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Abstract.

BACKGROUND: Patients with amyotrophic lateral sclerosis (ALS) develop respiratory failure and progressive muscle
weakness. The effects of pulmonary rehabilitation on the lung function of patients with ALS are unclear.

OBJECTIVE: Through this meta-analysis of randomized controlled trials (RCTs), we evaluated the effects of pulmonary
rehabilitation, such as type of treatment, on patients with ALS and compared the effectiveness of this treatment.
METHODS: PubMed, EMBASE, Web of Science, and Cochrane databases were searched until December 2020. The
methodological quality of each study was assessed using the updated Cochrane Risk of Bias tool (RoB 2.0). Data were
analyzed using Review Manager version 5.4 (Cochrane Collaboration, Oxford, England), and the meta-analysis was performed
in accordance with Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) guidelines.
RESULTS: Of 2168 articles, 10 trials were reviewed; among these trials, two focused on respiratory training and eight on
physical exercise, three of which involved a combination of aerobic and resistance training. Our meta-analysis demonstrated
no difference in the ALSFRS-R score and %FVC among patients with ALS.
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CONCLUSIONS: Respiratory training or physical exercise did not significantly affect the ALSFRS-R score and %FVC of
patients with ALS. At 12 months after intervention, the ALSFRS-R score in the physical exercise group was higher than

that in the usual care group. Further clinical trials are warranted to develop approaches for improving the lung function of

patients with ALS.
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1. Introduction

Amyotrophic lateral sclerosis (ALS) is a progres-
sive neurodegenerative disease that may affect any
voluntary muscle, including both upper and lower
motor muscles. The goal of treatment for ALS is to
improve symptoms and provide supportive care as
well to improve quality of life and prolong patient sur-
vival (van Es et al., 2017). ALS management focuses
on pharmacological treatments, breathing support
(including noninvasive ventilation or invasive ven-
tilation), physical therapy, nutrition, and end-of-life
care. Thus, physical therapy and exercise prescrip-
tion play important roles in the rehabilitation of
patients with ALS by delaying the loss of strength,
maintaining endurance, limiting pain, and promoting
functional independence. A previous study reported
that resistance exercises provide significantly better
functional benefits, as measured by the Amyotrophic
Lateral Sclerosis Functional Rating Scale (ALSFRS);
however, no differences were found in forced vital
capacity (FVC) at 3 or 6 months after intervention
(Dal Bello-Haas, et al., 2007).

Respiratory failure and progressive muscle weak-
ness are common concerns in patients with ALS.
Respiratory muscle weakness results in ineffec-
tive cough; decreased inspiratory muscle strength
may lead to alveolar hypoventilation, ventilation—
perfusion mismatch, and further respiratory muscle
fatigue, which may lead to respiratory failure and
even death. On average, death may occur within 3
years of diagnosis (Brown & Al-Chalabi, 2017). The
exact cause of this disease is unknown, and it has
a genetic probability of 5%—10% (Kiernan, et al.,
2011). No cure for ALS has been reported thus far.

Pulmonary rehabilitation can improve lung func-
tion, improve exercise capacity, reduce symptom
severity, and improve quality of life, especially in
patients with chronic obstructive pulmonary disease
(Rochester, et al., 2015). The benefits of pulmonary
rehabilitation are reduced dyspnea, reversal of anx-
iety and depression, enhanced ability to perform
activities of daily living, increased exercise ability,
and higher quality of life. Previous studies reported
that respiratory muscle training improved the ventila-

tory function and respiratory strength of patients with
multiple sclerosis and ALS but did not affect FVC
(Cheah, et al., 2009; Ferreira, et al., 2016; Gosselink,
etal., 2000; Pinto & de Carvalho, 2013). However, the
effects of pulmonary rehabilitation on the lung func-
tion of patients with ALS are still unclear; clearer
treatment and intervention protocols are warranted.
Therefore, we conducted a meta-analysis of random-
ized controlled trials (RCTs) to evaluate the effects
of pulmonary rehabilitation, such as type of treat-
ment, on ALS and to compare the effectiveness of
this treatment.

2. Methods

2.1. Search strategy

PubMed, EMBASE, Web of Science, and Coch-
rane databases were searched until December 2020.
The following keywords were used: “rehabilitation
or pulmonary rehabilitation” AND “ALS or amy-
otrophic lateral sclerosis.” MeSH terms and their
synonyms were used, and no language restriction was
applied. This study was registered in the PROSPERO
database (CRD42020204884) and adhered to the Pre-
ferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) checklist (Liberati et al.,
2009). Relevant studies were selected independently
by three authors (HCC, LLC, and CLS). Any conflicts
in study selection were discussed with a fourth author
(KWT) and were resolved by reaching a consensus.

2.2. Study selection

2.2.1. Eligibility criteria

RCTs, trials in patients with ALS, and those
with pulmonary rehabilitation interventions were in-
cluded in this meta-analysis. Nonhuman trials and
nonintervention research were excluded. After re-
moving duplicate results, the titles and abstracts were
searched to preliminarily identify eligible studies.
The full texts were then evaluated to identify eligible
studies, which were ultimately included in the meta-
analysis. Any disagreements were resolved through
discussion with the fourth reviewer (KWT).
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2.2.2. Data extraction

Baseline and outcome data were independently
extracted by reviewers; the extracted data included
study characteristics (first author, publication year,
design, inclusion criteria, participants characteristics,
and interventions) and outcomes. The individually
recorded data by the reviewers were then compared.

2.2.3. Methodology assessment

The methodological quality of each study was
assessed using the updated Cochrane Risk of Bias tool
(RoB 2.0) (Sterne, etal.,2019). The quality was deter-
mined by assessing bias in five domains: bias due
to the randomization process, bias due to deviations
from intended interventions, bias due to missing out-
come data, bias in the measurement of the outcome,
and bias in the selection of the reported result. The
overall risk of bias was classified as high, having some
concerns, and low. Three reviewers (HCC, LLC, and
TPF) independently assessed the risk of bias, and any
differences were resolved through discussion with the
fourth reviewer (KWT).

2.2.4. Outcome assessment

The primary outcome was the change in the Re-
vised ALS Functional Rating Scale (ALSFRS-R)
score, and the secondary outcome was the change
in FVC. The ALSFRS-R assesses the severity of
ALS as well as respiratory function. ALS measure-
ment involves the evaluation of speech, salivation,
swallowing, handwriting, cutting food and handling
utensils (with or without gastrostomy), dressing and
hygiene, turning in bed and adjusting bed clothes,
walking, climbing stairs, dyspnea, orthopnea, and
respiratory insufficiency (points are assigned for all
12 measures). The total score ranges from 0 to 48,
with a higher score indicating higher functional status
(Cedarbaum, et al., 1999). The ALSFRS-R provides
more weight to respiratory symptoms (compared with
the original ALSFRS) and is quick and easy to score.
FVC is the amount of air that can be forcibly exhaled
from the lungs after taking the deepest breath pos-
sible, as measured using spirometry. FVC is used to
evaluate lung function and measures the effect of lung
disease on one’s ability to inhale and exhale.

2.3. Data pooling and statistical analysis

Data were analyzed using Review Manager version
5.4 (Cochrane Collaboration, Oxford, England), and
the meta-analysis was performed in accordance with
PRISMA guidelines (Liberati, et al., 2009). Continu-
ous variables are expressed using the mean difference

(MD) and standard MD. The precision of effect sizes
was reported as 95% confidence intervals (Cls). The
study-level data were pooled using a random-effects
model (DerSimonian & Laird, 1986). Cochran’s Q
and I? statistics were calculated to evaluate the sta-
tistical heterogeneity and inconsistency of treatment
effects, respectively, across trials. Statistical signifi-
cance was set as P<.10 for Cochran’s Q tests. Sta-
tistical heterogeneity across trials was assessed using
the /7 test, which quantifies the proportion of total
outcome variability across trials. Trials with > > 50%
were considered to have significant heterogeneity.

3. Results
3.1. Included studies

A total of 2168 articles were retrieved from the
aforementioned databases, of which 1952 articles
remained after deleting duplicate records; 231 arti-
cles were excluded after examination of their titles
and abstracts, and the eligibility of 1721 articles was
evaluated. After reviewing the remaining 21 full-text
articles, 10 RCTs (Braga, et al., 2018; Clawson, et
al., 2018; Dal Bello-Haas, et al., 2007; Drory, et al.,
2001; Lunetta, et al., 2016; Pinto, et al., 2012; Merico,
et al., 2018; Plowman, et al., 2019; van Groenestijn,
et al., 2019; Zucchi, et al., 2019) were included in
the analysis. The study screening process is shown in
Fig. 1.

3.2. Characteristics of included studies

The characteristics of the trials analyzed are dis-
played in Table 1. Most of the included trials were
published from 2016 to 2019 (Braga, et al., 2018;
Clawson, et al., 2018; Lunetta, et al., 2016; Merico,
et al., 2018; Plowman, et al., 2019; van Groenestijn,
et al., 2019; Zucchi, et al., 2019). Of the 10 trials,
2 involved respiratory training interventions (Pinto,
et al., 2012; Plowman, et al., 2019) and 8 involved
physical exercise interventions (Braga, et al., 2018;
Clawson, et al., 2018; Dal Bello-Haas, et al., 2007;
Drory, et al., 2001; Lunetta, et al., 2016; Merico,
et al., 2018; van Groenestijn, et al., 2019; Zucchi,
et al., 2019), 3 of which involved a combination
of aerobic exercises and resistance training (Merico,
et al., 2018; van Groenestijn, et al., 2019; Zucchi,
et al., 2019). The study participants were mostly
patients with mild to moderate ALS; most patients
were men (65.5%), and the average patient age was
60.7 (range, 18-80) years. The minimal ALSFRS-R
(048) score was 36.6 + 6.3 points (Plowman, et al.,
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Fig. 1. Flowchart of the study.

2019), and the maximal score was 42.3 + 3.5 points
(van Groenestijn, et al., 2019). The lowest FVC of
lung function was 80.7% =+ 10.0% (Plowman, et al.,
2019), and the highest FVC was 101.19% £ 17.9%
(Clawson, et al., 2018). Respiratory training interven-
tion were active inspiratory exercise programs (Pinto,
et al.,, 2012) and expiratory muscle strength train-
ing (Plowman, et al., 2019), and physical exercise
interventions were resistance exercise (Dal Bello-
Haas, et al., 2007); cardiopulmonary exercise testing
(Braga, etal., 2018); resistance, endurance, or stretch-
ing/range of motion exercise (Clawson, et al., 2018);
moderate physical exercise program (Drory, et al.,
2001); strictly monitored exercise programs (Lunetta,
etal., 2016); aerobic exercise therapy (Merico, et al.,
2018; van Groenestijn, et al., 2019); and intensive
exercise regimen (Zucchi, et al., 2019). The short-
est and longest intervention durations were 5.3 + 6.9
and 30.2 &= 11.8 months, respectively, after ALS diag-
nosis (van Groenestijn, et al., 2019; Merico, et al.,
2018).

3.3. Methodological quality of included trials

The methodological quality of the included tri-
als is shown in Table 2 and Fig. 2. The quality was
assessed using the Cochrane risk of bias tool (RoB
2.0). The study by Braga et al. (2018) was considered

to have two high-risk biases: bias due to deviations
from intended interventions and bias due to miss-
ing outcome data (incomplete outcome data). Patients
from Group 1 (n=24) in their study performed aer-
obic exercise with controlled intensity; all patients
underwent cardiopulmonary exercise tests (CPETS).
Among patients from Group 2 (n=24) who received
standard care, six patients underwent CPET. Six
months later (end of the study protocol), all patients
from Group 1 completed the exercise program, but
only 19 (79%) had independent gait at the second
CPET evaluation; six patients from Group 2 under-
went the first CPET, and only five of those underwent
the second CPET. The study by Drory et al. (2001)
was considered to have a high risk of bias due to
deviations from intended interventions, because all
patients in both groups showed marked deterioration
during the follow-up period and the drop-out rate was
high.

3.4. Outcomes

Based on the availability of complete research data
of the included trials, only five RCTs were included
in the meta-analysis. Data were imputed as the SD
of change from the baseline in each group and are
presented as an average difference; a more negative
difference indicated a worse result.
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Table 1
Characteristics of the included studies
Author [year] Inclusion Patient Age (M£SD)  Severity Intervention and Method Outcome
criteria (male, %) ALSFRS-R measure
(M £SD)
Respiratory training:
Pinto [2012]  ALS E: 13(54) E:57.1+£9.3 E:344+£3.6*  E:active IMT protocol 2 ALSFRS
Age 18-75ys C: 13(85) C:56.8+8.7 C:335+38 times/ day for 8 months FSS
Disease <24 ms (threshold load was setto ~ FIM
ALSFRS >24 30-40% of the MIP) FvC
FVC>70% C: a placebo exercise MEP
program for the first 4 PEF
months and then active MVV
exercise for the second
4-month period
Plowman ALS E: 24(71) C: E:63.1+£100 E:36.6+6.3 E: Expiratory muscle ALSFRS-R
[2019] FVC>65% 24(50) C:60.1+£103 C:37.5+£6.1 strength training (EMST) FVC
ALSFRS-R >30 for 8 weeks (set at 50% of MEP
pt’'s MEP) PEF
C: sham EMST (the internal Swallowing
spring removed)
Physical exercise:
Braga [2018] Age 18-90ys E: 24(75) E:632+130 E:404+5.0 E: Aerobic Exercise ALSFRS-R
Disease 624 ms C: 24(59) C:62.0+12.1 C:374+49 Controlled Intensity FvC
ALSFRS- (AECI) (2 times/ week on VO,
R>30 a treadmill, training zone ~ VCO,
FVC > 70% determined by CPET; VE
moderate intensity for 6
months)+SC
C: standard care
Clawson ALS E1:21(71) E1:57.7+9.7 E1:39.7+3.7 El: Stretching exercise Tolerability
[2018] E2:18(50) E2:63.7+10.6 E2:39.24+4.9 (SROM) for 6 months ALSFRS-R
E3:20(75) E3:57.8+11.9 E3:39.6+5.0 E2: Resistance exercise FvC
(weightlifting: weights for FSS
upper and lower limbs, ALSQoL
determined by IRM each ~ VOpmax
week)
E3: Endurance exercise
(stationary bicycling:
cycling for upper and
lower lims)
Dal Early stage ALS E: 13 NP NP E: resistance exercises (6 ALSFRS
Bello-Haas FVC>90% C: 14 months, 2-3 times/week FSS
[2007] ALSFRS > 30 stretching, (in muscle SF-36
strength grade >3, with FvC
moderate load)+UC MVIC
C: usual care (once daily
stretching exercises)
Drory [2001]  Mild-moderate  E: 14(57) E:58.0+13.2 Eand E: moderate daily exercise ALSFRS
stages ALS C: 11(55) C:60.7+16.4  C: Mean 27.5* program (15 mins/time, FSS
Age 41-80ys 2times/day) for 6 months ~ SF-36
C: only usual daily life Visual analogue
requirement, no physical scale
activity
Lunetta [2016] Mild-moderate  E: 30(70) E: 61.1£10.1 E:39.1+4.7 E: strictly monitored exercise ALSFRS-R
disability ALS (1A-10, I1B- 10, C:60.3+9.9 C:38.3+5.1 programs (SMEP) (daily =~ FVC
Disease <24 ms 1C-10) for 2 weeks/month, for 6 MGQoL
Age 18-75ys C: 30(57) months, three subgroups)  Survuval
FVC >70 % C: usual care (passive

exercise in 6 muscle for
20mins and stretching
2days/week)

(Continued)
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Table 1
(Continued)
Author [year] Inclusion Patient Age (M£SD)  Severity Intervention and Method Outcome
criteria (male, %) ALSFRS-R measure
(M +£SD)
Physical combined aerobic and resistance training:
Merico [2018] Mild-moderate  E: 23(57) E:61.6+10.6 E:36.1+4.7 E: ALS-EP (progressive FSS
disability ALS C: 15(67) C:59.8+147 C:345+£3.6 training muscle strength FIM
and aerobi endurance, 6MWT
daily for 5 weeks, aerobic MRCSS
intensity of 65% of MHR, VO,
duration of 15-20 minutes)
C: ALS-SNT (standard
neuromotor rehabilitation
treatment) (consisting 1
hour of stretching, active
mobilization and general
muscle reinforcement)

Van Ambulatory E: 27(67) E:609+100 E:423+35 E: Aerobic exercise therapy ~ALSFRS-R
Groenestijn ALS Age C: 30(73) C:59.94+10.7 C:423+42 (AET)+usual care CIS-Fatigue
[2019] 18-80ys (consisted of a 16-week FVC

FVC>80% aerobic cycling exercise SF-36
program) ALSAQ-40
C: usual care
Zucchi [2019]  ALS Disease E: 32(81) E: 65.144+9.9 E:39.8+5.7 E: intensive exercise regimen ALSFRS-R
<18 ms C: 33(70) C:64.7+10.1 C:402+52 (IER, 5 sessions/week, 50 FVC
Age 18-86ys session) FSS
FVC>50% C: usual exercise regimen ALSAQ-40
(UER, 2 sessions/week, 20 MGQoL

sessions) (Exercise
45mins/session for 10
week. 1.aerobic training on
treadmill or cyclette, with
moderate (Borg3) intensity,
total 30 mins. 2. endurance
training, on non-affected
muscles, 40% of MCV,
12—15 reps per 2 sets. 3.
Stretching or assisted
active mobilization)

ALS: amyotrophic lateral sclerosis; *ALSFRS: ALS functional rating scale (0-40); ALSFRS-R: ALS functional rating scale-revised (0-48);
ALSAQ-40:40-item ALS assessment questionnaire; CBT: cognitive behavioral therapy; CPET: cardiopulmonary exercise testing; FIM:
functional independence measure; FSS: fatigue severity scale(9—-63); FVC: forced vital capacity; IMT: inspiratory muscle training; MEP:
maximum expiratory pressure; MGQoL: McGill Quality of Life; MIP: maximal inspiratory pressure; MRCSS: MRC sum score; MVIC:
maximum voluntary isometric contraction; MVV: maximal voluntary ventilation; PEF: peak expiratory flow; SF-36: Short Form-36; VO;:
oxygen uptake; VCO,: carbon dioxide output; VE: minute ventilation; 6BMWT: six minute walk test; NP: not provided.

Table 2
Methodological quality assessment of included trials

Study [year]

Allocation bias

Performance bias

Attrition bias

Detection bias

Reporting bias  Overall risk of bias

Pinto [2012] Low risk
Plowman [2019] Low risk
Braga [2018] Some concerns
Clawson [2018] Low risk
Dal Bello-Haas [2007] Low risk
Drory [2001] Low risk
Lunetta [2016] Low risk
Merico [2018] Low risk
Van Groenestijn [2019] Low risk
Zucchi [2019] Low risk

Some concerns Low risk Low risk Low risk Low risk
Some concerns Low risk Low risk Low risk Low risk
High risk High risk Low risk Low risk Some concerns
Low risk Low risk Some concerns Low risk Low risk
Some concerns Low risk Low risk Some concerns Low risk
High risk Some concerns  Some concerns  Some concerns Some concerns
Some concerns Low risk Some concerns  Some concerns Low risk
Some concerns Low risk Some concerns  Some concerns Low risk
Some concerns Low risk Low risk Low risk Low risk
Some concerns Low risk Some concerns  Some concerns Low risk
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Fig. 2. Judgments about each risk of bias item for each included trial.

3.5. ALSFRS-R

In the two RCTs involving respiratory trainings,
the one by Pinto et al. (2012) evaluated functional
status using the ALSFRS score (0-40), whereas that
by Polwman et al. (2019) used the ALSFRS-R score
(0-48). Pinto et al. assessed the ALSFRS score at
4 and 8 months after intervention, whereas Polw-
man et al. assessed the ALSFRS-R score at 8 weeks
after intervention. No difference was observed the

ALSFRS-R scores at 2—4 months after intervention
between patients who received respiratory trainings
and those who received usual care (1.63; 95% CI:
~0.78 to 4.04; I: 0%; Fig. 3). Moreover, Pinto et al.
observed that the ALSFRS scores did not differ sig-
nificantly (MD: 0.70; 95% CI: —3.08 to 4.48) between
the respiratory exercise and usual care groups at 8
months after intervention.

Three studies involving physical exercise were
included in the meta-analysis (Braga, et al., 2018;
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Respiratory training Usual care Mean Difference Mean Difference
Study or Subgrou Mean SD__Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 ALSFRS-R at 24 months
Pinto 2012 -1.6 34 13 -38 45 13 620% 2.20[-0.87,5.27] L
Plowman 2019 -0.9 6.4 24 16 74 24 38.0% 0.70[-3.21, 4.61] g
Subtotal (95% CI) 37 37 100.0%  1.63[-0.78,4.04] b

Heterogeneity. Tau®= 0.00; Chi*= 0.35, df=1 (P = 0.55); F= 0%
Test for overall effect. Z=1.32 (P = 0.19)

1.8.2 ALSFRS-R at 8 months

Pinto 2012 -39 45 13 -46 563 13 100.0%
Subtotal (95% CI) 13 13 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z= 0.36 (P =0.72)

1.8.3 %FVC at 2-4 months

Pinto 2012 -04 178 13 -52 143 13 38.0%
Plowman 2019 -7 171 24 -77 174 24 620%
Subtotal (95% CI) 37 37 100.0%

Heterogeneity: Tau*= 0.00; Chi*= 0.26, df=1 (P = 0.61), F= 0%
Test for overall effect: Z= 0.58 (P = 0.56)

1.8.4 %FVC at 8 months

Pinto 2012 -13.4 198 13 -75 152 13 100.0%
Subtotal (95% CI) 13 13 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z= 0.85 (P = 0.39)

Test far subharnun differences Chi2=1 21 df=3/P =073 F=N%

Fig. 3. Forest plot of respiratory training vs.
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4.80[-7.65,17.29) [
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-5.90 [-19.47,7.67] —
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usual care. Outcome: ALSFRS-R and %FVC.

Physical exercise Usual care Mean Difference Mean Difference
Study or Subgroup __Mean SD_Total Mean SD Total Weight [V, Random, 95% Cl IV, Random, 95% ClI

2.3.1 ALSFRS-R at 1 month

Lunetta 2016 -21 49 30 -02 48 30 100.0%
Subtotal (95% ClI) 30 30 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z=1.52 (P=0.13)

2.3.2 ASLFRS-R at 3 months

Drory 2001 -1.1 33 14 -39 54 11 432%
Lunetta 2016 -4 6 30 -4 59 30 56.8%
Subtotal (95% ClI) 44 41 100.0%

Heterogeneity: Tau?=1.03; Chi*=1.35, df=1 (P = 0.24); = 26%
Test for overall effect: Z= 0.87 (P = 0.38)

2.3.3 ALSFRS-R at 6 months

Braga 2018 -6.2 6 24 -78 68 24 339%
Drory 2001 -6.6 48 14 -33 66 11 27.7%
Lunetta 2016 -6.3 55 30 -96 62 30 384%
Subtotal (95% Cl) 68 65 100.0%

Heterogeneity: Tau*= 6.21; Chi*= 5.53, df= 2 (P = 0.06); F=64%
Test for overall effect: Z= 0.50 (P = 0.62)

2.3.4 ALSFRS-R at 12 months

Lunetta 2016 -11.6 6.6 30 -15 67 30 100.0%
Subtotal (95% Cl) 30 30 100.0%

Heterogeneity: Not applicable
Test for overall effect. Z=1.98 (P = 0.05)

Test far subnrnun differences” Chiz= A 83 df=3 P =NNR F=AR 1%

-1.90 [-4.35, 0.55) T
-1.90 [4.35, 0.55] <>

2.80 [-0.83, 6.43] =
0.00 [-3.01, 3.01] ——
1.21[-1.51,3.93] <

1.60[-2.03,5.23] -
-3.30[-7.94,1.34) -
3.30[0.33,6.27) T

0.90 [-2.64, 4.44] -

3.40[0.03,6.77)
3.40 [0.03, 6.77]

'

.20 10 0 10 20
Favours usual care Favours physical exercise

Fig. 4. Forest plot of physical exercise vs. usual care. Outcome: ALSFRS-R.

Drory, et al., 2001; Lunetta, et al., 2016). Lunetta et
al. observed that the ALSFRS-R score in the usual
care group was higher than that in the physical exer-
cise group (MD: —1.90; 95% CI: —4.35 to 0.55) at 1

month after intervention (Fig. 4). No difference was
observed in the score between the groups at 3 months
(1.21; 95% CI: —1.51 to 3.93; I 26%) (Drory, et
al., 2001; Lunetta, et al., 2016) and 6 months (0.90;



C.-L. Su et al. / Effects of pulmonary rehabilitation program on amyotrophic lateral sclerosis 263

95% CI: -2.64 to 4.44; I*: 64%) after intervention
(Braga, et al., 2018; Drory, et al., 2001; Lunetta, et
al., 2016). However, at 12 months after intervention,
the ALSFRS-R score in the physical exercise group
was higher than that in the usual care group (MD:
3.40; 95% CI: 0.03 to 6.77) (Lunetta, et al., 2016).

3.6. BFVC

%FVC was assessed in two trials that involved res-
piratory training (Pinto, et al., 2012; Plowman, et al.,
2019). At 2—4 months after intervention, no differ-
ence was found in %FVC between the respiratory
training and usual care groups (2.26; 95% CI: -5.42
t0 9.94; I?: 0% Fig. 3). Even at 8 months after inter-
vention, Pinto et al. observed that %FVC did not
differ significantly (MD: -5.90; 95% CI: —19.47 to
7.67) between the respiratory training and usual care
groups.

4. Discussion

Our meta-analysis demonstrated no difference in
the ALSFRS-R score and %FVC among patients with
ALS regardless of whether they received the res-
piratory training or physical exercise intervention.
In addition, there was little difference in interven-
tion effectiveness over time. At 12 months after
intervention, Lunetta et al. (2016) observed that the
ALSFRS-R score in the physical exercise group
was higher than that in the usual care group. They
used strictly monitored exercise programs (SMEPs),
and exercise was limited by patients’ fatigue (7/10
on the Borg perceived scale and 75% of the pre-
dicted heart rate). The patients were trained daily
for 2 weeks every month for 6 months. They were
divided into three subgroups: SMEP 1, in which
the patients performed upper- and lower-limb exer-
cises on a cycloergometer each for 20 minutes and
active exercise involving six muscle groups with
strength >3 MRC (three reps/set for each muscle);
SMEP 2, where patients performed active exercise
involving six muscle groups with strength >3MRC
(three reps/set for each muscle); and SMEP 3, where
patients performed passive exercises involving six
muscle for 20 minutes. Although the exercise pro-
gram caused no significant change in %FVC and had
no effect on patient survival, Lunetta et al. found
that SMEPs may significantly reduce motor deterio-
ration in patients with ALS. They speculated that the

frequency and intensity of the exercise plan might
affect disease progression.

Although currently no cure or drug exists for
treating ALS, many studies focused on methods to
delay the progression of the disease. Several stud-
ies reported that exercise is helpful for rehabilitation.
Increasing number of animal and human studies
showed that exercise programs, especially moderate-
intensity endurance exercise, can delay the onset of
the disease and increase survival rates (Mahoney, et
al., 2004; Majmudar, et al., 2014; Pinto, et al., 2012;
WHO, 2020). Therefore, exercise, including stretch-
ing, balance, range of motion, and physical activity,
has become a part of the standard care of patients
with ALS. However, the role of exercise in patients
with ALS has been controversial. Highly repetitive
exercises or heavy resistance exercises may cause
long-term loss of weakness or loss of neuromuscular
strength.

The included trials were divided into three cate-
gories based on the exercise intervention involved:
respiratory training, physical exercise, and physical
exercise involving a combination of aerobic and resis-
tance training.

Respiratory training: In the studies by Pinto et al.
(2012) and Plowman et al. (2019), no change was
observed in the ALSFRS-R score or %FVC regard-
less of whether the patients received inspiratory or
expiratory muscle training; this trend persisted even
when the intervention was performed over a long
period (Pinto, et al., 2012). However, some improve-
ments were observed in the minimal and maximal
inspiratory pressure and peak expiratory flow.

Physical exercise: Only three of the five studies
that involved physical exercise were included in our
meta-analysis. No positive effect on the ALSFRS-
R score or %FVC was observed in patients with
ALS in these studies. Thus, although physical exer-
cise could still improve the ALSFRS-R score, the
difference may not be clinically significant between
the groups. In all these studies, patients underwent
physical exercise training for 6 months.

Combination of aerobic and resistance training:
Three studies involved a combination of aero-
bic exercises and resistance training; although the
meta-analysis lacked sufficient data regarding these
studies, we could analyze them individually. These
studies (Merico, et al., 2018; van Groenestijn, et al.,
2019; Zucchi, et al., 2019) also showed that exer-
cise training did not significantly affect ALSFRS-R
scores and respiratory function. Only Merico et al.
showed that exercise protocol could improve physical
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activity and muscle power. Their exercise protocol
was performed for 15-20 minutes daily for 5 weeks,
whereas the exercise program was performed for 16
and 10 weeks in the studies by van Groenestijn et al.
and Zucchi et al., respectively. However, the exercise
training methods classified in these studies did not
improve the lung function of patients.

In terms of safety, Clawson et al. (2018) reported
that resistance, endurance, and stretching exercises
are safe and do not deteriorate the function of patients
with ALS. Moreover, patients who performed resis-
tance training and stretching exercises showed better
continuity in the 6-month training. Van Groenestijn
et al. (2019) also showed that pure aerobic exercises
have no side effects in patients with ALS, although lit-
tle changes in ALSAQ-40 (40-item ALS assessment
questionnaire), SF-36, mental component summary,
and physical component summary were observed.
That s, the quality of life of patients was still the same
after 6 months of intervention. Further, patients who
did not withdraw from the study and completed the
training were tracked for 10 months; their ALSFRS-
R scores had improved, and they lived longer than the
patients who withdrew from the study did. Existing
evidence shows that muscle strengthening and cardio-
vascular exercises can at least help maintain function
and do not adversely affect disease progression in
patients with ALS.

The included RCTs had high heterogeneity that
was due to the different methods of rehabilitation
intervention. However, we divided the studies into
three categories. Hence, our meta-analysis showed
high homogeneity. Studies that involved respiratory
trainings had low heterogeneity (I>=0%). Studies
that involved physical exercises showed low het-
erogeneity (I>=26%) in the ALSFRS-R score at
3 months after intervention. However, the 6-month
ALSFRS-R score showed substantial heterogeneity
(I2 =64%) among the studies. We attributed this dif-
ference to the different training frequencies in the
different studies despite the total training time being
6 months. The training frequency in the studies by
Drory et al. (2001) and Lunetta et al. (2016) was
twice a day and once a day for 2 weeks every month,
respectively. The training frequency in another study
was twice a week (Braga, et al., 2018).

Our study has some limitations. First, the reha-
bilitation intervention methods differed among the
studies, and we classified them first to reduce
heterogeneity. Second, some studies did not have
complete data; thus, they could not be included in the
meta-analysis. Third, owing to the limited available

information, our meta-analysis focused on only two
outcomes, namely ALSFRS-R and %FVC.

5. Conclusion

In this study, we aimed to determine whether
respiratory training or physical exercise affects the
ALSFRS-R score and lung function of patients with
ALS. Our meta-analysis demonstrated that exercise
intervention exerted no appreciable effects on the
ALSFRS-R score and lung function. Further clini-
cal trials are warranted to develop approaches for
improving the lung function of patients with ALS.
However, we still found no strong evidence showing
the potential harmful effect of rehabilitation exercise
in ALS.
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