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A randomized controlled trial of resistance

exercise 1n individuals with ALS

ABSTRACT Objective: To determine the effects of resistance exercise on function, fatigue, and quality
of life in individuals with ALS. Methods: Subjects with a diagnosis of clinically definite, probable, or
laboratory-supported ALS, forced vital capacity (FVC) of 80% predicted or greater, and an ALS Func-
tional Rating Scale (ALSFRS) score of 30 or greater were randomly assigned to a resistance exercise
group that received a home exercise program consisting of daily stretching and resistance exercises
three times weekly or to a usual care group, who performed only the daily stretching exercises. ALS-
FRS, the Fatigue Severity Scale (FSS), and Short Form-36 {SF-36) were completed at baseline and
monthly for 6 months. FVC and maximum voluntary isometric contraction (MVIC) were monitored
monthly throughout the study. Results: Of 33 subjects screened, 27 were randomly assigned (resis-
tance = 13; usual care = 14}. Eight resistance exercise subjects and 10 usual care subjects com-
pleted the trial. At 6 months, the resistance exercise group had significantly higher ALSFRS and
SF-36 physical function subscale scores. No adverse events related to the intervention occurred,
MVIC and FVC indicated no negative effects, and less decline in leg strength measured by MVIC was
found in the resistance exercise group. Conclusion: Our study, although small, showed that the resis-
tance exercise group had significantly better function, as measured by total ALS Functional Rating
Scale and upper and lower extremity subscale scores, and quality of life without adverse effects as
compared with subjects receiving usual care. NEUROLOGY 2007;68:2003-2007

ALS is a rapidly progressive neurodegenerative disease with an unknown etiology, except in
the small number of cases caused by a mutation in the Cu/Zn superoxide dismutase gene. In
more than 70% of patients, the presenting symptom is focal upper (U/E) or lower extremity
(L/E) muscle weakness.! The role of exercise in people with ALS has been controversial, and
the possibility of inducing overwork damage through excessive exercise or strengthening
exercises is a concern. Highly repetitive or heavy resistance exercise can cause prolonged loss
of strength in weakened or denervated muscle, and some epidemiologic data have shown a
higher incidence of ALS in individuals performing intense work or leisure physical activity
before disease onset.*** A rise in creatine kinase has been linked to strenuous exercise in
patients with muscular dystrophy or chronically denervated muscles,” suggesting that weak-
ened muscle fibers may degenerate with excessive exercise. Excessive exercise may also im-
pair recovery of degenerated muscle fiber, and animal studies suggest muscle fiber
degeneration may exacerbate motor neuron denervation.’

Two early case studies reported resistance exercises had positive effects in people with
ALS,% and significantly less decline in ALS Functional Rating Scale (ALSFRS) and Ashworth
Spasticity Scale scores was found in patients who engaged in a 15-minute, twice-daily exercise
program consisting of “moderate range of motion training” designed “to improve muscle
endurance.”'® More recent animal findings suggest that high-intensity endurance exercise
may be detrimental, whereas low- or moderate-intensity endurance exercise may be of some
benefit 1113

With the dearth of controlled studies, the effects of resistance exercise are not well under-

— frn R —

From the School of Physical Therapy {V.D.B.-H.), Universicy of Saskatchewan, 8a Hk toon, Canada; and Department of Neuralogy ([LM.E .S,
G, LY, Washingron University School of Medicine, St Louis, MO, Division of Physical Therapy (A.1D.K.), Ohio State University, .nlumhus,

Department of Neurology {(8.M.H.) and Eleanor and Lou Gehrig MDA/ALS Research Center {(FLM,), Neurological Institute, Columbia University,
New York, and Departinent of Neurology (E.P.P.}, Cleveland Clinie, QH.

Funded in part by the Amyotrophic Lateral Sclerosis Association (Clinical Management Research (.mm l*r:}gnm), Calabasas HI”H, CA, | o i:
Disclasure: The authors report no contlicts of intgrest, o

Capyright @ 2007 by AAN Enterprises, Inc 5003

Gopyright © by AAN Enterprises, Inc. Unauthorlzed reproductlmn of this artlcle IS pmhlblted




jprarpinfyiiguge—p i

Figure

ks

Clinical Drug Trial (n = 10)

“Enrolled in

/// - "\.\_\

Flow of participants through each trial stage

Tu!ai Intcres&:d
7 (n=43}

e

Assessed for Eligibility

(n=33) L q | ”
1 _ Did not Meet
l o ” Eligibility Criteria (n = 6)
Randomly Assigned
{n=27) -

Resistance Exercise Group

n=13) (ETI‘” m )
Withdrew Withdrew

*Entered drug trial (n=2)

Lack of improvement/ALS worse {n =2}

Had triple bypass surgery (n =1}

«Depression (n= 1)
Lack of improvement/ALS worse (n=1}
*Non-compliant {n =1)

s Ry T gy

|

- Limgppe

‘Auto accident/fractured wrist (n=1)

- Frm perrarlebrgedere - - S R AL L

|

it rild el ¥ Ty ap e Ly R

Analyzed at 3 months (n = 11)
Analyzed at 6 months (n = 8)

Shown are nuimbers of
subjects who were screened,
enralled in study, randomized,
dropped out of the study, and
analyzed.

2004

Analvzed at 3 months (n = 14)
Analyzed at 6§ months {n = 10)

stood in this population, and whether exer-
cise 18 beneficial or detrimental in patients
with ALS remains unsolved, We conducted a
controlled trial of resistance exercises in pa-
tients with carly-stage ALS and compared
them with patients receiving usual care
(stretching exercises).

METHODS We conducted a 6-month, parallel-group, ran-
domized study of adules with early stage ALS. A derailed de-
scription of the study procedures is {ound in appendix E-T on
the Neurology Web site (www.neurology.org). The study pro-
tocol was approved by the institutional review boards of the
participating institutions, and all subjects provided wricten in-
formed consent,

[nitial statisucal analysis consultarion determined that 20
subjects per group were needed to determine wich 93% conti-
dence that a within-group population SD was no more than 1.4
times the observed sample SD. The study was stopped prior o
reaching this target because of the difficulty in finding partici-
pants who met the inclusion criteria, In particular, the increas-
ing availability of ALS pharmaceutical crials made recruiting
for this study problemaric,

Twenty-seven eligible, consecutive subjects were randomly
assigned, by selecting an opaque envelope thar contained group
assprnment, to ¢ither the resistance exercise group or the usual
care (stretching exercise) group, which served as the control
(figure}. Participants were prescribed an exercise program by a
research physical cherapist who was unblinded to group assign-
ment. Subjeces in the usual carve group received a program con-
ststing of once~daily U/LL and L/E strecching exercises. Subjects
in the resistance exercise group were also given the stretching
exercise program, and in addition, each subject was prescribed
an individualized U/E and L/E moderate-load and moderare-
intensity resistance exercise program. Resistance exercise pro-
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rocols were developed according to patient tolerance and
limirations, For example, if the subject could not move the limb
through available range of motion against gravity {(c.g.. muscle
strength grade less than 3), no exercise was prescribed for that
muscle group. Compliance and adverse ettects were monitored
throughout the study period.

Subjects were assessed ar baseline and monthly thereafrer
for 6 months, All monthly evaluations were performed by a
second research physical therapist who had extensive ALS clin-
ical rrial testing experience and who was blinded 1o group as-
signment. The subjects were not blinded to the type of exercise
program they performed and were instructed not to reveal cheir
group assignment to the evaluating physical therapist, Even
with these precautions, there were some rare instances of un-
blinding, The blinded evaluating physical therapist did not dis-
cuss potential results of che study ourcomes with the subjects,
and data analysis was conducted without knowledge of group
dentities,

The primary endpoine was the change in global funcrion ar
6 months, as measured by the ALSFRY, a widely used and ex-
tensively validated funcrional scale for ALS.™ The ALSERS
cvaluates bulbar and breathing function, i addition to extreny-
ity function; thus, we also analyzed the combied U/E and L/L
subscale score (ALSFRS items 4 to 9), in addition to tocal
ALSFRS score. Secondary outcome measures included fatigue,
as measured by the Batigue Severicy Scale (FSS)," and guality of
hfe was measured using the Shore Form-36 (8F-36).'

Beeause resistance exercise has not been extensively studied
in paricnes with ALS, ar cach monthly visit, we also evaluated
muscle strength using maximum voluntary sometric contrac-
tion (MVICY and forced vital capacity (FVC) to monitor for
signs of adverse effects of the prescribed exercise,

Data analysis. The available case analysis used all subjects
who completed the study at 3 and 6 months, Kolmoporov—-
Smirnov rest of normality was nonsignificant for all variables,
except for baseline SV-36 role disability due to physical health
problems (R-P) subscale score. Usual care and resistance exer-
cise group mean daca for primary, sccondary, and satery out-
come measures were compared at 3 and 6 months using the ¢
test. For the R-P subscale score, comparisons between the two
groups’ median scores were made using the Wilcoxon rank sum
test. Baseline characteristics were analyzed using ¢ test, ¥v2, or
Fisher exact tese. p << 0.05 was considered to be significant for
all tests,

We examined data trends post hoe, We did not expect a bias

in favor of the resistance exercise group, as dropout rates and

reasons for dropours did not differ significantly berween
groups. Regardless, we completed a stringent intention-to-treat
analysis and imputed usual care group means ar month 4 for
missing data points for both the resistance exercise and the
usual care group subjeces.™

RESULTS Recruirment began in Qctober 1999 and
ended in June 2005, Characteristics of the enrolled
subjccts are shown in table B-1, and results are sum-
marized in table E-2, There were no differences in
demographic and other variables between groups,
although there was a trend toward a worse SF-36
physical functioning score (P-F) in the usual care
group (n = (1.06).

Four usual care group subjects and five resistance
exercise group subjects did not complete the study
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(p = 0.70). Two subjects in each group who with-
drew were raking riluzole. Usual care group subjects
who discontinued had significantly lower SF-36 R-P
sub scale scores, and resistance exercise group sub-
jects who discontinued had significantly lower FSS
scores and significantly higher SF-36 R-P and vital-
ity sub scale scores (data not shown).

Of the subjects who discontinued, none of them
did so because they believed the exercise program
itself was resulting in a worsening of their condi-
tion, although three withdrew because they felr the
disease was progressing. No subjects reported that
exXcessive soreness, cramping, or fatigue precluded
performing either exercise protocol. The subject
who was dropped because of bypass surgery had a
history of cardiac problems including a previous

myocardial infarcrion, hypercholesteremia, and hy-
pertension controlled with medication. He was
given initial clearance to participate in the study by
his cardiologist.

Typically compliance was high or moderate for
the most subjects, although it fluctuated in individ-
ual patients, ranging from high to non compliant in
any given month. The exception was one subject in
the usual care group, who did not comply with the

protocol and dropped out ar the 4-month visit. The
four subjects who withdrew because of depression,
perceived disease progression, or perceived lack of
benefit from the study did not follow the protocol in

the month before withdrawing,

Differences between groups were found at 3
months for the combined U/E and L/E ALSFRS
score {t = —=2.05, df = 23, p = 0.05). At 6 months
there was a difference between groups for total
ALSFRS score (t = —2.48, df = 16, p = 0.02) and
combined U/E and L/E extremity ALSFRS scote (t =
—-3.03, df = 16, p = 0.01). At 6 months, only the
SE-36 P-F subscale score differed between groups
(t = 2.58.df = 16, p = 0,02). FSS score did not differ
at 3 or 6 months between groups.

At month 6, the MVIC lower extremity megas-
core was lower in the resistance exercise group (¢ =
—2.32, df = 16, p = 0.03), indicating less decline in
L/E. Baseline to month 6 % change in raw MVIC
data ranged from —0.80 to —37.15% in the usual
carc group and —47.22 to +35,34% in the resistance

exercise group. There was a greater than 10% posi-
tive change in raw MVIC values for four L/E muscle
groups in the resistance exercise group (data not
shown),

No differences were found at 3 or 6 months in
FVC.

All subjects who withdrew were lost to follow-
up. Total ALSFRS score and combined U/E and L/E

ALSFRS score remained different between groups at

G months (¢ = —=2.143, df = 25, p = 0.04; t =
—2.426, df = 25, p = 0.02) with intention-to-treat
analysis, and there were still trends toward less de-
cline in the MVIC L/E megascore and improved P-F
subscale scores for the resistance exercise group
(data not shown)., No other significant differences
were found berween groups with intention-to-treat
analysis.

DISCUSSION We found that a home-based
6-month moderate-load and moderate-intensity re-
sistance exercise program resulted in significantly
less decline in global function in patients perform-
Ing resistance exercise, as measured by the total
ALSEFRS score. Because a decision was made to end
the study early and the dropout rate was high, the
study is powered at approximately 71% (ALSERS)
and the effect size is 0.53 (Cohen d = ~1.23). Our
findings are encouraging, as the exercise program
did not have detrimental effects and subject adher-

ence was generally good, with most subjects com-
pleting the prescribed exercise sessions on a month-
to-month basis.

The resistance exercise group had significantly
less decline in the SF-36 P-F subscale score at 6
months compared wich the usual care group, a find-
ing that may have been influenced by baseline dif-
ferences that were clinically but not statistically
significant as well as by differences in subjects who
remained in the study and those who withdrew. Al-
though intention-to-treat analysis failed to show a
difference in P-F subscale scores between the two
groups at 6 months, the usual care group had a lin-
ear decline in P-JF subscale scores over time, and the
resistance exercise group had a weak trend toward
less decline over time.

Among patients who completed the study, fa-
tigue scores at 6 months did not differ between the
groups. As there are no validated ALS-specilic fa-

tigue scales, we used the FS§ to measure fatigue, a
scale developed for patients with multiple sclero-
s1s.'7 The FSS may not be sensitive enough to detect
change in our ALS population; however, both
groups had higher fatigue scores by 6 months, ALS-
related fanigue may have a cencral origin' in addi-
tion to peripheral components, which may or may
not be afttected by exercise.

Safety outcomes demonstrated a trend toward a
linear decline over time in the usual care group and
a trend toward less decline over time or mainte-
nance in the resistance exercise group. Three U/E
and eight L/E muscle groups demonstrated a pasi-
tive change in muscle strength, as measured by
MVIC, over the study period. The L/E MVIC scores
declined significantly less in the resistance exercise
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group at 6 months, indicating that L/E muscle
strength declined less over time. The intenton-to-
treat analysis did not show a difference between the
groups.

Our protocol emphasized safety to minimize risk
and maximize adherence, as subjects were complet-
ing the exercise program at home without the bene-

fit of physical therapy supervision, Studies with

larger sample sizes are needed to confirm our re-
sults. Different and more aggressive exercise proto-
cols combined with closer monitoring of ALS
muscle changes using electrophysiologic measures
need to be examined. [t remains to be seen whether
the use of high-resistance programs and aerobic ex-
ercise provide benefits in people with ALS without
undue risks. Ideal resistunce exercise prescription
for patients with ALS has not yet been established
and the safery of using of a one repetition maximum
testing protocol to prescribe exercise warrants
investigarion.

A subset of people with ALS may respond more
positively to resistance exercises, both physically
and psychologically. The extent and arcas of in-
volvement, the stage and severity of ALS, the rate of
disease progression, and the severity of respiratory
and bulbar manifestations can intetfere with the
ability to participate in an exercise program. Exer-
cise may not have any ultinate influence on disease
progression and morrtality, and although exercise
may improve function, increase strength tempo-
rarily, and decrease the effects of disuse atrophy,
especially in the earlier stages of the disease, a pa-
tient who is hoping for a cure may not deem these
effects critical, Engaging in exercise may not be a
priority for some individuals, Others may believe
participating in an exercise program will lead to
permanent strength increases and may stop exercis-
ing when they realize that despite the program
strength is decreasing bhecause the disease is
Progressing,

An important imitation in this study is the sam-
ple size. Because the study participants completed
their exercise program at home, to ensure safety we
set the ALSFRS and FVC inclusion criteria quite
1igh, which limited the number of eligible partici-
hants. Clinically, we have tound that those with an
FVC of less than 90% predicted or an ALSERS score
of less than 30 tend to have more advanced disease.
We thought these patients might not be physically
able to complere a 6-month exercise protocol, thus
they were excluded.

Despite achieving a rcasonable initial sample size
for this patient population and type of research, we
had difficulty retaining subjects. Over the study pe-
riod, withdrawal increased: usual care group 0%
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and resistance exercise group n = 2 (15.4%) at 3
months; usual care group n = 4 (28.6%) and resis-
tance exercise n = § (38.4%) act 6 months. High
dropout rates are not unusual in ALS clinical stud-

ies, particularly those requiring longer follow-up.!
[t was not feasible to have patients attend the three
tertiary care study centers to complete the exercise
programs. Home exercise programs do not have any
elements of socialization, and alchough the social-
ization aspect of exercise is thought to contribute
positively to attendance and compliance,™ it 1s un-
likely that a high attendance rate for a group exer-
cise program would be sustainable long term for
people with ALS, as the disease progresses.

We excluded subjects who were enrolled in a
concurrent ALS clinical drug crial, This decision
also substantially imited the number of potential
subjects and contributed to the subject dropout. 1t 15
reasonable for patients faced with a devastating,
life-threatening illness to choose a pharmaceutical
trial that may slow disease progression rather than a
study that may influence function in the short term.
However, 1t 1s also imperative to conduct well-
designed, well-powered nonpharmaceutical clinical
studies to develop care plans based on the best avail-
able evidence. The difficultics we encountered in re-
cruiting and retaining subjects are not uncommon
and highlight the need to re-examine the best way to
conduct ALS studies and the need for innovative
clinical designs and approaches. Adequate and cost-
effective data collection methods and appropriate
intervention time frames and follow-up intervals
need to be balanced with the burden of data collec-

tion. The utility and feasibility of collecting daca
during home visits rather than clinic visits and using,
self-report measures that can be mailed to the study
center or that can be collected via the telephone
need to be explored. Although randomized control
rrials are the gold standard, alternative study de-
signs such as Comprehensive Cohort Design®' or
Two-Stage Randomized Design,** with or without
cross-over could be utilized. These designs consider
that randomization might not be acceptable to
patients and their families and rake into account pa-
tient preferences. Outcomes of these nonrandom-
ized studies do approximate those of randomized
studies.

Despite the poor prognosis of ALS, resistance ex-
ercises may be an essential component of the overall
care of patients with this disease. Patients with ALS
should be encouraged to engage in individualized

resistance programs that are nonfatiguing, We have
observed clinically that moderate resistance exercise
programs implemented early can reduce the compli-
cations associated with disuse atrophy. Avoiding
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these complications may maintain the patient’s mo-
bility and function for a longer period, thereby de-
creasing the patient’s need for assistance with
activities of daily living and transters. Patients who
participate In an exercise program may have a
greater sense of control over what is happening to
their bodies, These psychological benetits may en-
able patients to better maintain optimal functional

independence and enhance their quality of life and
well-being throughout all stages of the disease.
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