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Respiratory Muscle Training Improves Functional Outcomes and
Reduces Fatigue in Patients with Myasthenia Gravis: A Single-
Center Hospital-Based Prospective Study
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Background. Myasthenia gravis (MG) is an immune-mediated disorder characterized by muscle fatigue and fluctuating weakness.
Impairment in respiratory strength and endurance has been described in patients with generalized MG. We tested the hypothesis
that respiratory muscle training (RMT) can improve functional outcomes and reduce fatigue in patients with MG. Methods.
Eighteen patients with mild to moderate MG participated in this study. The training group underwent home-based RMT three
times a week for 12 weeks. Sixteen patients with MG without RMT were enrolled as a disease control group. Lung function,
autonomic testing, Multidimensional Fatigue Symptom Inventory-Short Form (MFSI-SF), and functional outcome
measurement by using quantitative myasthenia gravis (QMG) score and myasthenia gravis composite (MGC) scale were
measured before and after the 12-week RMT. Results. The 12-week RMT significantly increased forced vital capacity (FVC)
from 77:9 ± 12:6% to 83:8 ± 17:7% (p = 0:03), forced expiratory volume in one second (FEV1) from 75:2 ± 18:3% to 83:3 ± 19:0%
(p = 0:002), and 6-minute walking distance from 403:4 ± 72:2m to 466:1 ± 68:5m (p = 0:003). The QMG score improved from
9:6 ± 4:1 to 8:1 ± 4:3 (p = 0:04) and the MGC scale from 4:4 ± 3:5 to 2:7 ± 2:9 (p = 0:02). The fatigue score (MFSI-SF) reduced
from 17:1 ± 14:7 to 13:5 ± 16:9 (p = 0:03). Conclusion. The home-based RMT is an effective pulmonary function training for MG
patients. The RMT can not only improve short-term outcomes but also reduce fatigue in patients with mild to moderate
generalized MG.
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1. Introduction

Myasthenia gravis (MG) is an immune-mediated neuromus-
cular junction disorder characterized by fluctuating muscle
weakness and easy fatigability. In most cases, autoantibodies
against the acetylcholine receptor can be found [1]. Impair-
ment in respiratory strength and endurance has been
described in patients with generalized MG [2]. Respiratory
muscle dysfunction can further deteriorate patients’ physical
fitness and even increase the risk of respiratory failure as the
characteristic feature of myasthenic crisis [3]. Improvement
of respiratory muscle function is therefore an important goal
in MG therapy.

The Myasthenia Gravis Foundation of America Clinical
Classification divides MG into 5 main classes according to
signs and symptoms [4]. Class I is defined as patients with
any ocular muscle weakness and all other muscle strength
as normal. Classes II to IV are defined as patients with mild
to severe muscle weakness affecting other than ocular mus-
cles, respectively. Class V is defined by the need for intuba-
tion, with or without mechanical ventilation, except when
used during routine postoperative management. The effect
of RMT may be performed safely and effectively in mild to
moderate MG patients (classes II and III) with impairment
of respiratory function [5, 6].

A previous study demonstrates that home-based respira-
tory muscle training (RMT) combined with breathing
retraining in patients with generalized MG leads to improve-
ments in respiratory muscle strength, chest wall mobility,
and respiratory muscle endurance but does not appear to
improve lung function [5, 7]. Lung function parameters such
as vital capacity (VC), forced expiratory volume in one sec-
ond (FEV1), and maximal expiratory pressure (MEP) are
based on short maneuvers requiring maximal effort. These
abilities are usually not reduced in patients with mild to mod-
erate MG. Fatigue and weakness of respiratory muscles in
MG patients are responsible for dyspnea, reduced exercise
tolerance, and increased risk of respiratory failure. Therefore,
improved respiratory endurance is even more important
than improvement of lung function parameters in MG
patients [8].

To our knowledge, few studies have demonstrated that
RMT is associated with effects of functional outcome and
fatigue in MG patients. The present study is therefore aimed
at assessing the training effects of RMT on MG symptoms
and pulmonary function in patients with mild to moderate
MG. We investigated whether the RMT not only enhances
the functional outcome but also reduces the fatigue in
patients with MG.

2. Materials and Methods

2.1. Participants. This single-center hospital-based prospec-
tive study enrolled participants with mild to moderate gener-
alized MG (classes II to III according to MGFA classification)
[4], recruited consecutively from Chang Gung Memorial
Hospital-Kaohsiung, a tertiary medical center and the main
referral hospital in southern Taiwan. A diagnosis of MG is
based on clinical features with serial examinations in terms

of electromyography, serum autoantibodies, chest CT scan,
and effect of cholinesterase inhibitors [9].

Exclusion criteria included the following: (1) presence of
significant diseases (class III of MGFA classification) who
would not be able to complete the training; (2) MG patients
with ocular symptoms only (class I of MGFA classification);
(3) MG patients in the state of myasthenic crisis; (4) presence
of underlying malignancy or hematological disorders; and (5)
history major systemic disease, such as end-stage renal dis-
ease, liver cirrhosis, and heart failure.

For a statistical power of 80% and the significance level of
5%, a sample size of 18 participants was calculated to deter-
mine a 15% change in myasthenia score improvement [5].
To avoid the influence of age, sex, and body mass index on
the pulmonary function [10, 11], sixteen age-, sex-, and
BMI-matched MG patients who were not willing to undergo
RMT were included as disease controls. All participants have
signed an informed consent form, and the study was con-
ducted in accordance with the Declaration of Helsinki and
approved by the hospital’s Institutional Review Committees
on Human Research (IRB 105-5274C). The Transparent
Reporting of Evaluations with Nonrandomized Designs
(TREND) statements were used to report all the different
steps of the interventions utilized in this study [12, 13].

2.2. Respiratory Muscle Training (RMT). Despite normal spi-
rometric values, patients with generalizedMG often present a
characteristic pattern with a decreasing respiratory muscle
strength [14] and reduced respiratory muscle endurance
[2]. Due to the fatigue-prone nature of the repetitive exercise
for MG patients, we choose the interval-based RMT method.
The protocol of RMT was modified from previous studies as
follows [15, 16]. RMT was performed by using the Dofin
Breathing Trainer, a handheld pressure threshold device
(Figure 1). The device can be calibrated up to a pressure
range of 5-39 cmH2O for inspiratory muscle training and 4-
33 cmH2O for expiratory muscle training. RMT was applied
to generate both expiratory force for cough function and
inspiratory muscle straining for the lung ventilation impair-
ments. Patients with respiratory muscle weakness received
an inspiratory muscle training from 30% to 60% of the max-
imum inspiratory pressures (MIP) through a respiratory
trainer for two sets of 30 breaths or 6 sets of 10 repetitions.
For patients with swallowing disturbance, the expiratory
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Figure 1: Dofin Breathing Trainer: the device for respiratory muscle
training.
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muscle strengthening training commences from 15% to 75%
of the threshold load of an individual’s maximum expiratory
pressures (MEP), 5 sets of 5 repetitions with one minute of
rest between sets. The training resistance was adjusted
accordingly, with one or two minutes of rest between sets.
RMT was conducted by an experienced respiratory therapist
at the time of enrollment, and it was ensured that the partic-
ipants were familiar with the device. All the participants were
trained for 30min/day twice per day, for at least 5 days a
week for 12 weeks, and were monitored by making a phone
call to them once a week to check the compliance of RMT
at home.

2.3. Pulmonary Function Testing. The pulmonary function
testing of every participant included forced vital capacity
(FVC), forced expiratory volume in one second (FEV1),
and FEV1/FVC indexes using spirometry without exposure
to a bronchodilator. In respiratory strengths, respiratory
pressure was measured under static conditions, with MIP
and MEP at a total lung capacity. Pulmonary function values
were based on the best of three efforts. The procedure of spi-
rometry completely followed the guidelines of the American
Thoracic Society [17], and the results of the pulmonary func-
tion test are classified into three patterns as follows [18]: (i)
obstructive pattern, which was defined as FEV1/FVC < 0:7;
(ii) restrictive pattern, which was defined as FEV1/FVC ≥
0:7 with FVC < 80%; and (iii) normal pattern, which was
defined as FEV1/FVC ≥ 0:7 with FVC ≥ 80%. The six-
minute walk test was used to describe walking capability
among patients with MG [19]. In previous studies, the six-
minute walk test was shown to be an exercise capacity test
in neuromuscular diseases [19, 20], and the normal values
of the mean distance have been well defined [21, 22].

2.4. Clinical Assessment. All subjects underwent complete
neurological examinations, pulmonary function, and self-
administered questionnaires upon enrollment and 12 weeks

after RMT. Outcomes were measured by using the quantita-
tive myasthenia gravis (QMG) score and myasthenia gravis
composite (MGC) scale. The QMG has several items that
measure endurance or fatigability, taking into account the
fluctuating nature of the disease. The 13 items are as follows:
ptosis, diplopia, orbicularis oculi weakness, swallowing a cup
of water, speech, percent predicted forced vital capacity, grip
strength (2 items), arm endurance (2 items), leg endurance
(2 items), and neck flexion endurance. All items are scored
from 0 (no symptoms) to 3 (severe symptoms), with a total
score ranging from 0 to 39; higher scores indicate greater
disease severity [23].

The MGC scale contains a total of 6 physician-evaluated
items, 2 ocular items (diplopia and ptosis) from the QMG, 4
items (facial, neck, deltoids, and hip flexor strength) from the
Manual Muscle Test, and 4 patient-reported items (chewing,
swallowing, breathing, and speech). Items are scored using a
4-level severity assessment (normal/no symptoms to severe
symptoms), with weighted point scores for each item
summed to generate a total MGC score ranging from 0 (no
symptoms) to 50 (maximum severity) [24]. The MGC was
recommended as the primary outcome measure of choice
in MG trials by the MGFA scientific board [25], and it has
been subsequently used as a primary or secondary outcome
in several trials [26].

2.5. Measurement of Fatigue. The fatigue was measured by
the self-administered questionnaire Multidimensional
Fatigue Symptom Inventory-Short Form (MFSI-SF). The
version has been validated in Chinese population [27]. The
MFSI-SF is a 30-item short form of the MFSI that yields
scores only for the empirically derived subscales, each scored
from 0 (not at all) to 4 (extremely). Previous research sug-
gests that it has acceptable psychometric properties and
may be used as a substitute for the MFSI when time con-
straints and scale length are of concern [28]. The MFSI-SF
scoring for the empirically derived scales is as follows: (1)

Enrollment

Assessed for eligibility (n = 40)

(i) Received allocated RMT (n = 18)
(ii) Allocated as disease control (n = 16)

Analysis

Allocation

Excluded (n = 6)
(i) Declined to participate (n = 4)

(ii) Not meeting inclusion criteria (n = 1)
(iii) Other reason (n = 1)

Analyzed (n = 34)

Figure 2: Flow diagram of the clinical intervention.
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general scale; (2) physical scale; (3) emotional scale; (4) men-
tal scale; (5) vigor scale; and (6) total score = ðgeneral +
physical + emotional + mentalÞ – vigor.

2.6. Statistical Analysis. Data were expressed as mean ±
standard deviation (SD) or median (interquartile range
(IQR)). Categorical variables were compared using chi-
squared or Fisher’s exact tests. Continuous variables were
compared in two patient groups (the RMT group and the dis-
ease control group) by using independent t-tests. The data of
cardiovascular autonomic function (HR_DB, Valsalva ratio,
BRS_seg, and LF/HF ratio) that were not normally distrib-
uted were logarithmically transformed to improve normality
for comparison. Second, changes between baseline and 12
weeks post-RMT on parameters of respiratory parameters,
fatigue score, and outcome score were compared using a
paired t-test and the Wilcoxon signed-rank test for nonpara-
metric data. Furthermore, repeated-measure ANOVA was
used to compare parameters and functional scores at two dif-
ferent time points (enrollment and 12 weeks follow-up).
Statistical significance was set at p < 0:05. All statistical
analyses were conducted using the SAS software version
9.1 (SAS Statistical Institute, Cary, NC, USA).

3. Results

3.1. Baseline Characteristics between the RMT Group and the
Disease Control Group. The flow diagram with the enrolment
of the study is shown in Figure 2. Forty individuals were
recruited, and six were excluded. Consequently, thirty-four
participants (18 cases in the RMT group and 16 participants
in the disease control group) are enrolled in this study. They
have been diagnosed with MG for 1–25 years. Table 1 shows
the baseline characteristics between groups of the RMT
patients and disease controls. There was no significant dif-
ference between the RMT group and the disease control
group in terms of age, sex, body weight, body high, dura-
tion of disease, cardiovascular autonomic function, pulmo-
nary function parameters, or MGFA classification.

3.2. Change of Pulmonary Function after RMT. The changes
of pulmonary function parameters during the study period
are shown in Table 2. The parameters of pulmonary function,
including FVC (77:9 ± 12:6% to 83:8 ± 17:7%, p = 0:03),
FEV1 (75:2 ± 18:3% to 83:3 ± 19:0%, p = 0:002), and 6-
minute walking distance (403:4 ± 72:2m to 466:1 ± 68:5m,
p = 0:003), all significantly increased after 12-week training
in the RMT group. On the contrary, the pulmonary function

Table 1: Baseline characteristics between the RMT group and the disease control group.

RMT group (n = 18) Disease controls (n = 16) p value

Age (years) 54:2 ± 14:6 62:4 ± 12:7 0.09

Sex (female) 11 10 0.61

Body weight (kg) 65:9 ± 9:8 64:2 ± 15:5 0.73

Body high (cm) 161:2 ± 9:8 157:7 ± 9:9 0.31

Disease duration (years) 10:7 ± 10:6 7:6 ± 7:9 0.43

Thymectomy 13 8 0.66

Cardiovascular autonomic function

HR_DB 11:7 ± 6:8 13:8 ± 9:3 0.52

Valsalva ratio 1:4 ± 0:2 1:3 ± 0:2 0.53

BRS_seq 6:7 ± 4:2 4:6 ± 2:3 0.23

LF/HF ratio 1:8 ± 2:1 2:0 ± 2:0 0.79

Pulmonary function parameters

FVC (%) 77:9 ± 12:6 82:9 ± 19:6 0.88

FEV1 (%) 75:2 ± 18:3 79:5 ± 21:8 0.51

FEV1/FVC 78:0 ± 10:5 75:5 ± 6:8 0.07

Maximum inspiratory pressures (MIP) 98:1 ± 44:2 80:9 ± 52:2 0.27

Maximum expiratory pressures (MEP) 82:5 ± 20:5 90:9 ± 33:6 0.67

6-minute walking distance (meter) 403:4 ± 72:2 394:9 ± 106:9 0.56

MGFA classification 0.12

IIa 10 6

IIb 4 4

IIIa 2 2

IIIb 2 4

Values are expressed as mean ± SD unless otherwise indicated. MGFA: Myasthenia Gravis Foundation of America classification; RMT: respiratory muscle
training.

4 BioMed Research International



parameter in the two measures was not significantly different
in the control group.

3.3. Comparison of MG Outcome Scale and Fatigue Score
before and after RMT. Table 3 shows the results of MG out-
comes and fatigue score before and after RMT. The QMG
score (p = 0:02) and MGC score (p = 0:05) significantly
reduced after RMT when compared to baseline, which means
the MG outcomes in the RMT group were improving. How-
ever, the disease control group had similar scores at baseline
and during follow-up. Figure 3 shows the comparison of
MFSI-SF scoring between baseline and after RMT. The phys-
ical subscale of MFSI-SF was significantly lower than the
baseline data for the RMT group during follow-up (p = 0:02).
The total score of MFSI-SF significantly reduced after RMT
when compared to the baseline score (p = 0:04). On the con-

trary, the fatigue scores in the two measures (baseline and
follow-up) were not significantly different in the disease con-
trol group.

4. Discussion

The present study examined the RMT effects on pulmonary
function, MG outcomes, and fatigue in MG patients. There
were three main findings in this study. First, a 12-week
home-based RMT may improve the pulmonary function
(FVC and FVE1) and increase the 6-minute walking distance
in MG patients. Second, adjunctive RMT to conventional
drug treatment may enhance the short-term functional out-
comes in patients with mild to moderate MG. Third, the
RMT can reduce fatigue in patients with MG, especially in
the physical domain.

Table 2: Changes of pulmonary function after RMT.

RMT group (n = 18) Disease control group (n = 16)
Baseline Follow-up p value Baseline Follow-up p value

Cardiovascular autonomic function

HR_DB 11:7 ± 6:8 13:6 ± 8:8 0.16 13:8 ± 9:3 12:1 ± 7:1 0.62

Valsalva ratio 1:4 ± 0:2 1:4 ± 0:2 0.64 1:3 ± 0:2 1:3 ± 0:2 0.79

BRS_seq 6:7 ± 4:2 7:2 ± 4:1 0.54 4:6 ± 2:3 4:5 ± 2:5 0.91

LF/HF ratio 1:8 ± 2:1 2:1 ± 2:0 0.64 2:0 ± 2:0 1:6 ± 2:0 0.63

Pulmonary function parameters

FVC (%) 77:9 ± 12:6 83:8 ± 17:7 0.03∗ 82:9 ± 19:6 85:3 ± 24:7 0.62

FEV1 (%) 75:2 ± 18:3 83:3 ± 19:0 0.002∗ 79:5 ± 21:8 82:3 ± 25:4 0.52

FEV1/FVC 78:0 ± 10:5 81:3 ± 8:4 0.26 75:5 ± 6:8 76:8 ± 6:7 0.54

MIP 98:1 ± 44:2 105:6 ± 42:4 0.26 80:9 ± 52:2 93:6 ± 46:5 0.12

MEP 82:5 ± 20:5 91:9 ± 31:7 0.11 90:9 ± 33:6 97:3 ± 35:2 0.22

6-minute walking distance (meter) 403:4 ± 72:2 466:1 ± 68:5 0.003∗ 394:9 ± 106:9 413:3 ± 104:2 0.39

HR_DB: heart rate response to deep breathing; BRS_VM: baroreflex sensitivity obtained by Valsalva maneuver; BRS_seq: baroreflex sensitivity obtained by the
sequence method; LF: low frequency; HF: high frequency; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; MIP: maximum
inspiratory pressures; MEP: maximum expiratory pressures; RMT: respiratory muscle training. ∗Significant difference (p < 0:05) between follow-up and
baseline.

Table 3: Comparison of MG outcomes and fatigue score before and after RMT.

RMT group (n = 18) Disease control group (n = 16)
Baseline Follow-up p value Baseline Follow-up p value

Outcome measures

QMG score 9.5 [5.5, 12.75] 7.5 [4, 12] 0.02∗ 12.5 [4.75, 14.75] 9.5 [5.5, 13.25] 0.11

MGC scale 4 [1.25, 6.75] 2 [0.25, 3] 0.05∗ 3.5 [0, 8] 3.5 [0.75, 4.75] 0.26

Fatigue scale

MFSI_SF_general 7 [5.0, 10.75] 7 [6.0, 8.75] 0.54 6 [4.75, 8.25] 8 [5.75, 11.75] 0.21

MFSI_SF_physical 8 [5.25, 8.75] 5 [3.0, 8.0] 0.02∗ 7 [4.75, 9.75] 8.5 [5.75, 11.75] 0.12

MFSI_SF_emotion 6 [3.25, 7.0] 4 [3, 8.75] 0.46 5 [3, 8.25] 7 [4, 8.25] 0.63

MFSI_SF_mental 6.5 [6.0, 8.0] 7 [3.5, 8.75] 0.87 6 [5.75, 9.5] 7.5 [6, 11] 0.29

MFSI_SF_vigor 10 [8.0, 13.75] 11.5 [10, 13] 0.16 15 [11.5, 15.75] 11 [6, 15.25] 0.50

MFSI_SF_total 14 [5, 23.5] 13 [1.25, 22] 0.04∗ 9 [0.75, 25.75] 21.5 [6, 34.75] 0.09

QMG: quantitative myasthenia gravis; MGC: myasthenia gravis composite; MFSI-SF: Multidimensional Fatigue Symptom Inventory-Short Form; RMT:
respiratory muscle training. ∗Significant difference (p ≤ 0:05) between follow-up and baseline.
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Previous studies have inconsistent results for RMT in
MG patients [7, 8, 29], probably because of different method-
ology and heterogeneity of patient groups, and there is no
standard respiratory muscle training protocol for MG. Wei-
ner et al. [29] demonstrated that 3 months of inspiratory
muscle strength training performed 6 times per week signif-
icantly improved vital capacity and FEV1 in moderate to
severe MG patients. Our research further demonstrated that
RMT enhances the walking distance of patients with general-
ized MG. However, Fregonezi et al. [7] state that using the
interval-based inspiratory muscle training 3 times a week
for 8 weeks did not show any changes in lung function in
MG patients. A recent study shows that long-term (thirteen
months) respiratory muscle endurance training significantly
increased respiratory endurance measured as time until
exhaustion (T lim) to 412% of the baseline in MG patients
[6]. This can be explained by the specificity of the training
of different types of RMT [30]. Respiratory muscle training
mainly improves maximum strength, while respiratory mus-
cle endurance training improves endurance but not maxi-
mum force. Moreover, all our patients perceived a benefit

from the RMT in terms of improved respiratory endurance
and reduced fatigue symptoms. None of them reported any
adverse effects and all participants agreed to continue the
training study.

The MGC and QMG are outcome measures used in clin-
ical trials and everyday practice in MG patients [31]. Our
results showed that those MG patients receiving RMT had
a significant improvement not only in lung function but also
in functional outcomes. The main improvement items in
QMG include forced vital capacity, swallowing, and speech
following counting aloud 1-50. The main improvement items
in MGC include swallowing and breathing. The effect of
RMT in patients withMG has been shown in several previous
reports [5, 6]. Weakness and fatigue of respiratory muscles
are responsible for dyspnea and reduced exercise tolerance
and thus can compromise quality of life. The improvement
was seen not only in respiratory muscles but also in swallow-
ing function and speech endurance.

The other important finding in this study was the reduc-
tion in fatigue after MG patients received 3 months of RMT.
To the best of our knowledge, the association between RMT

MFSI-SF
total

MFSI-SF
vigor

MFSI-SF
mental

MFSI-SF
emotion

MFSI-SF
physical

MFSI-SF
general

40

20

0

–20

After RMT
Before RMT

⁎

⁎

Figure 3: Comparison of MFSI-SF scoring between baseline and after RMT in patients with myasthenia gravis. ∗p < 0:05 compared to the
baseline.
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and fatigue in MG patients has not been reported previously.
There are many causes of fatigue, including physical, emo-
tional, and mental domains. Our research shows that RMT
reduces fatigue in MG patients, mainly physical fatigue.
The prevalence of fatigue is 70% in MG patients and influ-
enced by depressive symptoms, disease severity, female sex,
and sleep debt [32]. Fatigue in myasthenia affects quality of
life and can be reduced after treatment [33]. Our results sug-
gest that adjunctive RMT to conventional drug treatment not
only reduce fatigue but also improve outcomes in patients
with MG. Due to the characteristic of easily getting fatigued
with repetitive exercise in MG, our study protocol did not
prefer daily RMT because we consider it inappropriate for
MG pathophysiology. Repeated exercise may cause a loss of
K+ ions from the contracting muscle [34] and a decrease in
the gradient regulated by muscle Na+-K+-adenotriphospha-
tase that has been related to muscular fatigue [35]. Therefore,
we suggest that the interval-based RMT method is feasible
and benefits the MG patients.

This study has several limitations. First, we are unable to
fully monitor the status of the home-based RMT, so the com-
pletion, execution rate, and efficacy of training may be differ-
ent. Future research should require participants to keep a
training diary and reflect on the sessions.

Second, the study regimen was strenuous and time-consum-
ing, and several patients who were asked for participation in this
study refused. For this reason, the sample size is small and the
follow-up time is relatively short. Third, during the familiariza-
tion period and the first training unit, the motivations of
patients were estimated to be high but briefly declined in some
patients. This also affects the differences in training. Finally,
there is a lack of control in medications administered to patients
with MG, which may influence the efficacy of RMT. Despite
these limitations, we believe this study is a good start for further
large-scale investigations in this field. Future research will assess
whether the RMT protocol should be restarted after the “rest”
period or if intervention should continue.

In conclusion, our study shows that RMT can not only
improve respiratory and functional outcomes for patients
withMG but also reduce the fatigue. Further large-scale stud-
ies can be feasible to assess adjuvant RMT for conventional
drug therapy in MG patients.
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