half of Tourette-related publications were women (Mahajan et al. 2024). 
 
[bookmark: additional-sources]Additional sources
 
[bookmark: conclusions]Conclusions
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