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A Systematic Review of the Effect of Moderate Intensity
Exercise on Function and Disease Progression

in Amyotrophic Lateral Sclerosis

Andrew J. Lui, PT, DPT, and Nancy N. Byl, PT, MPH, PhD, FAPTA

Background and Purpose: Amyotrophic lateral sclerosis (ALS) is
an idiopathic disease of adults affecting upper and lower motor
neurons. In one to four years, progressive weakness, spasticity, and
respiratory insufficiency compromise independence and survival.
Current medical treatment is limited to medication and supportive
care. The benefit and harm of moderate physical exercise are
controversial. This review examined current research related to
moderate exercise for maintaining independence without accelerat-
ing disease progression in persons with ALS.
Methods: An evidence-based search was conducted using keywords
alone and in combination (ALS, exercise, Lou Gehrig’s disease,
physical therapy) to search PubMed, PEDro, Hooked on Evidence,
Ovid, and Cochrane databases. Human and animal models were
included and graded on level of evidence and strength of recom-
mendations for developing guidelines to practice. A secondary
reviewer evaluated all selected studies, and statistics were calcu-
lated.
Results: The search yielded the following nine studies: four small
clinical studies, one clinical systematic review, and four random-
ized, controlled trials based on animal models. In human studies,
there were small to moderate effect sizes supporting the benefit of
moderate exercise in persons with early-stage ALS, with no adverse
affects on disease progression or survival time. In transgenic mice
with superoxide dismutase-1 ALS, moderate exercise most often had
a moderate effect size for increasing life span.
Discussion and Conclusion: Large randomized clinical trials are
needed to develop specific exercise guidelines. However, evidence
suggests that moderate exercise is not associated with adverse
outcomes in persons with early-stage ALS. Moderate exercise pro-
grams can be safely adapted to abilities, interests, specific response
to exercise, accessibility, and family support.
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INTRODUCTION

The Problem

Amyotrophic lateral sclerosis (ALS) is a rapidly progres-
sive and ultimately fatal neurodegenerative disorder of

unknown etiology that involves the loss of upper motor
neurons (UMNs) and lower motor neurons (LMNs) in the
cerebral cortex, brainstem, and spinal cord.1,2 It is the most
common motor neuron disease in the adult population with a
prevalence of two to seven cases per 100,000 individuals.3
The worldwide incidence rate is reported to be 0.6 to 2.6 per
100,000.4,5 It affects males 1.5 to two times as often as
females.6 Both incidence and prevalence rates of ALS in-
crease with age until the seventh and eighth decades; the
lifetime likelihood of mortality from ALS is 1:1000.5 In the
past two decades, treatment has not significantly increased
survival rates for persons with ALS. The median survival
after diagnosis of ALS varies from one to four years.1,7 Death
occurs, on average, three to five years after the first symptoms
of respiratory failure.8

ALS is characterized by progressive weakness, atrophy,
fatigue, spasticity, dysarthria, dysphagia, and respiratory
compromise, which lead to progressive functional limitations,
disability, and ultimately mechanical ventilation or death.4
Despite recent advances in understanding the pathophysiol-
ogy of ALS, the cause and pathogenesis of ALS remain
elusive.9 Most commonly, ALS is idiopathic, but 10% of the
time, it is familial with an autosomal dominant inheritance.10

There is currently no medical treatment that reverses or halts
the progression of the disease.1 The mainstay of treatment for
persons with ALS remains pharmacologic and symptomatic
management by a multidisciplinary medical team.9,11

Relevance to Physical Therapy
In addition to seeking medical management strategies

for functional limitations, many persons with ALS inquire
about exercise as a means to delay loss of strength, endur-
ance, and functional independence.1 As members of multi-
disciplinary teams, physical therapists address progressive
loss of function and independence in persons with ALS and
other neurodegenerative diseases.11 Moderate exercise pro-
grams are generally recommended for persons with neurode-
generative diseases.12 These programs can include strength-
ening to address weakness, flexibility routines to minimize
contractures, walking programs (with or without assistive
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devices), and/or cardiovascular routines to maintain endur-
ance.12 However, the effects of exercise in persons with ALS
are not well understood. Physical therapists must know the
risks and benefits of moderate exercise to prescribe an ap-
propriate intervention program that is safe and beneficial for
persons with ALS.

The purpose of this evidence-based review was to
evaluate the research in basic (animal) and clinical (human)
science to determine the benefit and harm of moderate exer-
cise intervention, including strength training and conditioning
exercise, in persons with ALS. Given the low prevalence of
ALS, the idiopathic nature of the disease, and the high
morbidity and mortality associated with ALS, this evidence-
based review included clinical systematic reviews, meta-
analyses, randomized clinical trials, experimental research
studies, and animal research models.

BACKGROUND: REVIEW OF THE LITERATURE

Clinical Features of ALS
Pathology in ALS is characterized by progressive death

of UMNs in the motor cortex and corticospinal tracts, and the
LMNs in the anterior horn cells in the spinal cord and
brainstem nuclei for cranial nerves V, VII, IX, X, and XII.4
See Table 1 for a summary of clinical signs and symptoms of
ALS. The most common symptoms associated with UMN
loss are hypertonicity, difficulty with initiating and control-
ling movements of the effected area, slow speech, brisk gag
and jaw jerk, brisk reflexes, and Hoffman’s or Babinski’s
sign.8 The primary symptoms of LMN loss are muscle weak-
ness, atrophy, fasciculations (twitching), cramping, and sec-
ondary fatigue. Any combination of these symptoms may
occur in the bulbar, cervical, thoracic, and/or lumbosacral
regions at various phases of the disease.6,11

Symptoms of ALS most commonly start as asymmetric
focal distal weakness in one limb that spreads first to adjacent
groups of motor neurons, which then moves axially.1 About
40% to 50% experience initial signs and symptoms in the
upper extremities. The onset of signs and symptoms occurs in
the lower extremities in approximately 40% of individuals. In
the remaining 10%, onset may be characterized by signs and
symptoms of the bulbar region (ie, excess saliva, excessive
laughing, slurring of speech, difficulty swallowing, and/or
difficulty breathing).11 Up to 50% of persons with ALS will
at some point demonstrate signs of pseudobulbar affect,
including exaggerated or uncontrolled laughing or crying.8
Initially, persons with ALS may be diagnosed with other
musculoskeletal problems surrounding previous sports-re-

lated injuries or degenerative musculoskeletal conditions that
lead to a surgical intervention (eg, spinal fusions or joint
replacements). Ultimately, the combination of progressive
neuromuscular signs and symptoms leads to the diagnosis of
ALS.6

In ALS, there is usually sparing of the sensory system
and preservation of oculomotor, bowel, and bladder func-
tions.6 Although early studies indicated preservation of cog-
nitive function in persons with ALS, more recent studies have
suggested that up to 25% of these individuals have some
signs of frontotemporal dementia.13

Specific Diagnosis of ALS
There are no unequivocal diagnostic tests for any form

of ALS.4 Thus, the diagnosis of ALS is considered a clinical
diagnosis.11 The insidious nature of ALS makes diagnosis at
symptom onset difficult. A period of observation is essential
to make an accurate diagnosis.8 The World Federation of
Neurology (WFN) developed criteria to ensure diagnostic
accuracy.11 The person must have the following four clinical
features: signs and symptoms of UMN loss, signs and symp-
toms of LMN loss, steady progression of symptoms within
one body region and ultimately other body regions, and
exclusion of symptoms inconsistent with ALS (Table 2 for
WFN criteria).4,6,11

The WFN criteria also specify levels of certainty of
diagnosis based on progression of UMN and LMN signs.
These criteria also acknowledge the role of electrodiagnostic
(ie, electromyography) and imaging studies (ie, magnetic
resonance imaging) to increase diagnostic certainty early in
the course of the disease. Specifically, electromyographic
findings in ALS characteristically show diffuse denervation
that cannot be explained by a focal lesion.11 Magnetic reso-
nance imaging is typically used to exclude focal lesions as the
cause of UMN findings in ALS, but may also be used to
measure atrophy of the gray matter in the premotor cortex and
the basal ganglia.14 Laboratory studies are used to exclude
other diseases that may have a clinical presentation similar to
ALS (ie, neoplasms, Lyme disease, endocrine disorders, my-
opathies, radiculopathies).8 Using these guidelines, diagnos-
tic accuracy (specificity for diagnosing ALS) has been esti-
mated to be 95%.11

Pathogenesis of ALS
Several possible genetic, environmental, and other

factors have been identified to help clarify the diagnosis of
ALS.15 Approximately 5% to 10% of persons with ALS
have family members affected by the disease (familial

TABLE 1. Impairments and Functional Clinical Signs and Symptoms of ALS4

Impairments UMN Signs LMN Signs UMN and LMN Signs
Unusual

Manifestations

Degenerating motor neurons Weakness Weakness Dysarthria Dementia

Atrophy of muscle cells Spasticity Muscle wasting Dysphagia Sensory dysfunction

Hyperreflexia Muscle cramps Fatigue Oculomotor dysfunction

Pathologic reflexes Fasciculations Respiratory insufficiency Autonomic involvement

Pseudobulbar affect Pain
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ALS). This is almost always transmitted as an autosomal
dominant trait.6 In 20% of persons with familial ALS, the
disease is caused by a mutation in the superoxide dis-
mutase (SOD)-1 gene.8 This genetic mutation decreases
the ability to protect nerve cells from damage caused by
the free radicals resulting from the byproducts of oxygen
metabolism. A genetic susceptibility has also been sug-
gested by epidemiologic data showing an association
among ALS, dementia, and Parkinsonism in certain fami-
lies.15 A markedly higher incidence and prevalence rate of
ALS exists in certain populations in different parts of the
world. This suggests environmental causes such as expo-
sure to toxins (ie, heavy metals, chemicals), electric shock,
or electromagnetic fields, ingestion of certain foods or
toxins, persistent viral or prior infection, or excessive
physical exertion.5 In addition, other researchers suggest
autoimmune dysfunction, excessive levels of glutamate, or
neoplastic syndromes as possible causes of ALS.16 Some
investigators also report an association between cumula-
tive physical activity and the risk of ALS (eg, 10 years
before diagnosis). Although there is some association
between a high level of physical activities during work or
leisure time activities and onset of ALS in susceptible
individuals, there are no large, multicenter epidemiologic
studies to confirm this relationship.17

As yet, the etiology and risk factors for a nongenetic
pathogenesis of ALS remain uncertain.15 In light of the
diverse findings, there is growing acceptance that ALS may
be multifactorial in etiology and pathogenesis.15 The primary
mechanisms of cell death in motor neurons in persons with
ALS range from disruption in free radical homeostasis
through SOD-1 mutations to disorganization of intermediate
cellular filaments, abnormalities of intracellular calcium reg-
ulation, including glutamate-mediated excitotoxicity, and im-
balance of regenerating and degenerating motor neurons.15

Thus, an animal model using transgenic mice with mutations
at the SOD-1 gene is most commonly used to explore the
pathophysiology of ALS.4,18

Pathogenesis of Fatigue Relevant to Exercise in
Persons with ALS

It is difficult to separate the parameters of weakness and
fatigue in persons with ALS. For example, neuronal degen-
eration creates muscle weakness, fatigue, and hypertonicity.
Some fatigue seems to be directly related to changes in the
skeletal muscle itself.19 Peripheral denervation, for example,
leads to structural damage of the muscle fiber, decreasing

mechanical force output and secondarily creating weakness
and fatigue. In human models, myoelectrical fatigue, a reduc-
tion in muscle fiber conduction velocity (force fatigue index)
has also been reported.20 This myoelectrical fatigue primarily
affects type II fast motor unit muscle fibers more than types
I and III.19,20 In animal studies, the neurons controlling fast
fibers were noted to degenerate early in the course of ALS,
whereas fatigue resistant neurons failed in the intermediate
stages of ALS and slow twitch neurons (the S fibers con-
stantly used in the trunk) failed in the later stages.21–23

Although these specific findings have not been reported in
human studies, these findings may serve as a guide when
designing an appropriate exercise program.

Mitochondrial abnormalities in the DNA further con-
tribute to muscle weakness and fatigue in persons with
ALS.8,24–26 These DNA changes interfere with mitochondrial
function of muscle during exercise.24 Increased maximal
oxidative phosphorylation capacity of mitochondria and de-
creased mitochrondrial respiratory activity in muscle are
associated with advancing severity of ALS.25,26

Hypertonicity can also contribute to fatigue in persons
with ALS. Typically, spasticity interferes with voluntary
motor control, requiring the individual to exert more energy
to complete a motor task. Involuntary and excessive contrac-
tions of postural muscles can be associated with pain and
local and general fatigue even when normal muscle strength
is present, but are especially important in persons with pro-
gressive weakness.27,28

Ideally, exercise programs would address the underly-
ing pathophysiology of ALS, including slowing the degener-
ation of motor neurons, minimizing stress on fast twitch
muscle fibers, decreasing hypertonicity, strengthening weak-
ened muscles, minimizing fatigue, facilitating musculoskele-
tal endurance, and enhancing cardiopulmonary efficiency.
However, the effects of different exercise programs on the
pathophysiological mechanisms implicated in ALS are not
completely understood.29 Examining the pathophysiology of
exercise in ALS would require a longitudinal randomized
clinical trial comparing exercising participants with nonexer-
cising controls; clinical disease progression (as measured by
strength, function, respiratory capacity, endurance, and sever-
ity of spasticity) would need to be monitored, along with
concomitant physiologic changes in the motor units. A sim-
ilar study using an animal model would need to be carried out
to measure the effect of different types of exercise programs
specifically on fast twitch muscle fibers.

TABLE 2. World Federation of Neurology Criteria for Diagnosis of ALS11

Presence of All of the Following: Together with Absence of the Following:

Signs of LMN degeneration by clinical, electrophysiologic, or
neuropathologic examination

Electrophysiologic evidence of other disease processes that might explain
the signs of LMN or UMN degeneration

Signs of UMN degeneration by clinical examination
Progressive spread of signs within a region or to other regions (bulbar,

cervical, thoracic, lumbosacral)

Neuroimaging evidence of other disease processes that might explain the
observed clinical and electrophysiologic signs

The diagnosis of ALS is made clinically in the absence of objective electrophysiologic or imaging evidence of other diseases.
Abbreviations: LMN, lower motor neuron; UMN, upper motor neuron.
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Disease Progression and Prognosis
Ultimately, most persons with ALS reach a state

wherein they are unable to walk, care for themselves, speak,
or swallow.4 Although the progression of ALS tends to be
relentless and steady, ALS is known to be heterogeneous with
respect to progression; patterns and rates of disease progres-
sion vary markedly by geographic location, gender, culture,
and other individual differences.31 As such, survival rates in
persons with ALS show considerable variation. Five-year
survival rates vary from 7% to 40%, whereas 10-year survival
rates range from 8% to 16%. The median survival rate of
persons with ALS from the time of symptom onset to death
is 23 to 48 months; median survival time shortens to 12 to 23
months if measured from the time of diagnosis.1,7 Population-
based studies have identified several prognostic factors asso-
ciated with shorter survival after the diagnosis of ALS. These
include the following: older age at onset, female gender,
bulbar features at onset, and shorter time from symptom onset
to time of diagnosis (suggesting more rapid progression).6,7

Several methods of measuring disease progression in
persons with ALS have been identified: muscle strength
assessment by manual muscle testing (MMT), hand-held
dynamometry, and maximum voluntary isometric contraction
using strain gauges; respiratory muscle function assessment
by spirometric measurement of forced vital capacity (FVC) or
maximum inspiratory force; functional independence assess-
ment by disease-specific rating scales, such as the Amyotro-
phic Lateral Sclerosis Functional Rating Scale (ALS-FRS) or
by general functional measures, such as the Functional Inde-
pendence Measure (FIM); and disease-specific scales assess-
ing both function and symptoms concurrently, such as the
Norris ALS Scale.1,32 A variety of intermediate outcomes in
addition to survival rates may be used to monitor the effec-
tiveness of different strategies of intervention for ALS.

Treatment of ALS
Medical Treatment

Medical treatment for ALS focuses on slowing disease
progression, symptom management, multidisciplinary treat-
ment, and managing end-of-life issues. Currently, there are
no medical management strategies that stop or reverse the
progressive loss of motor neurons in ALS.1,8 Riluzole, a
glutamate antagonist, is the only drug available in the United
States that has been approved by the U.S. Food and Drug
Administration to be safe and effective for treating ALS. It
has been shown to slow the decline in muscle strength and
lengthen median survival by 83 days.1 Antioxidants, such as
vitamins C and E, �-carotene, and �-lipoic acid are also
prescribed, but their effect on disease progression has not
been proven in clinical studies.8 A randomized clinical trial
on coenzyme Q10, a mitochondrial cofactor and antioxidant,
was recently completed; unfortunately, this drug was reported
not to be sufficiently promising to warrant further study for
the treatment of ALS.33 Trials are also underway studying the
effectiveness of lithium,34 ceftriaxone, glycosides,35 meman-
tine,36 and talampanel.37 Animal models using transgenic
mice that overexpress the SOD-1 mutation have been instru-
mental in the search for ALS treatments.18 However, effec-

tive treatment for the primary disease process in ALS is
limited, and survival rates and life span of persons with ALS
have not improved in the past two decades.7,8,11,38

Current medical management primarily involves sup-
portive care to manage symptoms of weakness, fatigue,
bulbar dysfunction, spasticity, pain, depression, and respira-
tory failure.4 Multidisciplinary ALS clinics have been devel-
oped to help individuals maximize their comfort and inde-
pendence in light of progressive disability. For these
multidisciplinary teams, the primary goals in caring for per-
sons with ALS are to treat the symptoms of ALS, improve the
quality of life, and help caregivers and the family cope with
the disease.11 These multidisciplinary clinics have been as-
sociated with increased median survival rates for the persons
with ALS (ie, 7.5 months increased survival for persons with
general ALS versus 9.5 months for persons with bulbar
ALS).1 Simmons et al39 also encourage physicians to listen to
requests to participate in complementary and alternative in-
tervention strategies even though there is little evidence to
support their benefit in terms of disease progression.

A recent Cochrane Database systematic review
searched for evidence of the effectiveness of treating spas-
ticity in persons with ALS.40 This review included all ran-
domized and quasi-randomized trials regarding nonmedical,
medical (prescription and nonprescription medications,
chemical neurolysis), surgical treatment (intrathecal pumps),
physical therapy, modalities, and alternative therapies (reflex-
ology, aromatherapy, relaxation techniques) for reducing
spasticity.40 After screening based on rigorous criteria for
randomized, blinded clinical trials with reliable outcome
measures, only one exercise study met all of the criteria for
inclusion. Based on a three-month change in severity of
spasticity as measured by the Ashworth Scale, spasticity
increased in the control group (effect size, 0.25; 95% CI,
�0.46 to 0.96) and decreased in the treated group (effect size,
�0.43; 95% CI, �1.03 to 0.17). The absolute risk reduction
was �0.68 (P � 0.05). Only two participants would need to
be treated with the exercise program to have one more person
benefit from a reduction in spasticity. However, at six
months, there were no significant differences between the
remaining participants in each of the groups.

Physical Therapy Treatment and Exercise
Prescription

Physical and occupational therapy are commonly in-
volved in the care of persons with ALS.41 In light of the
progressive nature of ALS, the goals of physical therapy
treatment focus on optimizing independence and comfort for
these individuals. Sinaki and Mulder42,43 developed rehabil-
itation guidelines for persons with ALS based on a six-stage
model of progressive functional limitation (Table 3).

Therapy for persons with ALS traditionally includes the
provision of education to the individual and caregiver edu-
cation in safety and fall prevention, energy conservation,
positioning–pressure relief techniques, and range of motion
programs to prevent musculoskeletal pain.43 In addition,
environmental modification, functional mobility training,
walking programs, cardiopulmonary physical therapy tech-
niques, range of motion exercises, strengthening exercises,
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and recommendations for appropriate adaptive equipment
and community resources are the mainstay of physical ther-
apy for this population.44,45

Historically, general strengthening and conditioning
exercises have not been recommended as the standard of care
for persons with ALS. Early studies recommended that per-
sons with ALS avoid exercise other than the exercise inherent
in everyday ambulatory activities.43 These recommendations
were based primarily on epidemiologic studies indicating that
high levels of physical exertion may be associated with an
increased risk of progressing the degeneration associated with
ALS.17 Some studies also described abnormal physiologic
responses to exercise in persons with ALS.29,46,47 In particu-
lar, vigorous exercise could facilitate some of the pathogenic
mechanisms implicated in ALS (eg, glutamate-mediated ex-
citotoxicity, excessive inflammation and swelling, distur-
bances in free radical homeostasis).48 High-intensity or
highly repetitive physical activity could also increase muscle
degeneration, permanent loss of strength, and motor neuron
denervation.49–52

On the other hand, some researchers suggest that mod-
erate exercise programs could be beneficial rather than harm-
ful for persons with ALS. Recent epidemiologic studies
report no significant association between physical activity
and the risk of progressing ALS.17 In fact, a case report noted
improved isometric strength in most muscle groups in a
person with ALS who participated in a proprioceptive neu-
romuscular facilitation exercise program.53 Although there
are compromises in muscle performance relative to the loss of
innervation of muscles and associated muscle fiber physiol-
ogy related to ALS, moderate exercise may have a beneficial
effect on free radical balance and oxidation of muscle fibers
to help modulate an excitotoxic environment.48 Studies of
persons with other neuromuscular diseases using low- to
moderate-intensity strength and aerobic exercise programs
have shown beneficial effects.49–52 However, because of
marked differences in pathology, the effects of exercise in
other neuromuscular diseases may differ significantly from

those in ALS. Still, when taken together, these studies sug-
gest that exercise may be an appropriate treatment for persons
with ALS.

The purpose of this review was to locate current evi-
dence supporting the benefit versus harm of moderate exer-
cise for persons with ALS. The primary question was as
follows: In persons with ALS, does moderate exercise (ie,
strengthening or conditioning/cardiovascular exercise pro-
grams) compromise functional status or accelerate disease
progression?

This is a foreground question. The following criteria
needed to be addressed in the studies selected to answer the
primary question (PICO).55,56

Population: Persons with possible, probable, or definite
ALS; transgenic animal models.

Intervention: Exercises, including strength training (eg,
isometric, isotonic, or isokinetic) and conditioning training
(eg, sustained exercise including stationary bicycle, treadmill
walking at or below anaerobic threshold).

Comparison group: Persons/animals with ALS only
performing usual daily activities.

Outcomes: Disease progression, as measured by func-
tional scores, and muscle strength and respiratory function in
humans; as measured by motor function scores and life span
in animals.

The null hypotheses tested in this review included the
following.

Ho 1: Moderate-intensity strength or conditioning ex-
ercise programs do not significantly change functional status
in persons with ALS.

Ho 2: Moderate-intensity strength or conditioning ex-
ercise programs do not have adverse effects on disease
progression in persons with ALS.

Because ALS is a relatively rare and terminal disease,
it was anticipated that there would be very few controlled,
randomized clinical trials with a sufficiently large sample size
to answer the primary questions. Because the disease is
relentlessly progressive and quickly decreases function and

TABLE 3. Rehabilitation of Individuals with ALS at Different Stages of the Disease43

Stage Clinical Features Activities Equipment

I Ambulatory, no problem with ADL, mild
weakness

Normal activities; moderate exercise in
unaffected muscles; AROM

None

II Ambulatory, moderate weakness in certain
muscles

Modification in living; modest exercise; A
and AAROM

Assistive devices

III Ambulatory, severe weakness in certain
muscles, mild/moderate limitation of
function

Active life; A, AA, and PROM; joint pain
management

Assistive devices, adaptive devices, home
equipment, wheelchair

IV Wheelchair confined, almost independent,
severe weakness in legs

PROM, modest exercise in uninvolved
muscles

Assistive devices, adaptive devices, home equipment

V Wheelchair confined; dependent; pronounced
weakness in legs, severe weakness in arms

PROM, pain management and decubitus
prevention

Adaptive devices, home equipment, wheelchair

VI Bedridden, no ADL, maximal assistance
required

PROM, pain management, decubitus
prevention, DVT prevention, pulmonary
hygiene

Adaptive devices, home equipment

The ALS disease process can be divided into six stages based on functional impairment in axial and appendicular muscle. Rehabilitation is matched to the stage of the disease
process and individual/family goals.

Abbreviations: ADL, activities of daily living; AROM, active range of motion; AAROM, active assisted range of motion; PROM, passive range of motion; DVT, deep vein
thrombosis.
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ability to exercise,45 it was also expected that many studies
would have incomplete follow-up with limited ability to
support or negate the benefits of exercise for persons with
ALS. However, randomized, controlled animal studies using
SOD-1 transgenic mice were expected to have sufficient
follow up postintervention to draw conclusions. As such, this
review included both human and animal studies.

Although ALS is a progressive neurodegenerative dis-
order compromising the motor neuron pool and secondary
muscle fiber physiology,46 the underlying theoretical con-
struct is that moderate exercise may be safe and possibly
beneficial for persons with ALS. Exercise adapted according
to each individual’s exercise capacity should avoid overload
of the nervous, muscular, and respiratory systems, and acti-
vation of the pathophysiologic mechanisms of ALS (ie,
alteration of free radical homeostasis, mitochrondria function,
organization of intermediate cellular filaments, or intracellu-
lar calcium regulation). Moderate exercise can improve neu-
ronal plasticity through mediating trophic factors such as
brain-derived neurotophic factor,57 insulinlike growth factor
(IGF)-1,58 and glial-derived entrophic factor.59 Cardiovascu-
lar conditioning enhances cerebrovascular and peripheral cir-
culation by increasing aerobic capacity through increased
stroke volume and oxygen extraction, new capillary net-
works,60 and increased choline uptake and dopamine receptor
density.61 Thus, it is also possible that moderate exercise in
ALS could be beneficial to healthy �-motor neurons by
creating dendritic restructuring, increasing neurotransmitter
release from the motor end plate, enhancing protein synthesis,
strengthening synaptic connections to target muscles, helping
maintain organization and firing potential of muscle fibrils,
mediating intracellular calcium balance, and improving ax-
onal transport.62

Even if moderate-intensity exercise did not increase
survival, it could potentially slow loss of strength, endurance,
fatigue, and contractures. This deceleration of physiologic
changes could secondarily maximize functional indepen-
dence. Exercise also has known endorphin and metabolic
benefits that may allow individuals to continue to engage in
social interactions and enhance self-esteem and self-worth
despite progression of physical impairments.

SEARCH METHODS

Sources for Evidence-Based Search
The evidence-based search for relevant studies was

conducted by one researcher using PubMed, Cochrane Li-
brary, PEDro, Hooked on Evidence, and CINAHL. All the
studies cited were found on PubMed (www.ncib.nlm.nih.gov/
PubMed) or CINAHL (gateway.ut.ovid.com). PubMed is an
online service of the National Library of Medicine and
provides public access to MEDLINE. CINAHL is an online
service of the Ovid database.

Keywords
The search terms amyotrophic lateral sclerosis and

exercise yielded 46 studies in PubMed and 18 studies in
CINAHL. Combinations of the following search terms were
also used: motor neuron disease, Charcot’s disease, Lou

Gehrig’s disease, ALS, exercise movement techniques, exer-
cise therapy, physical therapy, and physical therapy tech-
niques. PubMed includes citations that date back as far as
1966, and CINAHL includes citations as early as 1982.

Criteria for Studies to Be Included in the
Search

Studies were collected from September 2005 to May
2008. Only studies available in English were included in the
review. Studies using the El Escorial criteria for possible,
probable, probable with laboratory support, and definite ALS
were included.11 The remaining criteria applied to select a
study are outlined in Tables 4 and 5.

Because of a paucity of randomized clinical trials in
human studies and the availability of acceptable animal
models developed for studying ALS, mouse studies testing
exercise protocols were also included in the review. Trans-
genic animal models based on the SOD-1 gene mutation have
allowed researchers to study the pathogenesis of ALS and the
physiological effects of different interventions including
pharmaceutical agents, gene therapy, stem cell transplanta-
tion, and exercise in terms of disability, survival rate, and life
span.18

The primary author collected all the published studies
to be included in the review. A second independent reviewer
applied the same criteria to determine whether the studies met
the inclusion criteria. Five human studies and four animal
studies met all the criteria and were included in this review.

Grading the Level of Evidence of the Studies
The primary author determined the level of evidence

for each study according to Sackett et al,55 as outlined in
Table 6. This was used for the synthesis of best evidence. To
assess the grading of evidence and interpretation of results,
the findings were evaluated by a second independent reviewer
and two faculty members at the University of California, San

TABLE 4. Criteria for Accepting Human Studies in
Evidence-Based Review

Study Parameter Criteria

Diagnosis ALS (possible, probable, definite)

Types of intervention Strength or aerobic vs no
additional exercise

Level of evidence55 1a–3b (meta-analyses, RCT, cohort
studies, good case study)

Experimental groups Experimental vs control (2 group)
or single group design

Number of subjects No criteria

Assignment/blinding No criteria

Outcome measures Functional scores, muscle strength,
respiratory function, disease
progression

Length of study At least six month follow-up

Ability to calculate evidence-based
statistics

No criteria

Meta-analyses; randomized, controlled trials;, and cohort studies were preferred.
Studies of any size even without random assignment or blinding were eligible.

Abbreviations: RCT, randomized controlled trial.
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Francisco. The levels of evidence were graded as 1a-c, 2a-c,
3a-b, 4, and 5.55

Operational Definitions and Evidence-Based
Calculations

To determine improvement, the absolute benefit, and
relative difference in the change score from baseline to
post-treatment were calculated.63 Specifically, the absolute
benefit was calculated as the difference in mean change
scores in the treatment group versus the control group. Rel-
ative benefit was calculated as the absolute benefit divided by
the baseline mean of the intervention and control groups. To
determine whether the difference observed in each outcome
measure constituted a clinically important change, we com-
pared the relative benefit to the minimal clinically important
difference (MCID), which is defined as the smallest differ-

ence in a score that is considered worthwhile or important.64

The MCID for each measure was determined by a review of
available literature.

Y When data were available, calculations for treatment
effects were performed based on common definitions
and instructions.65

Y Control Event Rate: The proportion of participants in the
control group in whom an event is observed.

Y Experimental Event Rate: The proportion of participants
in the experimental (intervention) group in whom an
event is observed.

Y Relative Risk Reduction: The proportional reduction in
rates of bad outcomes between experimental (interven-
tion) and control participants in a trial.

Y Absolute Risk Reduction: The absolute arithmetic differ-
ence in rates of bad outcomes between experimental
(intervention) and control participants in a trial.

Y Number Needed to Treat: The number of subjects who
need to be treated to achieve one additional favorable
outcome.

Calculations were based on a 2 � 2 �2 table. For each
outcome measure, a critical value based on the researcher’s
assessment of a clinically important change was assigned.
The frequency of scores under the critical values, represent-
ing adverse outcomes, was then determined for each treat-
ment group. Similarly, the frequency of scores above the
critical value, reflecting a favorable outcome, was determined
for each treatment group. The theoretical calculations are
summarized in Figure 1.

Effect sizes for each study were analyzed when data
were available to determine the mean difference scores (base-
line to postintervention) divided by the standard deviation of
the change score. The mean weighted effect size was also
calculated across studies. The data points in Figures 2–4
represent the effect sizes between two groups when compared
for a specific outcome. The horizontal lines represent the
standard deviations for each measure.

In the animal studies, to determine improvement, the
absolute and relative differences in life span were calculated.
The absolute benefit was calculated as the difference in
means for the treatment groups minus the means for the
control groups. Relative difference was calculated as the
absolute benefit divided by the mean of the control group.63

To determine the life span and motor function out-
comes described in the animal studies, linear curves for the
intervention and control groups were plotted. These curves
were constructed by averaging 0%, 25%, 50%, 75%, and
100% life-span time and motor function data for each exper-
imental group for each study. The average of these data was
then plotted on separate linear curve graphs. The MCID for
each measure for the animal model was determined by a
review of the available literature.

Assessing the Validity, Importance, and
Applicability of the Evidence

To answer the question “are the results of this individ-
ual study valid?,” Sackett et al55 identifies the following three
questions as the most important to answer: (1) Was the

TABLE 5. Criteria for Accepting Animal Studies in Evidence-
Based Review

Study Parameter Criteria

Diagnosis SOD-1 transgenic mice (ALS)

Types of intervention Strength or aerobic vs no
additional exercise

Level of evidence55 Five per Sackett et al55 (must be a
meta-analysis or a RCT)

Experimental groups Experimental vs control

Number of subjects No criteria

Assignment/blinding Random assignment

Outcome measures Onset of motor symptoms, motor
function measures, life span

Length of study Life span of mice

Ability to calculate evidence-based
statistics

Able to calculate % differences or
survival curves for survival time
or motor function

Meta-analyses and randomized, controlled trials were preferred. For animal re-
search studies to be accepted there had to be a control group and sufficient survival or
motor function data.

Abbreviations: SOD-1, super oxide dismutase-1 mutation; RCT, randomized,
controlled trial.

TABLE 6. Levels of Evidence According to Sackett et al55

Level of
Evidence Therapy/Prevention/Etiology/Harm

1a Systematic review with homogeneity of RCTs

1b Individual RCT with narrow confidence intervals

1c All or none

2a Systematic review with homogeneity of cohort
studies

2b Individual cohort study (including low-quality RCT,
eg, �80% follow-up)

3a Systematic review (with homogeneity) of case-
control study

3b Individual case-control study

4 Case series and poor-quality cohort and case-control
studies

5 Expert opinion without explicit critical appraisal, or
based on physiology, bench research, or “first
principles”
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assignment to group randomized? Was the randomization list
concealed? (2) Was follow-up of participants sufficiently
long and complete? and (3) Were all the participants analyzed
in the groups to which they were assigned? To address the
importance of each therapeutic study, Sackett et al56 recom-
mend assessing research via two questions: (1) What is the
magnitude of the treatment effect? and (2) How precise is this
estimate of the treatment effect? Finally, to determine the
applicability of the results of intervention studies, Sackett et
al55 suggest using the following questions: (1) Are our pa-
tients so different from those in the study that its results
cannot apply? (2) Is the treatment feasible in our setting? (3)
What are our patients’ potential benefits and harms from the
therapy? and (4) What are our patients’ values and expecta-
tions for both the outcome that we are trying to prevent and
the treatment that we are offering?55 This method of analysis
was applied to the human studies included in this review.
Although Sackett et al55 do not make specific provisions for
assessing the validity of animal studies, the same analysis
was applied to the experimental animal studies.

RESULTS

Search Results
The results of the evidence-based search for human and

animal studies are summarized in Table 7. In PubMed alone,
exercise and ALS produced 62 citations, 1979–2008. Of these
publications, the majority were appropriate to provide back-
ground information about the pathology, medical manage-
ment, and general physical therapy for persons with ALS.
Fifteen were not pertinent to ALS. Nine clinical studies and
five animal studies specifically addressed the effects of exer-
cise and ALS. One article outlined the protocol to use for a
systematic review of exercise and ALS and was not consid-
ered appropriate to answer the primary question.66 Three
studies were excluded as summarized in Table 8. One sys-
tematic review and four prospective clinical trials with human
subjects remained. One study was a nonblinded, noncon-
trolled, and nonrandomized study.67 Another was a non-
blinded, controlled study with random assignment.68 Two
studies were single-blinded, randomized controlled trials.69,70

The two studies included in the systematic review had already
been selected for review within the prospective, controlled
studies.69,70 Table 9 summarizes the four clinical studies and
one systematic review included to answer the primary ques-
tion.

FIGURE 1. Model for calculating evidence-based statistics.
These statistics were applied to the studies to determine the
value of the evidence.

FIGURE 2. Effect size for strength in human studies.
Strengthening exercises were not associated with improve-
ment or reduction in strength.

FIGURE 3. Effect size for Norris amyotrophic lateral sclero-
sis scores in human studies. The benefits of the exercise pro-
grams were negligible, but participants were not worse, as
measured by the Norris amyotrophic lateral sclerosis score.

FIGURE 4. Effect size for functional scores in human stud-
ies. Exercise programs were not associated with decreased or
increased functional scores.
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The results of the evidence-based search for animal
studies are summarized in Table 10. The search did not yield
any systematic reviews but did produce five randomized
controlled trials using the SOD-1 transgenic mouse mod-
el.71–75 One study was excluded because of insufficient data
for evidence-based calculations with respect to survival time
and motor function,71 leaving four studies to analyze to
answer the primary question.

The levels of evidence ranged from 1b to 5. The highest
level of evidence was 1b (small systematic review).78 The
next highest level of evidence was 2a (the two small random-
ized, clinical trials that were included in the systematic
review).69,70 Next were a prospective controlled study (2b) by
Pinto et al,68 and a cohort study with assignment to treatment
by convenience (3b) by Aksu et al.67 All the animal studies
received a grade of 5 for their clinical importance to humans
per the guidelines of Sackett et al,55 even though all of the
animal studies represented blinded, randomized controlled
trials. Thus, the average level of evidence for all nine of the
studies was 3.3. The average level of evidence for the clinical
studies was 2.5.

Study Findings
Human Studies

The first study was a randomized clinical trial by Dal
Bello-Haas et al,70 which included 27 participants with ALS
who were randomly assigned to either a usual care program
(n � 14) or a resistance training program (n � 13). Eight
participants (60% of participants) in the exercise resistance
group completed the program, whereas 10 participants (75%
of participants) in the usual care group completed the study.
Participants performing the resistance program achieved a
relative benefit of 17.7% in upper extremity strength and
14.4% in lower extremity strength compared with controls
(Table 11). Participants in the exercise group also showed a
relative benefit of 11.9% on the ALS-FRS (included in the
analysis above) and 11% on the FVC compared with controls
(Tables 13 and 14, respectively). This level of relative benefit
represents a clinically important change in ALS-FRS, given
that previous studies have reported that a difference of 7.5%

TABLE 7. Summary of Evidence-Based Search

Type of Study
Human
Studies

Animal
Studies

Meta-analyses/systematic reviews 1* 0

RCT 2 4

Prospective clinical trials 2 0

Case study 0 Not Applicable

After exclusions, a total of five human studies and four animal studies met the
criteria for this evidence-based search.

* Included two studies already included in the evidence-based search

TABLE 8. Human Studies Not Included in Evidence-Based
Review45,53,90

Study Reason Excluded

Lenman90 Unclear diagnosis, insufficient information on exercise,
follow-up, and outcome measures

Bohannon53 Case report with insufficient follow-up and outcome
measures

Dal Bello-Haas45 Unclear exercise intervention, no baseline vs
intervention measurement

After reviewing the complete studies, three clinical studies were excluded.

TABLE 9. Summary of Human Studies Included in Evidence-Based Review

Study Study Design Description
No.

Subjects
Level of
Evidence Outcome Measures

Aksu et al67 Prospective; convenience
assignment to groups

Supervised (PNF � strength) and HEP
(stretching/ROM) for 45–60 min, 3
times per week � 8 wks vs HEP
only, “as tolerated”

26 3b Norris ALS score Strength
(dynamometer)

Drory et al69 Prospective controlled;
random assignment

Moderate load active exercise, 2–15
min bouts per day for up to 6
months vs no additional activities
besides daily routine (control)

25 2b ALS-FRS Strength (MMT) FSS

Pinto et al68 Prospective controlled;
random assignment

Treadmill with BiPAP (no frequency
specified, for up to 12 months) vs
control (no additional activities
besides daily routine) with BiPAP

20 2b Norris ALS FIM FVC

Dal Bello-Haas
et al70

Randomized clinical trial Resistance exercise group had
significantly higher ALSFRS and
FSS and no adverse effects

27 2b ALS FRS, FSS

Dal Bello-Hass
et al78

Systematic review* At 3 months, the risk ratio was 3.32
for ALSFRS (three times higher for
exercise group) and �6.35 for FSS
(six times better for the exercise
group)

(52) 1b ALS FRS, FSS

Four clinical studies and one systematic review met the criteria for this review and provided evidence to answer the primary questions.
* Using data from the Drory et al69 and Dal Bello-Haas et al70 studies.
Abbreviations: PNF, proprioceptive neuromuscular facilitation; HEP, home exercise program; ALS-FRS, amyotrophic lateral sclerosis functional rating scale; MMT, manual

muscle testing; BiPAP, biphasic positive airway pressure; FIM, functional independence measure; FVC, forced vital capacity.
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on the ALS-FRS may be considered clinically significant.76

However, the observed change in FVC may not be clinically
important, as studies have established the MCID as 20% for
FVC.77 The effect sizes were moderate (0.42–0.58) for upper
and lower extremity strength (Fig. 2) and large for ALS-FRS
(1.06, Fig. 4) and FVC (1.2, Fig. 5). The intent-to-treat model
was not used and those dropping out were lost to follow-up.

Thus, it was not possible to determine the outcomes for those
who did not complete the study.

The second study, by Aksu et al,67 evaluated the effects
on muscle strength and functional level using a supervised
and a home exercise program compared with a home exercise
program only. In this experimental study, 26 participants with
ALS were assigned by convenience to the treatment groups,
to assure each group had 13 participants. The investigators
were not blinded to the treatment groups. After six months,
strength was assessed by using a hand-held dynamometer and
disease severity/functional level was assessed by the Norris
ALS Scale (see summary in Tables 11 and 12, respectively).
Participants performing the supervised and the home exercise
program demonstrated a relative benefit in strength of 18.4%
and a relative benefit on the Norris ALS Scale of 41.3%
compared with participants performing the home program
alone. It is difficult to determine if these differences are
clinically important because no studies describing MCIDs for
hand-held dynamometry or the Norris ALS Scale were found.
However, the relative benefit in strength data reflects an
improvement of 7–10 kg of force, averaged across 34 muscle
groups tested. The effect sizes between the two treatment
groups were 0.372 in favor of the supervised and home
program for strength and 1.11 in favor of the supervised plus

TABLE 10. Summary of Animal Studies Included in Review

Study
Study
Design Description

Level of
Evidence Outcome Measures

Kaspar et al72 RCT Running wheel (daily): 2, 6, or ad lib (12 h) access 5 Rotarod test survival time

Liebetanz et al73 RCT Running wheel: 400 min/day, 7 times per week at
3.4 or 0.1 m/min

5 Survival time motor symptoms (grip strength, stride
length, tight rope test)

Mahoney et al74 RCT Treadmill: 20–45 min, 3–5 times per week at 9–22
m/min

5 Survival time clinical symptoms grading scale
Rotarod beam

Kirkinezos et al75 RCT Treadmill: 30 min, 5 times per week at 13 m/min 5 Survival time

Five animal studies were located for the review but one animal study was excluded because there was insufficient survival time and motor function data.71

Abbreviations: RCT, randomized controlled trial.

FIGURE 5. Treatment effects for forced vital capacity. Exer-
cise was associated with a slight improvement in vital capac-
ity.

TABLE 11. Benefits in Strength in Human Studies

Study Outcome Experimental Group Baseline Mean
End of Study

Mean % Change Score
Relative Risk

Reduction
Risk
Ratio

Aksu et al67 Isometric strength
(dynamometer)

Supervised exercise �
Home exercise (13)

334.7 � 150.2 kg 343.5 � 155.9 kg 8.74 kg (2.6%) 84.5% 6.46

Home exercise only (13) 286.7 � 155.8 kg 238.4 � 151.0 kg �48.3 kg (�16.8%)

Drory et al69 Manual muscle
testing

Exercise (14) 85 � 10 80 � 20 �5.0 (�5.9%) 66.5% 2.98

Control (14) 85 � 4 70 � 40 �15 (�17.6%)

Dal Bello-Haas et al70 MVIC upper
extremity

Exercise (13) �9.8 � 4.6 �10.1 � 5.0 �1.1 (�11.6%) 18.0% 1.3

Control (14) �8.3 � 3.6 �10.2 � 2.8 �1.9 (�22.9%)

Dal Bello-Haas et al70 MVIC lower
extremity

Exercise (13) �20 � 3.8 �19.7 � 8.2 2.3 (11.5%) 10.0% 1.05

Control (14) �23.1 � 4.8 �25.9 � 5.0 2.8 (�12.1%)

MWD 87 subjects 54.1% 3.62

Dal Bello-Haas et al70 found relative benefits of 17.7% and 14.4% for UE and LE strength, respectively, using maximum voluntary isometric contraction testing after 6 months
of resistance training (n � 8) compared to nonexercising controls (n � 10). Aksu et al67 found an 18.35% relative improvement in cumulative isometric strength for 34 muscles tested
after eight weeks of supervised exercise plus home program (n � 13) compared to home program alone (n � 13). Drory et al69 found a 13.95% relative improvement in cumulative
manual muscle testing of 20 muscles after six months of exercise (n � 14) compared with nonexercising controls (n � 11). The MCIDs have not been established for these measures.

Abbreviations: MVIC, maximum voluntary isometric contraction.
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home program for the Norris ALS Scale (see Figs. 2 and 3,
respectively). Although the effect size for strength gains was
small, the effect size for the Norris ALS Scale was large, both
favoring the supervised plus home exercise group over the
home exercise only group. There was insufficient information
to determine the benefits based on the calculation of treatment
effect (CER and EER) as described by Sackett et al.55

The third study by Drory et al69 examined the effect of
daily moderate-load active exercise compared with no addi-
tional activities. In this small randomized clinical trial, 25
participants were randomly assigned to exercise (n � 14) or
control (n � 11) group. The investigators were not blinded to
treatment groups. Every three months for a six-month period,
strength was assessed by MMT, and function was assessed
with the ALS-FRS (see Table 11). The exercise group expe-
rienced a 13.95% relative benefit in strength compared with
the control group. The risk ratio was 2.98 (almost three times
less decrease in strength in the exercise group compared with
the control group). MCIDs have not been established for
MMT measures, making it difficult to interpret the clinical
significance of this change. However, this relative benefit
corresponds to a difference of between one-half grade and
one full grade on a manual muscle test averaged over 20
muscle groups. Exercising participants also showed a relative
benefit of 9.1% on ALS-FRS scores compared with nonex-
ercising controls (Table 13). This may represent a clinically
important change, because it has been suggested that a dif-
ference of 7.5% on the ALS-FRS is clinically significant.76

Comparison of the effect sizes between treatment groups
revealed results in favor of the exercise group for both
strength (0.343, Fig. 2) and functional score (0.208, Fig. 4).
These effect sizes are considered small. There was insuffi-
cient information to determine treatment effects as described
by Sackett et al.56

In the fourth study, Pinto et al68 presented data com-
paring disease progression in breathing with biphasic positive
airway pressure (BiPAP). Using a prospective experimental
design, 20 consecutive participants with ALS were assigned
to exercise (n � 8) or control (n � 12) group. Investigators
were blinded to treatment group in this study. Disease pro-
gression was measured by change in respiratory function
using FVC, and functional scores, including the Norris ALS
Scale and FIM. Measurements were taken every three months
for twelve months. The exercise group demonstrated im-
proved outcomes compared with the control group. Partici-
pants performing treadmill exercise showed relative risk
benefits of 15.5% on the Norris ALS Scale (Table 12), 10.2%
on FIM scores (Table 13), and 28.6% on FVC (Table 14). As
noted previously, the MCID for the Norris ALS Scale has not
been established, making it difficult to interpret the clinical
importance of this relative benefit. The MCID for the FIM is
reported to vary between 6.8% and 10.6% (11–17 points in
raw scores)64; thus the relative benefit of 10.2% likely rep-
resents a clinically important improvement in function. Sim-
ilarly, a difference of �20% in FVC is considered clinically
important.77 Therefore, the reported relative benefit of 28.6%

TABLE 12. Benefits in Norris ALS Scores in Human Studies

Study Outcome
Experimental

Group
Baseline

Mean
End of Study

Mean
% Change

Score
Relative Risk

Reduction
Risk
Ratio

Aksu et al67 Norris scale Exercise (13) 33.9 � 15.6 30.81 � 9.89 �3.1 (�9.1%) 81.9% 6.22

Control (13) 30.1 � 14.1 13.75 � 8.03 �17.1 (�56.6%)

Pinto et al68 Norris scale Exercise (13) 41.3 � 3.0 36.6 � 6.8 �4.7 (�11.4%) 59.0% 2.44

Control (14) 37.6 � 7 26.8 � 10.6 �10.8 (�27.8%)

MWD 53 subjects 70.7% 4.29

Aksu et al67 found a 41.3% relative improvement on total Norris ALS scores after one year of follow up in patients who performed a supervised exercise plus home program
(n � 13) compared to home program alone (n � 13). Pinto et al68 found a 15.5% relative improvement on total Norris scores after six months of exercise (n � 14) compared to
non-exercising controls (n � 11). The MCID of the Norris ALS score has not been established.

TABLE 13. Benefits in Functional Scores in Human Studies

Study Outcome
Experimental

Group
Baseline

Mean
End of Study

Mean
% Mean
Change

Relative Risk
Reduction

Risk
Ratio

Drory et al69 ALS-FRS Exercise (14) 29 � 4 28 � 4.5 �1.0 (�3.4%) 9.1% 3.97

Control (14) 26 � 3 22.5 � 10 �3.5 (�13.5%)

Dal Bello-Haas et al70 ALS-FRS Exercise (13) 35.2 � 3.6 33.8 � 4.7 �1.4 (�4.0%) 75.6% 4.1

Control (14) 33.6 � 2.4 28.1 � 4.8 �5.5 (�16.4%)

Pinto et al68 FIM Exercise (14) 118.4 � 6.3 102.1 � 18.6 �16.3 (�13.8%) 39.1% 1.89

Control (12) 106.6 �22.6 78.8 � 26 �27.8 (�26.1%)

MWD 87 subjects 29.5% 3.12

Dal Bello-Haas et al70 found a relative improvement of 11.9% on total ALS-FRS scores for patients performing 6 months of resistance exercises (n � 8) compared with
non-exercising controls (n � 10). Drory et al69 reported a 9.1% relative improvement on total ALS-FRS scores after six months of exercise (n � 14) compared to non exercising
controls (n � 11). The MCID for the ALS-FRS corresponds to a change of 7.5%. Pinto et al68 found a 10.2% relative improvement on total FIM scores after 12 months of exercise
(n � 8) compared to non-exercising controls (n � 12). The MCID for FIM scores has been shown to vary between 6.8 and 10.6%.

Abbreviations: ALS-FRS, amyotrophic lateral sclerosis functional rating scale; FIM, functional independence measure.

Lui and Byl JNPT • Volume 33, June 2009

© 2009 Neurology Section, APTA78



likely represents a clinically important improvement in respi-
ratory function. The effect sizes were also large, 0.89, 0.63,
and 2.39, respectively, in favor of the treatment group for the
Norris ALS Scale, the FIM scores, and the FVC (see Figs.
3–5).

The treatment effects for the Norris ALS Scale, FIM,
and FVC measurements in the study by Pinto et al68 are
summarized in Figures 6–8, respectively. Using the Norris
ALS Scale, exercise decreased the relative risk of disease
progression by 100% and the absolute risk by 25%. As
measured by the FIM, exercise decreased the relative risk of
functional loss by 50% and the absolute risk by 25%. Four
participants would need to participate in an exercise program
for one additional participant to benefit by 25% as measured
by the Norris ALS Scale and the FIM. Exercise decreased the
relative risk of worsened respiratory function by 12.5% and
the absolute risk by 4%. Twenty-four subjects would need to
participate in an exercise program for one additional subject
to experience a worsening of respiratory function.

The Cochrane Collaboration systematic review by Dal
Bello-Haas et al78 included studies from January 1980 to
August 2007. This review included only randomized clinical
studies of participants with definite, probable, probable with
laboratory support, or possible ALS defined by the El Esco-
rial criteria.78 Exercise programs included progressive resis-
tance or strengthening and endurance or aerobic exercise. No
exercise participation or usual activities were the control for
the standard condition. Only two randomized clinical trials
met the criteria for inclusion; these trials, by Dal Bello-Haas
et al78 and Drory et al,70 have also been included in this
evidence-based review, as described above.

In the systematic review, Dal Bello-Haas et al,78 cal-
culated the mean weighted difference scores for the ALS-
FRS from the two randomized clinical trials studying the
benefits of therapeutic exercise for persons with ALS. After

three months, the difference of the mean weighted relative
risk on the ALS-FRS was 3.32 (95% CI, 0.56–5.96) in favor
of the exercise group. Those participating in exercise were
three times more likely to improve in function compared with
those in the usual care group. With an absolute risk reduction
calculated at 3.91, only one more participant would need to
be treated with the exercise program for three months for one
more participant to experience a decrease in the ALS-FRS
score by 10%. At three months, the usual care group de-
creased function by more than six times compared with the
exercise group. However, there were no statistically signifi-
cant differences in the measurements of quality of life,
fatigue, or muscle strength between the exercise and the usual
care groups. Based on this analysis of ALS-FRS, the conclu-
sion was that the studies were too small to determine the
extent to which strengthening exercises are beneficial or
harmful for persons with ALS. These conclusions78 mirrored
the findings for this evidence-based review as noted above.

Integration of Findings for Human Studies
The criteria recommended by Sackett et al55 were

applied to assess the validity, importance, and applicability of
these studies. Only one of the human studies met all of the
criteria for valid intervention research (systematic review,
1b).78 The other studies were classified as 2b to 3b. The
common outcomes of the studies of Dal Bello-Haas et al70

and Drory et al69 were averaged within the Cochrane Review,
with the other individual outcomes presented under separate
analysis. Based on Sackett et al,55 the effect sizes on the

FIGURE 7. Treatment effects for Norris amyotrophic lateral
sclerosis scores.

TABLE 14. Benefits in Respiratory Function in Human Studies

Study Outcome
Experimental

Group
Baseline

Mean
End of

Study Mean
Mean % Change

Score
Relative Risk

Reduction Risk Ratio

Pinto et al68 FVC (% predicted) Exercise 76 � 0.20 60 � 0.20 �16 (�25%) 39.6% 1.66

Control 99 � 0.15 58 � 0.17 �41 (41.4%)

Dal Bello-Haas et al70 reported 11% relative improvement in patients performing 6 months of resistance training (n � 8) vs controls (n � 10). Pinto et al68 found a 28.6% relative
improvement on FVC measures after 12 months of exercise (n � 8) compared to nonexercising controls (n � 12). The MCID for FVC measurement is 20%.

Abbreviation: FVC, forced vital capacity.

FIGURE 6. Treatment effects for fatigue. Exercise was asso-
ciated with a moderately strong benefit in fatigue reduction.
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ALS-FRS varied from small to large. Overall, only one more
participant would need to be treated to have one more
participant experience an increase in the ALF-FRS score.
However, this gain in function was only measured up to three
months after initiation of exercise.

When outcomes were averaged across measurements
from all four human studies, small to large effect sizes of
0.208 to 1.39 were measured for each of the dependent
variables. The mean weighted risk ratios across all four
studies were three times higher in favor of the exercise group
for maintained strength (MWD risk ratio, 3.62), maintained
performance on the Norris ALS Scale (MWD risk ratio, 4.3),
and function (MWD risk ratio, 3.12). The mean weighted
effect size for maintenance of respiratory function was also
high (mean weighted effect size, 1.2–1.39), and the risk ratio
was 1.66% better than chance alone for exercise to improve
respiratory function in persons with ALS. Based on the
evidence of this review, there were benefits associated with
exercise compared with nonexercising controls. In addition,
there were no measurable harms reported with the exercise
programs in terms of ALS disease progression.

The methods recommended by Sackett et al55 were then
applied to determine the applicability of the findings in these
studies. ALS is a relatively rare disease, the number of
participants in any one study is small, and there is a hetero-
geneous clinical presentation and disease progression. Thus,
most clinical trials were not able to include a large represen-
tative sample of participants with ALS. This leads to larger
variations in measurements, which can compromise detection
of true differences between control and experimental
groups.30 Furthermore, Armon79 raised concerns about the
Dal Bello-Haas70 study in that the progression rate for the
usual care group was higher than for the exercise group. Also,
Armon79 noted that the FVC for the participants in the
exercise group was unusually high, which raises questions
about the safety of strengthening exercises in persons with
decreased FVC. For example, in the study by Pinto et al,68

participants had compromised FVC and needed to use BiPAP
to complete the exercise program.

On the other hand, based on available diagnostic crite-
ria, the participants in these studies were comparable with
those who would commonly be encountered in any outpatient
setting for persons with ALS. Furthermore, the exercise
interventions used in the human studies were feasible: the
exercise programs required no special equipment and could
be performed in any setting. However, patients with respira-
tory compromise had to complete their exercise program
while using BiPAP in the study by Pinto et al.68 Based on
previous investigations and the studies included in this re-
view, the participants with ALS achieved a variety of benefits
from the exercise programs (ie, maintenance of strength,
respiratory capacity, and function). Dal Bello-Haas et al70

indicated that gains from exercise were no longer apparent
three months after exercise; however, no harm (eg, loss of
energy, decreased participation in other activities, disease
progression) from exercise was reported.

There were several limitations in the human studies
reviewed. First, the studies did not routinely include random
selection, random assignment to treatment, or blinding of
investigators. Second, follow-up of the participants was not
always long term, and most did not follow the intent-to-treat
model. Third, all studies reviewed had relatively small sam-
ple sizes, decreasing their statistical power, and one study67

did not have a complete or long-term follow-up and lacked a
control group. Fourth, the study by Pinto et al68 described
significant pretreatment differences between exercise and
control groups. Fifth, the studies varied in the exercise mo-
dalities and protocols (eg, frequency, load, duration) used,
and only one study differentiated the exercise program based
on muscle strength assessment; the studies also varied in the
dependent measures used to determine disease progression.
This limited comparison of results from the different studies.
Sixth, each study reported large standard deviations and
consequently wide 95% CIs for each dependent measure,
which limits the significance of the effect sizes observed.
Seventh, participants required use of BiPAP when complet-
ing cardiovascular exercise; some persons may not have
access to a portable BiPAP machine (sometimes due to
insurance limitations) and therefore would not be able to
complete this protocol. In addition, it may be awkward
to exercise while using a BiPAP machine or a portable
respirator, although generally the units can be attached to a
stationary bike, a treadmill, or a walker. Eighth, the study by
Dal Bello-Haas et al70 included only participants with FVC
�90% and ALS-FRS �30; as such, these results may not be
generalizable to persons with more respiratory and functional
compromise (ie, in later stages of the disease).

Animal Studies
All animal studies included where randomized clinical

trials with emphasis on a mouse model of ALS. The study by
Kaspar et al72 studied the effects of exercise duration and the
synergism of these effects with IGF-1 gene therapy on SOD-1
transgenic mice. Seventy-two mice were randomly assigned
to one of four treatment groups (n � 18 for each group),
including a control group that only performed usual activities,
and three exercise groups that were given access to a running
wheel for 2, 6, or 12 hours per day. Outcome measures

FIGURE 8. Treatment effects for functional independence
measure scores. Four individuals would need to be treated
with exercise for one more individual with ALS to benefit
with respect to function.
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included survival time and motor function as assessed by an
accelerating Rota-rod test. Because this review focused on
exercise interventions, data based on the IGF-1 gene therapy
intervention were not included in the calculations. Compared
with controls, analysis showed that short duration exercise
(two hours per day) group had a 7% absolute increase in
survival time and a relative increase in survival of 5.55%. The
moderate duration (six hours per day) group demonstrated a
40.5% absolute increase and a 28.4% relative improvement in
survival time compared with controls. The long duration (12
hours per day) group had a 24.5% absolute improvement and
an 18.18% relative increase in survival time.

Liebetanz et al73 studied the effects of vigorous phys-
ical activity using a motorized running wheel in SOD-1
transgenic mice compared with less-exercised and nonexer-
cised transgenic mice. Thirty-seven mice were randomly
assigned to one of three treatment groups: the control group
(n � 12) did not perform exercise other than usual activities;
the active mice (n � 12) ran for 400 minutes every day at 3.4
meters per minute (m/min); the sedentary group ran at 0.1
m/min for the same duration and frequency. Dependent
measures included survival time and motor onset and pro-
gression disease, as assessed by grip strength, stride length,
and tight rope test. The calculations for this study showed that
the sedentary group had an absolute decrease of 1.9% and a
relative decrease of 1.48% in survival time compared with the
control group. In contrast, the active group demonstrated a
4.6% absolute increase and a 3.5% relative increase in sur-
vival time compared with the nonexercising control group.

The study of SOD-1 mice by Mahoney et al74 examined
the effects of high-intensity endurance exercise using a mo-
torized treadmill. Thirty-nine mice were randomly assigned
to two groups: the control group (n � 25) performed no
additional exercise other than normal activities, whereas the
high-intensity exercise group (n � 14) performed a progres-
sive treadmill program four to five times per week, which
varied from 20 to 45 minutes each session and from 9 to 22
m/min, depending on the animals’ tolerance. Outcome vari-
ables included disease onset (based on an eight-point clinical
rating scale that assessed muscle strength and abnormal
reflexes), motor performance (assessed by an accelerating
Rota-rod beam), and disease progression (survival). Analysis
revealed that mice exercising at an intense level had an
absolute decrease of 3% and a relative decrease of 2.28% in
survival time compared with nonexercising control mice.

Kirkinezos et al75 evaluated the effects of regular ex-
ercise on the progression of ALS in SOD-1 mice using a
motorized treadmill program. Sixty mice were assigned to
either a nonexercising control group (n � 30) or an exercise
group (n � 30), which included running 13 m/min for 30
minutes five times per week. The only outcome measure for
this study was survival time. Analysis of these data revealed
that the exercising SOD-1 mice experienced an 8.5% absolute
increase and a 6.19% relative increase in life-span compared
with nonexercising control mice.

Integration of Findings Across Animal Studies
Table 15 summarizes the mean differences, risk ratios

and effect size for the exercise intervention groups compared

with controls for all of the animal studies included in this
review. Figure 8 shows the combined survival curves for life
span averaged over all animal studies. When averaged to-
gether, the results from these animal studies showed that the
median life span for SOD-1 mice increased from a baseline of
122 to 133 days for the control groups and from 127 to 147
days for the exercise groups (Fig. 8). In addition, the time to
reach a 50% decline (eg, median level) in motor function was
115 days for the control groups, compared with 122 days for
the exercise groups (Fig. 9). The mean weighted difference in
survival was 11.3% in favor of the exercise group.

When examined individually, the effects of exercise on
survival time varied in the animal studies. The study by
Kaspar et al72 showed a positive risk ratio in favor of exercise
for increased life span for all groups undergoing self-paced
exercise. Likewise, the study by Kirkinezos et al75 reported a
positive effect on life span for the exercise group using a
moderate treadmill program. In contrast, the study by Liebet-
anz et al73 showed a positive risk ratio in favor of faster (ie,
more intense) treadmill exercise but a negative risk ratio for
slower (ie, less intense) treadmill exercise with respect to
survival time. The study by Mahoney et al74 showed a
negative risk ratio against vigorous treadmill exercise, which
shortened mean survival time by three days. The mean
weighted average risk ratio was not significantly different
than chance alone supporting the benefit of exercise (0.80).

The effect sizes were calculated for three of the four
studies. Again, the studies by Kaspar et al72 and Kirkinezos
et al75 reported moderate to large positive effect sizes in
support of the benefit of exercise. Liebetanz et al73 reported a
moderate positive effect size in favor of faster (ie, more
intense) exercise, but a small negative effect size of slow (ie,
less intense) exercise in terms of survival time. The study by
Mahoney et al74 showed a small to moderate negative effect
size against exercise. The mean weighted effect size was 1.39
in favor of exercise (Table 15, Figs. 10 and 11).

The programs used in the animal studies varied in
exercise modality, frequency, duration, and intensity in the
animal studies. The most favorable outcomes in terms of
improved life span were associated with a self-paced running
wheel exercise program for 2 to 12 hours/day or a moderate
treadmill exercise program (3.4–13 m/min) for 0.5 to 6.7
hours.73,75 The negative effects on life span were associated
with high-intensity exercise to tolerance (9–22 m/min for
20–45 minutes daily) or slow rate exercise (0.1 m/min) for
6.7 hours a day; this latter regimen constituted less activity
than the amount of exercise performed by the animals in
usual unrestricted activities.

There are no published data on MCIDs for life span or
motor function decline for the SOD-1 animal model of ALS.
Thus, it is difficult to interpret these results with respect to
clinical importance. The life expectancy for this strain of
mice without any intervention is known to be 1.5 to 2 years
for heterozygous (eg, not expressing SOD-1 mutation) mice
and four to five months for homozygous (eg, expressing
SOD-1 mutation) mice (J. Merriam, personal communication,
January 2006, based on Gurney et al80). Thus, exercise was
associated with an increased life expectancy of approximately
11.3%.
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When the criteria recommended by Sackett et al55 were
applied to evaluate the validity, importance, and applicability
of the animal studies, no single animal study in this review
met all of the criteria for validity. The studies were random-
ized clinical trials (levels 1b to 2a for human studies, but level
5 for animal studies). The effects were most often (two of
three studies) in favor of a modest increase in survival for the
low to moderate-intensity exercise groups,72,75 although one
study showed a small decrease in survival with lower inten-
sity exercise.73 With higher intensity exercise, one study
found a positive effect on survival,74 whereas another found
that survival decreased with vigorous treadmill exercise.73 As

noted, the protocols used in these studies were not consistent
with respect to exercise modality, intensity, frequency, or
duration. In addition, it is not possible to directly translate the
exercise protocols used in animal studies to human subjects.
However, it seems that moderate exercise programs were
more frequently associated with a positive effect on survival
than high-intensity programs.

Despite the positive findings of moderate exercise from
the animal studies, the applicability of animal studies to the
management of ALS in humans remains debatable.30 For
example, the SOD-1 gene represents only one type of familial
ALS (typifying 5–10% of persons with ALS).6 In addition,
mice and humans have differences in terms of diet, cognition,
emotion, aging, and disease, which interact with the applica-
tion of findings.30 For example, Riluzole is a glutamate

FIGURE 9. Treatment effects for forced vital capacity.
There were minimal differences between the experimental
and control groups, suggesting no benefit or harm associ-
ated with exercise.

FIGURE 10. Combined survival curves for animal studies.
The median life span for the exercise groups was increased
by six days compared with the control groups (median life
span � 130 days).

TABLE 15. Differences in Survival Time in Animal Studies

Study Experimental Group
Mean Survival

Time (days)
Mean Difference

Score
% Mean

Difference Risk Ratio Effect Size

Kaspar et al72 Short ex (18) 129.5* 7 9.1 1.04 *

Control (18) 122.5*

Kaspar et al72 Mod ex (18) 163* 40.5 33.1 1.33 *

Control (18) 122.5*

Kaspar et al72 Long ex (18) 147* 24.5 20.0 1.2 *

Control (18) 122.5*

Liebetanz et al73 Slow ex (13) 127.2 � 3.2 �1.9 �1.5 �0.98 �0.41

Control (12) 129.1 � 2.5

Liebetanz et al73 Fast ex (13) 133.7 � 3.2 4.6 3.6 1.04 1.14

Control (12) 129.1 � 2.5

Mahoney et al74 Exercise (13) 130 � 12 �3.0 �2.3 �0.98 �0.19

Control (25) 133 � 10

Kirkinezos et al75 Exercise (30) 141.5 � 2.5 8.5 6.4 1.06 2.6

Control (30) 133 � 2

MWD 195 Exercise � control subjects 11.3 0.88 1.39

This table summarizes the changes in survival times of SOD-1 transgenic mice exposed to exercise compared to nonexercising controls. Absolute differences in survival times
varied between a 3% decrease to a 40.5% increase in life span. Relative differences in survival times varied between a 2.3% reduction and a 33.1% improvement in life span. The
MCID for survival time for this animal model has not been established. Total n, total of subjects in each of the exercise groups plus one control group/study; for effect size, n �
136.

* No standard deviation values available.
Abbreviations: Ex, exercise group.
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antagonist approved by the U.S. Food and Drug Administra-
tion to treat ALS. This drug has had dramatic effects on mice,
but disappointing effects on humans.8,30 The same finding
occurred for transactive response-DNA-binding protein 43,
which was found in the individuals with neuronal inclusions
of both ALS and ALSD frontotemporal dementia. TDP-re
may be a means of distinguishing between SOD-1 and non–
SOD-1 cases of ALS.8 As with the human studies, there were
limitations of the reviewed animal studies. The most obvious
limitation in the studies was the lack of blinding of investi-
gators. In addition, as with the human studies, the animal
studies lacked consistency in the exercise modality and pro-
tocol (eg, frequency, load or intensity, duration) used, making
it difficult to draw comparisons between studies.

In summary, although animal models control many of
the intrinsic and extrinsic factors threatening internal and
external validity, exercise protocols used in animal studies
cannot be translated 100% to those used for humans. On the
other hand, the frequency, duration, and relative loads used in
the animal studies could be used as a model for setting initial
parameters of exercise training protocols for humans. Based
on the studies included in this review, moderate exercise was
more often associated with a slight increase in life span and
delay in loss of motor function. The next step is to translate
the findings from animal studies into randomized clinical
trials.

DISCUSSION
The evidence-based search yielded five moderately

strong human studies in terms of validity and importance,
varying from 1b to 3b levels of evidence. The search also
produced four animal studies that provided good basic scien-
tific information about the effects of exercise in terms of
survival in mice with SOD-1–induced ALS. Intervention
studies between 1a and c levels of evidence are considered
high-quality support55 for or against a treatment (Table 6).
Although by this definition, there was a paucity of high-
quality randomized clinical trials involving human subjects
examining exercise as an intervention strategy to improve
function for persons with ALS, the findings of the studies
reviewed were generally positive. There were no reported

adverse effects in any of the human studies; however, over
time there was a large dropout rate. This was assumed to be
due to the progression of the disease. The high-quality animal
studies mostly reported benefits of moderate exercise in terms
of enhancing life span, with some evidence that high-inten-
sity exercise could compromise life span.

Based on this evidence, Hypothesis Ho 1 must be
accepted and Ho 2 should be rejected. In small randomized
clinical trials and experimental studies, exercise was associ-
ated with small to moderate, but not necessarily statistically
significant, gains in function. However, neither the human
studies nor the animal studies reported consistent adverse
effects following moderate exercise. The benefits of different
types of exercise protocols with respect to modality, fre-
quency, intensity, or duration were not well differentiated.
The studies using SOD-1 transgenic mice not only provided
the most insightful information on survival, but also provided
clear evidence that intense exercise could compromise life
span.

At our university-based treatment center, persons with
ALS vary in their expectations and values with respect to
exercise. In general, immobilization has a negative effect on
bone and muscle health.81 In addition, regular physical activ-
ity is generally considered a positive intervention, even for
those with degenerative diseases.82 It is not surprising that a
subset of persons with ALS consider exercise a valuable
method of managing stress or a way to feel good. These
individuals are reassured with reports that moderate exercise
will not worsen their disease.

Most of the animal research studies suggest that mod-
erate exercise may exert a neuroprotective effect on the
neurophysiology of muscle contraction. This effect could
occur by improving angiogenesis and astrocyte prolifera-
tion,83,84 enhancing blood vessel density,85 increasing growth
factors,86 facilitating dendritic restructuring, increasing pro-
tein synthesis, improving axonal transport, avoiding over-
stressing the fast twitch muscle fibers, and optimizing neu-
romuscular synaptic communication and electrophysiologic
properties affecting neuronal gene expression.87 In contrast,
high-intensity exercise may damage mitochondria, increase
extracellular edema damaging endothelial cell and basement
membranes, increase oxidative stress,88 and disrupt neurovas-
cular units.89

Adverse Effects
The adverse effects of exercise in ALS were not exten-

sively discussed in the human studies included in this review.
Pinto et al68 reported that five of eight participants in the
exercise group initially experienced oxygen desaturation with
decreased end tidal volumes, but these participants were able
to complete the study using more aggressive ventilatory
assistance. It is not clear if true cardiovascular exercise at
70% maximum heart rate would be safe for persons with
ALS, with or without respiratory support. In the study by
Pinto et al,68 one participant in the exercise group was unable
to complete the exercise protocol and testing, but the authors
did not describe or discuss this as an adverse event in this
participant. Although Drory et al69 reported a participant drop
out rate of 68% within the first 6 months of the study, the

FIGURE 11. Combined data for change in motor function
over time in animal studies. The time to reach 50% decline
in motor function was 122 days for the exercise groups
compared with 115 days for the control groups.
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authors did not explain why participants dropped out of the
study nor did they discuss any specific adverse events. This
could suggest that the disease was progressing and the indi-
viduals could no longer participate in the exercise. One
animal study reported that high-intensity exercise had an
adverse effect on life span.74 However, this study did not
report on the specific histopathology surrounding this nega-
tive outcome.

Early investigations reported overuse atrophy and per-
manent loss of strength in persons with ALS who performed
vigorous activities.48 In addition, some persons with ALS
report prolonged fatigue after overexertion. Taken together,
increased fatigue could result in more disability even if
impairment (ie, muscle strength and endurance) remained
consistent. On the other hand, it is also possible that persons
with ALS could maintain a high level of function despite
impairment using exercise carefully matched to their physical
ability (including speed of contractions and endurance).

In animal-based studies, researchers have examined
possible adverse effects of exercise in terms of selective
degeneration of motor neurons associated with excitotoxicity,
increased calcium loads, or oxidative stress. In the study by
Liebetanz et al,73 mice were randomly assigned to run at high
speeds, slow speeds, or be sedentary. Until 15 weeks, the
animals showed minimal deterioration of motor function. At
20 weeks, all groups deteriorated in grip strength, stride
length, and tight rope walking. Although there were no
significant differences in survival time, the high exercise
group had the longest mean survival time. These findings
suggest that vigorous exercise might not always hasten motor
neuron degeneration or disease progression.

Limitations of Search
One limitation of this evidence-based review was it

only included studies available in English. Studies written in
other languages might have provided higher levels of evi-
dence. However, this evidence-based review was not funded,
limiting opportunities to support translation services. Also,
given the expense involved to obtain unusual documents,
some databases were not included in the search, including
EMBASE, LILACS, AMED, and HealthSTAR. As such,
some high-quality studies may have been missed due to
inaccessibility. Because of the low prevalence of ALS and the
relatively short life span of persons with ALS, it is challeng-
ing to carry out randomized, controlled clinical trials. An-
other limitation is the constraint relative to integrating and
translating basic science findings from animal-based models
to clinical practice. Another concern is that the improved
outcomes postexercise may be short lasting. For example, in
the studies by Dal Bello-Haas70 and Drory,69 the benefits of
the exercise group over the usual care groups were only
measured up to three months post-exercise. However, these
studies did not report on the benefits of continued, moderate-
intensity exercise.

Gaps in Research and Recommendations for
Future Studies

Further studies examining the benefits and risks of
strengthening and aerobic exercise are warranted. Although

fatigue is known to limit function in persons with ALS11 and
can be used as a marker for disease progression,32 only two
studies examined the effect of exercise on fatigue in the ALS
population.69,70 In addition, each human and animal study in
this review used different exercise protocols, and none of the
studies specified modifications to exercise parameters based
on participants’ responses to exercise. As such, clinicians
cannot directly use the results of these studies to guide
exercise prescription for persons with ALS. Furthermore, the
effects of exercise on disease progression in the context of the
different clinical subtypes and prognostic factors (ie, age,
gender, bulbar onset, time between onset and diagnosis) in
ALS have not been addressed.

Future clinical exercise studies should routinely use
random assignment, blinding of investigators, and complete
detailed assessments before and after the intervention period.
Ideally, participants should be followed up for a minimum of
12 months to reduce within-subject variability and track
maintenance of function over time. Controlled experimental
studies examining the specific effects of strengthening versus
cardiovascular exercise on fatigue in persons with ALS are
needed. Future investigations should also compare different
exercise modalities and parameters (ie, frequency, load, du-
ration) with nonexercising controls to determine which type
of program yields the most benefits with the least risk of
disease progression. More studies specifying modifications to
exercise programs based on participants’ response are also
needed to establish guidelines for exercise prescription in this
population. Cohort studies separating participants by clinical
subtype and prognostic factors may strengthen treatment
effects and minimize between-subjects variability by estab-
lishing treatment groups that are more homogeneous with
respect to disease progression. This separation of participants
may also allow future studies to analyze interaction effects
between exercise and clinical profiles, making exercise pre-
scription more efficient. Finally, because ALS is a progres-
sive disease with exercise unlikely to yield large changes in
disease progression and to maximize statistical power, future
investigations should include a trend analyses of pretest/
posttest difference scores for exercising and nonexercising
groups (eg, Page Test for Linear Trends).

Recommendations to Guide Physical Therapy
Practice

This review provides moderately strong evidence in
support of moderate-intensity exercise programs for persons
with early-stage ALS. In terms of intervention strategies for
persons with ALS, the objectives should be to facilitate the
healthy innervation of neurons and synaptic networks, to
slow the degeneration of neurons, and to maintain cardiopul-
monary efficiency, muscle strength, and endurance without
overstressing the mechanical, bioelectrical, and metabolic
properties of the muscle fibers, particularly, the fast twitch
fatigable muscles. Exercise intervention should serve as piv-
otal area of research for physical therapists, particularly to
document the neurophysiological and functional performance
changes associated with different exercise programs.

In human studies, there is moderately strong evidence
suggesting that participants who were in the early stages of
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ALS and exercised had slightly better outcomes with respect
to respiratory function, strength, and function compared with
early-stage participants who did not exercise. Moderate ex-
ercise was not associated with more rapid disease progres-
sion. In the animal studies, mice performing moderate exer-
cise on a treadmill or a running wheel most often did not have
more rapid disease progression. Unfortunately there was
insufficient evidence from these studies to recommend spe-
cific exercise guidelines for clinical practice. Integrating the
evidence from human and animal research suggests that the
type, frequency, intensity, and duration of an exercise pro-
gram must be matched to each participant and modified
according to disease progression and physical ability.

Integrating the evidence presented in this review of
ALS with literature on comprehensive rehabilitation pro-
grams for persons with other types of neuromotor disease,3,54

the following recommendations are applicable when physical
therapists are treating individuals with ALS on an outpatient
basis:

Y Work closely with a multidisciplinary team and be
familiar with the disease process of ALS to carefully
balance physical performance parameters with disease-
related morbidity and drug and respiratory management
strategies.

Y Use objective measurements such as respiratory func-
tion tests (FVC) and strength measurements (manual
muscle tests or isometric manual muscle tests using a
hand-held dynamometer) to document the clinical pic-
ture of the disease process for each patient.

Y Couple the clinical picture of the individual with their
response to exercise to determine whether strengthening
and/or conditioning exercises are appropriate and safe,
and when the exercise program should be adjusted to
optimize physical function.

Y Concentrate exercise interventions in the early stages of
the disease when the individuals have sufficient strength,
respiratory function, and endurance to exercise without
excessive fatigue.

Y Carefully evaluate each individual with ALS every few
months to gather adequate information to safely adjust
strengthening and conditioning exercise.

Y Approach exercise programs with caution for individu-
als with later stage ALS who have low respiratory
capacity and/or poor functional scores.

Y Use available technology (eg, assistive devices, body
weight–supported systems) to optimize exercise regi-
mens according to the individuals’ desire to maintain
strength, endurance, mobility, and independence without
taxing the neuromusculoskeletal system.

CONCLUSIONS
Based on available evidence from human and animal

studies, strengthening and cardiovascular exercises may help
maintain function and do not adversely affect disease pro-
gression in persons with ALS. However, the current evidence
is not sufficiently detailed to recommend specific exercise
guidelines or outline a specific exercise prescription for
persons with ALS. Physical therapists should participate in

randomized clinical trials to better define appropriate exercise
interventions for persons with ALS. Based on this evidence-
based review, physical therapists working with persons with
ALS should base exercise prescription on observed clinical
progression of disease, physical ability, interest in participat-
ing in an exercise program, and response to exercise.
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