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Introduction: Dystonia is characterized by dysfunctional movements and postures and current treatments aim to reduce unwanted muscle activity. Dystonia also encompasses non-motor symptoms which are becoming increasingly recognized as important contributors to quality of life. Less attention has been paid to treating these non-motor symptoms. This systematic review was undertaken to describe what is known regarding non-motor symptom treatment in dystonia.Methods: A systematic review was undertaken of the published literature from 2019 to 2025. Studies on dystonia that included description of non-motor symptoms and changes after treatment were included.Results: 408 records were identified for review with 89 meeting inclusion and exclusion criteria for full review. 22 reports and 10 additional studies from review of references were included in the review. Treatments were stratified by type of treatment (e.g., surgical, non-invasive neurostimulation, and botulinum toxin injection) as well as by type of dystonia (e.g., generalized vs. focal vs. segmental). Response of non-motor symptoms to surgical treatment were mixed. Ablative therapy showed some improvements in non-motor symptoms but with the inherent risks of ablative procedures. Botulinum toxin consistently improved mood and pain across multiple dystonia populations.Conclusion: This review summarizes the current state of treatment effects of non-motor symptoms in dystonia. In most cases, the treatments were primarily aimed at motor symptoms but changes were sometimes seen in non-motor symptoms as well. Better detection and treatment of non-motor symptoms in dystonia are needed to wholly treat patients with dystonia.Keywords: dystonia, outcomes, non-motor, symptoms, treatment
INTRODUCTION
Dystonia, not unlike Parkinson’s disease, is a syndrome in which motor symptoms are often accompanied by non-motor symptoms (NMS). These NMS may exert a more significant impact on a patient’s quality of life (QoL) and influence their overall experience of both the dystonia and its associated treatments [1]. The NMS most commonly described include anxiety and depression, pain and sensory abnormalities, sleep disturbances, and cognitive changes. While NMS were historically felt to be secondary to motor symptoms, and which certainly can contribute to the experience of NMS, we now understand these symptoms to be an independent feature of disease, out of proportion to motor symptom severity, and sometimes predating the onset of motor symptoms [2, 3]. Although nonmotor symptoms are demonstrated to be independent of motor symptoms, they commonly impact upon each other, making it difficult to fully separate distinct mood disorders from pain, or fatigue from sleep dysfunction, for example [2–4]. NMS are common in dystonia across varying etiologies and affected body areas [5]. This widespread prevalence of NMS in dystonia may be explained by a unifying theory of network dysfunction as evidenced by imaging studies showing abnormal activity in brain structures involved in both motor and nonmotor networks [6–9].
Neuropsychiatric symptoms
The impact of neuropsychiatric symptoms on patients’ lives cannot be overstated - an illustrative example is social phobia and social anxiety. Social phobia is common in cervical dystonia (CD), attributable to a sense of body deformation and anticipation of negative perception by others related to the disease. This perception is out of proportion to motor severity, leading to self-stigmatization: a self-conscious anxiety in public spaces and social situations, increasing isolation and depression [10, 11]. There seems to be an overall hypervigilance, an erroneous assignment of salience to unimportant stimuli that is common in CD with NMS. There is known network dysfunction in dystonia involving salience network structures, like the amygdala, and structures interacting with the salience network, like the cerebellum [6, 12–14]. In fact, the cerebellum modulates input related to sensorimotor, salience, and default mode networks, implicating it across nonmotor symptoms like pain and sensation perception, depression and anxiety [12]. Indeed, resting-state functional neuroimaging studies have found abnormal activity in salience networks as directed by the cerebellum, correlating with symptoms of depression [12]. Social phobia illustrates the challenge in identifying which NMS are primary to the disease and which are a result of other NMS, or of the motor symptom impact of dystonia. For instance, higher rates of disordered eating and substance use disorder are found in patients with dystonia, suggesting a primary etiology [5, 11, 15]. However, as shown above, a symptom like social phobia could lead to isolation and subsequent depression and maladaptive coping strategies. Anxiety and depression are also commonly reported in writer’s cramp, laryngeal dystonia, oromandibular dystonia (OMD), and blepharospasm, and are unrelated to motor symptom severity, even predating the onset of motor symptoms again suggesting a primary role in the disorder [16–21]. 32.3% of patients with isolated dystonia report a history of suicidal behavior, a rate significantly higher than that of the general population, highlighting the severity of impact of these symptoms on patients’ wellbeing [22].
Sleep/wake symptoms
Fatigue and excessive daytime sleepiness (EDS) are prevalent and significantly impact the QoL of patients with dystonia, influencing their perceptions of the disease and satisfaction with treatment [4, 10, 16, 20, 23–25]. Compared to healthy controls, patients with dystonia exhibit reduced daytime activity, as measured by self-report and accelerometry data [26]. Sleep disturbances are present in up to 70% of patients with CD [10]. Across various dystonia subtypes, patients experience higher rates of insomnia, poorer sleep quality, reduced sleep duration, and lower sleep efficiency, as well as greater EDS, compared to healthy controls [5, 26]. Dysregulation of circadian rhythm networks, particularly cerebellar hyperactivity, has been proposed as a potential contributing factor to these sleep-wake disturbances [7].
Pain
Pain is a prevalent feature of dystonia and has a significant impact on health-related QoL [5, 27]. Patients with blepharospasm frequently experience eye pain and photophobia [17]. Similarly in CD, pain commonly reported and relates to complex mechanisms, including increased muscle contraction affecting muscle spindles and their associated pain receptors, alterations in peripheral sensitivity due to neuropeptide activity, abnormal processing of pain pathways, and impaired inhibitory signalling [28]. A systematic review has demonstrated that botulinum toxin (BoNT) treatment can significantly alleviate pain, as evidenced by improvements in the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) pain scores [28]. Although BoNT treatment generally provides effective pain control, pain may recur between injection cycles and its persistence is associated with lower patient satisfaction with treatment [29, 30]. Deep brain stimulation (DBS) has shown variable impact on pain outcomes in prior studies, with some research indicating no effect and other studies showing significant improvements in pain scores independent from motor symptom improvement, suggesting that pain may be a primary and distinct symptom of dystonia [28].
Changes in cognition
Altered cognitive function is one of the least understood NMS of dystonia, as clinical changes are subtle and nonprogressive, and are difficult to glean from common screening measures like the Montreal Cognitive Assessment (MoCA) or the Mini Mental Status Exam (MMSE) [31]. Social cognition has been a focal point of cognitive research in CD, with deficits in this domain having substantial implications for comorbid anxiety [32]. Patients with CD demonstrate a reduced ability to recognize emotional expressions in both auditory and visual tasks compared to controls in some studies [33, 34]. Additionally smaller studies have reported lower performance in spatial working memory, word retrieval, and working memory in individuals with CD [35].
Patients with myoclonus-dystonia and CD both demonstrate impairment in their explicit sense of agency, a cognitive function dependent upon one’s ability to predict their actions’ impact on the external world [36, 37]. This deficit may implicate the cerebellum, which plays a key role in predicting feedback from self-generated actions and may indirectly contribute to dysfunction in the sense of agency network [36–39]. Some small studies have found executive deficits and slowed cognitive speed in CD patients; specifically, deficits of inhibitory control seem to be a feature of CD, even when controlling for patients on benzodiazepines [40].
Systematic review
The purpose of this study is to provide a descriptive review of recent publications related to the treatment of NMS in dystonia published over the past 5 years, and to provide a comprehensive description of this literature. We aim to reveal the benefits and limitations of common dystonia treatment approaches on NMS, and to uncover areas requiring further study.
METHODS
This systematic review focused on the treatment of NMS in dystonia. PubMed, Embase, Web of Science, and Cochrane databases were searched with keywords “dystonia” AND “non-motor” with a publication date limit of 5 years (2019–2024). PubMed search was performed initially, and then an expanded search including the other databases was performed. To ensure the relevance of the evidence base, we limited our systematic review to studies published within the past 5 years. This timeframe was selected to capture the most up-to-date research reflecting recent developments in the field. Recently, the dystonia literature has increasingly emphasized the significance of NMS and their impact on treatment outcomes. A 2018 systematic review evaluated NMS outcomes in DBS for dystonia [41]. Subsequent studies, including reports published in 2020 and 2023 have underscored the importance of assessing NMS in the context of patient-centered outcomes of BoNT injection [42, 43]. In 2023, a Dystonia Medical Research Foundation expert meeting advocated for the systematic evaluation of NMS, including the potential repurposing of existing therapies to address these outcomes in clinical trials [44]. Collectively, these developments support the appropriateness of a 5-year publication window to capture the most pertinent and forward-looking research in this evolving area. To capture the latest publications, weekly email alerts for new publications were reviewed up until the point of submission in June 2025. Studies that discussed NMS of various types were included for review of title and abstract, and of the full text if needed. Studies that measured treatment impacts on NMS were selected for full review. Relevant references within these papers meeting criteria were also reviewed. We excluded studies of dystonia secondary to brain injury, case reports, animal studies, and publications not available in the English language.
RESULTS
408 records were identified for review after the removal of duplicates. 89 reports meeting inclusion and exclusion criteria were selected for full text review. Of these, 22 reports were ultimately included, as well as 10 additional studies from review of references (Figure 1). Here, we organize the results by treatment type, and then by dystonia body distribution.
[image: Figure 1]FIGURE 1 | PRISMA 2020 flow diagram for systematic review [92].
Surgical interventions
Surgical interventions may be utilized in medication and toxin-refractory cases of dystonia. Various targets were investigated over the past 5 years including DBS of the globus pallidus internus (GPi), subthalamic nucleus (STN), and ventral intermediate nucleus of the thalamus (Vim); ablation of pallidothalamic tracts by focused ultrasound and radiofrequency; and cervical spinal cord stimulation. Motor symptoms improved with many of these interventions, however, the response of NMS was variable. There were 13 publications in the past 5 years (six case series; one randomized controlled trial [RCT]; five prospective, non-controlled studies; and one prospective, crossover, double-blind study) that reported on the impact of surgical interventions on NMS as secondary outcomes using a variety of scales [Table 1].
TABLE 1 | DBS study results.
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In a randomized, double-blind crossover trial of six patients with laryngeal dystonia, VIM-DBS improved mood as assessed with the Beck Depression Inventory (BDI-II). Cognition as measured by Montreal Cognitive Assessment (MoCA) was not impacted [45].
GPI-DBS was found to significantly improve pain as measured after 5 years of stimulation by TWSTRS-Pain subscale (TWSTRS-P) in a study of 37 patients with CD. However, this study did not find an impact of GPI-DBS on mood as measured by the Hospital Anxiety and Depression Scale (HADS) despite significant motor improvement [46].
Horisawa et al. evaluated the use of pallidothalamic tractotomy in patients with CD [47, 48]. In 2022, the group reported on 35 patients who underwent unilateral radiofrequency ablation of Forel’s Field H1. Pain scores improved by 40% as measured by TWSTRS pain subscale (p = 0.0029). This study reported a high incidence of adverse events in 50% of patients [47]. Expanding upon this work, the group reported on ten patients with CD in 2024 who underwent focused ultrasound pallidothalamic tractotomy. Participants demonstrated modest improvement at 6 months in depression, anxiety, and apathy as assessed by BDI, BAI, and apathy evaluating scales. Adverse events included prolonged loss of hand dexterity in 30%, thought to be related to associated hypotonia [48]. Both studies were limited by short term follow up ranging from 6–18 months, leaving the important question of the long-term benefits of ablative surgeries to future study.
Cervical spinal cord tonic stimulation has demonstrated temporary motor improvements in patients with CD in a double-blind, crossover trial, though the observed effects may have been attributable to a placebo response associated with the paresthesia induced by tonic stimulation [58]. In a recent open-label pilot study by Shimizu et al. (2020), burst stimulation, which does not induce paresthesia, was evaluated in four patients with CD. In follow-up assessments ranging from six to 42 months, participants demonstrated a 50% improvement in TWSTRS scores, an 82% improvement in the Burke-Fahn-Marsden Dystonia Rating Scale, and up to a 97% reduction in pain, as measured by the visual analog scale (VAS) and Short Form McGill Pain Questionnaire 2 (SF-MPQ-2) [49]. While the study is limited by small sample size, study design, and the relatively short follow-up period, these promising results suggest this treatment modality warrants further investigation, particularly for patients with refractory pain despite optimal medication and BoNT treatment.
Segmental dystonia
In the past 5 years, three large case series examined the effects of DBS in patients with Meige syndrome (n = 170) [50–52]. Mood outcomes were assessed using the BDI, Zung Self-rating Depression and Anxiety Scales (SDS and SAS), as well as the Hamilton Anxiety and Depression Rating Scales (HAMA and HAMD). Hao et al. (2023) reported on 30 patients with Meige syndrome who underwent STN-DBS, finding no significant improvement in mood as measured by the SDS and SAS after 3 years of follow up [50]. Conversely, Liu et al. (2021) compared outcomes in 21 patients with Meige syndrome treated with STN-DBS to 21 patients treated with GPi-DBS. After 1 year of stimulation, the STN group showed significant improvements in mood, with 36.5% and 47.1% reductions in HAMD and HAMA scores, respectively (p = 0.014, p < 0.001), while the GPi group showed no significant changes [52]. No changes in sleep quality as measured by the Pittsburgh Sleep Quality Index (PSQI) were found. Notably, psychiatric symptoms were not correlated with motor severity in Meige syndrome.
Cognitive function was not significantly impacted by STN-DBS at 3 years of stimulation in 30 patients with Meige syndrome, as assessed by the MoCA, Boston Naming Test (BNT), Digit span test (DST), and Symbol Digit Modalities Test (SDMT) [50]. Sleep disorders were observed in 23% of participants, typically developing three to 15 years before the onset of motor symptoms, highlighting sleep dysfunction as a primary NMS of Meige syndrome [50]. However, neither GPi-DBS (n = 21) nor STN-DBS (n = 51) led to significant improvements in sleep quality, as measured by the PSQI [50, 52].
Hao et al. (2025) expanded on this work in a larger study of the impact of GPi-DBS, STN-DBS, and pallidotomy on NMS in 98 patients with Meige syndrome at 3 years from intervention, finding no significant changes in cognitive function, depression, nor sleep quality as measured by MoCA, BDI, and PSQI; and no between-group differences [51].
Generalized dystonia
In an update of seven patients with myoclonus-dystonia undergoing GPi or Vim-DBS, depression symptoms as measured by the BDI were unaffected after 20 years of stimulation, despite notable improvements in myoclonus, dystonia, and disability scores [53].
A study of 11 patients with generalized dystonia (idiopathic or genetic, including four with DYT-THAP1 and two with DYT-PRKRA) found significant improvements in anxiety and pain following DBS in GPI, STN, and/or STN-SN, as measured by the HADS-A, Brief Pain Inventory (BPI), Neuropathic Pain Symptom Inventory (NPSI), and McGill Pain Questionnaire (MPQ) (p < 0.05, p = 0.043, p = 0.028, p = 0.028 respectively) [54].
Additionally, a study by the same group on 16 patients with idiopathic dystonia undergoing GPi-DBS assessed sensory changes and responses to DBS under ON and OFF conditions [55]. The study found that patients with dystonia had altered baseline sensory and pain thresholds in both dystonia and unaffected body parts, compared to healthy controls. DBS did not significantly affect pain or sensory thresholds in unaffected body areas, nor did it improve inhibitory modulation of pain signaling. The authors concluded that both motor and NMS in dystonia relate to spatial discrimination network dysfunction in motor, sensory, cognitive, and limbic networks [55].
Isolated dystonia of mixed body distribution
While most studies focus on specific dystonia populations categorized by body distribution (e.g., generalized, segmental, or focal dystonia), a few studies have reported the impact of DBS on NMS in heterogeneous populations. One such study of GPi-DBS in ten patients with generalized, segmental, or focal dystonia found no significant changes in mood after 12 months of stimulation, as measured by the BDI and State-Trait Personality Inventory (STPI) [56]. However, this study reported significant improvements in executive function as measured by the Controlled Oral Word Association Test (COWAT), Stroop test, and a trend toward improved performance on the Trail Making Test Part A (p = 0.43, 0.5, 0.51 respectively); although these results were seen in subsections of these tests, and within a small sample size, limiting the generalizability of these findings.
Lin S et al. (2023) compared the effects of GPi versus STN-DBS in 71 patients with isolated dystonia (25 generalized, 25 segmental, 10 focal, and 11 multifocal). Both targets produced equivalent long-term benefits for mood and pain, as measured by HAMA, HAMD, and the 36-item Short Form Survey [57]. However, the STN group experienced improvements in motor and mood symptoms within 1 month, while similar benefits in the GPi group were not observed until 6 months. Notably, neither DBS target had an impact on cognitive function, as assessed by the MMSE and MoCA. The authors concluded that STN-DBS may be preferred when rapid improvements in motor and mood symptoms are desired.
Botulinum toxin (BoNT) treatment
Eleven publications (one RCT, eight prospective non-controlled studies, one prospective controlled study, and one retrospective case-control study) investigating the response of NMS to BoNT injection were reviewed, with most studies focusing on CD populations [Table 2].
TABLE 2 | BoNT study results.
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Over the past 5 years, six studies have examined the impact of BoNT injection on mood symptoms in CD. Four studies found improvements in mood at the peak of BoNT effect (four to 6 weeks post-injection) in a combined total of 121 patients. These improvements were measured using various scales, including the BAI, BDI-II, HAMA, HAMD, State-Trait Anxiety Inventory (STAI), and TWSTRS-Psych [59–61, 63]. In contrast, two studies with follow up intervals ranging from 3 months to 2 years reported no sustained impact on mood symptoms (n = 105), as measured by BDI-II, BAI, Patient Health Questionnaire-9 (PHQ-9), and Center for Epidemiologic Studies Depression Scale (CES-D) [62, 65]. These findings suggest that BoNT has an immediate impact on mood symptoms, but may not produce sustained modifications of mood symptoms.
Pain consistently responded to BoNT across four studies involving 141 patients with CD [59, 60, 63, 64]. Pain was measured using the MPQ, TWSTRS-Pain and Pain Numeric Rating Scale (PNRS). While BoNT treatment relieved pain in all studies, there were mixed findings regarding the duration of effect. Marciniec et al in a study of 50 patients with CD found pain reduction with BoNT treatment lasted longer than motor symptom improvement [64]. However, other studies reported that pain tended to reappear between injection cycles, contributing to patient dissatisfaction with BoNT treatment [29, 30]. These findings underscore the importance of regularly assessing pain during BoNT treatment using standardized scales to optimize patient wellbeing and treatment satisfaction.
Research on the impact of BoNT on cognitive function and sleep quality is limited. Only one study investigated cognitive function, with Gilman Kuric et al. (2024) reporting improvements in memory-guided saccades in 30 patients with CD following BoNT injection. While significant improvements were observed in memory, verbal fluency, and language ability, the median score change in each domain was only 0.5 to 1 point on the MoCA, raising questions about the clinical significance of these findings [59]. Regarding sleep, no improvements were found in sleep quality at 4 weeks post-injection, as measured by PSQI and ESS, in a study of 45 patients with CD [60]. However, sleep quality measures with the exception of sleep efficiency improved in another study of 16 patients with CD at 4 weeks from BoNT injection as measured by PSQI [63]. Notably, changes in NMS including mood, pain, and sleep did not correlate with changes in motor severity, supporting NMS as primary features of CD independent of motor symptom severity, and suggesting a direct effect of BoNT on these NMS [59–61].
In a study by Marfoli et al. (2024) on 11 patients with various focal dystonias, BoNT injection at 4 weeks resulted in improvements in depression and rumination about body defects, but there were no improvement in disease-related distress or body image satisfaction, as measured by the VAS [66]. In a study by Gupta et al. (2025) on 65 patients with various focal dystonias, BoNT injection resulted in no improvements in mood by BDI and HAMA scores at one and at 3 months [67].
A large case series of 408 patients with OMD treated with BoNT injections found significant improvements in NMS, including pain, sleep, mood and psychosocial functioning, as assessed by the Oromandibular Dystonia Questionnaire-25 (p < 0.001). Among these participants, 41% had tardive dystonia, however they were analyzed separately from idiopathic cases. Idiopathic patients demonstrated greater improvements in NMS compared to those with tardive dystonia (p < 0.001) [68].
Segmental dystonia
Zheng et al. (2023) investigated the effects of onabotulium toxin A in 75 patients with Meige syndrome, reporting significant improvements in anxiety and depression at one and 3 months post-injection, as measured by HAMA and HAMD. However, there were no improvements in sleep quality, as measured by PSQI, Insomnia Severity Index (ISI), and ESS. Additionally, the severity of NMS in Meige syndrome did not correlate with motor symptom severity [69].
Noninvasive therapies
Eight papers were published investigating physical therapy and psychotherapy approaches to treating dystonia and its NMS. Of these, three were RCTs, one was an open-label, proof-of-concept study (Table 3), and three were descriptive analyses based on interviews with patients and healthcare professionals.
TABLE 3 | Noninvasive, nonpharmacologic study results.
[image: Table 3]In one RCT, 40 patients with CD received specialized physical therapy, while 32 patients followed a standard physical therapy protocol. Both groups showed significant improvements in pain and mood as measured by TWSTRS pain scale, PRNS, BAI, and BDI. However, no between-group differences were observed at 12-month follow up [70]. Another negative crossover RCT, involving 17 patients with CD, compared BoNT treatment alone, BoNT with kinesiotaping, and BoNT with sham taping. No differences were found between groups in NMS, as measured by the Dystonia Non-Motor Symptoms Questionnaire, HADS and PSQI [71]. Xu et al. (2024) conducted a proof-of-concept study on the effects of vibrotactile stimulation on pain management in 44 patients with CD. While modest improvements in pain were observed, the study lacked a control group, limiting the interpretation of results [72]. McCambridge et al. (2019) published a descriptive analysis of physical activity in 263 patients with dystonia, including 40% with CD. The majority of participants reported worsening of motor and NMS, such as pain and fatigue, with high-impact physical activities (e.g., running, jogging, and brisk walking), while low-impact exercise (e.g., light walking, general stretching, yoga, or pilates) were less likely to exacerbate symptoms [73].
Four papers focused on psychotherapeutic or behavioral interventions for managing NMS in dystonia. Wadon et al. (2021) investigated an internet-based cognitive behavioral therapy (CBT) program as compared to routine care in a small, randomized controlled study of 20 patients with CD over a 6-month period. Although participants in the intervention group showed trends toward improved anxiety and depression scores, and reported that the treatment was beneficial, no significant differences were observed between the two groups on measures including BDI, HAMD, HAMA, and the Generalized Anxiety Disorder-7 [74]. Detari et al. (2023) interviewed 14 healthcare professionals - coaches, physicians, researchers, and physical therapists - on their treatment approaches for managing NMS in musician’s dystonia. Strategies varied widely from addressing underlying perfectionism to motor retraining exercises [75]. O’Connor et al. (2023) surveyed 118 participants with CD, finding that illness perception and coping strategies accounted for 59% of the variance in anxiety, and 61% of the variance in depression and health-related QoL, highlighting the importance of these factors in the psychological adjustment to CD symptoms [76]. Zetterberg et al. (2024) interviewed patients with CD to explore their experiences with symptom management, identifying the use of coping strategies, acceptance of their condition, and adherence to BoNT treatments as key factors contributing to improved wellbeing. Common frustrations included the impact of stress on symptom severity, negative self-image leading to avoidant behaviors, and persistent pain and fatigue. These findings offer valuable insights into the patient experience and suggest areas of focus in multidisciplinary treatment strategies [77].
DISCUSSION
This paper provides a comprehensive review of recent studies on NMS treatment in dystonia published within the past 5 years. The results regarding the impact of DBS on mood symptoms are inconsistent. Some studies (n = 105) report no significant improvement [46, 50, 51, 53, 56], while others (n = 109) indicate marked improvements [45, 52, 54, 57]. In direct comparisons of STN vs. GPi stimulation, STN-DBS was found to have a faster onset of mood symptom improvement in a mixed dystonia population, with superior effect in Meige syndrome compared to GPi-DBS [52, 57]. While DBS improved subjective measures of pain in patients with generalized dystonia, objective assessments of pain and sensory thresholds did not change post-DBS [54, 55, 57]. Additionally, cognitive function was generally unaffected by DBS across GPi, STN, and Vim targets [45, 50, 51, 57]. Although verbal fluency may improve with GPi-DBS, further research involving larger sample sizes is needed to substantiate this finding [56]. Finally, sleep quality does not appear to respond to DBS [50–52].
Ablative therapies, including radiofrequency or focused ultrasound of the PTT, show promise in targeting both motor and NMS, including mood and pain. However, the potential for significant adverse events, along with the unknown duration of therapeutic benefit, currently limits the recommended use of these procedures [47, 48].
BoNT consistently improves pain in CD and OMD. Mood consistently shows a transient response to BoNT during the injection cycle, but without long-term benefits. Sleep and cognitive outcomes do not show clear responses to BoNT, and additional evidence is needed to determine consistent effects. The limited improvement of NMS has been suggested as a major contributor to BoNT treatment dissatisfaction, as well as treatment failure and dropout rates [78].
Multifaceted treatment approaches - including light exercise, physical therapy and psychotherapy - under the guidance of healthcare professionals with expertise in dystonia, may enhance symptom management and improve QoL for patients [70, 73, 74, 77].
Theories of overlapping motor and nonmotor network dysfunction suggest that motor treatments could potentially influence NMS [6, 7]. While this hypothesis is plausible and offers practical benefits, evidence supporting a sustained and clinically significant NMS responses to motor treatments remains inconclusive. The findings of this systematic review do not clarify whether the NMS of dystonia are primary features of the disease or secondary to motor symptoms. It remains likely that both factors contribute to patients’ experience of dystonia-related NMS. Similar to Parkinson’s disease, a tailored approach addressing each patient’s specific combination of non-motor features, with symptom-specific interventions, may be necessary for optimal management.
Risk of bias
There were some notable risks of bias impacting this systematic review. The review protocol was not published, and was expanded after the initial PubMed review to include the other databases. Reporting bias remains a possibility in that non-significant results may have been overlooked in our selection and presentation of results. Within the PubMed search results, evidence selection bias is highly likely, in that studies with negative outcomes may not have been published. Within the primary studies, common biases included performance bias, given the lack of a control arm in most reports, and outcome reporting bias, especially as NMS were mostly secondary outcomes and non-significant findings were less likely to be included for publication. Figure 2 illustrates the presence of bias within the primary studies.
[image: Figure 2]FIGURE 2 | Risk of bias table [79]. See Supplementary Material S1 for raw table and justification. Presence of bias as related to non-motor symptom measurement and outcomes reporting, specifically assessed. The reviewed literature was found to have an overall high risk of bias due to the lack of control groups and randomization, and unblinded participants and outcomes assessors. See Supplementary Table S1 for justification.
Limitations and controversies
The overall quality of the studies reviewed was limited by small sample sizes and the absence of control groups. Additionally, the systematic analysis of the literature was limited by the use of only two keywords and future reviews should include specific NMS terms as keywords to capture a larger number of reports. Meta-analysis of reviewed data is precluded by the heterogeneous use of scales in NMS assessment, a well-documented challenge in dystonia research. The development and routine use of NMS-specific, disease-specific scales has been proposed to address this issue, similar to their application in Parkinson’s disease [8]. Several validated scales have been developed for distinct dystonia subgroups, enabling standardized outcome reporting. However, these scales generally focus on motor symptoms, limiting their capacity to comprehensively assess NMS outcomes. For example, the TWSTRS-Pain subscale used in CD populations may be less informative than other, more in-depth pain measures like the McGill Pain Questionnaire. Similarly, the TWSTRS-Psych may not capture the nuances of anxiety and depression as effectively as the Beck and Hamilton inventories, or the STAI. The growing recognition of NMS in dystonia is relatively recent, and the field of research remains in its early stages. However, progress has been made in the past 5 years, in this regard, including the development of a digital patient-centered outcome tool to measure NMS in CD, the Pain Scale for Adult-Onset Idiopathic Dystonia (PIDS) and its validation in CD, the Dystonia Pain Classification System (Dystonia-PCS), and the OMD Rating Scale (OMDRS), which includes NMS domains [80–83]. Future NMS scale development must strike a balance between specificity, depth, and ease of use in large study populations.
Most of the studies reviewed here primarily assessed motor symptoms, with NMS impact measured as secondary outcomes. This common theme underscores the need for high-quality research focusing on NMS improvement as a primary outcome in dystonia treatments. While still a subject of ongoing debate, there is a consensus that NMS in dystonia are distinct from motor symptoms and should be considered independent features of disease. Several studies support this view: da Silva-Júnior et al. (2022) found a high prevalence of NMS in patients with idiopathic isolated dystonia, without correlation to motor severity [3]. Li et al. (2020) reported that psychiatric symptoms in generalized dystonia did not correlate with motor severity, suggesting that NMS may be primary features of the disease [84]. Foley et al. (2017) concluded that cognitive symptoms and mood disorders in isolated dystonia occur independently of motor symptoms [85]. This view is further supported by studies identifying clinical subtypes of cervical dystonia based on NMS severity rather than motor symptom severity [86, 87].
Recent studies have identified distinct NMS-predominant subgroups within the cervical dystonia population. Wadon et al. (2022) and Costanzo et al. (2021) demonstrated two phenotypes: one motor-predominant, with fewer NMS, lower disability, and better QoL, and another NMS-predominant, with higher rates of depression, anxiety, sleep dysfunction, cognitive complaints, and pain [86, 87]. These subgroups did not differ in sex, motor severity, duration of dystonia, or the presence of tremor or alleviating maneuvers, though a potential age difference was noted, with the NMS-predominant group being older [86]. Further research is needed to verify these findings.
Regarding sex differences, while no significant differences between subgroups were observed in the aforementioned studies, other research has shown sex-based disparities in the prevalence of NMS in dystonia. Yang et al. (2021) found that women with blepharospasm had a higher frequency of NMS and were more likely to have multiple comorbid NMS [88]. Additionally, women with CD report worse health-related QoL compared to men [89]. The impact of sex on dystonia and NMS warrants further investigation, especially given the increased penetrance of CD in women, who are affected at least twice as often as men [90]. Notably, temporal discrimination threshold abnormalities, a hallmark feature of CD, are fully penetrant in unaffected first-degree female relatives, but only 40% penetrant in unaffected male relatives [89]. Further studies are needed to understand sex-based differences in disease susceptibility and phenotype.
In conclusion, NMS in dystonia significantly impact patient outcomes and require increased attention in both the clinic and research. An illustrative example of progress in this area is the work by Martino et al. (2023), who developed a care pathway for addressing mood symptoms in adult-onset isolated dystonia [91]. Further investigation is needed to refine dystonia subgroup phenotyping, explore sex differences, and standardize NMS rating scales across studies. These efforts would facilitate meta-analyses, improve the reproducibility of treatment outcomes, support the standardization of clinical practice, and improve patient outcomes.
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Summary of Botulinum Toxin Injection (BoNT) study outcomes and scales used. Abbreviations: Cervical Dystonia (CD), Beck anxiety inventory (BAT), Beck depression inventory and
second revision (BDI, BDI-IT), Toronto Western Spasmodic Torticollis Rating Scale - Pain subscale and Psych subscale (TWSTRS-P, TWSTRS-Psy), Montreal cognitive assessment
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