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Abstract

Background: In Huntington’s disease (HD), cognitive decline starts early
and continues as the disease progresses. As cognition is recognized as a potential
clinical trial endpoint, it is essential to identify factors which can influence cognitive
performance in HD. Medication treating non-cognitive neuropsychiatric disturbances
and tetrabenazine, which are generally known to have a negative influence on
cognition, are often prescribed in HD patients.

Objective: This study evaluates whether cognitive performance differs between
users and non-users of these drugs at HD clinics throughout Europe.

Methods: Intotal, 2,289 participants of the REGISTRY study fulfilled the criteria for
cognitive assessment and recorded medication use at their baseline visit. Participants
were grouped according to disease stage and medication use: i.e. benzodiazepines,
selective serotonin reuptake inhibitor (SSRI) antidepressants, antipsychotics, atypical
antipsychotics and tetrabenazine. Univariate general linear model analysis was
conducted.

Results: Medication use was common in the REGISTRY cohort. In total 42% of
the participants used any of the predefined drugs whereas percentage of medication
used increased from 12% in the pre-motormanifest stage to 81% in the advanced
motormanifest stages. A significant effect of antipsychotic use on the Stroop Word
Test was found in the early HD stages.

Conclusions: No effect of benzodiazepines, SSRIs, atypical antipsychotics and
tetrabenazine on cognitive performance was found. Only the use of antipsychotics had
anegative effect on cognitive performance in the early stages and should be considered
when designing clinical trials with cognition as clinical endpoint.
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Introduction

Huntington’s disease (HD) is an autosomal dominant inherited, progressive
neurodegenerative disease caused by a CAG repeat expansion in the huntingtin gene
on chromosome 4'. HD is characterized by a triad of symptoms: motor abnormalities,
behavioral signs and cognitive deterioration?. As the exact location of the expanded
gene is known, individuals at risk can be tested for the expanded HD gene before any
symptoms or signs appear.

Motor abnormalities are the most characteristic signs of HD, but gene-expansion
carriers and caregivers perceive cognitive decline and behavioral signs to be the
most burdensome?® 4. These can precede motor signs by several yearss3. As cognitive
decline starts early and continues as the disease progresses, cognition is recognized as
a potential endpoint in clinical trials. Nowadays, a broad range of cognitive domains
is evaluated in almost all clinical trials*, including psychomotor speed which starts to
slow down early on and continues to worsen throughout the later HD stages’ *°. It is
essential to know which factors could possibly influence cognitive performance in HD
in order to evaluate whether potential interventions could stop or slow down cognitive
decline in HD.

As there is no cure for HD, medication is prescribed to manage HD symptoms.
Many HD gene expansion carriers take psychotropic medication for behavioral and
depressive signs; i.e. medication targeting non-cognitive neuropsychiatric signs* v.
For instance, one study showed that in a European HD population 84% of HD patients
received symptomatic treatment'®. Unfortunately, there is only low level of evidence
on the effect and side effects of using certain medication in HD, most prescriptions are
based on clinical experience'-2°. Depression is common in HD and is often treated with
antidepressants with a first choice of selective serotonin reuptake inhibitors (SSRIs) or
serotonin-norepinephrine reuptake inhibitors (SNRIs). There is some evidence that
some SSRIs might have a positive effect on cognition in the prodromal phase of HD,
i.e. before any definite HD symptoms are present?'. Behavioral symptoms, e.g. anxiety,
are often treated with benzodiazepines=°. However, the effect of benzodiazepine on
cognitive performance in HD is not well documented. We do know from other studies
that the higher the intake of benzodiazepines the greater risk of cognitive impairment
and in the elderly population it is related to a higher risk of dementia?>23, In a French
study it was shown that also the use of antipsychotics is common in HD and some
have a negative effect on cognition?+. In another study it was found that HD patients
using antipsychotic medication (classical and atypical) or tetrabenazine had a faster
disease progression?s. By taking these reports together, there is some indication that
the use of these types of medication have an impact on cognitive performance on HD.

Medication and cognition
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Some of these studies only evaluated whether using one or few drugs has an effect on
cognitive performance, but not the entire medication group was evaluated. But for
many clinical trials individuals are not allowed to take any of these drugs because it
might influence the outcome measures.

Therefore, the aim of this observational, explorative study is to investigate whether
there is a difference in cognitive performance between HD gene-expansion carriers
using medication targeting non-cognitive neuropsychiatric signs or tetrabenazine
compared to non-users in a clinical HD population. We expect that the SSRI group
has the same cognitive performance as non-users. For all other medication groups, we
expect that users display a more impaired cognitive performance. This is evaluated in
a large HD population seen at several specialized HD clinics throughout Europe, no
medication use was adapted for this study.

Methods

Participants

REGISTRY is a European, multicenter, longitudinal, observation study, facilitated
by the European Huntington’s Disease Network (EHDN). A total of 2,289 confirmed
HD gene expansion carriers with a CAG > 39 of the REGISTRY study were included; all
completed the cognitive assessment at baseline. Participants without any motor signs,
as defined by a total motor score (TMS) of <5 on the Unified Huntington’s Disease
Rating Scale (UHDRS)"“, were considered pre-motormanifest. These participants
were further divided into ‘far from estimated disease onset’ (pre-A) and ‘close to
estimated disease onset’ (pre-B), calculated by the Langbehn formula2¢-2 and split at
the median of 13.3 years. Participants with unequivocal motor symptoms, TMS >5,
were further divided into disease stages based on total functional capacity scale3°. The
last two disease stages were merged into one due to the small number of participants
in these two groups, stages 4 and 5. Ethical approval was obtained for all sites and
all participants gave written informed consent. The study was conducted by trained
professionals and all data were monitored. For a full description of the study, see Orth
et al.3.

Assessments

HD gene expansion carriers were assessed for day-to-day functioning, motor,
behavior and cognition. The cognitive battery of the Unified Huntington Disease
Rating Scale (UHDRS)+ was used to evaluate cognitive performance: letter verbal
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fluency test (total number correct in one minute for three letters; as the study was
administered in different countries, the letters also differed by country), Stroop Color-
Word-Interference Test: word-reading, color-naming and interference condition
(total number correct for each condition in 45 seconds; here the colors are red, blue
and green), and the Symbol Digit Modalities Test (total number correct in 9o seconds).

All medications used were recorded in the REGISTRY study. For analysis purposes,
participants were grouped as follows: taking benzodiazepines, selective serotonin
reuptake inhibitor (SSRI) antidepressants, antipsychotics, atypical antipsychotics or
tetrabenazine. For more information on the exact medication taken, see supplementary
appendix 1. Participants were allowed to take other medication prescribed for other
conditions such as hypertension.

Statistical analysis

To assess whether there were group characteristic differences an ANOVA or, when
appropriate, a chi-square test was used.

Univariate general linear model was applied to evaluate whether medication users
performed differently on the cognitive tasks than non-medication users during the
baseline visit. In this model, medication group and disease stage are added as fixed
factors, gender, age, CAG length and years of education as covariates; interaction effect
of disease stage and medication use was also added to the model. For the multiple
comparison analysis, a conservative significant level was used: p = 0.05 divided by the
number of tests performed (i.e. p = 0.002).

Table 1: Group characteristics

PreA PreB Stage1  Stage2 Stage3 Stage4+5
N=283 N=239 N=712 N=619 N=378 N=58
Age? 34(8) 42(10) 4711 51(2) 5301 541
CAG repeat lengtha  42(2) 44(3) 44(@) 44(3) 44(3) 45 (4)
Years of educationz2  13(3) 13 (7) 12 (5) 11 (4) 11 (6) 10 (3)

Sex (Male/Female)P 96/187 104/135 384/328 304/315 189/189 20/38

PreA: pre-motormanifest A; PreB: pre-motormanifest B
aMean (standard deviation)
bTotal number
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Results

The six disease stage groups differed significantly from each other based on: age
(F(5,2283)=139.44, p<0.01), years of education (F(5,2152)=12.26, p<0.01), CAG
repeat length (F(5,2283)=22.83, p<0.01) and gender (x2(5) =39.59; p<0.01), see
table 1.

In total 58% of the participants did not use any medication. If disease stage was
considered, the percentage of participants not taking medication gradually declined
from pre-A (88%) to stages 4 and 5 (19%), see table 2. In addition, polypharmacy
increased from pre-A (3%) to stages 4 and 5 (48%). About 85% of the medication
users were already on medication for at least 2 months with stable doses.

The use of antipsychotics had a significant effect on the results of the Stroop Word
Test (F(1, 1993)=14.9, p=0.0001), suggesting that participants using antipsychotics
scored worse on the Stroop Word Test than non-users, see figure 1. Antipsychotics
users in group stage 2 and stage 3 scored on average lower than then non-users
(mean difference: 13 and 10, respectively). However, this effect disappeared with
the interaction effect of all disease stages (F(4, 1993)=0.47, p=0.76). The use of
benzodiazepines, SSRI antidepressants, atypical antipsychotics or tetrabenazine had
no effect on cognitive performance on any of the administered tasks.

Discussion

This study shows that about half of the HD-REGISTRY population used medication
targeting non-cognitive neuropsychiatric disturbances and/or tetrabenazine. The
percentage of HD gene carriers taking these medications increased from pre-
motormanifest to the advanced HD. The most logical explanation for this increase
throughout the disease stages is that advanced HD individuals have severe symptoms

Table 2: Total number of participants taking medications

PreA PreB Stage 1 Stage 2 Stage3  Stage 4+5

N=283 N=239 N=712 N=619 N=378 N=58
No medication? 251 (88%) 202 (85%) 463 (65%) 283 (46%) 113(30%) 11 (19%)
Benzodiazepines? 6 (2%) 5(2%) 23 (3%) 29 (4%) 9 (2%) 2(3%)
SSRIa 16 (6%) 24 (10%) 84 (12%) 78 (13%) 43 (12%) 3(5%)
Antipsychoticsa 1(<1%) — 8 (1) 10 (2%) 14 (4%) —
Atypical antipsychotics2 1 (<1%) - 62 (9%) 86 (14%) 66 (17%) 13 (23%)
Tetrabenazine? — 1(1%) 6 (1%) 13 (2%) 9 (2%) 1(2%)
Mixa 8 (3%) 7(2%) 66 (9%) 120 (19%) 124 (33%) 28 (48%)

PreA: pre-motormanifest A; PreB: pre-motormanifest B
aTotal number (%)
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Figure 1: Performance on the Stroop Word Test per disease stage and medication group
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which need to be managed with medication. In addition, the pre-motormanifest
individuals might still benefit from non-pharmacological interventions which should
first be explored in treating symptoms?°. Throughout disease progression symptoms
become more severe, global functioning decreases and medication treatment becomes
useful, supported by adjunctive therapies, to manage all symptomss32. Polypharmacy is
common in HD due to the complexity of the disease and several symptoms which need
to be addressed=® which is supported by our results that about 40% of all medication
users used a mix of the pre-defined medication groups.

By evaluating the effect of medication use on cognitive performance, we only found
a negative effect of antipsychotic medication on a task measuring psychomotor speed,
that is the Stroop Word Test, in the early HD phase. This is an important finding
for future clinical trials, especially because the effect was found in the early stages.
Future clinical trials will most likely focus on pre-motormanifest and/or early HD
gene carriers to evaluate whether treatment influences disease progression in an early
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stage of the disease to ensure the highest quality of life for the HD gene carriers. With
our findings we would recommend to be cautious to include HD gene carriers using
antipsychotic medication if cognition is an important outcome measure of a clinical
trial.

Secondly, our study showed that the use of benzodiazepine, SSRI antidepressant,
atypical antipsychotic or tetrabenazine has no effect on performance of the UHDRS
cognitive battery in the clinical setting. Our finding that tetrabenazine has no effect
on cognition is in line with the 80 week open label study of tetrabenazine in HD in
which cognitive decline resembled the natural deterioration in HD33. Regarding future
clinical trials targeting cognition in HD, we advise that the use of benzodiazepine,
SSRI antidepressant, atypical antipsychotic or tetrabenazine should be allowed if
participants are on a stable dose and if there is no suggestion that these medications
could have an adverse effect in combination with the investigational drug. This should
make it easier to recruit participants for clinical trials as many HD gene carriers use
these medications. It also allows to test an investigational drug in a cohort which more
closely represents the population seen in clinics, rather than in a strictly pre-defined
population and improves the chance to have a successful phase III study.

One of the limitations of this study is that we grouped together the most commonly
used medications; i.e. treating slightly different acting agents in the same way. It is
possible that one particular drug might have a relatively stronger effect on cognitive
performance, but that this effect is masked by grouping several medications together.
In addition, we chose to group the medication based on relatively broad categorization
as used by the Dutch regulatory agency. These categorization is based on broad
pharmacogenetics, we did not create more subgroups based on the mechanic profile
of the acting agent. The reason for this is that most studies are based on animal or cell
studies but we do not know how all the different acting agents work in the human brain
or even in the diseased human brain. It might be of interest for future studies to explore
this more extensively. Furthermore, we only looked at whether participants used
medication, not at the exact doses taken, although we do know that the majority was
on a stable dose. In addition, participants were allowed to take co-medications, such
as antihypertensive drugs, combinations which could affect cognitive performance.
On a positive note, the REGISTRY database provides an opportunity to look at real-
life medication use and its effect on cognitive performance seen at the clinics.

To conclude, antipsychotics have a negative effect on cognitive performance in
the early HD stages, whereas benzodiazepines, SSRIs, atypical antipsychotics and
tetrabenazine seem to have no effect on cognitive performance in HD.
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Caterina Mariotti, Daniela Monza, Lorenzo Nanetti, Marta Panzeri, Dominga Paridi, Paola

Soliveri, Francesca Spagnolo, Franco Taroni, Chiara Tomasello
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Naples (Department of Neurosciences and Reproductive and Odontostomatological
Sciences, Federico II University of Naples): Giuseppe De Michele, Luigi Di Maio, Carlo
Rinaldi, Marco Massarelli, Silvio Peluso, Alessandro Roca, Cinzia Valeria Russo, Elena Salvatore,
Pierpaolo Sorrentino, Tecla Tucci

Pozzilli (IS) (IRCCS Neuromed): Milena Cannella, Valentina Codella, Francesca De Gregorio,
Annunziata De Nicola, Francesca Elifani, Tiziana Martino, Francesca Lovo, Irene Mazzante,
Martina Petrollini, Maria Simonelli, Ferdinando Squitieri, Maurizio Vezza

Rome (LIRH Foundation): Barbara D’Alessio, Chiara Esposito, Irene Mazzante, Ferdinando Squitieri

Rome (Department of Neurology, Universita Cattolica del Sacro Cuore; Institute of
Translational Pharmacology & Institute of Cognitive Sciences and Technologies,
National Research Council of Italy): Anna Rita Bentivoglio, Francesco Bove, Claudio
Catalli, Raffaella Di Giacopo, Alfonso Fasano, Marina Frontali, Arianna Guidubaldi, Tamara
Ialongo, Gioia Jacopini, Giovanna Loria, Anna Modoni, Martina Petracca, Carla Piano, Piccininni
Chiara, Davide Quaranta, Silvia Romano, Francesco Soleti, Marcella Solito, Maria Spadaro, Flavia
Torlizzi, Paola Zinzi

Rome (Azienda Ospedaliera Sant’Andrea; Department of Neuroscience, Mental Health
and Sensory Organs (NESMOS), Faculty of Medicine and Psychology, Sapienza
University of Rome; Institute of Translational Pharmacology & Institute of Cognitive
Sciences and Technologies, National Research Council of Italy): Giulia Coarelli, Michela

Ferraldeschi, Marina Frontali, Gioia Jacopini, Giovanni Ristori, Silvia Romano, Paola Zinzi
NETHERLANDS

Enschede (Medisch Spectrum Twente): Monique S.E. van Hout, Jeroen P.P. van Vugt, A. Marit de
Weert, Marloes Verhoeven

Groningen (Polikliniek Neurologie): Meike Dekker, Nico Leenders, Joost van Oostrom, Jesper
Klooster, Berry Kremer

Leiden (Leiden University Medical Centre (LUMC)): Verena Baake, Simon J. A. van den Bogaard,
Reineke Bos, Eve M. Dumas, Ellen P. ‘t Hart, Anne Kampstra, Raymund A.C. Roos, Anne
Schoonderbeek

Maastricht: Annelien Duits, Mayke Oosterloo, Mirella Waber

NORWAY

Bergen (Haukeland University Hospital, Dept of Medical Genetics and Olaviken Psychiatric
Hospital): Ellen Okland Blinkenberg. (NKS Olaviken 's HD clinic): Erik Hauge, Hilde Tyvoll

Oslo University Hospital (Dept. of Medical Genetics, Dept. of Neurology, Dept.of
Neurorehabilitation): Olaf Aaserud, Nils Olaf Aanonsen, Kathrine Bjorgo, Nancy Borgead,
Elisabeth Dramstad, Madeleine Fannemel, Jan C. Frich, Per F. Gorvell, Kathrine Haggag, Cecilie
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Haggag Johannessen, Arvid Heiberg, Lars Retterstel, Oddveig Rasby, Jutta Rummel, Alma Sikiric,
Bodil Stokke, Marleen van Walsem, Ragnhild Wehus

Trondheim (St. Olavs Hospital): Inga Bjornevoll, Sigrid Botne Sando, Marte Gjol Haug, Hanna
Haugan Sterseth, Vibeke Arntsen

POLAND

Gdansk (St. Adalbert Hospital, Gdansk, Medical University of Gdansk, Neurological and
Psychiatric Nursing Dpt.): Artur Dziadkiewicz, Agnieszka Konkel, Ewa Narozanska, Malgorzata
Nowak, Piotr Robowski, Emilia Sitek, Jaroslaw Slawek, Witold Soltan, Michal Szinwelski

Katowice (Medical University of Silesia, Katowice): Michat Arkuszewski, Magdalena Blaszczyk,
Magdalena Boczarska-Jedynak, Ewelina Ciach-Wysocka, Agnieszka Gorzkowska, Barbara
Jasinska-Myga, Aleksandra Kaczmarczyk, Gabriela Klodowska — Duda, Grzegorz Opala, Monika
Rudzinska, Daniel Stompel

Krakow (Krakowska Akademia Neurologii): Krzysztof Banaszkiewicz, Dorota Bo¢winska, Kamila
Bojakowska-Jaremek, Malgorzata Dec, Natalia Grabska, Malgorzata Krawczyk, Ewelina Kubowicz,
Michalina Malec-Litwinowicz, Monika Rudzifiska, Agata Stenwak, Andrzej Szczudlik, Elzbieta
Szczygiel, Magdalena Wojcik, Anna Wasielewska

Poznan (Poznan University of Medical Sciences, Poland): Jacek Aniola Anna Bryl, Anna Ciesielska,
Aneta Klimberg, Jerzy Marcinkowski, Husam Samara, Justyna Sempolowicz, Bartlomiej
Wiéniewski, Daniel Zielonka

Warsaw-MU (Medical University of Warsaw, Neurology): Anna Gogol (formerly Kalbarczyk),
Piotr Janik, Zygmunt Jamrozik, Anna Kaminska, Hubert Kwiecinski+, Natalia Szejko

Warsaw-IPiN (Institute of Psychiatry and Neurology Dep. of Genetics, First Dep. of
Neurology): Jakub Antczak, Katarzyna Jachinska, Wioletta Krysa, Maryla Rakowicz, Przemyslaw
Richter, Rafal Rola, Danuta Ryglewicz, Halina Sienkiewicz-Jarosz, Iwona Stepniak, Anna Sulek,

Grzegorz Witkowski, Jacek Zaremba, Elzbieta Zdzienicka, Karolina Ziora-Jakutowicz
PORTUGAL

Coimbra — (Hospital Universitario de Coimbra): Cristina Januario, Filipa Julio

Lisbon-HSM (Hospital de Santa Maria, Clinical Pharmacology Unit, Instituto de Medicina
Molecular): Leonor Correia Guedes, Miguel Coelho, Joaquim J Ferreira, Tiago Mestre, Tiago
Mendes, Anabela Valadas

Porto-HGSA (Hospital Santo Anténio- Centro Hospitalar do Porto): Goncalo Cagéo, Sara Cavaco,
Joana Damaésio, Joana Fernandes, Rui Loureiro, Inés Moreira, Marina Magalhaes,

Porto- HSJ (Hospital de Sdo Joao): Carlos Andrade, Andreia Costa, Carolina Garrett, Miguel Gago,

Joana Guimaraes, Jodo Massano, Joana Meireles, Ana Monteiro
SPAIN

Badajoz (Hospital Infanta Cristina): Carmen Duran Herrera, Patrocinio Garcia Moreno
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Barcelona-Bellvitge (Hospital Universitari de Bellvitge): Jordi Bas, Nuria Busquets, Matilde
Calopa, Serge Jauma Classen, Nadia Rodriguez Dedich4

Barcelona- Clinic i Provincial (Hospital Clinic i Provincial): Maria Teresa Buongiorno, Andrés de
la Cerda Santa Maria, Esteban Mufoz, Pilar Santacruz

Barcelona-Hospital Mitua de Terrassa: Miquel Aguilar Barbera, Ana Rojo Sebastian, Sonia Arribas
Pardo, Dolors Badenes Guia, Noemi Calzado, Laura Casas Hernanz, Juan Pablo Tartari Diaz-
Zorita, Judit Lopez Catena, Pilar Quiléz Ferrer, Gemma Tome Carruesco

Barcelona-Merced (Hospital Mare de Deu de La Merced): Misericordia Floriach Robert, Celia
Mareca Viladrich, Elvira Roca, Jestis Miguel Ruiz Idiago, Antonio Villa Riballo

Barcelona-Santa Cruz y San Pablo (Hospital de la Santa Creu i Sant Pau): Antonia Campolongo,
Ramon Fernandez de Bobadilla, Jaime Kulisevsky Bojarsky, Saul Martinez-Horta, Javier
Pagonabarraga, Jesus Perez Perez, Roser Ribosa, Carolina Villa

Burgos (Servicio de Neurologia Hospital General Yagiie): Esther Cubo, Cecilia Gil Polo, Natividad
Mariscal

Canarias (Hospital Insular de Gran Canaria): Sandra Gutierrez Romero, José Matias Arbelo, Rocio
Malo de Molina, Idaira Martin, Juan Manuel Perianez, Beatriz Udaeta

Fuenlabrada (Hospital Universitario): Fernando Alonso-Frech, Maria del Valle Loarte

Granada (Hospital Universitario San Cecilio, Neurologia): Francisco Barrero, Blas Morales

Madrid-BTCIEN (Fundacién CIEN): Belén Frades, Marina Avila Villanueva, Maria Ascension Zea
Sevilla

Madrid-Clinico (Hospital Clinico Universitario San Carlos): Fernando Alonso Frech, Maria del
Mar Fenollar, Rocio Garcia-Ramos Garcia, Clara Villanueva

Madrid RYC (Hospital Ramén y Cajal, Neurologia): Mo6nica Bascufiana, Marta Fatas Ventura, Juan
Garcia Caldentey, Guillermo Garcia Ribas, Justo Garcia de Yébenes, José Luis Lopez—Sendon
Moreno, Verdnica Mafianes Barral, Patricia Trigo Cubillo

Madrid FJD (Madrid-Fundacién Jiménez Diaz): Cici Feliz Feliz, Pedro José Garcia Ruiz, Ana Garcia,
Juan Garcia Caldentey, Rosa Guerrero Lopez, Antonio Herranz Béarcenas, Asuncién Martinez-
Descals, Veronica Puertas Martin, Noelia Rodriguez Martinez, Maria José Sainz Artiga, Vicenta
Séanchez, Angel Martinez Pueyo, Javier del Val Fernandez

Murcia (Hospital Universitario Virgen de la Arrixaca): Moreau Maria Dolores Alarcon, Carmen
Antinez Almagro, Esther Diéguez, Lorenza Fortuna, Salvadora Manzanares, Juan Marin Mufoz,
Maria Martirio Antequera Torres, Fuensanta Noguera Perea, Laura Vivancos

Oviedo (Hospital Central de Asturias): Sonia Gonzalez, Luis Menéndez Guisasola, Marta Para Prieto,
René Ribacoba, Carlos Salvador, Pablo Sanchez Lozano

Palma de Mallorca (Hospital Universitario Son Espases): Juan Garcia Caldentey, Aranzazu
Gorospe, Inés Legarda Ramirez, Penelope Navas Arques, Monica Rodriguez Lopera, Barbara Vives

Pastor
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Pamplona (Complejo Hospitalario de Navarra): Itziar Gaston, Fermin Garcia-Amigot, Maria
Dolores Martinez-Jaurrieta, Maria Antonia Ramos-Arroyo

Sevilla (Hospital Virgen Macarena): Fatima Damas Hermoso, José Manuel Garcia Moreno, Carolina
Mendez Lucena, Eva Maria Pacheco Cortegana, José Chacon Pena, Luis Redondo, Violeta Sdnchez
Sénchez

Valencia (Hospital la Fe): Maria Bosca, Juan Andres Burguera, Francisco Castera Brugada Carmen Peir6

Vilaplana, Pilar Solis, Begona Jeweinat Figuerola, Paloma Millan Palanca
SWEDEN

Goteborg (Sahlgrenska University Hospital): Maria Berglund, Peter Berglund, Radu Constantinescu,
Gunnel Fredlund, Ulrika Hesterey-Ugander, Kajsa Lewin, Petra Linnsand, Liselotte Neleborn-
Lingefjard, Jan Wahlstrom+

Lunds University Hospital: Asa Petersén, Jan Reimer, Hikan Widner

Umea (Umea University Hospital): Mans Berglund, Ghada Loutfi, Carina Olofsson, Eva-Lena Stattin,
Laila Westman, Birgitta Wikstrom

Uppsala University Hospital: Camilla Ekwall, Marie-Lousie Goller, Valter Niemels, Jimmy Sundblom
SWITZERLAND

Bern: Jean-Marc Burgunder, Yanik Stebler (Swiss HD Zentrum), Alain Kaelin, Irene Romero, Michael
Schiipbach, Sabine Weber Zaugg (Zentrum fiir Bewegungsstorungen, Neurologische Klinik und
Poliklinik, Universitat Bern)

Ziirich (University Hospital and University of Zurich): Hans H. Jung, Jens A. Petersen, Maria

Ligon-Auer, Violeta Mihaylova
U.K.

Aberdeen (NHS Grampian Clinical Genetics Centre & University of Aberdeen): Lorna
Downie, Roisin Jack, Kirsty Matheson, Zosia Miedzybrodzka, Daniela Rae, Sheila A Simpson,
Fiona Summers, Alexandra Ure, Vivien Vaughan

Birmingham (The Barberry Centre, Dept of Psychiatry): Shahbana Akhtar, Jenny Crooks,
Adrienne Curtis, Jenny de Souza (Keylock), John Piedad, Hugh Rickards, Jan Wright

Bristol (North Bristol NHs Trust, Southmead hospital): Elizabeth Coulthard, Louise Gethin,
Beverley Hayward, Kasia Sieradzan, Abigail Wright

Cambridge (Cambridge Centre for Brain Repair, Forvie Site): Roger A. Barker, Deidre O’Keefe,
Anna Gerrtiz (nee Di Pietro), Kate Fisher, Anna Goodman, Susan Hill, Sarah Mason, Rachel
Swain, Natalie Valle Guzman

Cardiff (Schools of Medicine and Biosciences, Cardiff University): Monica Busse, Cynthia
Butcher, Stephen Dunnett, Catherine Clenaghan, Ruth Fullam, Sarah Hunt, Lesley Jones, Una

Jones, Hanan Khalil, Sara Minster, Michael Owen, Kathleen Price, Jenny Townhill, Anne Rosser
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Dundee (Scottish Huntington’s Association, Ninewells Hospital): David Goudie, Lindsay
Buchanan, Paula McFadyen, Alison Tonner, Anne-Marie Taylor

Edinburgh (SE Scotland Genetic Service, Western General Hospital): Maureen Edwards, Carrie
Ho (Scottish Huntington s Association), Marie McGill, Mary Porteous, Pauline Pearson

Exeter (Department of Neurology Royal Devon and Exeter Foundation Trust Hospital):
Timothy Harrower, Sarah Irvine

Fife (Scottish Huntington’s Association Whyteman’s Brae Hospital): Peter Brockie, Jillian
Foster, Nicola Johns, Sue McKenzie, Jean Rothery, Gareth Thomas, Shona Yates

Glasgow (Glasgow HD Management Clinic, Southern General Hospital): Catherine Deith, Jane
Ireland, Stuart Ritchie

Gloucester (Department of Neurology Gloucestershire Royal Hospital): Pauline Brown, Liz
Burrows, Amy Fletcher, Alison Harding, Fiona Laver, Mark Silva, Aileen Thomson

Hull (Castle Hill Hospital): Carol Chu, Carole Evans, Deena Gallentree, Stephanie Hamer, Alison
Kraus, Ivana Markova, Ashok Raman

Leeds (Chapel Allerton Hospital, Department of Clinical Genetics): Jeremy Cosgrove, Deena
Gallantree, Stephanie Hamer, Emma Hobson, Stuart Jamieson , Alison Kraus, Mandy Longthorpe,
Ivana Markova, Hannah Musgrave, Caroline Peacy, Ashok Raman, Liz Rowett, Jean Toscano, Sue
Wild, Pam Yardumian

Leicester (Leicestershire Partnership Trust, Mill Lodge): Carole Clayton, Heather Dipple, Dawn
Freire-Patino, Caroline Hallam, Julia Middleton

London (St. Georges-Hospital): Uruj Anjum, Jan Coebergh, Charlotte Eddy, Nayana Lahiri, Meriel
McEntagart, Michael Patton, Maria Peterson, Sarah Rose

London (Guy’s Hospital): Thomasin Andrews, Andrew Dougherty, Charlotte Golding, Fred Kavalier,
Hana Laing, Alison Lashwood, Dene Robertson, Deborah Ruddy, Alastair Santhouse, Anna Whaite

London (The National Hospital for Neurology and Neurosurgery): Thomasin Andrews, Stefanie
Brown, Stefania Bruno, Elvina Chu, Karen Doherty, Charlotte Golding, Salman Haider, Davina
Hensman, Nayana Lahiri, Monica Lewis, Marianne Novak, Aakta Patel, Nicola Robertson,
Elisabeth Rosser, Sarah Tabrizi, Rachel Taylor, Thomas Warner, Edward Wild

Manchester (Genetic Medicine, University of Manchester, Manchester Academic Health
Sciences Centre and Central Manchester University Hospitals NHS Foundation
Trust): Natalie Arran, Judith Bek, Jenny Callaghan, David Craufurd, Ruth Fullam, Marianne
Hare, Liz Howard, Susan Huson, Liz Johnson, Mary Jones, Ashok Krishnamoorthy, Helen
Murphy, Emma Oughton, Lucy Partington-Jones, Dawn Rogers, Andrea Sollom, Julie Snowden,
Cheryl Stopford, Jennifer Thompson, Iris Trender-Gerhard, Nichola Verstraelen (formerly
Ritchie), Leann Westmoreland

Newcastle-upon-Tyne (Centre for Life, Institute of Medical Genetics): Ginette Cass, Lynn
Davidson, Jill Davison, Neil Fullerton, Katrina Holmes, Suresh Komati, Sharon McDonnell, Zeid

Mohammed, Karen Morgan, Lois Savage, Baldev Singh, Josh Wood
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Northampton (St Andrew’s Healthcare): Elvina Chu, Caroline Knight, Mari O’Neill, Debasish Das
Purkayastha

Oxford (Oxford University Hospitals NHS Trust, Dept. of Neurosciences, University of
Oxford): Andrea H Nemeth, Gill Siuda, Ruth Valentine, Kathryn Dixon, Richard Armstrong

Plymouth (Plymouth Huntington Disease Service, Mount Gould Hospital): David Harrison,
Max Hughes, Sandra Large, John O Donovan, Amy Palmer, Andrew Parkinson, Beverley Soltysiak,
Leanne Timings, Josh Williams

Preston (Neurology Department, Preston Royal Hospital): Marianne Hare, Tahir Majeed, Nicola
Verstraelen (Ritchie)

Sheffield (The Royal Hallamshire Hospital— Sheffield Children’s Hospital): Oliver Bandmann,
Alyson Bradbury, Helen Fairtlough, Kay Fillingham, Isabella Foustanos, Paul Gill, Mbombe
Kazoka, Kirsty O’Donovan, Louise Nevitt, Nadia Peppa, Oliver Quarrell, Cat Taylor, Katherine
Tidswell, Kirsty O’'Donovan

Swindon (Victoria Centre, Great Western Hospital): Lesley Gowers, Kingsley Powell, Pamela
Bethwaite, Rachel Edwards, Kathleen Fuller, Michelle Phillips

EHDN'’s associate site in Singapore:

National Neuroscience Institute Singapore: Louis Tan, Jean-Marc Burgunder, Puay Ngoh Lau,

Emmanuel Pica
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Supplementary Appendix

Medications included in the different groups

Benzodiazepines: Alprazolam, Bromazepam, Brotizolam, Chlordiazepoxide, Clobazam, Clorazepate,
Diazepam, Estazolam, Etizolam, Flurazepam, Loprazolam, Lorazepam, Lormetazepam,
Midazolam, Nitrazepam, Oxazepam, Prazepam, Temazepam, Zolpidem, Zopiclone

SSRI Antidepressants: Citalopram, Escitalopram, Fluoxetine, Fluvoxamine, Paroxetine, Sertraline

Antipsychotics: Amisulpride, Chlorprothixene, Fluphenazine, Flupentixol, Fluspirilene, Haloperidol,
Perphenazine, Pimozide, Pipamperone, Sulpiride, Thioridazine, Tiapride, Zuclopenthixol

Atypical antipsychotics: Aripiprazole, Clozapine, Melperone, Olanzapine, Quetiapine, Risperidone

Tetrabenazine
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