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Tics are the hallmark feature of Tourette syndrome (TS), but psychiatric and sensory symptoms are widely prevalent and increasingly recognized as core manifestations of the disorder. Accumulating evidence suggests that these psychiatric and sensory symptoms exert greater influence on quality of life (QOL) than tics themselves. However, much remains uncertain about determinants of QOL in TS due to the complexity of the clinical presentation. Here, we sought to clarify the association between health-related QOL (HRQOL) and common psychiatric and sensory symptoms in adults with TS and other chronic tic disorders. To do so, we prospectively recruited 52 patients from a tertiary care clinic to complete self-report measures assessing HRQOL (Gilles de la Tourette-Quality of Life Scale, GTS-QOL), depression (Patient Health Questionnaire-9, PHQ-9), anxiety (Generalized Anxiety Disorder Scale-7, GAD-7), obsessive-compulsive symptoms (Dimensional Obsessive-Compulsive Scale, DOCS), attention deficit hyperactivity disorder symptoms (Adult ADHD Self-Report Screening Scale for DSM-5, ASRS-V), and premonitory urge (Premonitory Urge to Tic Scale, PUTS). All participants were also administered the Yale Global Tic Severity Scale (YGTSS) to quantify tic severity. Using correlational analysis and multivariable linear regression modeling, we found that GTS-QOL score was significantly associated with scores from all other rating scales, with the exception of the PUTS. GTS-QOL was most strongly associated with PHQ-9, followed by ASRS-V, GAD-7, DOCS, and YGTSS total tic score. The regression model including these five independent variables, as well as sex, explained 79% of GTS-QOL score variance [F(6,40) = 29.6, p < 0.001]. Specific psychiatric symptoms differentially impacted physical, psychological, and cognitive HRQOL. Systematic assessment of psychiatric comorbidities is imperative for clinical care and clinical research efforts directed at improving QOL in adults with chronic tic disorders.

Keywords: Tourette syndrome, tic disorder, psychiatric comorbidities, premonitory urge, quality of life, health related quality of life


INTRODUCTION

Tourette syndrome (TS) is a multi-faceted neurodevelopmental disorder affecting 0.3–1% of school-aged children (1, 2), and one-third of these patients continue to experience bothersome tics into adulthood (3). Tics are the defining characteristic of TS, but psychiatric and sensory symptoms are increasingly recognized as core manifestations. Ninety-percent of TS patients have at least one comorbid psychiatric diagnosis, and 60% have two or more (4). Obsessive-compulsive disorder (OCD) and attention deficit hyperactivity disorder (ADHD) are the two most common psychiatric comorbidities in TS, with respective prevalence ranges of 10–50% and 30–60% (4–7). Features of OCD and/or ADHD are also frequently evident among TS patients not fulfilling diagnostic criteria for these disorders (8). Depression and anxiety are common, occurring in 30% and 36% of TS patients, respectively (4). The prevalence of several other psychiatric conditions, including impulse control disorder and autism spectrum disorder, is elevated in TS samples relative to the general population (4, 6, 9, 10). In addition to psychiatric comorbidities, 90% of adult and adolescent patients endorse pre-monitory urges, which are uncomfortable sensory disturbances preceding tics (11, 12).

Psychiatric and sensory symptoms of TS undermine patient quality of life (QOL) (12–16). In children, ADHD (15, 17–19), OCD (15, 17, 18), and depression (15) are each linked with worse QOL. In adults, depression appears to be the predominant determinant of poor QOL (20–23), though OCD (20), anxiety (24), and premonitory urge (11) are also implicated. QOL is lowest in those patients afflicted with multiple psychiatric comorbidities (19). Mounting data suggests that psychiatric (15, 19, 20, 24, 25) and sensory (26) symptoms exert greater influence on QOL than tics themselves. Studies exploring QOL in TS vary considerably in their clinical assessments; QOL measures [generic (15, 17, 18, 20–23, 25, 27) vs. disorder-specific QOL (11, 24)]; sample populations [treatment-seeking (11, 15, 17, 18, 20, 21, 23, 24) vs. non-treatment-seeking (22, 25, 27), children (15, 17, 18, 24) vs. adults (11, 20–23, 25, 27)]; and statistical methodologies. QOL research in adults with TS has focused on the roles of depression (11, 19–21, 23, 24), anxiety (11, 19, 20, 23, 24), and OCD (11, 19, 20, 23), with lesser attention devoted to ADHD (11, 19), other psychiatric diagnoses (19), and premonitory urge (11, 24). Given their frequent co-occurrence and co-variance, neglecting one or more of these symptoms in an analysis could inflate or deflate the statistical relevance of factors under consideration, leading to potentially inaccurate conclusions (28). Thus, despite the expanding literature on QOL in TS, important ambiguities remain, in large part due to the complexity of the TS phenotype and the multidimensionality of the QOL construct. When gauging the QOL impact of health or disease, researchers typically consider health-related QOL (HRQOL), conceptualized as the perceived influence of physical, emotional, and social health on an individual's overall satisfaction with life (29). Enhanced understanding of HRQOL determinants in TS is vital in order to direct attention and treatment to those factors most distressing to patients.

In this study, we sought to clarify the association between HRQOL and common psychiatric and sensory symptoms in adults with TS and other chronic tic disorders. To do so, we prospectively recruited patients from a specialty TS clinic to undergo clinical rating of tic severity and to complete a battery of self-report measures assessing depression, anxiety, obsessive-compulsive symptoms, ADHD symptoms, premonitory urge, and HRQOL.



MATERIALS AND METHODS


Participants

From April 2019 through September 2020 we consecutively recruited adults with TS or other chronic tic disorders from Vanderbilt University Medical Center (VUMC) Tourette Syndrome Clinic and from institutional research registries. Inclusion criteria included diagnosis of TS, chronic motor tic disorder, or chronic vocal tic disorder based on Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5) criteria, age ≥ 18 years, capacity to provide informed consent, and ability to speak English. For the purposes of this article, the term “chronic tic disorder” is used to encompass TS, chronic motor tic disorder, and chronic vocal tic disorder. Participants gave electronic informed consent prior to performing study-specific procedures. The study was conducted in accordance with the Declaration of Helsinki and was approved by the VUMC Institutional Review Board.



Measures

An experienced movement disorders neurologist (D.I.) administered the YGTSS to all participants. Subsequently, participants completed a battery of validated self-report instruments assessing common psychiatric and sensory symptoms in TS, including depression, anxiety, obsessive-compulsive symptoms, ADHD symptoms, and premonitory urge. Table 1 summarizes properties of these scales. In addition, participants completed the Gilles de la Tourette-Quality of Life Scale (GTS-QOL), a disorder-specific scale developed to assess QOL domains most impacted by TS (39). The GTS-QOL contains 27 items, each with a five-point Likert scale ranging from 0 (“no problem”) to 4 (“extreme problem”). As previously identified by exploratory factor analysis, the scale is composed of four sub-scales: Psychological (11 items), Physical/Activities of Daily Living (Physical/ADL) (7 items), Obsessive-Compulsive (OC) (5 items), and Cognitive (4 items) (39). Item scores within each subscale are summed and then normalized to 100 to generate the subscale score. The four subscale scores are then summed and normalized to 100 to yield the total score. The GTS-QOL has undergone rigorous development and validation, demonstrating satisfactory internal consistency, test-retest reliability, construct validity, and convergent and discriminant validity (39).


Table 1. Clinical rating scales.
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Self-report measures were administered in Research Electronic Data Capture (REDCap), a secure, web-based platform for collecting patient-reported information and storing research data (40, 41). Participants were permitted to complete online self-report scales in clinic or at home, as per their preference. Median time between administration of the YGTSS and completion of the self-report scale battery was 6.5 days (interquartile range 0–13.25 days).



Statistical Analysis

Measures of central tendency were calculated for relevant clinical variables. Spearman's rank correlation was used to assess degree of relationship between clinical measures. Significance thresholds were Bonferroni-adjusted to correct for multiple comparisons in the correlational analysis, resulting in a pre-specified acceptable Type 1 error rate of 0.001 (45 total comparisons in correlational analysis).

To determine the independent association of specific clinical variables with GTS-QOL total score, we conducted a hierarchical linear regression analysis with backwards elimination. Clinical variables that did not significantly correlate with GTS-QOL total score were not included in this regression analysis. As such, sex, YGTSS total tic score (TTS), DOCS score, ASRS-V score, PHQ-9 score, and GAD-7 score were included as independent variables in the first regression model of the analysis. The sample size was inadequate to permit inclusion of interaction terms. To identify influential outliers, we calculated Cook's D values for all observations in the first model; observations with Cook's D-value > 4/n were excluded from the regression analysis. Regression diagnostics performed at each step of the analysis included assessment for multicollinearity (conservatively defined as variance inflation factor > 2.5), normality of residuals (with Shapiro-Wilk-test of model residuals), heteroskedasticity (with Breusch-Pagan-test), model explanatory power (indexed by adjusted R2), and model quality [by Akaike information criteria, with lower values indicating superior model quality (42)]. At each step in the hierarchical analysis, we identified and removed the independent variable with the largest standardized coefficient. F-statistics were calculated to compare change in non-adjusted R2 following stepwise removal of independent variables. The acceptable Type 1 error rate for explanatory power of the models was set at 0.01 to account for multiple comparisons (5 models were constructed with GTS-QOL total score as the dependent variable). Post-hoc t-tests were performed to compare each independent variable in the model to GTS-QOL total; significance thresholds for post-hoc tests were Bonferroni-adjusted to correct for multiple comparisons. Both non-standardized and standardized independent variable coefficients (β) are reported.

To determine the independent association of clinical variables with GTS-QOL sub-scales, we performed separate multivariable linear regression analyses. Only those variables significantly associated with GTS-QOL total score, as per the hierarchical regression analysis, were included. The aforementioned regression diagnostics were undertaken for each model. The acceptable Type 1 error rate for model explanatory power was set at 0.025 to account for multiple comparisons (2 models were constructed for each GTS-QOL subscale).

Data was complete for all measures except GAD-7. One patient omitted answers to two items for that scale. Missing values were imputed with predictive mean matching. Statistical analyses were conducted in STATA.




RESULTS

Table 2 presents clinical characteristics of the study population. The sample included three participants with chronic motor tic disorder; all other participants met criteria for TS. Eighty-nine percent of participants reported an established diagnosis of at least one of the following: depression, anxiety, OCD, ADHD, autism spectrum disorder, or impulse control disorder; 71% of participants reported 2 or more of these diagnoses. Forty-eight percent screened positive for ADHD, and the same percentage screened positive for OCD, based on validated scale cutoffs (see Table 1). Table 3 displays measures of central tendency for each rating scale. Figure 1 depicts the distribution of GTS-QOL total scores within the study population.


Table 2. Cohort clinical characteristics.
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Table 3. Clinical rating scale scores.
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FIGURE 1. Histogram of GTS-QOL total scores.


The correlation matrix for the study rating scales is presented in Table 4. After correcting for multiple comparisons, GTS-QOL total positively correlated with scores from all other scales except PUTS. GTS-QOL total correlated most strongly with PHQ-9 and GAD-7, followed by ASRS-V, DOCS, and TTS. GTS-QOL Psychological, Physical/ADL, and Obsessive-Compulsive sub-scale scores likewise positively correlated with scores from all measures except PUTS. GTS-QOL Cognitive sub-scale score correlated only with PHQ-9 and ASRS-V scores.


Table 4. Spearman rank correlation matrix.
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Table 5 provides details of the models from the hierarchical regression analysis for GTS-QOL total. Following construction of the first model, observations from four participants were identified as outliers and excluded from the analysis. PHQ-9 and ASRS-V were independently associated with GTS-QOL total, even after controlling for sex and severity of tics, anxiety, and obsessive-compulsive symptoms (Model 1). With PHQ-9 and ASRS-V eliminated from the model, GAD-7 and DOCS were each independently associated with GTS-QOL (Model 3). Only after removal of PHQ-9, ASRS-V, GAD-7, and DOCS from the model was TTS significantly associated with GTS-QOL total (Model 5). PHQ-9, ASRS-V, GAD-7, DOCS, and TTS all contributed to model explanatory power, as evidenced by significant decrease in unadjusted R2 following stepwise elimination of these variables. Notably, Model 2 exhibited heteroskedasticity, and residuals in Models 2 and 5 were not normally distributed, indicating linear regression assumptions were partially violated in these two nested models.


Table 5. Hierarchical regression analysis with GTS-QOL total score as dependent variable.
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In the separate regression analysis with respective GTS-QOL subscales as the dependent variable, sex was excluded as an independent variable since it was not significantly associated with GTS-QOL total at any step of the hierarchical regression analysis. GAD-7 exhibited mild multicollinearity (VIF between 2 and 2.5) in regression models with GTS-QOL subscales as the dependent variable. To address this, models with and without GAD-7 were constructed (see Table 6). Clinical measures were differentially associated with specific GTS-QOL subscales: GAD-7 and PHQ-9 with GTS-QOL Psychological; TTS with GTS-QOL Physical/ADL; and ASRS-V and PHQ-9 with GTS-QOL Cognitive. Residuals for the linear models of GTS-QOL Obsessive-Compulsive were not normally distributed, raising concern for model validity.


Table 6. Regression analyses with respective GTS-QOL subscales as dependent variable.
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DISCUSSION

In this study, we examined the association of HRQOL with motor, psychiatric, and sensory symptoms in adults with chronic tic disorders. Our main finding is that psychiatric symptoms appear to be the predominant driver of HRQOL in this population. Novel findings include the significant association of ADHD with poor HRQOL and the differential impact of psychiatric symptoms on distinct HRQOL domains. We sequentially discuss these results and their ramifications for clinical care and research.

In this treatment-seeking sample of adults with chronic tic disorder, depression was most strongly linked with poor HRQOL, in accord with prior studies (20–22). The magnitude of depression's association with GTS-QOL total was twice as great as any other clinical factor. Anxiety, obsessive-compulsive symptoms, and ADHD symptoms were also independently associated with worse HRQOL. The relationship of the former two symptoms to HRQOL has been previously established (20, 23, 24); however, most investigations exploring QOL in adults with TS have not incorporated ADHD measures (20, 21, 23, 24). We were only able to find a single study with results suggesting that ADHD may negatively impact HRQOL in adults with chronic tic disorder (19). Methodologic limitations raise concerns regarding some of that study's conclusions: the sample population included both children and adults but the analysis was not stratified by age; and the analytic approach relied solely on reported diagnosis of ADHD (dichotomous variable) rather than severity of current ADHD symptoms (continuous variable) (19). Most investigations exploring QOL in adults with TS have not incorporated ADHD measures (20, 21, 23, 24). While inattention and hyperactivity symptoms tend to diminish with age in TS populations, half of patients meeting criteria for ADHD in childhood still meet criteria for the disorder as they enter adulthood (43). In a large international cohort study of 6,805 individuals with tic disorders, 61% of children and 39% of adults were diagnosed with ADHD (44). Outside the context of tic disorders, ADHD is increasingly recognized as a lifelong condition, with persistence of symptoms into adulthood for as many as two-thirds of individuals (45, 46). These adults with ADHD experience higher rates of workplace difficulties (47–49) and unemployment (47, 48), greater home life dysfunction (47, 48), and poor HRQOL (48). In children with tic disorders, the deleterious effect of ADHD on cognitive performance (50–53), psychosocial functioning (50, 54–56), and QOL (57, 58) has been repeatedly demonstrated, with several studies indicating ADHD exerts substantially greater impact on these domains than tics (50–55, 57). In adults with both ADHD and tic disorder, diagnosis of the former but not the latter accounts for impaired current and past global functioning (59). In our sample of adults with tic disorders, half of patients screened positive for ADHD, and ADHD symptoms were strongly associated with HRQOL, even after accounting for severity of depression, anxiety, and obsessive-compulsive symptoms. Patients with more severe ADHD symptoms endorsed poorer cognitive HRQOL, whereas no significant relationship emerged between ADHD symptoms and psychological, physical, or obsessive-compulsive HRQOL domains. Additional research is needed to further examine the course and role of ADHD symptomatology in adults with tic disorders, both in regards to QOL and functional impairment.

Study findings replicate prior work demonstrating QOL is more strongly associated with psychiatric symptoms than tics (20, 27). Greater tic severity did correspond with worse physical HRQOL, consistent with existing literature showing the detrimental physical toll of certain types of tics, particularly those causing pain (13, 16, 25). Severity of premonitory urge correlated with GTS-QOL total score in our study, but the significance of this relationship did not survive correction for multiple comparisons. Premonitory urge is a bothersome symptom for many patients (11), but our results indicate HRQOL is more tightly intertwined with psychiatric symptoms than pre-monitory urge.

While depression, anxiety, obsessive-compulsive symptoms, ADHD symptoms, and tics were each independently associated with overall HRQOL, their impact varied by HRQOL domain. Anxiety and depression were most robustly associated with psychological HRQOL, tic severity with physical HRQOL, and ADHD symptoms and depression with cognitive HRQOL. Given the lack of a valid linear model for the obsessive-compulsive domain of the GTS-QOL, no firm conclusions can be drawn from that particular regression analysis. It is notable that, in the correlational analysis, obsessive-compulsive symptoms were the clinical factor most closely corresponding with GTS-QOL Obsessive-Compulsive score. The association of specific psychiatric symptoms with specific HRQOL domains further validates the dimensional structure of the GTS-QOL scale.

Collectively, the battery of scales employed in this study explained 79% of the variance in GTS-QOL total score. Replication of these findings in another adult sample with chronic tic disorder is necessary to validate the regression model, but results nonetheless emphasize the importance of systematically evaluating for common psychiatric comorbidities given their individual and combined influence on HRQOL in this population. Consistent with this, recent practice guidelines prioritize recognition and management of psychiatric comorbidities, in addition to treatment of tics (60, 61). Given the multifaceted nature of the TS phenotype, disease-specific HRQOL measures, such as the GTS-QOL, are valuable means of quantifying patient-perceived overall burden from various aspects of the disorder. The GTS-QOL is specifically designed to measure the QOL impact of distinct motor and neuropsychiatric symptoms prevalent in tic disorder populations (16, 39, 62, 63). Generic QOL scales, on the other hand, tend to be less sensitive and/or comprehensive in their survey of the domains central to tic disorders (16, 62, 63). Strong consideration should be given to incorporating HRQOL scales, such as the GTS-QOL, as endpoints in clinical care and clinical trials. Longitudinal studies including such measures will be critical to elucidate risk factors for poor HRQOL in both children and adults with chronic tic disorders. The detrimental impact of psychiatric symptoms and tics on HRQOL in patients of all ages is evident (63), but additional work should also investigate broader psychosocial determinants of and potential protective factors for HRQOL, such as family dynamics, peer relationships, and school/work environment (13).

Our study has several notable limitations. First, participants were recruited from a tertiary care clinic and were predominantly white, limiting generalizability of study findings to other populations. Second, we relied on self-report measures of psychiatric symptoms rather than gold standard, clinician-administered rating scales. Third, the current sample size precluded more sophisticated modeling approaches, such as inclusion of interaction terms and medication status. Recruitment of a larger sample is in progress. Fourth, despite the scope of the assessment battery, we did not evaluate for symptoms specific to schizophrenia, autism spectrum disorder, or less frequent psychiatric conditions in TS. The fact that the constructed multivariable linear regression model explains the vast majority of GTS-QOL variance in this study suggests that no substantial variable omission occurred; however, unmeasured symptoms remain potential confounds that warrant consideration in future studies.

In conclusion, depression, anxiety, ADHD symptoms, and obsessive-compulsive symptoms are more strongly associated with HRQOL than tics in adults with chronic tic disorder. Systematic assessment of psychiatric comorbidities is imperative for optimizing clinical care and clinical research.
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