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Abstract
Background: Huntington’s disease (HD) is a rare, hereditary neurodegenerative disorder. Symp-
toms manifest around the age of 40 and encompass a range of physical, cognitive, and psy-
chiatric impairments. Motor and cognitive exercises have been shown to slow the progression
of symptoms. Particular attention has been given to motor-cognitive training, which may com-
bine the benefits and contribute to delaying the progression of the disease. However, studies
investigating the efficacy of such training in HD remain limited. At the same time, the use of
exergaming has shown promise in improving participant engagement in training, which may in
turn enhance both physical and cognitive functioning. The aim of our pilot study is to evaluate
the feasibility and effects of two home-based motor-cognitive trainings via an exergame on mo-
tor, cognitive, and psychiatric symptomatology in HD patients.Methods: Patients, from stages
1 and 2, will be randomly assigned to one of the two groups: sequential exercises (separate
motor and cognitive exercises) or synergical exercises (simultaneous motor and cognitive exer-
cises). Training sessions will be conducted individually over a 12-week period (3 sessions/week
; 60 minutes/session). Linear mixed-effects models will be used to assess training’s effects on
balance, walking capacity, lower-extremity strength, disease-related motor impairments, global
cognition, executive functions, depression, anxiety, disease-specific psychiatric symptoms, and
quality of life. Discussion:Our pilot study will be the first one to compare two exergame-based
motor-cognitive trainings in HD patients. It is expected to be feasible, with improvements in
motor, cognitive, and psychiatric symptoms in both groups. However, greater improvements
are expected in the synergical group compared to the sequential group.
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Introduction 

Huntington’s disease (HD) is defined as a rare and inherited neurodegenerative disease that 
appears between 30 and 40 years. It is caused by an abnormal cytosine-adenine-guanine 
trinucleotide expansion within the huntingtin gene on chromosome 4 (McColgan & Tabrizi, 2018). 
HD particularly affects medium spiny neurons of the striatum that cause progressive motor, 
cognitive, and psychiatric symptoms. Motor symptoms evolve independently of cognitive and 
psychiatric disorders that sometimes appear earlier (McAllister et al., 2021). 

Motor symptoms enable the clinical diagnosis of HD. They can be split into two distinct and 
successive phases: hyperkinetic phase and hypokinetic phase (Stoker et al., 2022). Chorea, 
walking, and balance impairments are encompassed in these symptoms (Berardelli et al., 1999; 
Vuong et al., 2018). Cognitive disorders refer to psychomotor speed, executive functions (EF), 
memory, emotion processing, and social cognition (Ho et al., 2003; Snowden, 2017). These 
disorders usually appear at an early stage of the disease and are associated with dysfunction of 
the loops connecting the striatum and the frontal lobe (Ho et al., 2003). Later, cognitive disorders 
extend to language and visuospatial abilities (Snowden, 2017). In addition, studies have shown a 
positive correlation between EF and walking or balance (Iersel et al., 2008; Ijmker & Lamoth, 2012; 
Kearney et al., 2013). This highlights the interest to focus on these functions. Still, psychiatric 
disorders are part of HD (depression, apathy, irritability, anxiety) (Craufurd et al., 2001; Snowden, 
2017). These difficulties have a detrimental effect on daily activities and, thus, on autonomy and 
quality of life (QoL) (Zielonka et al., 2018).  

In the absence of curative treatment for the neurodegenerative diseases, studies on the 
feasibility and relevance of cognitive and motor exercises to delay the onset and progression of 
symptoms are emerging. Although HD can be detected before the onset of symptoms, few studies 
have focused on motor-cognitive training in prodromal and manifest HD for secondary and tertiary 
prevention. Nevertheless, a systematic review concludes that combining motor and cognitive 
training leads to more consequent effects on cognition, quality of life, and well-being in HD patients 
(Huynh et al., 2022). Other meta-analyses highlight the positive effects of motor-cognitive training 
on cognitive and physical functions in older adults with/without cognitive impairments (Gavelin et 
al., 2021), stroke survivors (Embrechts et al., 2023), and people with Parkinson’s disease 
(Johansson et al., 2023). However, there is not a clear superiority on motor or cognitive trainings 
only (Gavelin et al., 2021; Embrechts et al., 2023). The onset of the symptomatic triad of HD is 
associated with the involvement of a unique subcortical structure, the striatum. This focal point in 
the brain strengthens the idea of synergical and reciprocal influence of motor and cognitive training 
in improving clinical symptoms. In fact, these trainings promote structural and functional 
neuroplasticity in the striatal region and in cortex areas that are linked (i.e. frontosubcortical 
circuits) (Hamzei et al., 2012; Marusic et al., 2018). Thus, motor-cognitive training could yield 
additive, synergistic effects on neuroplasticity and potentially help to sustain these benefits (Fissler 
et al., 2013). 

Fabian Herold and other researchers have proposed a classification of motor-cognitive training. 
While it can be done sequentially (SEQ) on the same day or on different days, the authors 
distinguish two simultaneous motor-cognitive trainings (Herold et al., 2018). On the one hand, the 
cognitive task is “additional” to the motor task. The two stimulations are performed independently, 
and the results of one exercise do not influence the execution of the other (e.g., performing verbal 
fluency orally while doing squats). This method is known as “dual-task training” (DT). On the other 
hand, the cognitive task is “incorporated” into the motor task, exercises complement each other 
and lead to a common goal (e.g., categorizing words into two groups by performing sidesteps to 
the left or right). This approach is designated as “synergical training” (SYN). It is important to 
distinguish the two forms of training. While SEQ exercises are performed one after the other, SYN 
exercises exhibit complementarity between a cognitive task and a motor task. The success of the 
cognitive task is linked to the success of the associated motor task. Therefore, these exercises are 
distinct from DT motor-cognitive exercises which involve performing independent cognitive and 
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motor tasks simultaneously (Herold et al., 2018). Although more comparative studies are needed 
to draw firm conclusions, SEQ training appears to be less effective than simultaneous motor-
cognitive trainings (DT or SYN) because the optimal order and the temporal interval between motor 
and cognitive exercises are not clearly defined. Moreover, simultaneous motor-cognitive trainings 
are time-efficient approaches. Among these approaches, SYN training is expected to be superior 
to DT training in promoting neuroplastic effects as the corresponding exercises are closer to daily-
life situations and do not induce any priorization effect between the motor and the cognitive tasks 
(Herold et al., 2018). 

The use of exergaming (i.e., interactive video-games that require participants to be physically 
active to play) as a support for training (Pirovano et al., 2016) is well tolerated in various 
populations. A previous study has shown that the feasibility and usability of an exergame-based 
motor-cognitive training are acceptable for older adults with neurocognitive disorders (Manser et 
al., 2023). Additionally, a systematic review in Parkinson’s disease patients has shown that 
practicing exergaming is feasible with positive level of motivation, facilitating training adherence 
and success (Barry et al., 2014). Exergame-based training also appears promising to decrease 
cognitive, motor, and depressive symptoms in older adults (Van Diest et al., 2013; Yen & Chiu, 
2021). Moreover, the use of exergaming - in the context of rehabilitation - seems superior to 
conventional physiotherapy for improving QoL in people with Parkinson’s disease (Elena et al., 
2021). Exergaming is particularly relevant due to the numerous possibilities it offers to combine 
physical exercises (strength, balance, aerobic) with cognitive exercises, thus forming varied motor-
cognitive training sessions (SEQ, SYN, or DT). However, future studies on HD are needed to 
highlight the superiority of exergaming compared to conventional physical and/or cognitive 
trainings (Torre & Temprado, 2022). 

These observations have supported and guided the development of our exploratory project. 
Our aim is to investigate the feasibility and acceptability of two exergame-based motor-cognitive 
trainings in patients with HD. We hypothesize that those programs will be well tolerated by patients 
with high rates of adherence, few instances of dropouts, and good perceptions about the 
usefulness, the stimulation, the security, and appropriateness of the programs. Our second aim is 
to evaluate the preliminary effectiveness of those programs on motor, cognitive, and psychiatric 
symptoms in patients with HD. We hypothesize that both trainings will improve physical and 
cognitive functions and QoL as well as decrease psychiatric symptoms. This will be verified using 
standardized conventional cognitive, physical tests and with validated questionnaires for 
psychiatric symptoms and QoL. We also suppose that improvements will sustain 3 months after 
the end of the intervention. Finally, we expect that SYN training will yield more significant 
improvements on physical, cognitive, and psychiatric symptoms as well as on QoL than SEQ 
training. 

Materials and methods 

Study design 

This study is a parallel randomized trial that compares two types of exergame-based motor-
cognitive training for their feasibility and preliminary effectiveness. Digital support, particularly 
exergaming, is the preferred method for displaying combined exercises and facilitates the 
administration and monitoring of care. This exploratory study will be helpful to define the preferred 
program (synergical or sequential program) for a subsequent larger-scale trial comparing training 
motor-cognitive with an exergame versus standard care. The study overview is presented in 
Figure 1. 

Participant recruitment, screening, and enrolment 

Patients with HD are recruited from the national reference centre for neurogenetic diseases 
(CNRMN, Centre National de Référence des Maladies Neurogénétiques) at the University Hospital 
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Centre (CHU) of Angers (France). Participation in the study is offered to HD patients attending day 
hospitalization as part of their routine disease management. 

Eligible patients are identified from the active patient list maintained by the CNRMN using their 
medical records. Patients meeting the pre-defined selection criteria are contacted by phone to 
introduce the study and to schedule an inclusion visit during their next routine visit to the CNRMN. 

During the inclusion visit, if the patient meets the study’s selection criteria (see Table 1) and 
expresses interest in participating, the principal investigator provides him with both oral and written 
information (a written information letter in a language understandable to the subject) and 
addresses any questions he may have. If the patient agrees to participate, the informed consent 
form is signed in duplicate by all parties involved. 

 

Figure 1 - Flowchart of the study protocol 

Table 1 - Inclusion and exclusion criteria 

INCLUSION CRITERIA EXCLUSION CRITERIA 

Adults at enrolment (age ≥ 18). 
French as a native language. 
HD diagnosed and confirmed by genetic test. 
Manifest HD at stage 1-2 (UHDRS ≥ 5 and 6 < TFC ≤  13). 
Provided written informed consent or consent from a legally 
authorized representative. 
Contraception for women of childbearing age. 

Involvement in an interventional research study modifying the 
management approach. 
Pre-existing conditions that may disrupt cognition (stroke, traumatic 
brain injury, active epilepsy, learning disorders, alcohol dependence 
syndrome, substance abuse, psychiatric disorders), severe cognitive 
impairment (MMSE <16), clinically significant pathological state which 
could compromise the subject’s safety or the assessment of study 
outcomes. 
Pregnant or lactating women. 
Individuals deprived of liberty by administrative or judicial decision. 
Individuals undergoing psychiatric care under constraint. 
Individuals not affiliated with or not beneficiaries of a social security 
system. 

Legend: Huntington’s disease (HD) ; Unified Huntington’s disease rating scale – total motor score 
(UHDRS) ; Total functioning capacity scale (TFC) ; Mini mental state examination (MMSE) 
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Considering the study’s context within a population prone to cognitive impairments, provisions 
are made to include patients who may be under legal guardianship or who may not be capable of 
providing consent. Therefore, for patients unable to consent, the inclusion process (provision of 
information and consent collection) can be conducted with the assistance of a legally authorized 
representative. The date of information, the reflection period, and the date of consent signature by 
both parts are documented in the patient’s source file. The present study was approved by Ethical 
Committee South-East IV of Léon Bérard Centre n°25.00332.000366 on 25/04/2025 and was 
recorded as a Clinical Trial (NCT06807892) on 29/01/2025. It will be conducted in accordance with 
the Declaration of Helsinki. 

Randomization procedure 
The allocation of care (SYN or SEQ) is conducted through simple randomization (allocation 

ratio of 1:1) balanced by blocks of random sizes (from 2 to 10). The randomization procedure is 
performed by the Biostatistics and Methodology Unit of the CHU. Patients are randomized after 
the first evaluation phase (V0) using the randomization module in Ennov Clinical®. The patients 
included in the study are randomly assigned to one of the two training groups. The result of the 
randomization procedure is concealed to every participant but during training sessions they can 
guess their group allocation with the type of exercise experienced. 

Sample size and withdrawal 
As this work is an exploratory study, we based our sample size calculation on effect sizes (ES) 

found in comparable studies that investigated effectiveness of motor-cognitive training. The 
systematic review from Huynh et al., has two studies with small-moderate ES on global cognition. 
However, these studies are based on a 9-month motor-cognitive training with pre-manifest HD 
patients (Huynh et al., 2022). The meta-analysis of Embrechts et al., concerns stroke patients but 
it gives an overall small ES (g=0.22) on motor and cognitive functions in favour of SYN training 
(Embrechts et al., 2023). Supposing that we planned a future two-armed parallel group randomized 
clinical trial with a two-sided Type I error rate of 5% and, a power of 80% and a small ES (0.1 ≤ 
ES ≤ 0.3), we need 20 participants per group for a pilot randomized trial (Whitehead et al., 2016). 
Considering a maximal dropout rate of 10%, a minimum of 45 participants will be recruited at the 
CNRMN. Given constraints related to equipment loans and availability of eligible participant, a 
recruitment duration of 2 years is anticipated. Patients may withdraw from the study at any time.  

Interventions 

Treatment delivery 
In both groups, the first session is conducted at the patient’s home with one of the two study 

supervisors (either a psychologist specialized in neuropsychology or a professional in adapted 
physical activity who is involved in the coordination of the present study). The purpose of this initial 
supervised session is to introduce the patient to the equipment, the program, the exercises, and 
the exergame that will guide him throughout the training process. Additionally, the goal of this first 
supervised session is to ensure the initial exercise parameters (display and response times, etc.) 
are appropriately tailored to the patient’s level, to verify understanding of the instructions, to ensure 
correct execution of movements, and to reinforce adherence to safety instructions. Subsequent 
sessions are conducted independently by the patient at their home. A brochure containing safety 
guidelines and contact information for the supervisors in case of questions is provided to 
participants at the beginning of the study. Moreover, a monthly phone call is scheduled to ensure 
participant’s involvement in the training program and to discuss about potential technical problems. 

Design of exercises and sessions 
Each SEQ exercise targets a specific motor function (balance, muscle strengthening, walking) 

or cognitive function (flexibility, inhibition, working memory). Six exercises per cognitive function 
and nine per motor function have been created. For the SYN group, each cognitive exercise was 
combined with three motor exercises leading to fifty-four possibilities (see Table A.1 in 
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supplementary material for SEQ and SYN exercises descriptions). Motor and cognitive exercises 
have different levels of difficulty that evolve independently. Each motor exercise is associated with 
a specific type of difficulty, including 3 levels. Types of difficulty are the amplitude of the movement, 
the speed of execution or the maintenance/repetition of the movement. For cognitive exercises, 
difficulty progresses following a specific number of successively good responses during the 
exercise. For inhibition and flexibility exercises, after 2 good answers in a row, the difficulty is 
incremented (e.g. decreasing response time or stimuli display). For the working memory exercises, 
the participant must correctly solve 3 exercise’s cycles during a session to increase the level of 
difficulty for the next session (e.g. after 3 correct recalls in a backward span task, the number of 
stimuli will increase during the next session). 

The sessions are offered individually at home, with each session lasting approximately 60 
minutes, three times per week for 12 weeks. These sessions consist of 10 minutes of motor warm-
up (i.e. articular rotations) at the beginning, 40 minutes of motor and cognitive exercises (SYN or 
SEQ), and 10 minutes of muscle stretching and relaxation at the end. In the SYN intervention, the 
40 minutes of exercises involve simultaneous motor and cognitive stimulation. In the SEQ 
intervention, exercises are performed sequentially: 20 minutes of motor exercises and 20 minutes 
of cognitive exercises. Regardless of the training group, each session stimulates both motor and 
cognitive functions. Their presentation order is randomized (see Table 2). 

Table 2 - Example of a weekly planning for both trainings 

SYNERGICAL TRAINING SEQUENTIAL TRAINING 

Session 1 
Flexibility + Walking 
Inhibition + Balance 
Working Memory + Strength 

Session 1 

Flexibility 
Walking 
Inhibition 
Balance 
Working Memory 
Strength 

Session 2 
Inhibition + Strength 
Working Memory + Walking 
Flexibility + Balance 

Session 2 

Inhibition 
Strength 
Working Memory 
Walking 
Flexibility 
Balance 

Session 3 
Working Memory + Balance 
Flexibility + Strength 
Inhibition + Walking 

Session 3 

Working Memory 
Balance 
Flexibility 
Strength 
Inhibition 
Walking 

Description of the exergame 
The exergame, named “CogniMove” was developed in the Plateforme Angevine d’Analyse des 

Comportements (P2AC - University of Angers, France) using the game engine Unity (Unity 
Technologies). The system is composed of a laptop (Latitude 3510, Dell Technologies Inc.), a 
Bluetooth gamepad (Slim wireless keypad, Satechi®) and a 3-dimensional camera (Astra Pro Plus, 
Orbbec Inc.) (see Figure 2). The gamepad allows to navigate into the exergame and is necessary 
for solving cognitive exercises, particularly in the SEQ group. The camera identifies the 
participant’s body  and displays it as a skeleton on bottom right corner of the screen. Thus, the 
participant can adjust his position to perform motor exercises optimally. The camera detects also 
correct movement patterns according to the exercise. Algorithms were elaborated to recognize a 
specific movement by comparing positions of different joints. For example, for the squat exercise, 
the exergame will identify a correct execution when the distance between hips and ankles 
decreases. As the distance is shortened, the amplitude of the squat increases as well as the level 
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of motor difficulty. Therefore, specific algorithms were created to identify each motor exercise, 
including the different levels of difficulty. 

 

Figure 2 - CogniMove system (A – Laptop ; B – Gamepad ; C – Camera) and 
main interface (D) 

We implemented exergame features that can support training adherence, thus exercise 
benefits (Manser et al., 2025). The presence feedbacks allows participants to be informed about 
their performance and progression throughtout exercises. In CogniMove, HD patients have a 
instaneous feedback of their motor execution (i.e. difficulty level of the movement) and a 
percentage of correct answer, for the cognitive exercise, at the end. This functionality helps to 
motivate the participant to reach better performances. In addition, we constructed CogniMove 
around the japanese universe. The game interface contains different avatars and landscapes 
relating to the medieval period and different fun facts of the japanese culture and history appear 
at the end of an exercise or when navigating through the exergame. These features enrich the 
environment and participate to the gamification of the training program (Matallaoui et al., 2017). 

Exercises content 
Our training program, regardless of the group (SEQ or SYN), is designed to address specific 

motor and cognitive functions affected by HD. Balance, strength, and gait will be targeted for motor 
aspects (Cruickshank et al., 2014) and EF (inhibition, flexibility, working memory) for cognitive 
aspects which are the earliest cognitive impairment in HD (Verny et al., 2007). 

SYN exercises combine physical activity and cognitive stimulation simultaneously. The 
objective of these exercises is to perform or solve a cognitive task through a specific motor task 
(e.g., Go/No-go with squats as the Go stimulus and waiting position as the No-go). 

For instance, to enhance working memory and muscle strength, the patient is requested to 
count the respective number of two stimuli presented one by one on the screen at random. The 
patient is required to count the number of stimulus 1 and stimulus 2. To provide response, they 
must perform x jabs for stimulus 1 and x squats for stimulus 2 (see Figure 3). 
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Figure 3 - Example of a synergical exercise 

For the SEQ group, motor and cognitive exercises are displayed one after the other. The patient 
first engages in 20 minutes of motor training (muscle strengthening, balance, and walking) followed 
by 20 minutes of cognitive training (inhibition, working memory, and flexibility). The exercises are 
performed independently of each other. 

For example, in the first part focusing on cognitive exercises, to work on working memory, the 
patient is asked to count the number of two stimuli presented on the screen randomly. To give the 
response, the patient has to click on a numeric pad: press button A twice to indicate that stimulus 
1 appeared twice and press the button B three times to indicate that stimulus 2 appeared three 
times. 

Following the completion of the cognitive exercise, the motor exercise begins. For instance, to 
enhance muscle strength, the patient has to perform jabs and squats in accordance with the 
number indicated on the screen (see Figure 4). 

 

Figure 4 - Example of sequential exercises 
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Assessment 

To study the temporal evolution of the various outcome measures, an assessment lasting 
approximately 2.5 hours is conducted for all participants at the following time points: the inclusion 
visit (V0), the post-intervention visit conducted within 2 weeks after the last session (V1), and the 
last visit that is planned 3 months after the end of the program (V2). This assessment is conducted 
by a neuropsychologist and a professional in adapted physical activity within the CNRMN. 

Feasibility and acceptability 
The acceptability and feasibility of both programs are evaluated based on the number of 

completed sessions, dropout rate, quality of responses, level achieved in each exercise, session 
completion (yes/no), early session termination, session duration, and through open-ended 
questions. These questions inquire about the attractiveness of the program (motivation), clarity, 
effectiveness, reliability of exercises (safety), and hedonic quality (creativity, stimulation) of the 
program. Patients must answer these questions on a scale ranging from 0 (strongly disagree) to 5 
(strongly agree) (see Table A.2 in supplementary material for more details). Additionally, 
participant’s satisfaction with the program is rated on a Lickert scale: “How would you rate the 
program and its support overall?” on a scale from -5 (poor) to 5 (good). An open-ended question 
allows participants to provide comments to justify the rating given (“Can you justify your rating in a 
few words?”). 

Cognitive function 
Cognitive assessments focus on EF and rely on tasks from the Unified Huntington’s Disease 

Rating Scale (UHDRS) (Kieburtz et al., 1996), including the Stroop test, Symbol Digit Modalities 
Test (SDMT), Trail Making Test (TMT), and verbal fluency tasks. These tasks emphasize inhibition, 
flexibility, and processing speed. In the Stroop task, three boards are presented to the subject. The 
first one involves naming colours (blue, green, or red), the second involves reading words (blue, 
green, or red), and on the third board, the subject has to inhibit reading the word and instead 
he/she has to name the ink colour (e.g., “blue” written in red ink). The goal of the SDMT is to 
correctly associate as many numbers with their corresponding symbols as possible within 90 
seconds. During verbal fluency tasks, the subject has first to list as many words from a semantic 
category as possible in one minute (semantic fluency) and then list as many words as possible 
beginning with the letters P, R, and V in one minute (phonological fluency). The TMT requires the 
subject to connect numbers from 1 to 25 as quickly as possible. In Part B, the subject has to 
alternate between numbers and letters while maintaining ascending numerical order and 
alphabetical order. 

To complete the assessment of EF targeted in our program, working memory is evaluated using 
the “Digit Span” subtest of the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS IV). This 
subtest is divided into three sections, with the objective of first one repeating orally dictated 
numbers in the same order, then in reverse order, and finally in ascending order. The length of the 
number sequence increases gradually for each step, and the exercise is stopped after two 
consecutive errors in the same item. 

Lastly, overall cognitive function is assessed using the Mini-Mental State Examination (MMSE) 
(Folstein et al., 1975). Scores range from 0 to 30, with higher scores indicating better cognitive 
performance. 

Motor function 
The assessment of physical function focuses on involuntary motor impairments, balance, gait, 

and strength endurance. For involuntary motor impairments, we will use the Unified Huntington’s 
Disease Rating Scale-Total Motor Score (UHDRS-TMS), a subscale of the UHDRS designed to 
clinically monitor the progression of motor impairments specific to HD (Mestre et al., 2018c). 
Balance will be evaluated using the Berg Balance Scale (BBS), a 14-item scale assessing both 
static and dynamic balance capacities (Berg, 1989). A better score indicates better balance 
capacities (maximal score of 56 points). Gait endurance will be assessed through the 6 Minutes 
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Walking Test (6MWT), where participants walk as far as possible in a 30 meter corridor within 6 
minutes (Chan & Pin, 2019). These two tests are recommended for evaluating functional capacities 
in HD (Mestre et al., 2018a). Finally, strength endurance will be evaluated using the 30 Seconds 
Chair Sit to Stand test (30sec CSTS), which involves standing up and sitting down as many times 
as possible without assistance for 30 seconds (Jones et al., 1999). 

Psychiatric aspects 
Anxiety and depression will be assessed using the Hospital Anxiety and Depression Scale 

(HADS). This self-report questionnaire is commonly utilized and recommended in clinical settings 
for individuals with Huntington’s disease (HD) (Mestre et al., 2016). The short version of the 
Problem Behaviours Assessment for Huntington’s Disease (PBA-HD) will be employed to highlight 
behavioural and psychiatric disturbances. This scale specifically targets symptoms commonly 
observed in HD, including depression, suicidal ideation, anxiety, irritability, aggressive behaviour, 
apathy, perseverative thoughts, obsessive-compulsive symptoms, paranoia, hallucinations, and 
disorientation. The use of this scale is also suggested within the scope of research on HD (Mestre 
et al., 2016). 

Quality of life 
The QoL will be assessed using the Short Form Health Survey Questionnaire-12 item (SF-12), 

which is an abbreviated version of the Medical Outcomes Study Short-Form General Health Survey 
(Gandek et al., 1998). The SF-12 comprises 12 questions distributed across the same 8 domains 
(physical and social functioning, limitations due to physical and emotional problems, mental health, 
vitality, pain, general health perception), with results ranging from 0 (very poor health) to 100 (very 
good health) on a scale. The use of this questionnaire is recommended for individuals with HD 
(Mestre et al., 2018b). 

Statistical analysis 

In line with the extension for pilot trials of the Consolidated Standards of Reporting Trials 
(CONSORT), feasibility outcomes will be reported descriptively and narratively (Eldridge et al., 
2016). Quantitative variables will be described using their mean and standard deviation for 
normally distributed variables, or their median and interquartile range and minimum/maximum 
otherwise. The sample size and frequency (with a 95% confidence interval) will be used to describe 
qualitative variables. Statistical analysis will be performed by the two study supervisors with R 
software (R foundation for statistical computing, Vienna, Austria). Physical, cognitive, psychiatric 
outcomes and QoL at V0, V1 and V2 will be analysed using linear mixed models adjusted to 
variables like age, sex, repetition of cytosine-adenine-guanine triplets, score at the Total 
Functioning Capacity scale and cognitive status (score at the MMSE). These models will be 
performed using the lme function from the nlme package (Pinheiro & Bates, 2000). In a first step, 
models will be performed, for each cognitive, physical, and psychiatric outcomes of interest, 
without interaction (Time*Group) effect to evaluate the preliminary effectiveness of motor-cognitive 
training. In a second step, models will be performed with the interaction effect to compare the 
evolution between the SEQ group and the SYN group, at V1 and V2 (see Figure A.1. in 
supplementary material for model’s structures in R software). Linearity, normality, and collinearity 
of data will be graphically checked using the check_model function (Lüdecke et al., 2021). 
Qualitative variables will be compared using the Chi² Test. For this study, a p<0.05 will be 
considered as statistically significant. 

Discussion 

This study aims to evaluate the feasibility and effects of two motor-cognitive training (SYN and 
SEQ) on physical, cognitive, psychiatric symptoms, and QoL in people with HD and to identify 
which training is the best to prevent disease’s progression. To the best of our knowledge, this will 
be the first study to assess, in manifest early stage HD population, the adherence and relevance 
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of two motor-cognitive training programs with specific targets (balance, walking, muscle strength, 
and EF). It will also be the first trial combining motor and cognitive training through exergaming in 
HD despite its interest in other population like older adults (Wollesen et al., 2020; Gavelin et al., 
2021; Torre & Temprado, 2022) and neurodegenerative diseases (Fritz et al., 2015; Wajda et al., 
2017; Johansson et al., 2023). 

The exergame and motor-cognitive trainings are anticipated to be well tolerated by patients 
with few dropout rates, good adherence, and positive feedback. These assumptions are based on 
previous studies in older adults and adults with Parkinson’s disease that highlighted the feasibility 
and usability of exergame-based motor-cognitive training (Barry et al., 2014; Manser et al., 2023). 
In addition, improvements in physical, cognitive, psychiatric symptoms, and QoL are expected in 
both motor-cognitive training groups. However, higher effects are awaited in the SYN group 
compared to the SEQ group. Simultaneous training as SYN seems to be more effective than SEQ 
training on physical and cognitive functions (Gavelin et al., 2021). In fact, the neurophysiological 
effects (i.e., neuroplasticity, neurogenesis, synaptogenesis) of SEQ training depend on several 
parameters such as the order and temporal proximity of motor and cognitive exercises. In contrast, 
in simultaneous training, whether it is SYN or DT, the “facilitation effects” of physical activity and 
the “guidance effects” of cognitive training are combined within a single exercise. This potentially 
leads to a superiority of synchronous training over sequential training, but these results require 
further investigations (Fissler et al., 2013; Herold et al., 2018). From a daily-life perspective, SYN 
exercises are closer to real-life situations than SEQ ones. For example, walking in a supermarket 
to buy some food or driving a car are SYN tasks. It demands to solve cognitive tasks by moving. 
Thereby, SYN exercises can be perceived more meaningful for HD patients, therefore improving 
adherence and training benefits (Herold et al., 2018). 

For the simultaneous form of motor-cognitive, we choose SYN instead of DT because 
neuroplastic effects (and consequently on cognition and motor skills) are believed to be more 
beneficial when incorporating a cognitive task into a motor task (SYN) rather than adding a 
cognitive task to a motor task (DT) (Herold et al., 2018). Furthermore, as mentioned previously, a 
SYN task is closer to activities of daily living than DT task. For example, HD patients are more able 
to explore aisles of a supermarket while remembering their list of furniture than solving arithmetic 
tasks while walking. On the other hand, a SYN exercise does not induce task prioritisation effects 
like a DT exercise. This effect influences motor or cognitive performance depending on which task 
is prioritised. Consequently, given the known attentional difficulties in HD (Thompson et al., 2010), 
the choice of a SYN training seems more appropriate. However, comparative studies on motor and 
cognitive performances between SYN and DT exercises, particularly on accuracy and reaction 
time, are essential to clarify this point. 

Several studies have demonstrated the relationship between EF and motor abilities such as 
balance and gait in older adults. Indeed, better executive functioning is correlated with improved 
balance capabilities and better gait parameters such as speed or variability (Iersel et al., 2008; 
Ijmker & Lamoth, 2012; Kearney et al., 2013). Moreover, there is a relationship between physical 
activity and the enhancement of EF in older adults (Chen et al., 2020; Xiong et al., 2021) and 
patients with Alzheimer’s disease (Zhu et al., 2020). It can be explained by the various neuronal 
links between motor and cognitive capacities (e.g. frontosubcortical circuits) (Marusic et al., 2018). 
However, as this existing relationship is currently weak, further trials are needed. Thus, our study, 
focusing on training capacities such as balance, gait, and EF, will shed light on these relationships 
among individuals with HD. 

Acknowledgements 

We want to highlight the contributions of Florian Focone (PhD and manager of the Plateforme 
Angevine d’Analyse des Comportements) and Axel Barault for the conception and development of 
the exergame. Preprint version 2 of this article has been peer-reviewed and recommended by Peer 
Community In Health & Movement Sciences (https://doi.org/10.24072/pci.healthmovsci.100201;  
Giannouli, 2025). 

Julien Godard et al. 11

Peer Community Journal, Vol. 6 (2026), article e4 https://doi.org/10.24072/pcjournal.676

https://doi.org/10.24072/pci.healthmovsci.100201
https://doi.org/10.24072/pcjournal.676


 

Ethics approval and consent to participate 

The present study was approved by Ethical Committee South-East IV of Léon Bérard Centre 
n°25.00332.000366 on 25/04/2025 and was recorded as a Clinical Trial (NCT06807892) on 
29/01/2025. It will be conducted in accordance with the Declaration of Helsinki. All volunteers will 
receive an information letter, will have the possibility to discuss any questions they have with 
medical personnel and, if willing to participate, will sign an informed consent before being enrolled 
in the study. 

Funding 

To conduct this study, Julien Godard is supported by a PhD scholarship provided by the 
University of Angers and Le Mans University while Coline Chartier is supported by a PhD 
scholarship provided by the University Hospital Centre of Angers and Angers-Loire Métropole. 

Conflict of interest disclosure 

The authors declare that they comply with the PCI rule of having no financial conflicts of interest 
in relation to the content of the article. The authors declare the following non-financial conflict of 
interest: Coline Chartier and Professor Philippe Allain are partly employees of the University 
Hospital Centre of Angers where the study will be conducted. Professor Philippe Allain contributed 
to decisions regarding study design but will not participate in data collection or statistical analysis. 

Data, scripts, code, and supplementary information availability 

Supplementary information is available online (https://doi.org/10.5281/zenodo.15856499; 
Godard et al., 2025). 

References 

Barry G, Galna B, Rochester L (2014) The role of exergaming in Parkinson’s disease rehabilitation: 
a systematic review of the evidence. Journal of NeuroEngineering and Rehabilitation, 11, 33. 
https://doi.org/10.1186/1743-0003-11-33 

Berardelli A, Noth J, Thompson PD, Bollen ELEM, Currà A, Deuschl G, Gert Van Dijk J, Töpper 
R, Schwarz M, Roos RAC (1999) Pathophysiology of chorea and bradykinesia in Huntington’s 
disease. Movement Disorders, 14, 398–403. https://doi.org/10.1002/1531-
8257(199905)14:3%253C398::AID-MDS1003%253E3.0.CO;2-F 

Berg K (1989) Measuring balance in the elderly: preliminary development of an instrument. 
Physiotherapy Canada, 41, 304–311. https://doi.org/10.3138/ptc.41.6.304 

Chan WLS, Pin TW (2019) Reliability, validity and minimal detectable change of 2-minute walk 
test, 6-minute walk test and 10-meter walk test in frail older adults with dementia. Experimental 
Gerontology, 115, 9–18. https://doi.org/10.1016/j.exger.2018.11.001 

Chen F-T, Etnier JL, Chan K-H, Chiu P-K, Hung T-M, Chang Y-K (2020) Effects of Exercise 
Training Interventions on Executive Function in Older Adults: A Systematic Review and Meta-
Analysis. Sports Medicine, 50, 1451–1467. https://doi.org/10.1007/s40279-020-01292-x 

Craufurd D, Thompson J, Snowden JS (2001) Behavioral changes in Huntington Disease. 
Cognitive and behavioral neurology : official journal of the Society for Behavioral and Cognitive 
Neurology, 14, 219–226. 

Cruickshank T, Reyes A, Peñailillo L, Thompson J, Ziman M (2014) Factors that contribute to 
balance and mobility impairments in individuals with Huntington’s disease. Basal Ganglia, 4, 
67–70. https://doi.org/10.1016/j.baga.2014.04.002 

12 Julien Godard et al.

Peer Community Journal, Vol. 6 (2026), article e4 https://doi.org/10.24072/pcjournal.676

https://doi.org/10.5281/zenodo.15856499
https://doi.org/10.1186/1743-0003-11-33
https://doi.org/10.1002/1531-8257%28199905%2914:3%253C398::AID-MDS1003%253E3.0.CO;2-F
https://doi.org/10.1002/1531-8257%28199905%2914:3%253C398::AID-MDS1003%253E3.0.CO;2-F
https://doi.org/10.3138/ptc.41.6.304
https://doi.org/10.1016/j.exger.2018.11.001
https://doi.org/10.1007/s40279-020-01292-x
https://doi.org/10.1016/j.baga.2014.04.002
https://doi.org/10.24072/pcjournal.676


 

Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, Lancaster GA (2016) 
CONSORT 2010 statement: extension to randomised pilot and feasibility trials. BMJ, i5239. 
https://doi.org/10.1136/bmj.i5239 

Elena P, Demetris S, Christina M, Marios P (2021) Differences Between Exergaming Rehabilitation 
and Conventional Physiotherapy on Quality of Life in Parkinson’s Disease: A Systematic 
Review and Meta-Analysis. Frontiers in Neurology, 12, 683385. 
https://doi.org/10.3389/fneur.2021.683385 

Embrechts E, McGuckian TB, Rogers JM, Dijkerman CH, Steenbergen B, Wilson PH, Nijboer TCW 
(2023) Cognitive and Motor Therapy After Stroke Is Not Superior to Motor and Cognitive 
Therapy Alone to Improve Cognitive and Motor Outcomes: New Insights From a Meta-analysis. 
Archives of Physical Medicine and Rehabilitation, 104, 1720–1734. 
https://doi.org/10.1016/j.apmr.2023.05.010 

Fissler P, Küster O, Schlee W, Kolassa I-T (2013) Novelty Interventions to Enhance Broad 
Cognitive Abilities and Prevent Dementia. In: Progress in Brain Research , pp. 403–434. 
Elsevier. https://doi.org/10.1016/B978-0-444-63327-9.00017-5 

Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental state.” Journal of Psychiatric Research, 
12, 189–198. https://doi.org/10.1016/0022-3956(75)90026-6 

Fritz NE, Cheek FM, Nichols-Larsen DS (2015) Motor-Cognitive Dual-Task Training in Persons 
With Neurologic Disorders: A Systematic Review. Journal of Neurologic Physical Therapy, 39, 
142–153. https://doi.org/10.1097/NPT.0000000000000090 

Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, Bullinger M, Kaasa S, 
Leplege A, Prieto L, Sullivan M (1998) Cross-Validation of Item Selection and Scoring for the 
SF-12 Health Survey in Nine Countries. Journal of Clinical Epidemiology, 51, 1171–1178. 
https://doi.org/10.1016/S0895-4356(98)00109-7 

Gavelin HM, Dong C, Minkov R, Bahar-Fuchs A, Ellis KA, Lautenschlager NT, Mellow ML, Wade 
AT, Smith AE, Finke C, Krohn S, Lampit A (2021) Combined physical and cognitive training for 
older adults with and without cognitive impairment: A systematic review and network meta-
analysis of randomized controlled trials. Ageing Research Reviews, 66, 101232. 
https://doi.org/10.1016/j.arr.2020.101232 

Giannouli E (Ed.) (2025) Recommendation of: Comparison of Two Exergame-based Motor-
Cognitive Trainings: Protocol for a Pilot Study on Cognitive, Motor and Psychiatric Symptoms 
in Patients with Huntington’s Disease (CARE-MH). Round#2. Peer Community in Health and 
Movement Sciences, healthmovsci.100201. https://doi.org/10.24072/pci.healthmovsci.100201 

Godard J, Durand S, Humeau-Heurtier A, Chartier C, ALLAIN P, Besnard J (2025) Supplementary 
material (CARE-MH study protocol). https://doi.org/10.5281/zenodo.15856499 

Hamzei F, Glauche V, Schwarzwald R, May A (2012) Dynamic gray matter changes within cortex 
and striatum after short motor skill training are associated with their increased functional 
interaction. NeuroImage, 59, 3364–3372. https://doi.org/10.1016/j.neuroimage.2011.10.089 

Herold F, Hamacher D, Schega L, Müller NG (2018) Thinking While Moving or Moving While 
Thinking – Concepts of Motor-Cognitive Training for Cognitive Performance Enhancement. 
Frontiers in Aging Neuroscience, 10, 228. https://doi.org/10.3389/fnagi.2018.00228 

Ho AK, Sahakian BJ, Brown RG, Barker RA, Hodges JR, Ané M-N, Snowden J, Thompson JA, 
Esmonde T, Gentry R, Moore JW, Bodner T (2003) Profile of cognitive progression in early 
Huntington’s disease. Neurology, 61, 1702–1706. 
https://doi.org/10.1212/01.WNL.0000098878.47789.BD 

Huynh K, Nategh L, Jamadar S, Stout J, Georgiou-Karistianis N, Lampit A (2022) Cognition-
oriented treatments and physical exercise on cognitive function in Huntington’s disease: a 
systematic review. Journal of Neurology. https://doi.org/10.1007/s00415-022-11516-x 

Iersel MBV, Kessels RPC, Bloem BR, Verbeek ALM, Olde Rikkert MGM (2008) Executive 
Functions Are Associated With Gait and Balance in Community-Living Elderly People. The 
Journals of Gerontology Series A: Biological Sciences and Medical Sciences, 63, 1344–1349. 
https://doi.org/10.1093/gerona/63.12.1344 

Julien Godard et al. 13

Peer Community Journal, Vol. 6 (2026), article e4 https://doi.org/10.24072/pcjournal.676

https://doi.org/10.1136/bmj.i5239
https://doi.org/10.3389/fneur.2021.683385
https://doi.org/10.1016/j.apmr.2023.05.010
https://doi.org/10.1016/B978-0-444-63327-9.00017-5
https://doi.org/10.1016/0022-3956%2875%2990026-6
https://doi.org/10.1097/NPT.0000000000000090
https://doi.org/10.1016/S0895-4356%2898%2900109-7
https://doi.org/10.1016/j.arr.2020.101232
https://doi.org/10.24072/pci.healthmovsci.100201
https://doi.org/10.5281/zenodo.15856499
https://doi.org/10.1016/j.neuroimage.2011.10.089
https://doi.org/10.3389/fnagi.2018.00228
https://doi.org/10.1212/01.WNL.0000098878.47789.BD
https://doi.org/10.1007/s00415-022-11516-x
https://doi.org/10.1093/gerona/63.12.1344
https://doi.org/10.24072/pcjournal.676


 

Ijmker T, Lamoth CJC (2012) Gait and cognition: The relationship between gait stability and 
variability with executive function in persons with and without dementia. Gait & Posture, 35, 
126–130. https://doi.org/10.1016/j.gaitpost.2011.08.022 

Johansson H, Folkerts A-K, Hammarström I, Kalbe E, Leavy B (2023) Effects of motor–cognitive 
training on dual-task performance in people with Parkinson’s disease: a systematic review and 
meta-analysis. Journal of Neurology. https://doi.org/10.1007/s00415-023-11610-8 

Jones CJ, Rikli RE, Beam WC (1999) A 30-s Chair-Stand Test as a Measure of Lower Body 
Strength in Community-Residing Older Adults. Research Quarterly for Exercise and Sport, 70, 
113–119. https://doi.org/10.1080/02701367.1999.10608028 

Kearney FC, Harwood RH, Gladman JRF, Lincoln N, Masud T (2013) The Relationship between 
Executive Function and Falls and Gait Abnormalities in Older Adults: A Systematic Review. 
Dementia and Geriatric Cognitive Disorders, 36, 20–35. https://doi.org/10.1159/000350031 

Kieburtz K, Penney Jr JB, Como P, Ranen N, Shoulson I (1996) Unified Huntington’s disease 
rating scale: Reliability and consistency. Movement Disorders, 11, 136–142. 
https://doi.org/10.1002/mds.870110204 

Lüdecke D, Ben-Shachar M, Patil I, Waggoner P, Makowski D (2021) performance: An R Package 
for Assessment, Comparison and Testing of Statistical Models. Journal of Open Source 
Software, 6, 3139. https://doi.org/10.21105/joss.03139 

Manser P, De Bruin ED, Temprado J-J, Bherer L, Herold F (2025) Beyond “just” fun: The role of 
exergames in advancing health promotion and disease prevention. Neuroscience & 
Biobehavioral Reviews, 176, 106260. https://doi.org/10.1016/j.neubiorev.2025.106260 

Manser P, Poikonen H, De Bruin ED (2023) Feasibility, usability, and acceptance of “Brain-IT”—A 
newly developed exergame-based training concept for the secondary prevention of mild 
neurocognitive disorder: a pilot randomized controlled trial. Frontiers in Aging Neuroscience, 
15, 1163388. https://doi.org/10.3389/fnagi.2023.1163388 

Marusic U, Verghese J, Mahoney JR (2018) Cognitive-Based Interventions to Improve Mobility: A 
Systematic Review and Meta-analysis. Journal of the American Medical Directors Association, 
19, 484-491.e3. https://doi.org/10.1016/j.jamda.2018.02.002 

Matallaoui A, Hanner N, Zarnekow R (2017) Introduction to Gamification: Foundation and 
Underlying Theories. In: Gamification  Progress in IS. (eds Stieglitz S, Lattemann C, Robra-
Bissantz S, Zarnekow R, Brockmann T), pp. 3–18. Springer International Publishing, Cham. 
https://doi.org/10.1007/978-3-319-45557-0_1 

McAllister B, Gusella JF, Landwehrmeyer GB, Lee J-M, MacDonald ME, Orth M, Rosser AE, 
Williams NM, Holmans P, Jones L, Massey TH, on behalf of the REGISTRY Investigators of 
the European Huntington’s Disease Network (2021) Timing and Impact of Psychiatric, 
Cognitive, and Motor Abnormalities in Huntington Disease. Neurology, 96, e2395–e2406. 
https://doi.org/10.1212/WNL.0000000000011893 

McColgan P, Tabrizi SJ (2018) Huntington’s disease: a clinical review. European Journal of 
Neurology, 25, 24–34. https://doi.org/10.1111/ene.13413 

Mestre TA, Busse M, Davis AM, Quinn L, Rodrigues FB, Burgunder J-M, Carlozzi NE, Walker F, 
Ho AK, Sampaio C, Goetz CG, Cubo E, Martinez-Martin P, Stebbins GT, the Members of the 
MDS Committee on Rating Scales Development (2018a) Rating Scales and Performance-
based Measures for Assessment of Functional Ability in Huntington’s Disease: Critique and 
Recommendations. Movement Disorders Clinical Practice, 5, 361–372. 
https://doi.org/10.1002/mdc3.12617 

Mestre TA, Carlozzi NE, Ho AK, Burgunder J-M, Walker F, Davis AM, Busse M, Quinn L, 
Rodrigues FB, Sampaio C, Goetz CG, Cubo E, Martinez-Martin P, Stebbins GT, Members of 
the MDS Committee on Rating Scales Development (2018b) Quality of Life in Huntington’s 
Disease: Critique and Recommendations for Measures Assessing Patient Health-Related 
Quality of Life and Caregiver Quality of Life. Movement Disorders, 33, 742–749. 
https://doi.org/10.1002/mds.27317 

Mestre TA, van Duijn E, Davis AM, Bachoud-Lévi A-C, Busse M, Anderson KE, Ferreira JJ, 
Mahlknecht P, Tumas V, Sampaio C, Goetz CG, Cubo E, Stebbins GT, Martinez-Martin P, the 

14 Julien Godard et al.

Peer Community Journal, Vol. 6 (2026), article e4 https://doi.org/10.24072/pcjournal.676

https://doi.org/10.1016/j.gaitpost.2011.08.022
https://doi.org/10.1007/s00415-023-11610-8
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1159/000350031
https://doi.org/10.1002/mds.870110204
https://doi.org/10.21105/joss.03139
https://doi.org/10.1016/j.neubiorev.2025.106260
https://doi.org/10.3389/fnagi.2023.1163388
https://doi.org/10.1016/j.jamda.2018.02.002
https://doi.org/10.1007/978-3-319-45557-0_1
https://doi.org/10.1212/WNL.0000000000011893
https://doi.org/10.1111/ene.13413
https://doi.org/10.1002/mdc3.12617
https://doi.org/10.1002/mds.27317
https://doi.org/10.24072/pcjournal.676


 

Members of the MDS Committee on Rating Scales Development (2016) Rating scales for 
behavioral symptoms in Huntington’s disease: Critique and recommendations. Movement 
Disorders, 31, 1466–1478. https://doi.org/10.1002/mds.26675 

Mestre TA, Forjaz MJ, Mahlknecht P, Cardoso F, Ferreira JJ, Reilmann R, Sampaio C, Goetz CG, 
Cubo E, Martinez-Martin P, Stebbins GT, the Members of the Movement Disorder Society 
Committee on Rating Scales Development (2018c) Rating Scales for Motor Symptoms and 
Signs in Huntington’s Disease: Critique and Recommendations. Movement Disorders Clinical 
Practice, 5, 111–117. https://doi.org/10.1002/mdc3.12571 

Pinheiro JC, Bates DM (2000) Mixed-Effects Models in S and S-PLUS. Springer-Verlag, New York. 
https://doi.org/10.1007/b98882 

Pirovano M, Surer E, Mainetti R, Lanzi PL, Alberto Borghese N (2016) Exergaming and 
rehabilitation: A methodology for the design of effective and safe therapeutic exergames. 
Entertainment Computing, 14, 55–65. https://doi.org/10.1016/j.entcom.2015.10.002 

Snowden JS (2017) The Neuropsychology of Huntington’s Disease. Archives of Clinical 
Neuropsychology, 32, 876–887. https://doi.org/10.1093/arclin/acx086 

Stoker TB, Mason SL, Greenland JC, Holden ST, Santini H, Barker RA (2022) Huntington’s 
disease: diagnosis and management. Practical Neurology, 22, 32–41. 
https://doi.org/10.1136/practneurol-2021-003074 

Thompson JC, Poliakoff E, Sollom AC, Howard E, Craufurd D, Snowden JS (2010) Automaticity 
and attention in Huntington’s disease: When two hands are not better than one. 
Neuropsychologia, 48, 171–178. https://doi.org/10.1016/j.neuropsychologia.2009.09.002 

Torre MM, Temprado J-J (2022) Effects of Exergames on Brain and Cognition in Older Adults: A 
Review Based on a New Categorization of Combined Training Intervention. Frontiers in Aging 
Neuroscience, 14, 859715. https://doi.org/10.3389/fnagi.2022.859715 

Van Diest M, Lamoth CJ, Stegenga J, Verkerke GJ, Postema K (2013) Exergaming for balance 
training of elderly: state of the art and future developments. Journal of NeuroEngineering and 
Rehabilitation, 10, 101. https://doi.org/10.1186/1743-0003-10-101 

Verny C, Allain P, Prudean A, Malinge M-C, Gohier B, Scherer C, Bonneau D, Dubas F, Le Gall D 
(2007) Cognitive changes in asymptomatic carriers of the Huntington disease mutation gene: 
Cognitive impairments in pre-clinical Huntington. European Journal of Neurology, 14, 1344–
1350. https://doi.org/10.1111/j.1468-1331.2007.01975.x 

Vuong K, Canning CG, Menant JC, Loy CT (2018) Gait, balance, and falls in Huntington disease. 
In: Handbook of Clinical Neurology , pp. 251–260. Elsevier. https://doi.org/10.1016/B978-0-
444-63916-5.00016-1 

Wajda DA, Mirelman A, Hausdorff JM, Sosnoff JJ (2017) Intervention modalities for targeting 
cognitive-motor interference in individuals with neurodegenerative disease: a systematic 
review. Expert Review of Neurotherapeutics, 17, 251–261. 
https://doi.org/10.1080/14737175.2016.1227704 

Whitehead AL, Julious SA, Cooper CL, Campbell MJ (2016) Estimating the sample size for a pilot 
randomised trial to minimise the overall trial sample size for the external pilot and main trial for 
a continuous outcome variable. Statistical Methods in Medical Research, 25, 1057–1073. 
https://doi.org/10.1177/0962280215588241 

Wollesen B, Wildbredt A, van Schooten KS, Lim ML, Delbaere K (2020) The effects of cognitive-
motor training interventions on executive functions in older people: a systematic review and 
meta-analysis. European Review of Aging and Physical Activity, 17, 9. 
https://doi.org/10.1186/s11556-020-00240-y 

Xiong J, Ye M, Wang L, Zheng G (2021) Effects of physical exercise on executive function in 
cognitively healthy older adults: A systematic review and meta-analysis of randomized 
controlled trials. International Journal of Nursing Studies, 114, 103810. 
https://doi.org/10.1016/j.ijnurstu.2020.103810 

Yen H-Y, Chiu H-L (2021) Virtual Reality Exergames for Improving Older Adults’ Cognition and 
Depression: A Systematic Review and Meta-Analysis of Randomized Control Trials. Journal of 

Julien Godard et al. 15

Peer Community Journal, Vol. 6 (2026), article e4 https://doi.org/10.24072/pcjournal.676

https://doi.org/10.1002/mds.26675
https://doi.org/10.1002/mdc3.12571
https://doi.org/10.1007/b98882
https://doi.org/10.1016/j.entcom.2015.10.002
https://doi.org/10.1093/arclin/acx086
https://doi.org/10.1136/practneurol-2021-003074
https://doi.org/10.1016/j.neuropsychologia.2009.09.002
https://doi.org/10.3389/fnagi.2022.859715
https://doi.org/10.1186/1743-0003-10-101
https://doi.org/10.1111/j.1468-1331.2007.01975.x
https://doi.org/10.1016/B978-0-444-63916-5.00016-1
https://doi.org/10.1016/B978-0-444-63916-5.00016-1
https://doi.org/10.1080/14737175.2016.1227704
https://doi.org/10.1177/0962280215588241
https://doi.org/10.1186/s11556-020-00240-y
https://doi.org/10.1016/j.ijnurstu.2020.103810
https://doi.org/10.24072/pcjournal.676


 

the American Medical Directors Association, 22, 995–1002. 
https://doi.org/10.1016/j.jamda.2021.03.009 

Zhu L, Li L, Wang L, Jin X, Zhang H (2020) Physical Activity for Executive Function and Activities 
of Daily Living in AD Patients: A Systematic Review and Meta-Analysis. Frontiers in 
Psychology, 11, 560461. https://doi.org/10.3389/fpsyg.2020.560461 

Zielonka D, Ren M, De Michele G, Roos RAC, Squitieri F, Bentivoglio AR, Marcinkowski JT, 
Landwehrmeyer GB (2018) The contribution of gender differences in motor, behavioral and 
cognitive features to functional capacity, independence and quality of life in patients with 
Huntington’s disease. Parkinsonism & Related Disorders, 49, 42–47. 
https://doi.org/10.1016/j.parkreldis.2018.01.006 

16 Julien Godard et al.

Peer Community Journal, Vol. 6 (2026), article e4 https://doi.org/10.24072/pcjournal.676

https://doi.org/10.1016/j.jamda.2021.03.009
https://doi.org/10.3389/fpsyg.2020.560461
https://doi.org/10.1016/j.parkreldis.2018.01.006
https://doi.org/10.24072/pcjournal.676

