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Abstract The objective of our study was to perform a
randomized controlled trial (RCT) aimed to evaluate the
effects of three strictly monitored exercise programs
(SMEP) compared to ‘‘usual care’’ (UCP) in a cohort of
ALS patients. We included patients with definite and
probable ALS and disease duration B24 months. Patients
were randomized to receive a SMEPs or a UCP. SMEPs
included three subgroups of treatment: active exercises
associated with cycloergometer activity (1A), only active
(1B) and passive (1C) exercises, respectively. Moreover,
SMEP patients and their caregivers were trained to a daily
home-based passive exercise program. The UCP group was
treated with passive and stretching exercises twice weekly.
The treatment period for both groups was 6 months (T180),
and patients were assessed by revised ALS Functional
Rating Scale (ALSFRS-R), % Forced Vital Capacity
(FVC %), and McGill Quality of Life (MGQoL) questionnaire. ALSFRS-R score was also evaluated at 6 months
after the treatment period (T360). Sixty ALS patients were
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randomly assigned to one of two arms: SMEP Group
included 30 patients, ten subjects for each subgroup (1A,
1B, and 1C); 30 patients were included in the UCP Group.
At T180 and T360, SMEPs group had significantly higher
ALSFRS-R score compared to the UCP group (32.8 ± 6.5
vs 28.7 ± 7.5, p = 0.0298; 27.5 ± 7.6 vs 23.3 ± 7.6,
p = 0.0338, respectively). No effects of SMEPs on survival, respiratory decline and MGQol were found. In
conclusion, although no effect on survival was demonstrated, our data suggest that a strictly monitored exercise
program may significantly reduce motor deterioration in
ALS patients.
Keywords Exercise  Amyotrophic lateral sclerosis 
Cycloergometer  ALSFRS-R

Introduction
Amyotrophic lateral sclerosis (ALS) is characterized by the
degeneration of upper (corticospinal) and lower (spinal and
bulbar) motor neurons, leading to progressive muscle
atrophy and paralysis [1]. Patients die on average within
3 years after symptom onset, usually because of respiratory
failure. The median age of onset of ALS is 55 years [2].
The incidence of this disorder is 1.5–3.0 per 100,000 person-years in industrialized countries [3]. Muscle weakness
and atrophy are considered the cardinal signs of ALS.
Initial muscle weakness usually occurs in isolated muscles.
This is then followed by progressive and generalized
atrophy and weakness associated with functional limitations [4, 5]. There is no cure yet for ALS and the only agent
currently licensed for the treatment of ALS is riluzole, an
anti-excitotoxic agent that inhibits the release of glutamate,
however, that improve the survival of 3–6 months [6–9].
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In the general population, physical exercise exerts a wide
range of benefits on health and well-being, controls weight
[10], increases muscle strength [11], stimulates the immune
system [12], and exerts a positive effect on cardiovascular
function [10, 13]. There is also evidence that physical
exercise may have a neuroprotective function [14, 15].
Whether physical activity promotes or prevents progression
of motor neuron degeneration in ALS is still debated.
Vigorous exercise exacerbates the disease progression in
ALS animal models and patients [16–18] whereas moderate
exercise regimens improve ALS patients’ functional scoring and disease symptoms [19, 20]. A recent Cochrane
analysis evaluating studies focused on the therapeutic effect
of exercise in people with ALS identified only two randomized controlled trials [21], the first one based on a
twice-daily exercise program of moderate load, endurance
exercise [19] and the second study based on thrice weekly
moderate load resistance exercises [20]. Both studies
showed a reduction of the motor deterioration evaluated by
the revised ALS Functional Rating Scale (ALSFRS-R)
compared to the ‘‘usual activities’’ but both studies were too
small to elucidate whether exercise is beneficial or harmful
in people with ALS.
We conducted a randomized controlled trial (RCT) to
evaluate the effects of three strictly monitored exercise
programs (SMEP) compared to ‘‘usual care’’ in a cohort of
patients with ALS.
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with riluzole for at least 3 months and evidence of disease
progression over the last 3 months were included in the
study. Table 1 describes the inclusion and exclusion criteria of the trial.
Intervention
Eligible participants were randomized to one of the three
strictly monitored exercise programs (SMEP-1, -2, -3) or to
home-based passive exercise programs (UCP). Randomization to the SMEP cohort (group 1) implied treatment by
a trained physiotherapist at the NEMO Center followed by
treatment by a trained caregiver at home according to a
standardized treatment regimen. All patients of the SMEP
groups were treated daily for 2 weeks each month, for 6
consecutive months, according to the exercise program
designed for each subgroup. To reduce the risk of drop-out
related to the difficulty to reach daily and every week the
Centre, we choose this treatment frequency. In particular,
three SMEPs were considered:
–

Methods
Study design
A 6-month, single-blinded, randomized controlled trial
(RCT) followed by a 6-month follow-up was conducted in a
dedicated Neuromuscular Clinic in Milan, Italy, the NEMO
(NEuroMuscular Omnicomprehensive Center) Clinical
Center to evaluate the effects of Strictly Monitored Exercise
Programs (SMEPs) compared to a home-based passive
exercise program (usual care program, UCP) in a cohort of
patients with ALS. The study protocol was approved by the
local IRB (Niguarda Ca’ Granda Hospital).
Participants
Informed consent according to the declaration of Helsinki
was obtained from all participants. Patients fulfilling
diagnostic criteria for definite, probable, and probable
laboratory-supported ALS with a duration of disease of less
than 24 months, mild to moderate disability (documented
by satisfactory bulbar and spinal function—minimal score
of 3 on ALS-FRS-R for swallowing, cutting food and
handling utensils, and walking), a steady treatment regimen

–

–

Smep-1 included patients who were treated with an
active exercise program combined with cycloergometer
activity. The active exercise program was performed at
the NEMO Center with the trained physiotherapist and
it included active exercises against gravity in six muscle
groups in the upper and lower limbs. Only muscles of
muscle strength greater than 3 MRC were treated. Each
muscle group was subjected to three sets of three
reps each. The cycloergometer activity was performed
using an electrically braked horizontal cycloergometer
for lower limbs associated with a body ergometer for
upper limbs (TheraTrainerÒ) from a sitting position.
Training intensity of the treatment program was fixed at
60 % of the patients’ maximal power output and
maintained for all the treatment period. The duration
of each cycle ergometer session was 20 min.
Smep-2 included patients who were treated only with
an active exercise against gravity in six muscle groups
in the upper and lower limbs. Only muscles of muscle
strength greater than 3 MRC were treated. Each muscle
group was subjected to three sets of three reps each.
Smep-3 included patients who were treated with a
passive exercise protocol consisting of 20 min of 20
flexion–extension movements per minute in six muscle
groups in the upper and lower limbs.

Exercise in all three groups of patients was limited by
the subjects’ fatigue as evaluated by the Borg perceived
scale (7/10) and by the heart rate (75 % of the predicted
value).
Group 2 (UCP group) included patients who were randomized to receive a ‘‘usual care’’ program performed only
2 days every week and based on passive exercises,
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Table 1 Inclusion and exclusion criteria of the present study
Inclusion criteria
Age between 18 and 75 years
Diagnosis of definite, probable, or probable laboratory-supported ALS
Disease onset B24 months
Mild to moderate disability, documented by satisfactory bulbar and spinal function (minimal score of 3 on ALS Functional Rating Scale
[ALS-FRS-R] 34 for swallowing, cutting food and handling utensils, and walking)
BMI C18
FVC C70 % predicted
Exclusion criteria
Serious medical conditions, such as cardiovascular disorders, arterial hypertension, renal or hepatic failure, thyroid disease
Severe mental deterioration
Non compliance with previous treatments
Distance greater than 30 km from study Center (NEMO)
ALSFRS-R revised ALS functional rating scale [24], BMI body mass index, FVC forced vital capacity

consisting of 20 min of 20 flexion–extension movements
per minute in six muscle groups in the upper and lower
limbs followed by stretching exercise in the four limbs.
Primary outcome
The primary outcome was the monthly change in global
function as measured by the ALSFRS-R scale.
Secondary outcomes
The secondary outcomes were: change in mean ALSFRS-R
subscores (bulbar, motor and respiratory function) at T180
and T360; number of death/tracheostomy at 6 and
12 months; change in quality of life subscores.
Assessments
At baseline (T0) and after 2 (T60), 4 (T120), and 6 (T180)
months, patients were subjected to the following assessments or procedures:
–

–
–

ALSFRS-R [22]. This scale is a validated rating instrument to monitor the progression of disability in
patients with ALS, evaluating three different domains
(bulbar, motor and respiratory function).
Forced Vital Capacity percentage (FVC %);
McGill Quality of Life (MGQoL) questionnaire [23].
This scale assesses six domains, including: Single Item,
a single question among overall quality of life in the
past 2 days; Physical Symptoms or Physical Problems;
Psychological Symptoms or Psycological Problems;
Physical well-being; existential well-being; support.

Moreover, in all patients only the ALSFRS-R score was
also evaluated at 6 months after the treatment period (T360).
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Sample size
In order to detect a 10 % difference in the mean monthly
ALSFRS-R total score between the SMEP and the UCP
groups with a power of 80 % and an alpha risk of 5 %, 60
patients (30 patients in each treatment group) were calculated to be needed in this study. The sample size calculation was based on data obtained from the NEMO ALSdatabase and specifically on the functional deterioration
data in patients with ALS.
Data analysis
All analyses were conducted using SAS 9.3 (SAS Institute,
Inc, Cary, NC). Data were reported in the text and in the
tables as means and standard deviations for continuous
variables and as numbers for non-continuous variables.
Statistical differences between the SMEPs and the UCP
groups mean data for primary, secondary, and safety outcome measures were compared using t test. Comparisons
among the SMEPs subgroups and the UCP group were
made using the Wilcoxon rank sum test. Baseline characteristics were analyzed using t test and V2 test. A
p value \0.05 was considered statistically significant and
was Bonferroni-adjusted for all tests. We inputted the UCP
means for missing data points for both SMEPs and UCP
subjects.
Blindness
To preserve blindness, each patient was followed by two
physicians: a treating physician, who was aware of the
treatment allocation and watched for adverse events; an
evaluating physician, who was not aware of treatment
allocation and performed all clinical assessments, including
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ALS-FRS-R, FVC % and MGQoL. Data analysis was
conducted without knowledge of group identities.

Results
Participant numbers and flow chart are shown in Fig. 1.
Baseline characteristics are presented in Table 2.
Between April 2009 and April 2012, 62 consecutive
patients with probable or definite ALS were assessed for
eligibility to the treatment. Two patients were excluded and
60 patients were randomly assigned to SMEP and UCP
groups. In detail, 30 ALS patients were assigned to the
SMEPs arm (group 1) and the remaining 30 patients were
randomized to the UCP arm (group 2). Patients were
equally distributed in the two treatment arms, according to
their demographic and clinical characteristics (Table 2).
Most participants (85 %) were on riluzole therapy at a
stable dose (100 mg daily) for 60 days prior to the study
and continued medication for the whole treatment period.
During the treatment period, in the SMEP group there
were three dropouts, one patient fell accidentally and had a
leg fracture, another one did not comply with scheduled
visits and the third patient died. One patient in the UCP
group died before completion of treatment period. By the
end of the follow-up period (T360) three additional patients
of the SMEP group died and two required tracheostomy
due to respiratory worsening. On the other hand, in the
UCP group, two patients died and three required tracheostomy for respiratory failure. None of the deaths or
tracheostomy procedures in both groups were related to the
Fig. 1 Random assignments to
treatment, withdrawals during
the treatment and follow-up
periods and completion of the
trial. The number of patients
who died during the treatment
and follow-up phases is also
reported

treatment, but were attributed to the natural history of the
disease.
However, the dropout rates and reasons for dropouts did
not differ significantly between the groups (22 of 30
completed in the SMEP group and 25 of 30 in the UCP
group, p = 0.141) excluding a bias in favor of the SMEP
group.
Effects of treatment
Considering all patients recruited in the SMEP group, the
mean (standard deviation, SD) ALSFRS-R score at the end
of treatment period (T180) was higher compared to those
treated in the UCP group (32.8 ± 6.5 vs 28.7 ± 7.5,
p = 0.0298; Table 3; Fig. 2). Interestingly, the difference
remained significant between the two groups (27.5 ± 7.6
vs 23.3 ± 7.6, p = 0.0338; Table 3; Fig. 2) also at the end
of the follow-up period (T360). Regarding the ALSFRS-R
sub-scores (bulbar, motor and respiratory function) we
found a significant difference only in the motor domain
score at T180 and T360 comparing the SMEP and UCP
groups (T180: 14.8 ± 4.3 vs 11.5 ± 5.9, p = 0.0158;
T360: 11.6 ± 4.8 vs 8.4 ± 6.1, p = 0.0293; Fig. 3).
Considering the three subgroups in the SMEP group,
patients treated with the active exercise program combined
with the cycloergometer activity (SMEP-1) were the ones
in whom the difference in the ALSFRS-R total score at
T180 and T360 compared with the UCP group (Table 3)
was more significant. No differences in the ALSFRS-R
total score were found comparing the patients of the other
two SMEP subgroups and the UCP subjects (Table 3).
Assessed for eligibility
(n=62)
Excluded (n=2)
Randomly Assigned
(n=60)

Group 1 – SMEP (n=30)
subgroups 1A (n=10)
subgroups 1B (n=10)
subgroups 1C (n=10)
Withdrew
Leg fracture (n=1)
Non – compliant (n=1)
Death (n=1)
Analyzed at the end of treatment period (n=
27)
Withdrew
Tracheostomy (n=2)
Death (n=3)
Analyzed at the end of follow-up period
(n=22)

Group 2 – UCP (n=30)

Withdrew
Death (n=1)

Analyzed at the end of treatment period (n=
29)
Withdrew
Tracheostomy (n=2)
Death (n=2)
Analyzed at the end of follow-up period
(n=25)
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Table 2 Clinical characteristics
of recruited patients at baseline
between SMEP and UCP groups
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SMEP groups (N = 30)

UCP group (N = 30)

p
ns

Age

61.1 ± 10.1

60.3 ± 9.9

Sex (male/female)

21/9

17/13

ns

Site of onset (bulbar/spinal)

8/22

10/20

ns

Disease duration (mean ± SD) months

15.2 ± 7.2

13.7 ± 6.1

ns

ALSFRS-R (mean ± SD)

39.1 ± 4.7

38.3 ± 5.1

ns

Bulbar (mean ± SD)

9.5 ± 3.1

9.7 ± 2.8

ns

Motor (mean ± SD)

18.4 ± 3.3

17.3 ± 4.0

ns

Respiratory (mean ± SD)

11.2 ± 1.3

11.3 ± 1.1

ns

% FVC (mean ± SD)

92.5 ± 23.3

93.9 ± 14.7

ns

SMEP strictly monitored exercise program, UCP usual care program, % FVC % forced vital capacity

Table 3 Mean monthly ALSFRS-r total score among SMEP group and its subgroups and UCP group

ALSFRS-r total score (T0)

SMEP

p

SMEP-1

p

SMEP-2

P

SMEP-3

p

UCP group

39.1 ± 4.7

ns

41.7 ± 5.6

0.0232*,§

36.9 ± 3.6

ns

38.8 ± 3.6

ns

38.3 ± 5.1

ALSFRS-r total score (T30)

37.0 ± 5.1

ns

38.7 ± 6.4

ns

36.5 ± 3.5

ns

35.9 ± 5.0

ns

38.1 ± 4.3

ALSFRS-r total score (T60)

35.8 ± 5.8

ns

36.8 ± 7.9

ns

35.7 ± 4.7

ns

34.9 ± 5.4

ns

36.6 ± 4.8

ALSFRS-r total score (T90)

35.1 ± 6.2

ns

36.3 ± 8.3

ns

34.6 ± 4.7

ns

34.3 ± 5.3

ns

34.3 ± 6.4

ALSFRS-r total score (T120)

34.7 ± 6.1

ns

35 ± 9.1

ns

34.0 ± 4.6

ns

35.1 ± 3.7

ns

32.7 ± 7.2

ALSFRS-r total score (T150)

33.5 ± 6.2

ns

33.7 ± 9.4

ns

32.8 ± 4.7

ns

34.0 ± 4.5

ns

32.1 ± 7.8

ALSFRS-r total score (T180)

32.8 ± 6.5

0.0298*

33.9 ± 9.6

0.0336*

32.2 ± 5.3

ns

32,2 ± 4,0

ns

28.7 ± 7.5

ALSFRS-r total score (T360)

27.5 ± 7.6

0.0338*

30.5 ± 9.5

0.0345*

24.6 ± 6.7

ns

27.5 ± 5.6

ns

23.3 ± 7.6

ALSFRS-R revised ALS functional rating scale [24], SMEP strictly monitored exercise programs, UCP usual care program
* Compared to UCP
§

SMEP-1 vs SMEP-2 p = 0.0137; SMEP-1 vs SMEP-3 p = 0.0191

Fig. 2 Monthly mean
ALSFRS-R scores over time for
the SMEP (filled diamond) and
UCP (filled circle) groups. At
T180 and T360, SMEP group
had significantly higher
ALSFRS-R score compared to
the UCP group (32.8 ± 6.5 vs
28.7 ± 7.5, p = 0.0298;
27.5 ± 7.6 vs 23.3 ± 7.6,
p = 0.0338, respectively)
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There was no effect of SMEPs on survival and decline
of respiratory function (mean FVC %).
In both groups quality of life (MGQoL total score or
subscores) was similar at T180, however, in SMEP group
the MG-psychological symptom (MG-PsyS) subscore was
significantly higher at T180 compared to T0 (Table 4).
Moreover, all patients included in the SMEP group
reported an improvement of subjective sense of well-being
at the end of every exercise session.

Discussion
Our results demonstrate that a strictly monitored exercise
program results in a less significant global function decline
in ALS in agreement with previous reports on other exercise programs in ALS patients [19, 20]. ALSFRS-R total
scores were maintained both at the end of the protocol and
after 6-month follow-up compared to the control group,
suggesting that the effects on disease progression could be
due both to the frequency and the intensity of the exercise
program applied. In this context, even if the number is
quite low (N = 10 per groups), the subgroup of patients
treated with active exercises combined with cycloergometer activity (SMEP-1) showed the higher effect on
motor function measured with ALSFRS-R.
Moreover, the delayed effect found at the end of the
follow-up period may support the idea of a potential protective effect of a monitored exercise program on disability
progression.
Previous studies on the effects of exercise in ALS have
yielded conflicting results [25–27]. This could be related to
the type, frequency and duration of physical activity and to
the heterogeneity of the populations studied where possible
confounding factors such as sex, ethnicity, diet, work
activities, co-morbidities, etc. may not have been entirely
taken into account. Bearing in mind that muscle weakness
is very common in people with ALS, it’s worthwhile to
consider that a weak muscle can be damaged if overworked
because it is already functioning close to its maximal

Monthly mean ALSFRS – r subscores between SMEP and UCP groups

24
SMEP

24

UCP
Motor subscore

18

SMEP

12
6
0

18

UCP

p <0.0158
p <0.0293

12

6
0

T0

T180
Time (days)

T360

SMEP
Respiratory subscore

24
Bulbar subscore

Fig. 3 Mean ALSFRS-r
subscores (bulbar, motor and
respiratory function) at T0,
T180 and T360 in SMEP and
UCP groups. At T180 and T360,
SMEP group had significantly
higher ALSFRS-R motor
subscore compared to the UCP
group (T180: 14.8 ± 4.3 vs
11.5 ± 5.9, p = 0.0158; T360:
11.6 ± 4.8 vs 8.4 ± 6.1,
p = 0.0293)

limits. Because of this, some experts have discouraged
exercise programs for people with ALS. However, if a
person with ALS is not active, deconditioning (loss of
muscle performance) and weakness from lack of use occur,
and these represent an additional detrimental effect which
aggravates the ALS-related deconditioning and weakness.
If the reduced level of activity persists, many organ systems can be affected and a person with ALS can develop
further deconditioning and muscle weakness; muscle and
joint tightness may occur leading to contractures (abnormal
distortion and shortening of muscles) and pain. Thus, in
ALS muscle weakness may worsen if physical activity is
avoided, and this, in turn, could lead to cardiovascular
deconditioning and disuse weakness, superimposed on the
weakness caused by the ALS itself [21]. Our results support the idea that a strictly monitored exercise program
might have positive physiological and psychological
effects on disuse weakness for people with ALS, especially
when implemented before significant muscular atrophy
occurs. Moreover, the exercise programs in our study
protocol did not have detrimental effects compared to usual
care program. Thus, in agreeing with the results of our
study a tailored exercise program, according to residual
muscle function and based on active and passive exercises
combined with cycloergometer activity seems not to be
harmful and should be suggested in patients with ALS.
The progressive paralysis in ALS is the result of
degeneration and demise of motor neurons [28]. Nevertheless, data from multiple studies suggest that toxicity is
non-cell-autonomous, meaning toxicity to motor neurons
derives from damage developed within cell types beyond
motor neurons [29–31] including skeletal muscle fibers
[32–34], fibroblasts [35, 36], and lymphocytes [37]. Several studies have suggested that morphofunctional alterations in skeletal muscle could precede motor neuron
degeneration [38–41], suggesting that muscle atrophy in
ALS could not be solely due to denervation but could be
intrinsic to the muscle fiber. These data support the concept
that therapeutic approaches targeted to reverse atrophy and
strengthen the muscular activity may prove to be beneficial

UCP

18
12

6
0

T0

T180
Time (days)

T360

T0

T180

T360

Time (days)
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Table 4 Clinical and QoL data at the end of the treatment (T180) between SMEP and UCP groups
T0
SMEP groups

T180
UCP group

p

SMEP groups

UCP group

p

Mean time enrolment to death, months (SD)

ns

10.8 (1.9)

7.9 (3.9)

ns

Mean % FVC (SD)

ns

75.8 (23.6)

66.5 (26.9)

ns
ns

Mean Mc Gill domains (SD)
MG-SIS

5.0 (3.1)

6.7 (2.6)

ns

5.3 (2.2)

5.0 (3.2)

MG-PhWB

5.7 (2.4)

7.2 (1.9)

ns

5.4 (2.4)

5.0 (2.8)

ns

MG-PhS

14.2 (8.1)

17.5 (7.6)

ns

13.6 (7.5)

10.9 (9.7)

ns

MG-PsyS
MG-EWB

18.0 (10.1)
44.4 (13.7)

25.1 (8.8)
52.6 (8.9)

ns
ns

22.9 (9.7)*
40.1 (15.2)

20.1 (14.9)
44.4 (13.8)

ns
ns

MG-SS

16.1 (4.0)

19.0 (1.7)

0.0031

17.1(3.3)

17.5 (2.5)

ns

% FVC % forced vital capacity, MG Mc Gill scale, MG-SIS MG single item scale, MG-PhWB MG-physical well-being, MG-PhS MG-physical
symptoms, MG-PsyS MG-psychological symptoms, MG-EWB MG-existential well-being, MG-SS MG-social support
* SMEP groups T0 vs SMEP groups T180 p = 0.0479

in this disease. In a previous study, we described that
muscular IGF-1 levels were decreased and this was associated to a down-regulation of the expression of activated
Akt, suggesting that muscle atrophy was associated in part
to intrinsic defects, not associated with myogenin-induced
atrophy during denervation [42, 43]. In this context, the
beneficial anti-atrophy effects of exercise training might
be mediated by inhibiting oxidative stress-induced MuRF1
up-regulation and by preventing MuRF1-mediated degradation of MHC [44].
Despite the beneficial effects of the exercise program
described in our cohort no effects of the SMEPs on survival, respiratory function and quality of life compared to
the UCP were found. Regarding the lack of effect on QoL
or the increment of psychological symptom subscore, it
may be that exercise may reduce disease progression, but
worsening of motor function occurs anyhow; so that this
probably outweighs the patients’ perception of QoL.
However, all patients included in the SMEP group
reported an improvement of subjective sense of well-being at the end of every exercise session as demonstrated
by the fact that the subject adherence was generally good,
with most patients completing the prescribed exercise
sessions.
In addition, although our results are encouraging,
there are several limitations to the study. Firstly the
number of patients was limited, in particular in the three
specific treatment groups (N = 10 per groups). Secondly,
we did not correlate functional improvement with biological markers of muscle activity, like VEGF expression
for instance [45]. The risk of bias in our study needs to
be considered, although this was limited due to the study
design which included two physicians, the first one who
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was aware of treatment allocation and watched for
adverse events and the second one who was not aware of
treatment allocation and performed all clinical
assessments.
Finally, our study also demonstrates the feasibility to
train caregivers to perform a daily home-based passive
exercise program including stretching. This emphasizes the
importance and the potentiality to perform a home-based
exercise program administered by caregiver regardless of
the degree of patient disability.

Conclusions
Despite its limitations, our study supports the idea that
physical activity is not a risk factor for ALS and may
eventually be protective against the disease [46–49]. ALS
care requires an integrated approach in which drugs,
nutritional and respiratory support need to be inserted in a
strictly monitored physical exercise program, early in the
course of the disease. Studies with larger sample sizes are
needed to confirm whether physical therapy and, in particular, strictly monitored exercise programs combined
with cycloergometer activity can be beneficial in ALS
patients.
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Léger B, Vergani L, Sorarù G, Hespel P, Derave W, Gobelet C,
D’Ascenzio C, Angelini C, Russell AP (2006) Human skeletal
muscle atrophy in amyotrophic lateral sclerosis reveals a reduction in Akt and an increase in atrogin-1. FASEB J 20:583–585

123

43. Lunetta C, Serafini M, Prelle A, Magni P, Dozio E, Ruscica M,
Sassone J, Colciago C, Moggio M, Corbo M, Silani V (2012)
Impaired expression of insulin-like growth factor-1 system in
skeletal muscle of amyotrophic lateral sclerosis patients. Muscle
Nerve 45:200–208
44. Chen GQ, Mou CY, Yang YQ, Wang S, Zhao ZW (2011)
Exercise training has beneficial anti-atrophy effects by inhibiting
oxidative stress-induced MuRF1 up regulation in rats with diabetes. Life Sci 89:44–49
45. Carilho R, de Carvalho M, Swash M, Pinto S, Pinto A, Costa J
(2014) Vascular endothelial growth factor and amyotrophic lateral sclerosis: the interplay with exercise and noninvasive ventilation. Muscle Nerve 49:545–550
46. Pupillo E, Messina P, Giussani G et al (2014) Physical activity
and amyotrophic lateral sclerosis: a European population-based
case-control study. Ann Neurol. 75:708–716
47. Veldink JH, Bar PR, Joosten EAJ, Otten M, Wokke JH, van den
Berg LH (2003) Sexual differences in onset of disease and
response to exercise in a transgenic model of ALS. Neuromusc
Disord 13:737–743
48. Liebetanz D, Hagemann K, von Lewinski F, Kahler E, Paulus W
(2004) Extensive exercise is not harmful in amyotrophic lateral
sclerosis. Eur J Neurosci 20:3115–3120
49. Veldink JH, Kalmijn S, Groeneveld GJ, Titulaer MJ, Wokke JH,
van den Berg LH (2005) Physical activity and the association
with sporadic ALS. Neurology 64:241–245

