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Abstract

Background: Myasthenia Gravis (MG) is an autoimmune disease that affects neuromuscular transmission with various
clinical manifestations, including muscle weakness and fatigue. Muscle weakness worsens the severity of MG patients and
impairs functional ability. Muscle weakness in MG patients that is accompanied by repetitive physical activity causes loss
of muscle endurance and affects balance function and movement.

Aim: To determine the relationship between disease severity and balance function in patients with Myasthenia Gravis.
Methods: This research is a cross sectional study. The Myasthenia Gravis Composite (MGC) scale was used to assess the
disease severity of Myasthenia Gravis. One leg stance (OLS) test was used to assess static balance function and the Time
Up and Go (TUG) test was used to assess dynamic balance function and functional ability. Rank-Spearman test was used
to assess the correlation between disease severity and balance function in patients with Myasthenia Gravis.

Results: Thirty-one patients with Myasthenia Gravis were included by consecutive sampling. A significant correlation
between disease severity and dynamic balance function was found (p = 0.002; p = 0.531) with CI 95%.

Conclusion: There is a relationship between disease severity and dynamic balance function in patients with Myasthenia
Gravis.
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1. Introduction

Myasthenia Gravis (MG) is an autoimmune disease that affects neuromuscular transmission with various
clinical manifestations, including muscle weakness and fatigue (Sieb, 2014). Muscle weakness worsens the
severity of MG patients and impairs functional ability. Muscle weakness in MG patients that is accompanied
by repetitive physical activity causes loss of muscle endurance and affects balance function and movement
(Chang et al., 2021; Lee et al., 2020).

The severity scale for Myasthenia Gravis was developed to evaluate the patient's clinical condition and
response to treatment or exercise. Since 2012, the MGFA has recommended the MGC scale (Myasthenia
Gravis Composite) as a daily clinical evaluation tool for patients with Myasthenia Gravis. It is an assessment
that combines the objective evaluation of the examiner and the subjective report of the patient. The MGC
scale provides a better rating for all degrees of severity than the other scales because of the weight of the
validated assessment items (Burns et al., 2010; Muppidi, 2017).
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Based on the findings from previous studies above, this study aimed to determine the relationship between
disease severity and balance function in patients with MG and to determine the associated factors that
contribute.

2. Method and Materials

This research is an analytic observational study with a cross-sectional design. Subjects were recruited
consecutively from the Neurology Outpatient Clinic of Dr. Soetomo Hospital Surabaya, from April to June
2021. The inclusion criteria are age 18-60 years, confirmed with MG by neurologist, cooperative, agreeing to
participate, and willing to sign a consent. The exclusion criteria are patient with severe symptoms (MGFA
class 111B), patient with myasthenia crisis, pregnancy, obesity, history of musculoskeletal disease, history of
other neurological disease, visual impairment, vestibular disorders, and suffering from infectious diseases.

Eligible participants underwent examinations and functional tests to determine their demographic profile,
disease severity, and balance function. Disease severity was assessed using the Myasthenia Gravis Composite
(MGC) Scale, which was developed by Burns et al. by selecting items from Quantitative Myasthenia Gravis
(QMG), Manual Muscle Test (MMT), and Myasthenia Gravis-Activities of Daily Living (MG-ADL) and by
considering quality of life, disease severity risk, prognosis, validity, and reliability (Burns et al., 2008). The
items in the MGC were assessed using 4 levels of severity (normal/no symptoms to severe), with the total
score ranging from 0 (no symptoms) to 50 (very severe) (Burns et al., 2008).

One-leg stance (OLS) test was used to assess static balance while Time Up and Go (TUG) test was used to
assess dynamic balance and functional ability. The Time Up and Go (TUG) test is a test of basic mobility
skills, with the score given based on the time completion in seconds (Podsiadlo and Richardson, 1991).

The data was analyzed using the SPSS 26.0 version. Demographic information was presented as a mean,
standard deviation, and percentage. The Rank-Spearman test was used to assess between disease severity and
balance function. The influence of body mass index (BMI), the patient's current age, and the time of last MG
medication consumption on the balance function of patients with Myasthenia Gravis was analyzed using
multivariate regression analysis, with a P-value < 0.05 considered significant. This study was approved by the
ethical committee of Dr. Soetomo General Hospital, Surabaya, Indonesia.

3. Results

3.1. Characteristics of the research subjects

The total eligible subjects in this study were 31 patients (9 males and 22 females). The majority of
the subjects (71%) were women, with a mean age of 45.23 (29.79) years and an onset age of 39.61 (+20.27)
years. All subjects have generalized MG type, with more than half of the subjects having normal BMI
(51.6%) and none of them having a history of smoking or falling. Most subjects last took MG medication 2-4
hours before the interview and examination (80.6%).
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Variable n@Bl) (%)
Sex
Male 9 29
Female 22 71
Type of MG
Generalized 31 100
Ocular 0 0
BMI
Underweight 2 6,5
Normal 16 51,6
Overweight 2 6,5
Pre-Obese 4 12,9
Obese Grade 1 7 22,6
Alcohol Use
No 10 32.3
Yes 20 64.5
Cigarette Smoking
No 31 100
Yes 0 0
History of Fall
No 31 100
Yes 0 0
Time of the last MG medication consumption
< 2 hours 1 3,2
2-4 hours 25 80,6
> 4 hours 5 16,1

Abbreviations: BMI = Body Mass Index
Table 2. Subject characteristic
Variable Mean ;D

Age (year) 45.23 9.79
Age at onset (year) 39.61 10.27
MGC 5.06 6.07
Duration of medication (years) 5.45 5.18
Mestinon dose (tablet 60 mg)/day 3.87 1.28
Methylprednisolone dose (tablet 4 mg)/day 0.39 1.02
Imuran dose (tablet 50 mg)/day 0.03 0.18
OLS OE (seconds) 23,52 15,95
OLS CE (seconds) 8,20 9,51
TUG (seconds) 11,14 2,95

Abbreviations: MGC = Myasthenia Gravis Composite Scale; OLS OE = one leg stance with open eyes; OLS CE = one leg stance with

closed eyes; TUG = Time Up and Go test
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3.2. Correlation between the disease severity and balance function

Normality test using Shapiro-Wilk and the obtained data were not normally distributed for the disease
severity and the result of one leg stance and time up and go test. Rank-Spearman correlation test was used to
analyze the correlation between the disease severity and balance function, and we got a significant correlation
(p = 0.002; p = 0.531, Cl 95%) between disease severity and dynamic balance that is measured by TUG, but
there was no correlation between disease severity and static balance which is measured by OLS.

Table 3. Rank Spearman Correlation Test

Spearman's rho MG-ADL

Correlation Coefficient -0,124
OLS OE (seconds) Sig. (2-tailed) 0,508

N 31

Correlation Coefficient -0,030
OLS CE (seconds) Sig. (2-tailed) 0,872

N 31

Correlation Coefficient 0,531
TUG (seconds) Sig. (2-tailed) 0,002"

N 31

Abbreviations: MGC: Myasthenia Gravis Composite scale; OLS OE: One Leg Stance Open Eyes; OLS CE: One Leg Stance Closed
Eyes; TUG: Time Up and Go test
* Significant: p < 0.05

3.3. Factors affecting balance function in patients with Myasthenia Gravis

Table 4-6 shows the multivariate regression predictive analysis which analyzed the influence of body mass
index (BMI), the patient's current age, and the time of last MG medication on the balance function of patients
with Myasthenia Gravis. We found that BMI, the patient's current age, and the time of last MG medication
consumption didn’t influence the patient’s balance function simultaneously, both static (p = 0,265; p = 0,346)
and dynamic (p = 0,268).

Table 4. Multivariate regression predictive analysis for One Leg Stance test with open eyes

Model Sum of Squares df Mean Square F P-Value
Regression 1024,608 3 341,536 1,397 0,265
Residual 6603,140 27 244,561

Total 7627,748 30

Table 5. Multivariate regression predictive analysis for One Leg Stance test with closed eyes

Model Sum of Squares df Mean Square F P-Value
Regression 307,989 3 102,663 1,153 0,346
Residual 2403,141 27 89,005

Total 2711,130 30
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Table 6. Multivariate regression predictive analysis for Time Up and Go test

Model Sum of Squares df Mean Square F P-Value
Regression 34,953 3 11,651 1,388 0,268
Residual 226,642 27 8,394
Total 261,595 30

4. Discussion

4.1. Characteristics of research subjects

Most of the subjects included in this study were women, with a mean age of 45 years old, and all of the
subjects had generalized MG type. A comparison of early and late onset MG in previous studies showed that
MG predominates in young adult women and older men (Fan et al., 2019; Melzer et al., 2016). This is
supported by a cohort study which showed cases of MG in women were higher in the first 5 decades of age,
while MG in men occurred more in the 6th decade of age (Alshekhlee et al., 2009). Berrih-Aknin and Fan et
al. explained that the early symptoms of MG usually manifest as an ocular type with characteristic weakness
of the extraocular muscles and ocular misalignment. Nearly 90% of patients with ocular MG will develop into
general MG within 3 years of onset (Berrih-Aknin and Le Panse, 2014; Fan et al., 2019).

In this study, of 31 subjects with myasthenia gravis, none had a history of falls. This is in accordance with
several previous studies which explained that there were no reports of repeated falls or falls in young
Myasthenia Gravis patients, but there were reports of repeated falls in older MG patients (McHugh et al.,
2019; Aragones et al., 2014; Chua et al., 2000).

In comparison to the population (Springer et al., 2007) the average participant in this study has a poor
static balance function and a good dynamic balance function. Abnormal balance function is a parameter for an
increased risk of falling and can be associated with the presence of peripheral neuropathy and intermittent
claudication (Cug et al., 2014).

The time of the last MG drug consumption in this study was 2-4 hours before the interview or
examination. This is in accordance with several previous studies which stated that the administration of
exercise or function testing in Myasthenia Gravis patients was carried out within 2 hours after taking
pyridostigmine (O’Connor et al., 2020; Westerberg et al., 2017). This is due to the structure
of pyridostigmine which is absorbed slowly and in small amounts by the gastrointestinal tract, while most of
the proportion is excreted by the kidneys. The effect of an oral dose of pyridostigmine starts approximately 30
minutes after intake, with improvement in muscle function in patients with myasthenia gravis lasting 3—4
hours, and can be maintained with repeated doses (Anderson and Pope, 2017).

4.2. Correlation between the disease severity and balance function

Significant correlation was found between disease severity of Myasthenia Gravis and dynamic balance
function. This is in accordance with the study conducted by Wong et al. in 2014 and Westerberg et al. in 2017
which showed an increase in dynamic balance and functional mobility in Myasthenia Gravis patients who
were given balance exercise therapy, and was associated with a reduction in disease severity (Wong et al.,
2014; Westerberg et al., 2017).

4.3. Factors affecting balance function in patients with Myasthenia Gravis

In this study, body mass index, patient's current age, and time of last MG medication did not influence the
balance function of Myasthenia Gravis patients simultaneously. The subject’s age in this study were ranging
from 20-60 years old, with mean age of 45.23 years old, and most had normal BMI (51.6%). These results are
in accordance with previous studies (Wada et al., 2008; Yoshida-Intern, 2007; Barnedh et al., 2006) which
mentioned that the elderly have a higher risk factor for the occurrence of falls due to complications of various
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comorbidities associated with the metabolic syndrome, including hypertension and obesity, thus affecting
skeletal muscle mass and strength as well as balance function. Lee et al. also explained that obesity is strongly
correlated with decreased postural stability in the adult population aged 24-61 years (Lee et al., 2020).
However, the results of the balance test in this study showed a decrease in balance function which may be
associated with decreased postural stability. Decreased postural stability can be caused by a decrease in the
individual's capacity to use postural control strategies, including endurance and lower extremity muscle
strength which can be assessed through isokinetic examination, and respiratory muscle endurance and strength
as predictors of exercise function capacity which can be assessed using lung function capacity tests, such as a
spirometer or a six-minute walking test (6MWT) function test (Lee et al., 2020; Chang et al., 2021; Laessoe et
al., 2019).

The absence of effect of time of last medication consumption on the balance function in this study may be
related to the optimal time to muscle function improvement in Myasthenia Gravis (Anderson and Pope, 2017).
Further examination and research is needed regarding endurance and muscle strength of the lower extremities
through isokinetic examination and examination of respiratory muscle endurance and strength in Myasthenia
Gravis patients to assess the patient's lung function capacity that can influence balance function of patient
with Myasthenia Gravis.

5. Conclusion

Disease severity in patients with Myasthenia gravis correlates with dynamic balance function. Therefore,
assessment of severity can be used as a parameter to detect the balance function of a patient with Myasthenia
Gravis. However, body mass index, patient's current age, and time of last medication consumption did not
seem to influence the balance function of a patient with Myasthenia Gravis. Further research is needed to
determine the associated factors.
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