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Response to Aerobic Exercise
Training in Humans with
Neuromuscular Disease
ABSTRACT

Kilmer DD: Response to aerobic exercise training in humans with neuro-
muscular disease. Am J Phys Med Rehabil 2002;81(Suppl):S148–S150.

There have been few studies examining the response of persons with
neuromuscular disease and postpolio syndrome to cardiopulmonary
testing and aerobic exercise training. In persons with neuromuscular
disease that directly involves the cardiac and respiratory systems, def-
icits in performance may be primarily due to these limitations, along with
loss of functional muscle tissue from the disease process. In the more
slowly progressive disorders, deconditioning may play an important
role in limiting aerobic exercise performance and may be amenable to
training. Recommendations are provided for future exercise studies
with these populations.

Key Words: Cardiopulmonary Training, Deconditioning, Exercise In-
tolerance

Although symptoms of poor endurance and fatigue are common in persons
with neuromuscular disease (NMD), there is a paucity of research investigating
the aerobic capacity of these individuals and their ability to respond to aerobic
exercise training. This review highlights available literature related to aerobic
exercise testing and training in NMD, including postpolio syndrome (but
excluding metabolic myopathies, beyond the scope of this review), and provides
recommendations for future studies in this area.

One of the primary questions for researchers and clinicians is whether
reduced exercise performance is directly due to the muscle or nerve disease
through loss of muscle tissue or to the effects of physical deconditioning. If it
is primarily the latter, endurance exercise training may be helpful to reverse
untoward effects of the deconditioned state.1 It is known that in the general
population, an inactive lifestyle increases the risk of coronary heart disease,
hypertension, osteoporosis, obesity, and adult-onset diabetes mellitus.2 If per-
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sons with NMD are able to obtain a
training effect from increasing phys-
ical activity through aerobic exercise,
it may reduce the risk of chronic
medical conditions and improve
functional ability and personal
independence.

CARDIOPULMONARY
RESPONSES TO EXERCISE
TESTING

Studies investigating the results
of exercise testing have not been per-
formed in any standard fashion.
There are differences regarding the
use of constant vs. incremental test-
ing, maximal or submaximal work-
loads, steady-state periods, and utili-
zation of control groups or predicted
values for comparison.

Despite differences in testing
protocols and the nature of the NMD
studied, there is a consistent reduc-
tion of maximal or peak oxygen up-
take (VO2max),

3–11 pulmonary ventila-
tion,3,11 work capacity or rate, and
endurance3–6,11 in both rapidly and
slowly progressive disorders. Some
studies also report a higher heart rate
at rest, which is attributed to a lack of
physical conditioning.3,10 In Duch-
enne muscular dystrophy, one inves-
tigation also found 32% lower stroke
volume and 53% lower cardiac out-
put during maximal exercise.3 A re-
cent study of patients with chronic
polymyositis or dermatomyositis
demonstrated a nearly 50% reduction
in peak VO2 compared with able-bod-
ied controls.12

In the few studies in which leg
strength was measured, there was a
correlation between leg strength and
maximal or peak VO2 in three inves-
tigations3,11,12 and no relationship in
other studies.13,14

The etiologies for impaired exer-
cise capacity in persons with NMDs
are probably dependent on the spe-
cific disorder. In some diseases such
as Duchenne muscular dystrophy,
cardiomyopathy or pulmonary re-
strictive lung disease may be primary

underlying factors. In diseases with-
out apparent cardiopulmonary in-
volvement, muscle fiber degenera-
tion from the disease process, along
with a sedentary lifestyle associated
with physical deconditioning, are of
primary importance.

AEROBIC EXERCISE
TRAINING

With the exception of a single
case report,6 there are no studies ex-
amining aerobic exercise training in
the more rapidly progressive NMDs of
amyotrophic lateral sclerosis and
Duchenne muscular dystrophy. One
study of patients with inflammatory
myopathy demonstrated improved
cardiorespiratory fitness without any
significant change of serum muscle
enzymes after 6 wk of bicycle ergom-
etry and step aerobics.15

In slowly progressive hereditary
NMDs, three studies exist that combine
multiple types of NMD into a group. In
Florence and Hagberg,8 subjects per-
formed 12 wk of cycle ergometry train-
ing for 30 min, three times per week,
for 12 wk, at 70% VO2max. This resulted
in a 25% increase in maximal oxygen
uptake, similar to control subjects.
However, there was significant vari-
ability between individual subjects.
Conversely, Wright et al.11 used a
12-wk home walking program, 3–4
times/wk, for 12 wk, at 50–60% heart
rate reserve and found no change in
peak VO2, but a reduced heart rate at
the same submaximal workload sup-
ported a training response. In an 8-wk
study of treadmill exercise in subjects
with various dystrophies at 70–85%
estimated maximal heart rate reserve,
Taivassalo et al.16 demonstrated similar
improvements in estimated aerobic ca-
pacity in both myopathic (15.7%) and
control (10.1%) groups. Heart rate was
significantly reduced at a comparable
submaximal workload in the myo-
pathic group.

In polio survivors, improved
movement economy and walking du-
ration in a aerobic treadmill training

program 3 times/wk for 8 wk was
consistent with improved biome-
chanical efficiency, but there was no
change in VO2max.

9,17 However, a
longer training period of 16 wk was
associated with improved VO2max and
increased exercise time using either
cycle ergometry18 or an upper limb
training program.19 A decreased
heart rate at a given submaximal
workload has also been demonstrated
in polio survivors after 22 wk of low-
resistance, high-repetition exercis-
es20 and 5 mo of activities in water.21

The latter program involved 40 min
of resistance and endurance activities
two times/wk paced to avoid fatigue
for the next 24 hr. No untoward ef-
fects of training were noted in these
studies.

In summary, a small number of
NMD investigations to date support
these conclusions: (1) Most studies
demonstrate positive response to aer-
obic exercise training, although
VO2max may not be affected; (2) car-
diorespiratory adaptations to sub-
maximal aerobic exercise training are
qualitatively similar to adaptations in
able-bodied persons; (3) although
short-term adaptations may be dem-
onstrated, the effect of long-term aer-
obic training is unclear and may ul-
timately be limited by the loss of
muscle mass; and (4) individuals have
a variable response to aerobic train-
ing, probably due to effects of the
individual disease and level of condi-
tioning at the time the study began.

Individuals with NMD generally
represent a very sedentary and decon-
ditioned population. Their responses
to exercise testing are similar to de-
conditioned able-bodied subjects:
lower VO2, minute ventilation, stroke
volume, cardiac output, work capac-
ity, peripheral blood flow, and
strength.22 The age-related rate of de-
cline in VO2max seems to be greater in
sedentary compared with active indi-
viduals,23 which may also be relevant
for the NMD population.

The reduction in maximal or
VO2max capacity in the NMD popula-
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tion is at least partially due to loss of
functional muscle mass directly re-
lated to the NMD. Without significant
associated cardiac disease, reduced
oxygen delivery to the muscle tissue
is not an important limitation to per-
formance.24 Thus, it is likely that the
reduction in functional muscle mass
in individuals with NMD is the result
of both atrophy of disuse from a sed-
entary lifestyle along with muscle fi-
ber degeneration secondary to the
NMD. In an individual patient, it may
be difficult to separate the two
processes.

CONSIDERATIONS FOR
FUTURE EXERCISE
STUDIES

The relative importance of im-
proving aerobic capacity vs. muscular
strength to enhance performance of
daily tasks for persons with NMDs is
unclear. It can be argued that maxi-
mal or peak aerobic capacity is less
critical than muscle endurance,
strength, and power because this sel-
dom limits a person’s ability to per-
form routine daily activities.25

Based on this review, future
studies should focus on the following
points:

1. Subjects with different diseases
should be grouped separately be-
cause previous investigations dem-
onstrate widely disparate responses
between the different NMDs.

2. Baseline activity levels should be
obtained to determine the level of
physical inactivity for individual
subjects. This may be performed
with step activity monitoring,
heart rate monitoring, or other
techniques.

3. Specific training efforts should be
focused on those activities that po-
tentially yield the greatest effect on
performance of work tasks and fore-
stalling fatigue, possibly through a
combination of strength and aero-
bic activities.

4. Measured outcome variables
should include indicators of
chronic disease risk such as blood
pressure, resting heart rate, body
mass and adiposity, glucose toler-
ance, and bone density.
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