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Abstract

:

Background: Reducing the progress of neurodegeneration is a key goal in Huntington´s disease (HD). A previously performed systematic screening for medications with neuroprotective features identified tricyclic antidepressants and neuroleptics as neuroprotective and mitochondrioprotective agents. Here, we analyzed the characteristics of disease manifestation, progression and potential beneficial effects in HD patients treated with afore-mentioned medications compared to un- and otherwise treated motor-manifest patients in a large real-world cohort over two years. Methods: We analyzed cross-sectional data of the largest cohort worldwide of motor-manifest HD patients using the ENROLL-HD database, including demographic, moleculargenetic, clinical-motoric, cognitive and functional data. Longitudinal data of up to two years were obtained to analyze potential effects on disease progression between groups with different medications used. Data were analyzed using repeated ANOVA-analyses while controlling for the co-variates age and CAG-repeat length. Results: We identified n = 7397 motor-manifest HD patients using no or different medication (HD-ctrl) and subgroups treated with clomipramine (n = 56), clozapine (n = 66), chlorpromazine (n = 17), doxepine (n = 34) and desi-, imi- or trimipramine (n = 19). Demographic parameters, disease onset and CAP-score did not differ. Total motor scores (TMS) at baseline were higher in patients treated with clozapine (p < 0.001), chlorpromazine and clomipramine (p < 0.05) compared to HD-ctrl with higher sub scores for bradykinesia (all p < 0.01) and dystonia in clozapine treated patients (p < 0.001). Functional and cognitive capacities were worse in medication groups in comparison to HD-ctrl at baseline (p < 0.001). Repeated measures analysis of variance documented no differences regarding motoric, functional and cognitive disease progressions between groups. Conclusions: We identified group differences, potentially caused by side effects or potential selection bias in terms of bradykinetic motoric symptoms, more dystonia and lower functional and cognitive performance in some treatment groups at baseline, which were not entirely explained because of underlying fundamental characteristics. Disease progression regarding clinical, functional and cognitive outcomes over two years was not affected by any of the treatment groups compared to HD-ctrl. Our data do not support our hypothesis of a potential neuroprotective effect of these drugs on disease progression.
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1. Introduction


The autosomal-dominant neurodegenerative disorder Huntington’s disease (HD) is characterized by the occurrence of heterogeneous motoric, cognitive and psychiatric symptoms [1,2]. During the last decade, several pivotal research advances have been made concerning the understanding of the pathobiology and molecular-genetic causes of HD, leading to innovative and potential beneficial therapeutic options which are currently in the developmental pipeline [3]. Manifold therapeutic approaches are in the preclinical but also clinical development process, primarily aiming to lower the mutant huntingtin protein with gene-silencing approaches such as antisense oligonucleotides, so-called “small molecules” influencing pre-mRNA splicing mechanisms, RNA interference targeting mRNA, zinc finger transcriptional repressors or CRISPR-Cas 9 approaches [4]. Another approach targeting somatic expansion are antisense oligonucleotides or “small molecules”, potentially inducing a contraction of the expanded CAG in the brain [5,6,7]. Until now, however, no finally proven beneficial neuroprotective therapy is available [8].



A crucial pillar of HD treatment is the use of neuroleptics used for symptomatic treatment of diverse HD symptoms. Beneficial effects of neuroleptics are known for the treatment of typical symptoms such as chorea. However, the only US Food and Drug Administration-approved drug for treatment of chorea in HD is currently tetrabenazine and deutetrabenazine [9]. The situation is challenging for the treatment of other hyperkinetic movement-disorders such as dystonia or myoclonus with only case report series published for treatment recommendations [10,11,12] or predominant bradykinetic phenotypes especially in children [13,14]. Psychiatric symptoms such as depression and anxiety also lack standardized treatment strategies [15], often based on case reports or survey-based expert opinions with the aim to optimize individual therapeutic approaches [16,17,18]. For the management of neuropsychiatric symptoms as well as motoric and functional disability the use of the atypical neuroleptic clozapine has been described as a strategy with partly beneficial symptomatic effects [19,20,21,22].



Depression occurs in HD with high prevalence, and therefore several pharmacological interventions can be implemented using selective serotonin reuptake inhibitors, multiple-receptor antidepressants and tricyclic antidepressants as partly effective symptomatic approaches [23,24]. The tricyclic antidepressant doxepine is used as first-line medication for insomnia in older adults [25,26,27] as well as to treat depression and anxiety [28,29,30]. Information concerning the evaluating of the use and indication of doxepine in patients suffering from HD are missing until now. Other pharmaceuticals allocated to the group of tricyclic antidepressants are desi-, imi- and trimipramine used in patients with major depression, primary focusing, next to clinical aspects, on pharmacokinetic and side effects [31,32,33,34,35]. Trimipramine has additionally been used in patients with mixed symptoms accompanied by depression, anxiety and insomnia [36,37]. Imipramine is used in obsessive-behavior, chronic pain and enuresis [38,39]. Especially potentially anticholinergic side-effects with worsening of cognition upon use of tricyclic antidepressants might limit their use in HD [40]. Until now, however, knowledge is scarce regarding the use of tricyclic antidepressants in HD.



The antipsychotic chlorpromazine is, independent of HD, commonly used for treatment of psychoses and especially for schizophrenia with considerable side effects [41]. Chlorpromazine is, independent from HD, commonly used for treatment of psychosis and especially for schizophrenia with considerable side effects such as sedation and parkinsonism.



Since causative treatment approaches, described above, are still lacking, adapting already approved and tested generic available medications might, at this juncture, be essential for the treatment of the complex HD pattern. We previously performed a screening to identify neuroprotective orally available generic medications with known neuroprotective features against iron mediated neurotoxicity, a pathomechanism relevant for progressive multiple sclerosis [42]. Here, we could identify a group of neuroprotective antidepressants such as clomipramine as well as antipsychotics such as clozapine, which moreover also elicited mitochondrioprotective properties [42], a pathomechanism also relevant in HD [1,43]. Antidepressants have positive effects on various cellular neurodegenerative mechanisms with a great neuroprotective potential [44]. Promising neuroprotective effects also have been shown for desipramine and imipramine in preclinical models of HD, describing desipramine and imipramine as candidates for beneficial effects on mitochondrial protection [45]. Imipramine additionally revealed positive effects for memory preservation as well as on motor improvement and desipramine showed positive effects against apoptosis in mouse-models of HD [45].



In this study, we evaluated how antidepressants and antipsychotics are used in HD. Moreover, we investigated the question of whether those medications, used in HD as symptomatic therapy, might have an effect on the progression of HD regarding motor, functional and cognitive outcomes both cross-sectionally and longitudinally over two years. To address this question, we took advantage of the ENROLL-HD database, the largest observational study in HD worldwide [46].




2. Methods


2.1. ENROLL-HD Database and Patients


We analyzed motor-manifest HD participants of the global cohort of the ENROLL-HD-study. Enroll-HD is a global clinical research platform designed to facilitate clinical research in HD. Core datasets are collected annually from all research participants as part of this global multi-center longitudinal observational study. Data are monitored for quality and accuracy using a risk-based monitoring approach. All sites are required to obtain and maintain local ethical approval. The periodic dataset four (PDS4) was investigated and inclusion-criteria were set concerning age (>18 years), a diagnostic confidence level (DCL) of 4 (having unequivocal signs of clinical manifest HD (>99% confidence), a total motor-score (TMS) >5 and a genetically confirmed report with ≥36 cytosine-adenine-guanine (CAG)-repeats in the Huntingtin gene (HTT). We identified motor-manifest participants treated with the tricyclic antidepressants clomipramine, chlorpromazine, doxepine and desi-, imi- and trimipramine or the antipsychotic clozapine (HD-treated). As an HD-control group (HD-ctrl) without afore-mentioned specific antidepressant or antipsychotic medication we identified n = 7397 participants meeting the inclusion criteria, who were either un- or otherwise treated in order to compare disease manifestation and progression. Frequently prescribed other drugs were: tetrabenazine (n = 1937), olanzapine (n = 1724), risperidone (n = 1026), haloperidol (n = 585), tiapride (n = 391), sulpiride (n = 337) and amantadine (n = 313). Using a cross-sectional approach we compared baseline data of study entry. Patients were identified using outlined medication starting before their initial visit, whereby demographical, motoric and clinical (with onsets of HD-motor and non-motor symptoms noticed by the participant, family, clinical rater and age at HD diagnosis), functional and cognitive parameters were assessed during baseline. In addition, follow-up data were obtained and analyzed in patients of whom annual data (±3 months) had been collected up to two more years. Additional moleculargenetic parameters were assessed by using CAG-repeat lengths and by calculating the CAG-Age Product-Index (CAP-score) [47]. Furthermore, indications for medication-intake were assessed. Motoric parameters of symptomatic disease manifestation were analyzed using the Unified Huntington’s Disease Rating Scale (UHDRS)-Total motor score (TMS) and additionally by calculating sub scores for chorea, hypokinetic-rigidity and dystonia [48,49,50].



Cognitive performance was analyzed using the ENROLL-HD test battery of five cognitive tests: Symbol digit modality test (SDMT), Verbal fluency test (Verfct), Stroop color naming (SCN), Stroop word reading (SWR) and Stroop interference test (SIT). Functionality was analyzed with the UHDRS-Total functional capacity (TFC) and Independence Scale (IS).




2.2. Statistical Analyses


Group means and standard deviation were assessed using ANOVA-analysis controlling for Co-variates (age and CAG) during baseline-visit with post hoc Tukey HSD tests in IBM SPSS Statistics V.25. Afterwards, repeated measures ANOVA-analysis with co-variates were conducted to determine differences between medication-subgroups and non-medication group with longitudinal data. Additionally, repeated measures ANOVA-analyses were conducted within each specific group comparing their own group-performance between baseline and follow-up visit two (Figure 1).





3. Results


3.1. Age, Age at HD Diagnosis and CAP-Score Did Not Differ between Controls and HD-Treated Patients


We identified n = 7589 motor-manifest HD participants from the Enroll-HD periodic dataset four who met the inclusion criteria. Univariate analysis of variance with co-variates age and CAG were used. Patients were compared regarding their fundamental demographic characteristics and motoric, functional and cognitive disease manifestation during baseline visit. Subgroups treated with clomipramine (n = 56), clozapine (n = 66), chlorpromazine (n = 17), doxepine (n = 34) or desi-, imi- and trimipramine (n = 19) were identified.



In total, two participants in the clomipramine, one in the clozapine, none in the chlorpromazine, two in the doxepine and six in the desi-, imi- and trimipramine group had started medication-intake before symptoms of the motor-manifest HD disease had been present. The remainder of patients had started after the onset of motor-symptoms compatible with HD.



Demographic and fundamental disease parameters such as age of participants, age of HD diagnosis or symptom onset observed by the clinical rater did not differ between the groups (Table 1). We also calculated the CAP-score, which integrates CAG-repeat length and age, which also did not differ. The CAG-repeat length, however, depicted differences regarding the analysis of all groups (p < 0.029), while post hoc analyses did not differ. Of note, symptom onset observed by the patient and family also differed upon analysis of the whole group with significantly worse values in the clozapine group compared to HD-ctrl (Sxsubj p < 0.05; Sxfam p < 0.01).




3.2. HD Patients Treated with Antidepressants or Antipsychotics Had More Motor and Functional Impairment at Baseline


Having established that baseline criteria regarding age, age of HD diagnosis and symptom onset as well as CAP-score did not differ, we first wanted to analyze whether motor symptoms assessed using the UHDRS-total motor score differed at baseline. Interestingly, patients treated with clozapine (p < 0.001), clomipramine (p < 0.05) and chlorpromazine (p <0.01) had significantly higher TMS compared to HD-ctrl. The doxepine and desi-, imi-, trimipramine group did not differ compared to HD-ctrl. We further investigated sub scores for chorea, dystonia and bradykinesia within the UHDRS-TMS-scores, which depicted that patients treated with clozapine were more dystonic and bradykinetic affected compared to HD-ctrl (p < 0.001). In addition, bradykinetic symptoms were more present in patients treated with clomipramine (p < 0.01) and chlorpromazine (p < 0.01) compared to HD-ctrl. The other groups did not differ.



We then set out to investigate differences in functional outcomes and analyzed functional assessments in the UHDRS-Total functional capacity score and Independence scale. We found that patients in the clomipramine, clozapine and chlorpromazine group performed worse in all tests during the baseline visit compared to HD-ctrl participants (all p < 0.001), with the lowest functional activity in patients treated with chlorpromazine. Analyses of cognitive capacities revealed similar differences with lower performance in the clomipramine, clozapine and chlorpromazine groups compared to HD-ctrl (all p < 0.001) using a battery of five cognitive tests. In analogy to the findings of functional activity, the chlorpromazine group revealed the worst cognitive performance in all tests at baseline (Table 1).



We analyzed indications for the administered medication in the respective groups (Supplementary Table S1). The indication for the use of clomipramine was in most cases depression (n = 32), followed by obsessive-compulsive disorders (n = 11) and anxiety (n = 7). Clozapine was administered mostly because of a psychotic disorder (n = 34), delusion (n = 6) and schizophrenia (n = 4). Chlorpromazine-treated patients suffered from psychotic disorder (n = 7), not closer named abnormal behavior (n = 2) and irritability (n = 2). Doxepine was mostly administered as antidepressant (n = 26) and because of a present sleep disorder with implemented insomnia (n = 11). The indication for the use of desi-, imi- and trimipramine was similar to the doxepine group due to depression and depressed mood (n = 13) as well as a sleep disorder with insomnia (n = 7) (Supplementary Table S1).




3.3. Similar Motor, Functional and Cognitive Decline in a Longitudinal Analysis of Two Years


To analyze whether treatment with aforementioned medications might influence the HD course, we analyzed longitudinal data of up to two years follow-up. We identified n = 2426 HD-ctrl patients with follow-up data for two more follow-up visits (annual interval ± 3 months) and n = 17 patients in the clomipramine, n = 22 in the clozapine, n = 7 in the chlorpromazine, n = 16 in the doxepine and n = 5 in the desi-, imi-, trimipramine group. Similar to the baseline situation, demographic and fundamental disease parameters did not differ (Table 2).



Similar to the baseline situation which included the analysis of all patients, we found that in patients of whom follow-up data of two years existed the TMS was significantly higher in patients treated with clozapine (p < 0.001) and chlorpromazine (p < 0.01) compared to the HD-ctrl group (Table 2). The chorea sub score did not differ. Patients treated with clozapine, however, suffered significantly more from dystonia and bradykinesia compared to HD-ctrl (p < 0.001). Moreover, patients treated with both clozapine (p < 0.001) and chlorpromazine (p < 0.01) had significant high-grade bradykinesia compared to HD-ctrl.



We further assessed whether functional and cognitive parameters differed at baseline in this longitudinal cohort. Indeed, functional and cognitive assessments differed significantly in all tests (all p < 0.05). Patients treated with clozapine and chlorpromazine had significantly worse baseline data than HD-ctrl. Average results for all cognitive and functional tests were lowest for the chlorpromazine group. Patients treated with clomipramine, doxepine or desi-, imi- and trimipramine did not show significant group differences in pair-wised post hoc tests compared to HD-ctrl during their baseline visit (Table 2).



We then set out to investigate whether one of the baseline parameters might differ in follow-up analyses depending on the medication taken. We therefore performed repeated measures analyses of variance with co-variates age and CAG and analyzed motoric, functional and cognitive capacities. As expected, we could observe a gradual decline in all assessed parameters.



There was, however, no effect on the decline depending on the medication taken compared to HD-ctrl (Table 3; Figure 2). The TMS in the HD-ctrl group increased from 38.1 ± 20.0 (mean ± SD) to 45.4 ± 21.8 after two years.



To assess performance within the medication groups and within the control group, longitudinal data between the respective baseline and follow up visit two were analyzed in each group. Repeated measures analyses of variance considering motoric, functional and cognitive performance revealed significant decreases in all tests in the clomipramine, clozapine, doxepine and HD-ctrl group (all p < 0.001). Participants treated with chlorpromazine (n = 7) significantly declined regarding the motoric symptoms and regarding functionality within the Independence Scale (all p < 0.005) as well as in the Verbal fluency test (p = 0.048) and Stroop word reading test (p = 0.045). Patients treated with desi-, imi- and trimipramine (n = 5) declined in all aspects apart from the SDMT (Table 3 and Table 4).





4. Discussion


Although causative treatment approaches for HD are underway, it might still take time until those therapeutics will be available in daily clinical practice. Therefore, reducing symptom severity and the velocity of the decline of a plethora of neurological domains still remains a key goal of current therapeutic approaches. We here set out to investigate for the first-time effects of several tricyclic antidepressants and the antipsychotic clozapine taking advantage of the worldwide largest cohort of HD patients using the ENROLL-HD database.



We identified a group of 7397 motor-manifest HD patients without specific treatment and subgroups of patients which were treated with aforementioned medications. Baseline criteria regarding demographic parameters and age at HD diagnosis did not differ between medication subgroups and HD-ctrl. While the CAG differed in the analysis of all groups, there were no specific group differences in post hoc analyses. Remarkably, we did not observe any differences concerning the CAP-score, which is an index used to quantify disease progression or the also called “toxic-load” as key marker variable [47]. Thus, fundamental group variables of the medication- and control groups were mostly comparable, therefore excluding an influence of heterogeneous fundamental moleculargenetic, demographic or “pathobiological” aspects on cognitive, functional or motor- disease manifestation [51,52,53]; a strength of the data presented here.



Motor aspects did, however, differ between respective groups at baseline, with clozapine, chlorpromazine and clomipramine treated patients being more impaired than the control group regarding the TMS. To better understand which motor aspect was most affected, we also calculated sub scores for chorea, hypokinesia and dystonia. Taking those data into account, we were able to show that TMS differences were mostly related to bradykinesia in patients treated with clomipramine or chlorpromazine as well as more dystonic symptoms in patients treated with clozapine. This might be related to the anticholinergic side-effect profile related to clomipramine or the iatrogenic parkinsonism related to chlorpromazine treatment [54,55]. Clozapine, on the contrary, is only rarely used in HD due to its side effects and the need for repeated blood tests; it might have been used especially in bradykinetic or dystonic but psychotic HD patients, hence a distinct subgroup of patients. Moreover, the subject and family estimate of symptom onset was significantly worse in this group at baseline, while the clinical diagnosis did not differ, indicating that subtle symptoms might have been apparent earlier, potentially explaining a selection bias accounting for the group differences observed in clozapine treated patients. This is supported by the indications documented for the use of clozapine in our patients.



Respective medication groups did not only perform worse regarding motor aspects, but were also significantly more impaired regarding functional and cognitive domains compared to HD-ctrl. This might be related to sedative effects, known to negatively impact on cognition and functionality in patients treated with neuroleptics and tricyclic antidepressants [56]. This, however, remains to be proven since sedative side-effects of other neuroleptics or antidepressants in the comparison group cannot be excluded. Those effects were stable over time with clozapine and chlorpromazine treated patients being more dystonic and bradykinetic and less cognitive and functional active. Stability over time supports the idea that those effects might be side-effects and not be due to disease progression.



The reasons for prescriptions between the different groups differed substantially; medications were mostly started due to psychiatric symptoms, as expected. The antidepressant clomipramine, for example, is usually prescribed in patients with obsessive-compulsive disorders; this now can be confirmed with regard to the use in HD, which was not investigated until now to the best of our knowledge [57,58]. Next to obsessive-compulsive behavior, thoughts and irritability (n = 17), clomipramine was prescribed for depression (n = 32), anxiety (n = 7) and in one case to treat perseverations, which are commonly known in HD as marker for poor cognitive flexibility and difficult to treat [59,60].



The neuroleptic clozapine is usually used to treat psychiatric disorders in HD [19], a finding confirmed in our study. Apart from the potential sedative side-effects of both clozapine and chlorpromazine, psychiatric disorders might have been potential factors negatively impacting on cognition and functional capacities; a finding, having been described in patients suffering from schizophrenia [61]. Depression was the main indication for doxepine and desi-, imi- and trimipramine treatment. In addition, the sleep-inducing effect of doxepine was also used in some of our patients as the second most important reason for prescription. There were manifold further indications in the desi-, imi- and trimipramine group such as enuresis in one case, having been described independently from HD [39].



Apart from cross-sectional data in this large HD cohort, we analyzed longitudinal data to better understand dynamics of motor, functional and cognitive decline depending on presumed neuroprotective comedications—a huge advantage of our study. This is certainly of interest, since until now there remains a considerable knowledge gap regarding the effects of aforementioned medications on long-term outcomes and disease progression in HD. We had longitudinal data of a considerable number of patients with n = 2426 in the HD-ctrl group. Remarkably, we did not observe faster decline regarding motoric, functional and cognitive disease progression in any of the groups analyzed. This was an unexpected finding both from daily clinical experience as well as in light of the baseline data with considerably higher impairment in the medication groups, suggesting that those patients might progress faster. One possible explanation might be that baseline differences might have been due to side-effects or selection bias, as discussed earlier, without affecting disease progression negatively. Since it would not have been surprising if treated patients would have progressed faster, since those were already more severely affected at baseline, it might be suspected that the medications used might have induced a stabilizing effect. Although a clear and distinctive neuroprotective effect on disease progression in any of the medication groups is not evident, a stabilizing effect can be hypothesized and would be one explanation for the unaltered decline over two years. This, however, remains highly suggestive and cannot be proven at this point. The side effects thereby did not seem to have influenced further disease progression negatively if compared to progression in HD-ctrl patients without specific medication.



Limitations of the study presented here are the relatively small sample size in the treatment groups and the retrospective design. Moreover, the use of other CNS affecting medications in the HD-ctrl group such as antidepressants with differing mechanisms, e.g., SSRI, might have been a confounding factor in our control group, which could not be ruled out as potential bias. The strengths of the data presented here consist of the large cohort, recruited at multiple sites world-wide and the involvement of longitudinal data over two years.




5. Conclusions


In summary, we identified group differences, potentially caused by side effects or selection bias in terms of bradykinetic motoric symptoms, more dystonia and lower functional and cognitive performance in some treatment groups at baseline, which were not entirely explained by underlying fundamental characteristics. All aspects investigated, namely motor function, functionality, and cognitive function, declined over time in all groups without differences between the groups. We did neither observe clear beneficial nor detrimental effects of named antidepressants or antipsychotics longitudinally. We therefore conclude that the medications investigated in this study seem to not have any detrimental effect on the clinical course of HD patients over a two-year period in this real-world setting. Our data do not support our hypothesis of a potential neuroprotective effect of these drugs on disease progression.
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Figure 1. Schematic workflow of the study. 
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Figure 2. Development of motoric, functional and cognitive performance over two years. (a) Motor (UHDRS TMS), (b,c) functional, (d–h) and cognitive performance declined over time without effect of medication taken compared to HD-ctrl. Data were analyzed using ANOVAs with co-variates (age, CAG) for baseline, follow up one and two, comparing respective medication- and HD-ctrl over time. Abbreviations: UHDRS: Unified Huntington’s Disease Rating Scale; FU1: Follow up one; FU2: Follow up two; #: higher scores= more impairment; +: higher scores= better performance. 
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Table 1. Baseline data of HD-ctrl and treated HD patients.
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	Clomipramine n = 56
	Clozapine

n = 66
	Chlorpromazine n = 17
	Doxepine

n= 34
	Desi-, Imi-, Trimipramine

n = 19
	Other Motor-Manifest(HD-ctrl)

n = 7397
	F
	p
	Part. Eta2





	Age (y); M (SD)

(Co-variate CAG)
	52.7 (12.3)
	50.6 (12.4)
	49.9 (15.6)
	55.1 (11.2)
	53.6 (13.3)
	53.2 (12.6)
	0.446
	0.817
	0.000



	CAG high

(Co-variate age)
	45.3 (6.0)
	45.0 (3.8)
	46.3 (6.1)
	43.4 (3.1)
	44.5 (5.0)
	44.1 (4.0)
	2.491
	0.029
	0.002



	CAP-score

(no Co-variate)
	555.6 (109.5)
	539.8 (108.2)
	557.4 (113.1)
	513.0 (100.9)
	534.0 (122.9)
	540.3 (213.8)
	0.197
	0.964
	0.000



	Hddiagn (y)


	44.9 (13.3)
	44.5 (12.9)
	42.7 (15.2)
	49.9 (10.1)
	47.6 (13.7)
	48.6 (13.1)
	0.580
	0.715
	0.000



	Sxrater (y)


	41.7 (12.8)
	38.5 (12.2)
	37.8 (14.9)
	44.2 (13.3)
	40.2 (11.4)
	42.4 (16.3)
	0.329
	0.895
	0.000



	Sxsubj (y)


	41.6 (12.9)
	40.1 (12.8) *
	42.0 (15.6)
	46.7 (11.9)
	43.3 (13.4)
	45.9 (13.3)
	2.429
	0.033
	0.002



	Sxfam (y)


	40.4 (13.7)
	38.7 (12.6) **
	38.4 (15.4)
	46.6 (10.3)
	41.3 (12.9)
	45.2 (13.3)
	3.549
	0.005
	0.003



	Motoric UHDRS

TMS; M (SD) #
	51.5 (23.4)

*
	59.0 (22.7) ***
	61.4 (25.3) **
	45.1 (25.6)
	47.9 (28.0)
	40.0 (21.5)
	17.085
	<0.001
	0.011



	Sub score Chorea; M (SD) #
	6.7 (4.3)
	7.2 (5.7)
	6.9 (6.2)
	8.4 (5.0)
	6.6 (3.9)
	8.0 (4.6)
	1.81
	0.107
	0.001



	Sub score Dystonia; M (SD) #
	4.6 (5.1)
	5.8 (5.3) ***
	6.9 (5.9)
	4.4 (5.5)
	6.9 (6.6)
	3.4 (4.3)
	9.19
	<0.001
	0.006



	Sub score Hypo-Bradykinesia; M (SD) #
	13.7 (6.9) **
	14.9 (6.5) ***
	15.8 (6.8) **
	10.9 (6.8)
	12.8 (8.1)
	10.0 (6.0)
	16.29
	< 0.001
	0.011



	TFC; M (SD) +


	5.0 (3.4) ***
	3.8 (3.0) ***
	3.4 (2.8) ***
	7.3 (3.8)
	6.1 (3.9)
	7.9 (3.7)
	27.872
	<0.001
	0.018



	IS; M (SD) +


	58.6 (21.3) ***
	52.4 (19.5) ***
	48.2 (22.1) ***
	71.2 (18.7)
	68.1 (22.9)
	75.3 (19.1)
	34.572
	<0.001
	0.022



	SDMT; M (SD) +


	11.6 (12.7) ***
	7.3 (9.4) ***
	6.0 (7.8) ***
	19.4 (12.9)
	17.5 (15.8)
	22.0 (12.7)
	30.612
	<0.001
	0.022



	Verfct; M (SD) +


	8.0 (6.6) ***
	6.6 (5.3) ***
	6.2 (5.0) ***
	11.3 (6.3)
	11.5 (7.5)
	11.6 (5.8)
	17.119
	<0.001
	0.012



	SCNT; M (SD) +


	26.3 (18.8) ***
	20.9 (16.7) ***
	17.9 (15.2) ***
	34.5 (17.6)
	35.5 (19.3)
	40.3 (17.7)
	28.493
	<0.001
	0.019



	SWRT; M (SD) +


	34.4 (24.7) ***
	28.0 (21.8) ***
	27.8 (19.3) ***
	46.3 (24.0)
	46.3 (24.6)
	53.6 (23.5)
	27.185
	<0.001
	0.019



	SIT; M (SD) +


	11.2 (11.4) ***
	8.6 (11.7) ***
	6.3 (9.1) ***
	18.5 (11.5)
	15.5 (13.4)
	22.7 (11.5)
	41.043
	<0.001
	0.032







Cross-sectional univariate analysis of variance (Co-Variates: CAG, age) with baseline-data of all analyzed participants. Post hoc Tukey HSD tests with medication groups versus other motor-manifest participants (significance testing: * = p < 0.05; ** = p < 0.01; *** = p < 0.001). Abbreviations: M: mean; SD: standard deviation; p: p value; F: F value; Part Eta2: Effect size; UHDRS: Unified Huntington’s Disease Rating Scale; CAG: cytosine-adenine-guanine repeat length; CAP-score: CAG-Age Product- Index; Hddiagn: Huntington´s disease diagnosed; Sxrater: Rater’s estimate of symptom onset; Sxsubj: Subject estimate of symptom onset; Sxfam: Families estimate of symptom onset; TMS: Total motor score; TFC: Total functional capacity; IS: Independence scale; SDMT: Symbol digit modality test; Verfct: Verbal fluency test; SCNT: Stroop color naming test; SWRT: Stroop word reading test; SIT: Stroop interference test; Mg: milligram; Y: years; #: higher scores= more impairment; +: higher scores= better performance.
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Table 2. Baseline data of patients with two years follow-up.
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	Clomipramine

n = 17
	Clozapine

n = 22
	Chlorpromazine

n = 7
	Doxepine

n = 16
	Desi-, Imi-, Trimipramine

n = 5
	Other Motor-Manifest (HD-ctrl)

n = 2426
	F
	p
	Part. Eta2





	Age (y); M (SD)

(Co-variate CAG)
	56.1 (10.3)
	51.4 (12.0)
	50.6 (17.7)
	52.2 (9.5)
	52.0 (8.7)
	53.1 (12.1)
	0.407
	0.844
	0.001



	CAG high

(Co-variate age)
	43.3 (1.7)
	44.3 (3.6)
	47.0 (7.6)
	43.1 (3.1)
	42.8 (2.3)
	44.0 (3.9)
	1.16
	0.299
	0.002



	CAP-score

(no Co-Variate)
	528.1 (63.1)
	514.8 (115.2)
	573.5 (81.4)
	471.7 (74.1)
	479.6 (84.3)
	547.1 (254.1)
	0.484
	0.788
	0.001



	Hddiagn (y)


	49.8 (8.6)
	46.3 (11.4)
	43.8 (14.7)
	48.7 (8.8)
	48.0 (8.3)
	48.4 (12.4)
	0.542
	0.744
	0.001



	Sxrater (y)


	45.9 (8.4)
	38.9 (10.9)
	39.0 (13.7)
	44.4 (10.3)
	45.2 (7.9)
	43.0 (14.8)
	0.398
	0.851
	0.001



	Sxsubj (y)


	46.7 (8.5)
	41.9 (11.7)
	40.8 (17.0)
	44.5 (9.9)
	44.8 (8.2)
	45.7 (12.5)
	0.934
	0.458
	0.002



	Sxfam (y)


	47.2 (8.9)
	39.2 (10.4)
	40.0 (15.3)
	46.8 (8.1)
	45.6 (7.9)
	44.9 (12.6)
	1.544
	0.173
	0.003



	Motoric UHDRS

TMS; M (SD) #
	40.1 (18.6)
	57.4 (26.2) ***
	68.4 (30.0) **
	38.1 (20.0)
	35.8 (23.4)
	38.1 (20.0)
	7.215
	<0.001
	0.014



	Sub score Chorea; M (SD) #
	6.8 (3.2)
	9.2 (5.4)
	8.6 (8.0)
	8.1 (5.2)
	5.5 (5.0)
	7.9 (4.6)
	1.020
	0.404
	0.002



	Sub score Dystonia; M (SD) #
	2.1 (3.6)
	6.6 (6.0) ***
	7.9 (6.9)
	3.2 (3.9)
	6.8 (6.0)
	3.1 (4.1)
	6.571
	<0.001
	0.011



	Sub score Hypo-Bradykinesia; M (SD) #
	10.1 (6.1)
	15.0 (6.5) ***
	15.4 (7.9) **
	9.0 (4.9)
	9.8 (5.6)
	9.3 (5.6)
	6.848
	<0.001
	0.012



	TFC; M (SD) +
	5.5 (3.1)
	4.1 (3.0) ***
	3.1 (2.9) ***
	8.8 (3.0)
	6.2 (3.1)
	8.2 (3.5)
	11.909
	<0.001
	0.023



	IS; M (SD)

+
	62.6 (20.4)
	52.3 (18.7) ***
	47.8 (23.8) ***
	76.9 (9.5)
	70.0 (14.6)
	77.1 (17.3)
	15.686
	<0.001
	0.030



	SDMT; M (SD) +
	15.9 (14.6)
	9.5 (12.3) ***
	4.9 (7.2) **
	22.0 (12.0)
	19.0 (18.3)
	23.3 (12.4)
	9.580
	<0.001
	0.020



	Verfct; M (SD) +
	9.1 (6.6)
	7.3 (5.3) *
	5.1 (5.7) **
	13.2 (5.2)
	14.5 (10.4)
	12.1 (5.7)
	6.103
	<0.001
	0.012



	SCNT; M (SD) +
	33.1 (16.8)
	25.7 (17.7) ***
	14.8 (20.0) **
	38.9 (13.3)
	35.3 (22.9)
	41.7 (17.3)
	7.953
	<0.001
	0.016



	SWRT; M (SD) +
	42.6 (23.4)
	35.4 (23.5) **
	22.7 (23.3) **
	49.6 (18.0)
	58.7 (19.8)
	55.0 (22.6)
	7.139
	<0.001
	0.015



	SIT; M (SD) +
	16.9 (10.7)
	11.6 (13.9) ***
	6.4 (11.0) **
	21.6 (11.4)
	16.2 (7.1)
	23.6 (11.4)
	10.175
	<0.001
	0.023







Univariate Analysis of Variance (Co-Variates: CAG, age) of baseline-data of patients with two more follow-up visits in a cross-sectional approach. Post hoc Tukey HSD tests comparing respective medication groups versus other motor-manifest participants (HD-ctrl). Significance is depicted as: * = p < 0.05; ** = p < 0.01; *** = p < 0.001. Abbreviations: M: mean; SD: standard deviation; p: p value; F: F value; Part Eta2: effect size; UHDRS: Unified Huntington’s Disease Rating Scale; CAG: cytosine-adenine-guanine repeat length; CAP-score: CAG-Age Product- Index; Hddiagn: Huntington´s disease diagnosed; Sxrater: Rater’s estimate of symptom onset; Sxsubj: Subject estimate of symptom onset; Sxfam: Families estimate of symptom onset; TMS: Total motor score; TFC: Total functional capacity; IS: Independence scale; SDMT: Symbol digit modality test; Verfct: Verbal fluency test; SCNT: Stroop color naming test; SWRT: Stroop word reading test; SIT: Stroop interference test; Mg: milligram; Y: years; #: higher scores= more impairment; +: higher scores = better performance.
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Table 3. Longitudinal analyses of motor, functional and cognitive parameters.
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Clomipramine

n = 17

	
Clozapine

n = 22

	
Chlorpromazine

n = 7

	
Doxepine

n = 16

	
Desi-, Imi-, Trimipramine

n = 5

	
Other Motor-Manifest

(HD-ctrl) n = 2426

	
F

	
p

	
Part.

Eta2




	

	
BL

	
FU 1

	
FU 2

	
BL

	
FU1

	
FU2

	
BL

	
FU1

	
FU2

	
BL

	
FU1

	
FU2

	
BL

	
FU1

	
FU2

	
BL

	
FU1

	
FU2

	

	

	






	
UHDRS

TMS; M (SD) #

	
40.1 (18.6)

	
44.5

(18.5)

	
50.1 (21.7)

	
57.4

(26.2)

	
60.7

(21.9)

	
64.9

(23.5)

	
68.4

(30.0)

	
74.7

(30.0)

	
79.7

(29.5)

	
38.1

(20.0)

	
37.7

(19.8)

	
42.3

(20.2)

	
35.8

(23.4)

	
39.6

(25.6)

	
39.0

(23.8)

	
38.1

(20.0)

	
41.5

(20.8)

	
45.4

(21.8)

	
0.818

	
0.603

	
0.002




	
TFC; M (SD) +

	
5.5

(3.1)

	
4.7

(3.4)

	
4.5

(3.7)

	
4.1

(3.0)

	
3.3

(2.6)

	
2.5

(2.6)

	
3.1

(2.9)

	
2.0

(1.8)

	
1.8

(2.9)

	
8.8

(3.0)

	
8.2

(2.8)

	
7.6

(2.4)

	
6.2

(3.1)

	
6.2

(3.1)

	
5.2

(3.3)

	
8.2

(3.5)

	
7.4

(3.5)

	
6.9

(3.6)

	
0.452

	
0.906

	
0.001




	
IS; M (SD) +

	
62.6

(20.4)

	
63.8

(19.2)

	
59.4

(19.0)

	
52.3

(18.7)

	
50.0

(17.7)

	
46.1

(20.4)

	
47.8

(23.8)

	
42.1

(21.2)

	
40.7

(20.9)

	
76.9

(9.5)

	
76.9

(11.1)

	
74.4

(12.1)

	
70.0

(14.6)

	
69.0

(14.7)

	
66.0

(15.6)

	
77.1

(17.3)

	
73.6

(18.0)

	
70.3

(18.9)

	
0.872

	
0.559

	
0.002




	
SDMT; M (SD) +

	
15.9

(14.6)

	
14.3

(14.2)

	
11.1

(12.6)

	
9.5

(12.3)

	
7.4

(12.1)

	
8.5

(12.4)

	
4.9

(7.2)

	
2.3

(6.0)

	
1.4

(3.7)

	
22.0

(12.0)

	
18.9

(9.5)

	
18.6

(13.6)

	
19.0

(18.3)

	
19.4

(20.5)

	
16.8

(21.4)

	
23.3

(12.4)

	
21.2

(12.8)

	
19.2

(13.5)

	
0.966

	
0.470

	
0.002




	
Verfct; M (SD) +

	
9.1

(6.6)

	
8.7

(6.5)

	
7.8

(7.6)

	
7.3

(5.3)

	
6.8

(5.2)

	
6.8

(5.5)

	
5.1

(5.7)

	
3.8

(4.4)

	
1.1

(2.0)

	
13.2

(5.2)

	
12.7

(3.2)

	
11.3

(5.5.)

	
14.5

(10.4)

	
13.5

(11.7)

	
12.2

(8.1)

	
12.1

(5.7)

	
11.2

(6.0)

	
10.3

(6.0)

	
0.089

	
1.00

	
0.000




	
SCNT; M (SD) +

	
33.1

(16.8)

	
28.4

(16.1)

	
25.8

(18.1)

	
25.7

(17.7)

	
23.2

(17.5)

	
21.8

(17.6)

	
14.8

(20.0)

	
12.0

(18.1)

	
10.4

(19.0)

	
38.9

(13.3)

	
37.4

(11.6)

	
31.0

(18.4)

	
35.3

(22.9)

	
37.7

(20.0)

	
36.3

(22.1)

	
41.7

(17.3)

	
38.1

(18.3)

	
35.3

(18.7)

	
0.132

	
0.997

	
0.000




	
SWRT; M (SD) +

	
42.6 (23.4)

	
38.1

(24.3)

	
31.9 (24.5)

	
35.4 (23.5)

	
32.1 (23.6)

	
27.3 (23.7)

	
22.7

(23.3)

	
12.7

(17.3)

	
6.7 (13.2)

	
49.6 (18.0)

	
44.8 (19.1)

	
39.1 (24.6)

	
58.7 (19.8)

	
52.0 (23.4)

	
55.0

(21.8)

	
55.0 (22.6)

	
50.3 (24.5)

	
46.1 (24.8)

	
0.176

	
0.993

	
0.000




	
SIT; M (SD) +

	
16.9 (10.7)

	
13.1 (12.3)

	
12.4 (11.3)

	
11.6 (13.9)

	
8.7 (12.4)

	
6.5

(12.1)

	
6.4

(11.0)

	
5.6

(10.9)

	
4.7 (12.5)

	
21.6 (11.4)

	
20.1 (9.3)

	
18.8 (14.2)

	
16.2 (7.1)

	
13.7 (10.7)

	
7.0

(9.2)

	
23.6 (11.4)

	
19.8 (13.2)

	
18.3

(13.1)

	
0.333

	
0.953

	
0.001








Gradual decline in all groups with no significant alteration depending on the medication taken compared to HD-ctrl. Data are depicted as group- means (standard deviation). Data were analyzed using repeated measures analysis of variance with Co-Variates (age, CAG) for baseline, follow up one and two. Abbreviations: M: mean; SD: standard deviation; P: p value; F: F value; Part Eta2: effect size; UHDRS: Unified Huntington’s Disease Rating Scale; TMS: Total motor score; TFC: Total functional capacity; IS: Independence scale; SDMT: Symbol digit modality test; Verfct: Verbal fluency test; SCNT: Stoop color naming test; SWRT: Stroop word reading test; SIT: Stroop interference test; #: higher scores= more impairment; +: higher scores= better performance.
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Table 4. Comparison of baseline analysis and follow-up after two years.
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Clomipramine

n = 17

	
Clozapine

n = 22

	
Chlorpromazine

n = 7

	
Doxepine

n = 16

	
Desi-, Imi-, Trimipramine

n = 5

	
Other Motor-Manifest

n = 2426




	

	
F

	
p

	
Part. Eta2

	
F

	
p

	
Part. Eta2

	
F

	
p

	
Part. Eta2

	
F

	
p

	
Part. Eta2

	
F

	
p

	
Part. Eta2

	
F

	
p

	
Part. Eta2






	
TMS; M (SD)

#

	
88.515

	
<0.001

	
0.847

	
144.904

	
<0.001

	
0.873

	
44.407

	
<0.005

	
0.881

	
79.357

	
<0.001

	
0.841

	
12.632

	
0.024

	
0.759

	
10,436.269

	
<0.001

	
0.811




	
TFC; M (SD)

+

	
43.175

	
<0.001

	
0.120

	
34.423

	
<0.001

	
0.621

	
87.500

	
0.051

	
0.496

	
160.535

	
<0.001

	
0.915

	
16.327

	
0.016

	
0.803

	
12,194.549

	
<0.001

	
0.833




	
IS; M (SD)

+

	
171.688

	
<0.001

	
0.121

	
151.568

	
<0.001

	
0.878

	
28.687

	
<0.005

	
0.827

	
868.043

	
<0.001

	
0.983

	
109.769

	
<0.001

	
0.965

	
43,953.511

	
<0.001

	
0.948




	
SDMT; M (SD) +

	
17.695

	
<0.005

	
0.525

	
71.247

	
<0.001

	
0.772

	
2.977

	
0.135

	
0.332

	
41.774

	
<0.001

	
0.736

	
4.111

	
0.136

	
0.578

	
68.67644

	
<0.001

	
0.750




	
Verfct; M (SD) +

	
25.706

	
<0.001

	
0.616

	
43.012

	
<0.001

	
0.672

	
6.159

	
0.048

	
0.507

	
92.703

	
<0.001

	
0.861

	
8.138

	
0.046

	
0.670

	
12,311.611

	
<0.001

	
0.838




	
SCNT; M (SD) +

	
51.934

	
<0.001

	
0.764

	
42.516

	
<0.001

	
0.669

	
4.613

	
0.075

	
0.435

	
87.817

	
<0.001

	
0.854

	
18.678

	
0.012

	
0.824

	
14580.643

	
<0.001

	
0.861




	
SWRT; M (SD) +

	
17.096

	
<0.001

	
0.517

	
40.450

	
<0.001

	
0.658

	
6.413

	
0.045

	
0.517

	
82.828

	
<0.001

	
0.847

	
32.884

	
0.005

	
0.892

	
14333.078

	
<0.001

	
0.859




	
SIT; M (SD)

+

	
35.880

	
<0.001

	
0.692

	
10.742

	
<0.001

	
0.338

	
1.621

	
0.250

	
0.213

	
42.678

	
<0.001

	
0.740

	
21.598

	
0.010

	
0.844

	
3706.899

	
<0.001

	
0.797








Data were analyzed using repeated measures analysis of variance within groups between baseline and follow up two. Mean data are depicted in Table 3. Abbreviations: M: mean; SD: standard deviation; P: p value; F: F value; Part Eta2: effect size; TMS: Total motor score; TFC: Total functional capacity; IS: Independence scale; SDMT: Symbol digit modality test; Verfct: Verbal fluency test; SCNT: Stoop color naming test; SWRT: Stroop word reading test; SIT: Stroop interference test; #: higher scores= more impairment; +: higher scores= better performance.
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