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Abstract. Physical therapies and exercise may have potential as a disease modifying agent in Huntington’s disease (HD) and in
recent years, there have been several small scale feasibility studies that have shown benefit as a result of physical interventions.
When evaluating complex physical interventions, a phased approach using mixed methodology designs that report specific
intervention components, adherence, acceptability, adverse events and defined intervention protocols is important for replication
and planning of future trials and to ensure potential for implementation in clinical practice.

A narrative review of the available literature related to physical activity, physical therapy and exercise in people with HD
was performed using a population, intervention, comparison and outcome (PICO) approach. Eight studies met specific inclusion
criteria and were reviewed in terms of their systematic conduct and reporting standards. All of the studies (n = 8) provided details
of intervention including location and duration. The majority of interventions included balance training activities in combination
with other complex activities of daily living that required therapist supervision. Two of the interventions were home based,
the remainder were facility or hospital based. None of the studies reported adverse events whilst only 3/8 reported adherence
rates which were ranging from 60–80%. In general, limited detail was provided on the specific individual components of the
interventions.

This review of primary publications and conference proceedings, suggests that researchers working in the field need to focus on
clearer reporting of intervention protocols so as to generate a better understanding of the impact of exercise and physical therapies
on the symptoms of HD, as well as any potential synergistic role alongside the impending disease-modifying interventions.
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INTRODUCTION

Huntington’s Disease (HD) is an autosomal domi-
nant neurodegenerative condition; the major features
of the disease include cognitive deficits, behavioural
changes and motor dysfunction. Although it is now
well-documented that HD is a multimodal condition
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Studies, Ty DewiSant, Heath Park Site, Cardiff University, CF14
4XN, Cardiff, UK. Tel.: +44 029 206 87559; E-mail: busseme@
cardiff.ac.uk.

[1, 2], we focus here on the motor disability. The most
characteristic motor deficit is chorea, but it may be one
of the least disabling elements of the motor phenotype;
indeed with worsening functional capacity, chorea is
reported to decrease whilst dystonia increases [3, 4].
Of the other many associated motor deficits, gait and
balance disturbances are considered highly correlated
to activity limitations in this population [5]. A high pro-
portion of people with HD report frequent falling [5–7],
and falls are a major factor implicated in admission to a
nursing home [8]. Aetiology of falls in this population
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is likely to be multi-factorial [9], but observed deficits
in gait and balance are considered the main contribut-
ing factors [5, 7].

To date there is no treatment that will prevent, delay
or slow the progressive neurodegeneration, although
there are ongoing international efforts to identify
potential candidates [10–12]. A small number of treat-
ments are available to ameliorate the chorea, with
variable success, but no pharmacological treatments
have been demonstrated to reduce the impact of most
of the other movement deficits, including gait impair-
ments and altered postural control.

A number of non-pharmacological approaches are
also being explored in various international efforts.
Deep brain stimulation (DBS) is being investigated in
HD, following successes in Parkinson’s disease (PD)
[13], with individual case reports suggesting reduction
of chorea and dystonia in the short term [14, 15]. Other
therapies such as primary-foetal neural-transplantation
also have potential, although large scale clinical trials
are still in the early stages of development [16, 17].

The likely role of combined genetic factors, other
than the CAG repeat expansion, and as yet uniden-
tified environmental influences on the progression of
HD is generally accepted. The CAG repeat is sug-
gested to account for up to 60% of the variance of
age of onset [18, 19] but it is certain that other factors
must contribute to the differences seen in progression
rates for individuals with identical CAG expansion
lengths [20–24]. These range from genetic modi-
fiers to potential environmental toxins, to educational
background and other life-style influences, including
physical activity [19, 25]. The potential for physical
activities and therapies to influence symptom onset and
progression in patients with HD, or even to modify
disease progression, has obvious important therapeu-
tic implications both for its potential as a stand-alone
intervention and as a moderator in ongoing therapeutic
trials.

Environmental enrichment has been shown to retard
the development of motor abnormalities in HD mouse
lines with minimal amounts of enrichment associated
with delayed loss of peristriatal cerebral volume. These
studies [26–29] are frequently cited as providing evi-
dence for the potential benefits for exercise in people
with HD but importantly, environmental enrichment
as defined in the literature typically encompasses three
components, namely social enrichment, cognitive and
physical activity. Indeed, a specific role for exercise as
one component of the environmental enrichment effect
has been difficult to convincingly demonstrate. Results
from the handful of studies using the R6/1 HD mouse

line have been disappointing [28, 30, 31]. Only mod-
est recovery on secondary outcomes such as rearing or
clasping behaviours, in the absence of improvements in
primary outcomes such as general levels of activity or
rotarod performance have been reported following run-
ning wheel exposure [30]. Although rotarod training
(used as physical exercise) was found to be beneficial
for subsequent rotarod performance in (female) R6/2
mice, it is difficult to determine whether this was truly
an exercise benefit or a practice effect [28]. In another
study, exercise was reported to have a negative effect
of motor performance. It should also be noted that in
this study, exercise in the transgenic mice did increase
swimming speed in comparison to the non-exercised
transgenic mice [31]. Consequently, it is at present
unclear as to how beneficial exercise is to HD mice
and a more refined and considered approach as to the
nature, administration and experimental designs of the
exercise studies in these mouse lines is required to fully
understand the therapeutic value of exercise per se. It
is unclear which modes of exercises should be con-
sidered in laboratory studies to be able to understand
and differentiate causal relationships. Wheel running
for example is a relatively simple motor task, and
requires little problem solving and cognitive engage-
ment. Participation in more difficult motor tasks that
involve some skill acquisition, such as maze running,
or reaching and grasping practice, may elicit greater
brain activation and may result in improvement in both
functional outcomes and delayed neural progression.
Alternatively, implementation of exercises with a high
aerobic content may be important for increasing cere-
bral blood flow, neurogenesis and related increases in
growth factors such as BDNF, and may have beneficial
effects on other aspects of function, such as cognition.
What is required at present is a systematic comparison
of different types of longer term exercise adminis-
tration and cognitive training exposures directed at
different neural substrates.

The design and implementation of exercise studies
in animal models of HD has important implications
for the consideration of exercise as a potential modi-
fier to pharmacological or other interventions in both
animal and human studies. Results from clinical stud-
ies, mostly time series and case reports [32, 33] suggest
that exercise may provide benefit to people with HD
by minimising both impairments and improving func-
tion but a clear understanding of the nature of benefit
eludes us, most likely due to the inadequate design
and reporting of studies to date [32]. We are now at
the stage at which it is important to conduct system-
atic controlled studies following the Medical Research
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Council (MRC) framework for complex interventions
[34]. Furthermore, to guide translation of research into
clinical practice, knowledge of detailed protocols, and
retention, adherence and adverse events rates should
be reported [35], especially as it cannot be assumed
that exercise is necessarily safe in HD. For example,
given the evidence for impaired mitochondrial func-
tion in muscle cells in HD, excessive exercise may be
a potential concern [36]. To date however, there is only
a single clinical case report suggesting such a detri-
mental effect, which was in a marathon runner with
premanifest HD, who presented with myopathy years
before the predicted disease onset [37].

Here we review the developing field of exercise-
based physical interventions for people with HD and
specifically discuss the relevant development of evi-
dence in terms of safety and feasibility to support future
clinical implementation. In order to gather robust evi-
dence in support of exercise and physical activity as a
therapeutic strategy, detailed components of the com-
plex intervention as well as duration of intervention,
level of supervision required, mode of delivery, loca-
tion, equipment and costs should be well described.
This will both help to distinguish between the different
components of complex interventions which moderate
outcome and to ensure wide spread and sustainable
implementation of a specific intervention.

Exercise in HD: A review of practice and progress

In order to conduct this narrative review, a compre-
hensive literature search was conducted using AMED
(Allied and Complementary Medicine), EMBASE
<1947-Present>, Ovid MEDLINE(R) <1946 to May
Week 1 2012>, PsycINFO <1806 to May Week 2
2012>, PsycArticles Full Text. Reference lists of sys-
tematic reviews were hand-searched. Key words were
structured using a population, intervention, compari-
son and outcome (PICO) approach [38]. Population
key words included ‘Huntington’, ‘Huntington’s dis-
ease’, ‘Huntington’s chorea’ and ‘chorea’. Intervention
keywords included ‘physical therapy’, ‘physiother-
apy’, ‘rehabilitation’, ‘exercise therapy’, ‘exercise’,
‘stretching’, ‘strengthening’. Outcomes were searched
using the following key terms: ‘daily living’, ‘activ-
ity’ ‘mobility’, ‘postural control’, ‘balance’, ‘posture’,
‘falls’, ‘function’, ‘gait’, ‘muscle strength’, ‘quality of
life’. Studies were included if they investigated any
physiotherapy or exercise-based intervention in people
with Huntington’s disease and reported the outcome
with validated measures or with process evaluation. All

experimental and quasi experimental trials were con-
sidered (conference proceedings and full text). Studies
were excluded if all members of the population were
aged <18 years and diagnosis of HD was not con-
firmed by a positive genetic test or a family history
of HD with signs of chorea, if the intervention did
not involve a physiotherapy or exercise component or
did not report objective outcomes or was a process
evaluation or a single case study. Articles meeting the
review criteria were graded for study type and rated
for quality using checklists to assess study validity
and methodology. The level of evidence was classi-
fied as Level 1: interventions validated with RCTs
with low false-positive (alpha) rates and high power;
Level 2: intervention is supported by RCTs with high
false-positive rates and low power; Level 3: nonran-
domized comparisons between concurrent, matched
groups; Level 4: nonrandomized group comparisons
(including experimentally controlled single-case time-
series designs) and Level 5: case series without controls
[39].

Eight studies met the inclusion criteria. The major-
ity of studies that were excluded [n = 172 retrieved;
n = 164 excluded by title or abstract] did not involve
physiotherapy or exercise. Three studies were excluded
as they were review papers related to the topic [32,
33, 40] rather than primary research reports, and one
study was excluded from the review as it did not
provide detail of the intervention or outcomes [41].
Study design, participants, intervention type, outcomes
and results are summarised in Table 1. More specific
intervention details including location, supervision
required, retention and adherence rates and any reports
of adverse events are provided in Table 2. Table 3 pro-
vides a summary of key points for critical appraisal
using a format advocated by the Critical Appraisal
Skills Programme (CASP).

One of the first studies that incorporated objec-
tive outcome measures was a time series study where
the benefits of an inpatient rehabilitation programme
including a specific physical therapy exercise pro-
gramme were evaluated [42]. Whilst details of the
specific content of each component of the rehabilita-
tion programme was not provided, this study was an
important landmark as it reported significant findings
using well validated outcome measures, followed up
patients over time, and consulted caregivers and family
members about their opinions [43]. These researchers
were both able to demonstrate benefit in objective
outcomes as well as patient-perceived benefit using
a mixed-method approach. They asked people with
HD, who had completed at least one course of the
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above-mentioned inpatient rehabilitation protocol, to
evaluate their perspectives on their involvement in the
rehabilitation programme. Nearly all the respondents
(n = 37/40) perceived improvements after discharge.
Improvements were reported in gait, balance and fall
reduction. The duration of benefit was estimated to
last between 1 and 3 months by 71% of the respon-
dents. The majority of the respondents (n = 30/37,
81%) reported their intention to continue with the
rehabilitation programme in the future, confirming the
acceptability of the programme.

Since this first trial was reported in 2007, there has
been a gradual increase in the reporting of feasibil-
ity and positive benefits from both in- and out-patient
physiotherapy exercise programmes [44–46] as well
as from home and gym based exercise programmes.
There have been two reports (conference proceedings
only) of replicative studies using similar protocols
(both for the intervention and outcome assessment)
[45, 46] to the first study by Zinzi et al. [42], both
of which concluded that a multidisciplinary rehabil-
itation programme was associated with benefits in
physical function and quality of life. Hertzberg et al.
[46] additionally provided effect size data which would
be useful in sample size calculations for larger scale
clinical trials. The first reported controlled trial (con-
ference proceedings only) of an exercise programme
[47] to date was an exercise programme using a video
game to improve dynamic balance and mobility in indi-
viduals with HD was evaluated in 20 subjects with
early to mid-stage HD. Participants were randomly
allocated to either the experimental (n = 12) or the con-
trol (n = 8) groups. The experimental group performed
the video-based exercises for 45 minutes twice weekly
for 6 weeks, whilst the control group performed a
handheld video game. Those that adhered to the video-
based exercise programme demonstrated significant
improvement in a timed test of dynamic balance.

Three recent studies have focussed on feasibility
and perceptions of exercise-based interventions in HD.
Khalil et al. [48] conducted an exploration of how peo-
ple with HD used a home-based exercise DVD and
how it was perceived by the participants and their
caregivers; adherence rates were high, however com-
mitment of the caregiver was considered to be a key
to the success of the programme. Thompson et al.
(conference proceedings only) [49] assessed feasibil-
ity and protocol development for a tailored enrichment
protocol encompassing physical exercises and cogni-
tive rehabilitation delivered in the home environment
over a 9-month period. The initial data suggested that
it was feasible to deliver such an intervention and

additionally that functional benefits were obtained in
people with HD (n = 11) compared to non-intervention
controls (n = 11) (no specific outcome measures were
reported). High adherence to the intervention was doc-
umented. Delgado et al. (conference proceedings only)
[50] aimed to investigate the feasibility of develop-
ing and running a group exercise programme, and to
identify strategies to improve adherence and partici-
pation in an 8-week tailored exercise program for 15
mid-to late stage HD patients. Strategies to promote
participation were specifically developed to manage
behavioural problems, and consequently adherence
rates were high, which is important given the stage of
disease and the complex issues relating to behaviour
and how that may impact upon exercise prescription.
Adherence was reported however outcomes were not
reported.

Physical interventions in HD are complex. The
Medical Research Council (MRC) Framework for
designing and evaluating complex interventions pro-
vides a methodology for evaluation of complex
interventions utilising a cyclical development process
whereby all the components are fully developed and
evaluated in an iterative process so that an intervention
is fully defined, developed and appropriate outcome
measures considered before integration in large-scale
clinical trials. There are a wide range of interacting
components and behaviours that are required both by
the persons receiving an exercise intervention (e.g.
severity of the disease, medications, and individual
personal factors) and by those delivering an physical
intervention (e.g. information provision, prescribing
different modes of exercise, and giving demonstra-
tions) and it is important to be able to consider the
influence of all of these components on outcomes [34].
An understanding of what the active ingredient of the
complex intervention is and how it may be working
is imperative so as to design more effective interven-
tions that can be applied in a range of settings and
relevant to specific impairments. A concrete example
of this is the specific mode of exercise (i.e. aerobic
versus non-aerobic and fitness based versus function
focussed) that may have differential effects (central
versus peripheral), which need to be appropriately
considered. Clearly, the first step is that in order to
effectively evaluate exercise as an intervention per se,
research reports should provide appropriate detail not
only of the intervention itself but also of the adherence,
acceptability and any adverse events. All of the stud-
ies included in this review provided detail of location
and duration of the intervention however the number
of exercise hours per week was not reported in 2 of
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the 8 studies [46, 49] and the amount of supervision
required was documented in only 2 of the 8 studies [42,
48]. Three of the 8 studies included reported exercise
adherence rates [48–50], retention rates were provided
in another 3 of the 8 studies [42, 45, 46] and none of the
studies provided reports of adverse events. The impor-
tance of publishing full trial data at this stage should
be emphasised. The majority of studies reviewed here
were conference proceedings; it is therefore difficult
to establish whether the data is not available or sim-
ply not reported due to word limits in conference
proceedings.

Exercise in HD: Future directions

Whilst exercise interventions have established effi-
cacy in improving physical and cognitive function in
individuals with various neurodegenerative diseases,
including Alzheimer’s Disease and PD [51–53], as well
as Multiple Sclerosis [54], to date there have been no
large scale clinical trials conducted in HD and most
certainly no in-depth studies of the effect of exercise
on brain function in HD.

In general, the small scale studies which have been
conducted to date suggest that there is benefit in
encouraging physical approaches and exercise in HD.
We suggest that, whilst it is of utmost importance to
strive for future large scale trials in support of the
physical therapies, there is still work to do before
reaching this point. Mixed methods designs that incor-
porate both quantitative and qualitative methodologies
can be extremely useful in promoting an in-depth
understanding and appropriate interpretation of the
findings in studies of such complex interventions,
particularly in the early stage studies that are being
conducted in the HD field at this time. Managing
the known barriers to physical activity [55, 56] and
delivering physical interventions in practice requires a
co-ordinated and creative approach where a variety of
exercise options, implementation of behavioural strate-
gies and careful planning is required [57] in order to
ensure sustained uptake of specific targeted exercise
interventions. Knowledge of acceptability, adherence,
intervention delivery processes and recruitment and
retention in small scale pilot studies is therefore impor-
tant to be able to refine the design before moving to
larger scale exploratory studies [34] that can ultimately
be implemented into clinical practice.

This review, which includes a range of primary pub-
lications and conference proceedings, suggests that
researchers working in the field need to focus on clear
reporting of intervention protocols in proof of principle

studies thus establishing feasibility in terms of accept-
ability, adherence and retention. Whilst the use of
objective and sensitive functional outcome measures
is certainly more apparent than in previous years in
the studies reviewed here, an approach that focuses on
understanding the active components and the interact-
ing components and behaviours is still required. The
choice of outcome measures is crucial to establishing
benefit that is clearly linked to the underlying theoret-
ical basis for the intervention itself and is important
to aid mechanistic evaluations. End points for clinical
trials [58] have been recommended for use in HD but
few of these have been utilised in exercise studies to
date. Additionally, the assessment of central effects of
exercise eludes us and is an area for future research.

With better assessment and reporting, it will become
possible to characterise both the impairment levels at
which people with HD are able to get involved in reg-
ular exercise programmes and the types of support
strategies that should be considered when delivering
these kinds of interventions. It is also important to
emphasise that although exercise may ultimately be a
stand-alone intervention, it has a potentially synergis-
tic role alongside the impending compounds and other
therapeutic strategies, such as cell replacement therapy
and forthcoming pharmacological interventions that
the HD community are eagerly awaiting. Furthermore,
given the potential of physical activity to influence
function, consideration should be given to controlling
and recording individuals’ exercise levels (in particu-
lar any change in these levels) when investigating other
potential therapeutic agents.
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