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Exercise in neuromuscular disorders: a
promising intervention

NicoLINE B.M. VOgeT!?

' Radboud University Medical Centre, Donders Institute for Brain, Cognition and Behaviour, Department of Rehabilitation
Nijmegen, Netherlands; ? Klimmendaal, Rehabilitation Center, Arnhem, The Netherlands

Although performing exercise studies in patients with neuro-
muscular disorders (NMD) is difficult, the number of random-
ized controlled trials is steadily increasing. There is growing evi-
dence for a positive effect of aerobic exercise in several NMD, on
the other hand, the evidence for the effect of strength training
is still scarce. Many NMD patients are captured in a vicious
circle of physical inactivity, and it is important to let patients
adhere to an active lifestyle, in order to prevent further chronic
cardiovascular and muscle deconditioning and increased car-
diovascular health risks. Exercise has to be prescribed as if it
is medicine, in order to increase the adherence of patients and
to optimize the efficacy of the intervention. Exercise in NMD is
safe, although for some metabolic myopathies there is a contra-
indication for strenuous exercise. In NMD known to affect car-
diac muscle, it is usually safe to exercise, but the consultation of
a cardiologist is advised. Based on recent research, an increase
in physical activity of moderate intensity and of sufficient dura-
tion, i.e. a physically active lifestyle, could be at least as effective
and relevant as physical training. Underlying mechanisms of ef-
fect of exercise could be the influence of epigenetic mechanisms
and the anti-inflammatory effect of exercise, but further studies
are needed to confirm these hypotheses.
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Introduction

Scientific research regarding exercise in neuromuscular
disorders

There are several limitations to consider when re-
viewing training studies in neuromuscular disorders
(NMD). First of all, there are very few randomized con-
trolled trials, each small in sample size. Second, studies
are not immediately comparable because the training pro-
tocols often differ regarding the intensity and duration of
the training, targeted muscle groups, type of strength or
aerobic training, i.e. isometric or isokinetic, high or low

intensity, and type of controls. The majority of exercise
training studies have evaluated non-supervised home
programs of relatively short duration, using submaximal,
low-intensity training levels. The short duration of most
studies does not allow differentiation between neural
training effects versus muscle fiber hypertrophy and a real
increase of aerobic capacity, which generally occurs after
six weeks. Third, the compliance of patients, especially
during non-supervised home protocols, is a possible con-
founding factor in all training studies. Fourth, because of
the scarcity of patients of each NMD, studies have often
grouped together several disorders. Persons with differ-
ent types of NMD may however respond very differently
to exercise (1). Fifth, some studies used the contralateral
non-exercised muscle as a control in muscle strengthen-
ing interventions (2-4). The problem with this study de-
sign is that there may be confounding cross-over effect in
the non-exercised muscles. Moreover, one can hardly ex-
pect meaningful effects of a single-limb training program
on a patient’s activities, participation and well-being (1).

Altogether, scientific research regarding the effect of
training in NMD is still scarce, but steadily growing. In
2013, a Cochrane review was published on aerobic train-
ing and strength training in muscle diseases (5). Only
five randomized clinical trials (RCTs) met the inclusion
criteria. The other studies were not randomized or used
a healthy control group. The authors of the Cochrane re-
view concluded that strength training in facioscapulohu-
meral muscular dystrophy (FSHD) and myotonic dystro-
phy did not show any positive, but also no negative effect.
A combination of strength training and aerobic training is
not harmful and shows a positive effect on aerobic capac-
ity in patients with mitochondrial myopathy.

In 2004, a Cochrane review on training in patients
with peripheral neuropathy appeared (6). Only one study
was included in this review (7). This study in 34 patients
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with Charcot-Marie-Tooth (CMT) consisted of 24 weeks
of isokinetic strength training of hip extension and knee
extension and showed an improvement on the isokinet-
ic knee extension force. Also, the required time for the
6-meter walk test decreased significantly. The authors of
the Cochrane review conclude that there is little evidence
for training in peripheral neuropathies, but that there is
some evidence for strength training in CMT.

In 2013, a Cochrane review was published on train-
ing for Amyotrophic Lateral Sclerosis (ALS) and motor
neuron disorders (8). In this Cochrane review, two trials
were included that grouped the results of “endurance ex-
ercise” (unspecified) of limbs and thoracic muscles in 25
ALS patients (9) and strength training of arms and legs in
27 ALS patients (10). A significant improvement on the
Amyotrophic Lateral Sclerosis Functional Rating Scale
was observed after 3 months. There was no improvement
in quality of life (measured with the SF-36), fatigue (mea-
sured with the Fatigue Severity Scale) or isokinetic and
isometric muscular strength. No adverse reactions were
reported. The general conclusion is that the numbers of
patients in these studies are too small to be able to extrap-
olate the results to the general population.

After the appearance of these Cochrane reviews,
more (large) RCTs have been published on exercise in
NMD. The “No Use is Disuse” study describes a positive
effect of cycling training with dynamic support on the
functioning of boys with Duchenne, measured with the
Motor Function Measure (MFM) (11). After 24 weeks,
the MFM score had remained stable in the training group
while it had dropped in the control group. No adverse ef-
fects of the training were found. The mechanism by which
training could oppose the physical deterioration in chil-
dren with a NMD is still unclear. Muscle fibers in NMD
patients are abnormally vulnerable to contraction-induced
injury due to the absence, or lack, of mechanical rein-
forcement of the sarcolemmal membrane (12). Eccentric
exercises should therefore be avoided (13).

Three recently published RCTs in FSHD show a pos-
itive effect of cycling training on respectively aerobic ca-
pacity, walking speed, muscular strength, fatigue and of
High Intensity Interval training on aerobic capacity (14-
16). Fitness and strength training have a positive effect
of on aerobic capacity and quality of life in polymyositis
and dermatomyositis (17).

The Dutch FACTS-2-NMD study included three
RCTs on the effect of cognitive behavioral therapy (CBT)
and aerobic exercise in respectively ALS (18), post-po-
lio syndrome (19) and FSHD (20, 21). An increase in the
degree of physical activity was part of the CBT interven-
tion. The FACTS-2-FSHD study studied the effect of 16
weeks of cycling training or CBT (including an activity
module) in 57 patients with FSHD and severe chronic fa-

tigue (22). After both cycling training and CBT patients
were less fatigued and physically more active. After CBT,
there was an increase in quality of life, the patients found
themselves more active and the sleep quality improved.
Approximately 80% of the participants in both interven-
tion groups remained active even after the study. MRI
measurements of the thigh showed a deceleration of the
increase in fatty infiltration, after both cycling exercises
and CBT, compared to the control group.

In contrary to the effect of cycling training and CBT,
after 16 weeks of CBT or physical training in patients
with Post-polio syndrome, no effect was seen on any
outcome measure (19). The reason for the absence of ef-
fect is not yet known. No differences were found in fa-
tigue-related cognitions between patients with Post-polio
syndrome and patients with FSHD (23).

Recently, the results of the FACTS-2-ALS study
were published. In this trial, 16 weeks of cycling train-
ing and usual care was not superior to usual care alone
in preserving health related quality of life in ambulato-
ry ALS patients. However, the study was unfortunately
underpowered, because only 10 patients completed the
protocol. The authors concluded that cycling training and
usual care may preserve disease-specific health related
quality of life in slow progressors.

Data from the “OPTIMISTIC” study, in which se-
verely fatigued adult patients with myotonic dystrophy
type 1 were included showed that, by month 10, cogni-
tive behavioral therapy increased patients’ capacity for
activity and participation, compared with standard care
alone. Additionally, several secondary outcome measures
of fatigue (Checklist Individual Strength, subscale fatigue
and the fatigue and daytime sleepiness scale), exercise
capacity (6-min walk test), and objective physical activ-
ity as measured with accelerometry were significantly
improved with cognitive behavioral therapy compared
with standard care alone (24). However, improvements
in outcome measures for quality of life and disease bur-
den were not significantly different between groups at 10
months. It should be noted that the trial was not powered
for any of the secondary outcome measures except the
6-min walk test.

Strength training

The studies that have been conducted on strength
training have been small, usually with mixed intervention
groups and often without control groups (5, 25). The re-
sults of these studies must therefore be interpreted with
caution. The aim of strength training is to maintain exist-
ing strength or reduce the progression of muscle weak-
ness, and not necessarily to strengthen the affected mus-
cles (26). Any increase in muscle strength is probably the
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result of effects on muscles that are relatively unaffected
by the neuromuscular disease, but which may be decon-
ditioned as a result of inactivity. Low intensity strength
training (10-15 repetitions) may be beneficial for persons
with sufficient muscle strength to move against gravi-
ty (27). There is no evidence that heavy strength training
has additional beneficial effects beyond those of moder-
ate exercise, and such training should therefore be avoid-
ed as it may lead to overloading of muscles (27). Heavy
eccentric strength training is not recommended either for
the same reason (28). The latter is also thought to be a
frequent cause of serious muscle injury in those without
NMD. Studies of limb girdle muscular dystrophy, FSHD,
myotonic dystrophy type 1 and mitochondrial myopathies
have shown that moderate strength training is safe and
can have an impact on muscle strength and endurance,
but results vary (27-29). Although studies generally point
towards beneficial effects of moderate strength training,
there is not yet sufficient evidence to make general rec-
ommendations for patients with NMD (5, 25). Major in-
dividual differences are seen in the intensity of training
that can be tolerated, both between patients with different
muscle diseases and among those with the same genetic
disease variant.

Vicious circle of inactivity

When a training program is created, it is necessary
to take into account various factors, among which are
the diagnosis, the progressiveness of the condition, the
condition of the heart and lungs, complaints of fatigue
and pain, age, past and current activity level, kinesiopho-
bia, the availability of exercise tools and lack of facili-
ties. Sometimes it is necessary first of all to overcome
kinesiophobia. Kinesiophobia is often based on years of
belief that training is harmful to muscles. Many patients
with NMD are captured in a vicious circle of inactivity
(see Figure 1). Due to fatigue, patients often alter their
lifestyles and reduce their activities. Low physical ac-
tivity levels may lead to even greater weakness and at-
rophy of skeletal muscles, which causes a vicious circle
of disuse and weakness. Physical inactivity in turn can
lead to chronic cardiovascular and muscle decondition-
ing and increased cardiovascular health risks (30). For
example, the average maximal oxygen uptake is abnor-
mally low in patients with NMD (31). Body-composition
measurements in NMD patients by various methods in-
dicate reduced fat-free mass and increased adiposity in
these patients relative to able-bodied control subjects of
comparable ages and body weights (32, 33). The excess
body fat of NMD patients additionally impairs mobility
and further increases the risk of cardiovascular disease.

It is important to break this circle with training and
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Figure 1. The vicious circle of inactivity. It is important to
break this circle with training and encouraging an active
lifestyle, especially in patients with no cardiac or pulmo-
nary co-morbidity, such as in patients with FSHD.

encouraging an active lifestyle, especially in patients with
no cardiac or pulmonary co-morbidity, such as in patients
with FSHD.

Exercise in nheuromuscular
disorders is safe

In the past, clinicians were reluctant to prescribe
exercise to patients with NMD. They often referred to
possible muscle damage due to overuse. However, this
hypothesis has never been proven with thorough research.
Because of the weakness of the muscle membrane there
is concern about the potentially damaging effects of ec-
centric and high-intensity muscle contractions during
strength training. In animal models of NMD, there is ev-
idence that eccentric contractions, known to stress mus-
cle fibers, cause greater cell injury to these dystrophic
muscle fibers. Although transferring results from animal
studies to humans must be done with caution, eccentric
training studies in NMD patients are so far being avoided.
For some metabolic myopathies there is a contraindica-
tion for strenuous exercise. In lipid myopathy, rhabdo-
myolysis and myoglobulin may occur during training or
strenuous exercise due to a defect in intramitochondrial
transport and the use of fatty acids or glycogen. Cardi-
ac involvement is common in some NMD. These include
many muscular dystrophies (Duchenne, Becker and Em-
ery-Dreyfuss muscular dystrophies, myotonic dystrophy
types 1 and 2, limb-girdle muscular dystrophy types 1B,
2C-F, 2G and 2I) and certain congenital myopathies (34).
Cardiac involvement may manifest as cardiomyopathy or
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cardiac arrhythmias. Training is always contraindicated
in left ventricular/aortic outflow obstruction, threaten-
ing arrhythmias and cordial congestion. However, recent
studies now also show a positive effect of training on the
chance of survival and quality of life in patients with heart
failure. In cases of known or suspected cardiac involve-
ment, therefore, it is important for the patient to be moni-
tored by a cardiologist irrespective of whether or not they
have symptoms. In NMD known to affect cardiac muscle,
it is usually safe to exercise, but advice on physical activi-
ty must be given after consultation with a cardiologist and
preferably following a cardiac examination (34).

Exercise is medicine

What proved to be impossible in drug trials up to now
did succeed in research using behavioral and exercise in-
terventions. In FSHD and myotonic dystrophy, aerobic
exercise training as well as CBT did not only reduce the
degree of disease burden, but also established a benefi-
cial effect at the muscular level probably as a result of
increased physical activity. The question arises whether
the “number needed to treat” and the (minor) side ef-
fect profile based on the FACTS-2-FSHD trial can be
achieved with medication in future studies (35). Never-
theless, the scientific acceptance of exercise as medicine
in NMD is still difficult. There is still uncertainty (and
even scepsis) with regard to the underlying mechanisms.
The acceptance of functionally targeted interventions can
possibly be accelerated by providing more evidence for
underlying mechanisms through basic research. Howev-
er, the biggest challenge is to get the scientific and clinical
world moving forward. This requires a societal change. A
change in lifestyle requires a greater effort from patients
and practitioners than taking or prescribing a drug. And
even medication adherence is limited (36). In CBT, ther-
apy sessions are usually structured by a collaboratively
agreed-on agenda. Homework sessions encourage active
participation. And during aerobic exercise training, pa-
tients exercise at home in addition to supervised training.
Research has shown that a patient-centered approach im-
proves treatment adherence in chronic patients and also
improves job satisfaction in health professionals (37).

Guidelines for prescribing
exercise in neuromuscular
disorders

Currently, evidence-based exercise prescriptions do
not exist for patients with NMD. Both patients and cli-
nicians experience difficulties in preparing training pro-
grams (38). The recommendations for an effective aero-
bic exercise program by the American College of Sports

Medicine are difficult to adhere to by many patients with
NMD: 20 to 60 minutes aerobic exercise, 3 to 5 days per
week at an intensity of 40 to 85% of the heart-rate re-
serve (39).

Furthermore, regular exercise tests cannot always be
applied. Due to reduced muscular strength, it is often not
possible to achieve the theoretical maximum heart rate
and a maximal exercise test is less suitable to determine
the training intensity. Recently an article has been pub-
lished that describes that the anaerobic threshold in pa-
tients with post-polio syndrome could be determined by
a submaximal exercise test in nearly 80% of the partici-
pants. If the anaerobic threshold cannot be determined,
the authors advise to work with a Borg scale (40).

Both patients and practitioners experience difficulties
in drawing up training schedules. Voorn et al evaluated
the current application of aerobic exercise in adult neuro-
muscular rehabilitation in a cross-sectional survey (41).
All respondents (n = 52) prescribed aerobic exercise and
in a wide variety of NMD, mostly applying sessions of
more than 20 min, two days per week, over a period of
9-16 weeks, using different exercise modes and methods
to target intensity. The majority (81%) agreed that aero-
bic exercise should be incorporated into neuromuscular
rehabilitation. However, all respondents perceived barri-
ers to the application of aerobic exercise in one or more
domains, and 77% of the respondents indicated needing
support to improve application of this type of training,
mostly with respect to screening procedures (54%) and
dosing of exercise programs (48%).

The results of the FACTS-2-FSHD and OPTIMIS-
TIC study and the experiences of the physiotherapists
showed that the Borg scale, the talk test (which means
that one can carry on a light conversation while exercis-
ing), and the rule that activities of daily life should not be
negatively influenced by the exercise program are useful
indicators for a proper exercise intensity (42). Previous
research from Canada has shown that, in clinical practice,
the exercise intensity is frequently determined based on
simple tests such as the response of participants to the
training, the Borg scale and/or the talk test (43).

In any case, to maintain the highest possible compli-
ance, it is recommended to prescribe exercise as medicine
with a clear description of exercise duration, frequency,
intensity, location and supervision, and to search for a
physical activity that the patient prefers. The barriers that
patients still experience when exercising such as costs,
shame for their limitations, and lack of facilities should
be taken into account (44). It is for a reason that the FSHD
lifestyle guide refers to “one has to move, if possible. “It
is important to realize that a patient does not always have
to exercise. The results of the FACTS-2-FSHD study
emphasize the relevance of a physically active lifestyle.
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Ideally, an intervention for the improvement of chronic
fatigue would no longer be needed. When adherence to a
physically active lifestyle is already recommended short-
ly after the diagnosis, and physical activity and exercises
are maintained, a patient may not be caught in a down-
ward spiral as a result of physical inactivity.

Physical activity versus physical
training

During CBT, a reliable increase in physical activity is
an important part of the treatment. Aerobic exercise train-
ing focuses primarily on physical exercise, for example on
an ergometer. At first sight, physical activity and physical
exercise seem to be similar, but on second thought they
are substantially different. Physical activity is defined as
“any effort of skeletal muscles resulting in higher energy
consumption than in resting conditions (45)”. Physical
(aerobic) exercise is a form of physical activity and is de-
fined as “planned, structured and repetitive exercises with
an increasing magnitude and intensity in order to main-
tain or improve physical fitness or aerobic capacity (45)”.

The recommendations on physical activity for the
healthy population have been prescribed in the Dutch
Standard for Healthy Exercise (Nederlandse Norm Ge-
zond Bewegen; NNGB). This standard aims at a physical-
ly active lifestyle and comprises a total of 30 minutes of
exercise of moderate intensity (at a slightly higher heart
and respiration rate than usual) of at least 4.0 MET a day,
in blocks of at least 10 minutes at least five days a week.

The MET value or the metabolic equivalent is a unit
of measurement within physiology expressing the amount
of energy for a certain physical effort compared with the
amount of energy required at rest. One MET (metabolic
equivalent) corresponds to the resting metabolic rate, the
amount of energy consumed during inactivity. One MET is
equivalent to 3.5 ml of oxygen per kg of body weight per
minute. The NNGB leads to a total duration of 150 minutes
of physical activity per week of 4.0 MET, which implies a
total increase of 450 MET per week compared to a physi-
cally inactive lifestyle. Physical activity within the NNGB
includes not only sports activities but also daily-life activities
such as household activities, cycling or walking the dog.

For physical exercise, the Dutch government has
issued a standard for physical fitness. This standard is
aimed primarily at maintaining aerobic capacity through
physical exercise and requires intense physical activity of
at least 6.0 MET for at least 20 minutes and at least three
times a week. Although the intensity is higher than in
the NNGB, the total length and the increase in MET per
week is less, namely 300 MET. Thus, one can still have a
physically inactive or sedentary lifestyle, in spite of meet-
ing the standard for physical fitness. In other words, the
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NNGB leads to a higher level of physical activity than the
Dutch standard for physical fitness.

The Dutch standard for physical fitness and the
NNGB are defined only for healthy adults and for healthy
elderly. The minimum standard for patients with a chron-
ic disease, including FSHD, has not yet been defined.
The NNGB not only leads to a higher level of physical
activity; this standard is probably also more feasible for
patients with FSHD, because daily-life activities are in-
cluded. In other progressive neurological diseases, such
as Parkinson’s disease, there is already growing evidence
for a positive effect of decreasing the sedentary time (46).
The question now arises whether physical exercise of
minimum intensity and an increase in aerobic capacity
are really necessary for the treatment of fatigue in pa-
tients with NMD. Would an increase in physical activi-
ty of moderate intensity and of sufficient duration, i.e. a
physically active lifestyle, not be much more relevant?

Underlying mechanisms of effect
of exercise and physical activity

Both CBT and aerobic exercise slow down the pro-
gression of fatty replacement of muscle tissue in FSHD.
This raises the question: “How is it possible that an in-
crease in physical activity causes a beneficial effect at the
muscular level?” Epigenetics and the inflammation theo-
ry can possibly offer an explanation.

FSHD is a genetic disorder. More than 95% of cases
of FSHD are associated with the absence of certain pieces
of DNA at the end of chromosome 4 (genetic location:
4q35), the so-called D4Z4 deletion. This results in expres-
sion of the harmful DUX4 gene and production of a toxic
protein (DUX4) that causes dystrophy (fatty replacement)
of the skeletal muscles (47). The conversion of DNA into
functional products for the cell, such as proteins, is de-
pendent on both the DNA code itself (genetics) as well
as on factors that may affect the activity of genes (gene
expression), so-called epigenetic factors (48, 49). Epigen-
etic phenomena determine the “open” or “closed” state of
parts of the genome and, thus, control the “on” or “off”
position of genes. This can take place by means of chang-
es in methylation, RNA molecules (intermediates between
DNA and protein), or by the so-called histone proteins that
are involved in the packing (and hence access) of the DNA
in the chromosomes. FSHD is, therefore, an epigenetic
disease (49). In FSHD patients, the degree of methylation
of the DNA influenced by epigenetic factors plays an im-
portant role. Sometimes a small molecule group is added
to the DNA, a so-called methyl group, which carries ad-
ditional information. FSHD patients with a D4Z4 deletion
(FSHD-1) show a decreased methylation of the D474 re-
gion on the chromosomes 4q and 10q.
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However, the degree of methylation is not already
determined at birth. It varies between persons and may
change under the influence of environmental factors
during one’s lifetime.

Epigenetic factors ensure that the genetic defect in
different people, even within families, can be expressed
differently (50). In recent research, the difference in se-
verity of the disease within families with FSHD is, among
other phenomena, attributed to epigenetic factors (51).

An increase in physical activity and/or physical ex-
ercise can cause changes in the DNA methylation of
healthy persons (52). It is possible that a physically ac-
tive lifestyle is an epigenetic factor for FSHD and can
slow down the progression of fatty replacement of muscle
tissue by changes in DNA methylation. It is not a coinci-
dence that the perpetuating factors of fatigue, i.e. physical
inactivity, sleep disorders and pain, are known epigenetic
factors (53). The degree of methylation can be different
for every individual cell under the influence of epigenetic
factors. This could be an explanation for the differences in
effect on the fatty replacement between different muscles
of patients with FSHD after CBT and aerobic exercise,
as measured by quantitative magnetic resonance imaging
(MRI) (54). To conclude, the first hypothesis is that AET
as well as CBT influence the fatty replacement of muscle
tissue by modifying epigenetic mechanisms.

A second explanation can perhaps be found in the
beneficial effect of physical activity on inflammation. In-
flammatory reactions seem to play a role in the increase in
fatty replacement of muscle tissue in patients with FSHD
and also in the development of chronic experienced fa-
tigue in various neurological disorders (55). In approxi-
mately 5% of the muscles of patients with FSHD, edema
has been observed using MRI(54, 56). There is evidence
that an increase in edema is preceded by inflammation
and is followed by fatty replacement of the muscle tis-
sues (57, 58). The inhibition of inflammatory reactions
could, therefore, theoretically slow down the progression
of the disease. In healthy people, the anti-inflammatory
effect of physical activity has already been proven exten-
sively (59). Not only immune cells produce molecules
that play a role in inflammatory responses (cytokines).
Skeletal contracting muscles also release significant
amounts of interleukin IL-6. IL-6 is a pro-inflammato-
ry cytokine, in this situation also called a myokine. IL-6
causes inflammation when it is excreted as a cytokine by
immune cells, but fights inflammation when it is released
as a myokine by muscle cells. This is most likely because
other cytokines are not produced anymore and another,
“healthier” environment has been created (60, 61). In
healthy adults, the production of IL-6 during exercise is
for at least 50% related to the intensity and duration of
the exercise (62, 63) To conclude, the second hypothe-

sis is that aerobic exercise and CBT influence the fatty
replacement of muscle tissue by positively influencing
inflammatory reactions. This again argues in favor of a
physically active lifestyle beyond physical exercise of
limited duration.

To summarize, the evidence regarding the effect of aer-
obic exercise and a physically active lifestyle in NMD is in-
creasing. However, there is still a strong need for a more tai-
lored approach, in order to increase the magnitude of effect.
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