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Abstract

Aim: To determine the aerobic capacity of generalized myasthenia gravis (MG) cases
and to explore the effect of aerobic exercise on maximum aerobic capacity, fatigue level,
kinesiophobia, and disease severity parameters.
Materials and Methods: The seropositive-confirmed generalized MG cases who were
between the ages of 18 and 80 years and between 2-4 stages, at the same time hospi-
talized in the physical therapy and rehabilitation clinic for three weeks were included in
this study. Outcome measures of the 6-minute walk test (6MWT), the ergospirometric
cardiopulmonary stress test (ETT), the multidimensional fatigue scale (MFS), the Quan-
titative Myasthenia Gravis Score (QMG) and, the Tampa kinesophobia scale (TKS) were
evaluated at admission and discharge.
Results: A negative correlation between VO2 max and kinesophobia and fatigue (p=
0.020, r= -0.750; p= 0.031, r= -0.714, respectively) was determined, while a positive
correlation was recorded between VO2 max and 6-MWT (r= 0.783 p= 0.013).
Conclusion: Intermittent aerobic exercise programs can be safely administered under
supervision in generalized MG patients. The functional capacity of the patients increased,
fatigue and fear of movement decreased.
Registration: The Ethics Committee in the University of Health Sciences, Diskapi Train-
ing and Research Hospital confirmed the study (Protocol #91/05 Dated 06.07.2020).

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

Myasthenia gravis (MG) is an immune system disease des-
ignated by a lack of power and lassitude of skeletal mus-
cles. The weakness is the consequence of an antibody and
T-cell-related immunological invasion conducted at pro-
teins in -associated proteins. MG can be defined by clin-
ical and serologic tests [1, 2]. The patients have char-
acteristically floating weakness and fatigue at the spe-
cific muscle groups influenced [2]. Generally, the weak-
ness may float during the day however is mostly worse
late in the day, or after exercise. At the onset of the
disease, symptoms may not be present in the morning.
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When the disease proceeds, asymptomatic periods clear
away; symptoms are frequently present but fluctuate from
mild to severe. There are four major therapy for MG;
anticholinesterase agents, immunomodulatory drugs, im-
munosuppressive agents, and thymectomy [3]. Since most
MG patients have residual signs and deficiencies consid-
ering ideal treatment, interventions that can resist these
signs are highly assured [4]. Additionally, MG patients
have a high prevalence of depression with lower than the
normal health-related quality of life values, and strain in
carrying out activities of daily living. Fallen aerobic ca-
pacity has also been recorded in patients with generalized
MG [5, 6].

Low or medium-intensity physical activity and systematic
training programs have been recommended for MG pa-
tients in addition to drug therapy [7], however, there are
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not enough studies on how aerobic exercise affects the dis-
ease or the issues that should be considered when exercise
training is recommended.
Many patients with MG have antibodies against the mus-
cle nicotinic acetylcholine receptor (AChR). MG is a T
cell-dependent, B cell-mediated disease.
Animal studies have indicated that tumor necrosis factor-
alpha (TNF-alpha) acts a significant role in the pathogen-
esis of MG, and essays of monoclonal antibodies that block
TNF-alpha maintain clinical amelioration [8].
It was found that there is a decrease in TNF-α release
in skeletal muscle with exercise training. Besides, early
exercise is mostly pro-inflammatory with an evident rise
in cytokine levels. Prolonged physical activity decreases
the autoimmune reply [9].
In the light of all this information, it is considered that
long-term, aerobic exercise might contribute to disease
control in MG patients. Therefore, this study is conducted
to determine the aerobic capacity of patients with MG and
to examine the impact of aerobic exercise on the maximal
aerobic capacity, fatigue levels, kinesiophobia, and disease
severity parameters.

Materials and Methods
Study design
Cases with MG who were forwarded by the neurology clinic
and hospitalized in the Physical Medicine and Rehabilita-
tion Clinic were taken in the study. The study approval
was obtained from the local ethics committee (Diskapi
Yildirim Beyazit Education and Research Hospital Ethics
Committee, Protocol #91/05, Dated 06.07.2020) and the
study was conducted by the Declaration of Helsinki.

Participants
Patients between the ages of 18 and 80 years, with
a seropositive-confirmed generalized MG (Myasthenia
Gravis Foundation of America (MGFA) classification)
[10) who were between 2-4 stages were eligible for the
study. Patients who had cardiorespiratory, orthopedic, or
metabolic comorbidities, dementia, and pregnancy were
excluded from the study.

Evaluation parameters
Demographic characteristics concerning age, gender, BMI,
marital, employment, and smoking status, disease du-
ration, family history, comorbidities (Hypertension, Dia-
betes Mellitus, Coronary Artery Disease), and drugs usage
were recorded at initial evaluation.
Outcome measures were conducted at admission and dis-
charge.
The ergospirometric cardiopulmonary stress test (ETT),
the 6-minute walk test (6MWT) [11), the multidimensional
fatigue scale (MFS) [12, 13), and the Tampa kinesophobia
scale (TKS) [14) were applied as functional measurements.
Fatigue level was scored using the Turkish version of the
MFS which contains 16 items and four dimensions of fa-
tigue; severity, distress, degree of interference in activities
of daily living, and timing.

Fear of movement was scored using the Turkish version of
the TKS. The scale includes injury / re-injury and fear-
avoidance parameters. It is created of 17 questions with
a 4-point Likert scale (from strongly disagree to strongly
agree). After reversing the 4, 8, 12, and 16 items, the total
score is calculated. It is scored between 17 and 68. The
higher the score indicates the higher the kinesophobia.
The MGFA classification and the Quantitative Myasthe-
nia Gravis Score (QMG) [15) were used for clinical eval-
uation. The classification of the MGFA was planned to
identify subgroups of patients with MG who are diverse
from each other with their clinical features or severity of
the disease. According to the MGFA classification, pa-
tients are grouped into ocular (MGFA I) or generalized
(MGFA II-IV) MG patients. The generalized MG is di-
vided into muscle weakness predominantly affecting limb
and/or axial muscles (MGFA II-IVa) and muscle disease
predominantly affecting oropharyngeal and/or respiratory
muscles (MGFA III-Vb). Disease severity was evaluated
using the QMG score. The QMG score was evolved as a
tool for assessing disease severity. The score enables to
test of the deficits based on quantitative testing of guard
muscle groups. It is a 13-item scale with scores ranging
from 0 to 39, with higher scores remarking more severe
disease.

Exercise program

The aerobic exercise program prescribed according to the
VO2 max value found in the exercise tolerance test (ETT)
was applied. According to the calculated speed, the pro-
gram was planned as 5 days a week and 20-30 minutes a
day. Before the aerobic exercise, the patients were given
10 minutes of warm-up and breathing exercises. Light
strengthening, posture, and balance exercises were also
added to aerobic exercises during the day.

Data analysis

Statistical analyses were performed using SPSS 20.0 for
Windows (SPSS Inc., Chicago, IL, USA). The normality
of distribution was evaluated by the Shapiro Wilk test.
Descriptive statistics are served as mean ± standard de-
viation for continuous variables, and as a percentage for
categorical variables. Wilcoxon tests were used to eval-
uate whether the variations between the repetitive mea-
surements were significant or not. Pearson’s correlation
coefficient was used to describe the correlations. Those
with a p < 0.05 were accepted as statistically significant.

Results

A total of 9 patients with generalized MG were included
in this study. Demographic and clinical characteristics of
the patients are presented in Tables 1 and 2.
No complications were recorded during the exercise test
and exercise training. The changes in ETT and clinical
parameters before and after the treatment is are illustrated
in Table 3.
No correlation was found between age and kinesophobia,
fatigue, and VO2 max (p= 0.246, r= -0.431; p= 0.758,
r= -0.120; p= 0.933, r= 0.033, respectively). Likewise,
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Table 1. Demographic characteristics of the patients

n (%) / mean ± (SD)

Age, years 54.5±12
Gender, female 9 (100)
Disease duration, months 75.5±78.3
Seropositive 3 (33)
Steroid and/or DMARD use 5 (56)
Pyridostigmine use 9 (100)

Table 2. Clinical characteristics of the patients

n (%)
Thymectomy 5 (56)
Myasthenic crisis 1(11)
Cholinergic crisis 0
Pain 9 (100)
Sleep disturbance 9 (100)
Dysphagia 6 (67)

there was no correlation between disease duration and ki-
nesophobia, fatigue, and VO2 max (p= 0.740, r= -0.129;
p= 0.390, r= -0.327; p= 0.957, r= 0.021, respectively). A
negative correlation between VO2 max and kinesophobia
and fatigue (p= 0.020, r= -0.750; p= 0.031, r= -0.714,
respectively) was determined, while a positive correlation
was recorded between VO2 max and 6-MWT (r= 0.783
p= 0.013).

Discussion
This study was conducted to define the aerobic capacity of
patients with MG and to examine the effect of the aerobic
exercise program on the patients’ maximal aerobic capac-
ity, fatigue levels, fear of movement, and disease severity
parameters. The aerobic exercise program was applied to
the patients for 3 weeks, 5 days a week. As a result, pa-
tients’ functional capacity increased, fatigue and fear of
movement decreased.
MG is a rare disease with an annual incidence of about 7
to 23 new cases per million. MG can begin at any age but
bears to be a bimodal distribution to the age of onset with
an early peak in the second and third decades with female
predominance [16]. In the current study, all patients were
female and the mean age was 54 years.
The best indicator of cardiorespiratory endurance is VO2
max, which is the maximal amount of oxygen consumed by
the human body per minute during heavy physical activi-
ties. While skeletal muscle receives 4-5 ml of oxygen from
100 ml of blood during rest, it receives 15-17 ml of oxygen
during maximal exercise. The highest amount of oxygen
that a person can use per unit time during exercise is ex-
pressed as maximal oxygen use (VO2 max) and is the best
indicator of maximal aerobic power. In women, VO2 max
norms have been defined in 7 levels ranging from very poor
to excellent according to the ages [17]. The mean age of
our patient group was 54.5 ± 12 years and the mean VO2
max was 14.2 ± 4 at a very poor level according to this
scale.
In our study, patients with high fatigue and kinesiopho-

Table 3. The changes in ETT and clinical paramteres
before and after the treatment

Before After p

treatmentmean treatmentmean
± SD ± SD

6-MWT (m) 335±58 370±80 0.173
VO2 max (ml/kg/min) 14.2±4 16.6±4 0.012
MET 4±1.1 4.7±1.1 0.012
Load (watt) 78.6±62 105.4±78.5 0.018
Tiredness 54.1±4.8 49.3±5.6 0.043
TKS 49.4±8.4 45.4±5.7 0.012
QMG 4.1±1 3.5±0.8 0.059

ETT, exercise tolerance test; 6-MWT, 6-minute walk test; MET,
Metabolic Equivalent Minute; TKS, Tampa kinesophobia scale;
QMG,Quantitative Myasthenia Gravis score

bia scores showed a negative correlation in terms of VO2
max values. As a result, while kinesiophobia and fatigue
scores decreased with aerobic exercise, VO2 max values
increased. Similar to our study, two studies, one of which
was conducted with 10 and the other 12 patients to investi-
gate whether exercise can be applied safely in MG, be safe,
and provide positive results in neuromuscular parameters
[18, 19].

There were no studies on risk factors that may occur dur-
ing exercise training in MG patients. However, in a case
report of a 36-year-old female marathon runner with MG,
it was determined that ocular, bulbar, and localized limb
fatigue was present, but more than one marathon was com-
pleted with cholinesterase inhibitors and disease stability
was provided [20]. In our study, no complications occurred
during ETT or exercise training, and patients did not have
to discontinue the treatment.

The limitations of our study are the relatively small num-
ber of patients and the lack of a control group. The reason
for this is that only patients with neurological deficits can
be admitted to the rehabilitation clinic due to the limited
bed capacity. The nine female patients diagnosed with
generalized MG were admitted to our clinic due to reasons
such as not being able to benefit from the drugs adequately
and continuing severe fatigue complaints.

MG is a neuromuscular disease with the most important
symptom of muscle fatigue. However, there is very limited
scientific-based information on how aerobic exercise affects
the disease or the existence of issues to consider when
recommending exercise training. Our study has demon-
strated the relationship between low VO2 max and fa-
tigue and kinesophobia, and this will lead to a vicious
circle. Aerobic exercise is emerging as a safe and non-
pharmacological treatment alternative to reduce the symp-
toms of these patients.

In conclusion, an aerobic exercise program with intervals
could be applied safely under supervision in patients with
generalized MG. Patients’ functional capacity increased,
fatigue and fear of movement decreased.
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