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Purpose: Myasthenia gravis (MG) can cause respiratory muscle weakness and the need of ventilator support. Spirometry as the gold 
standard for pulmonary function examination has limited availability, especially in our hospital which is only available in outpatient 
clinic during work hours (not in emergency room or patient room). Furthermore, all primary healthcare in Indonesia do not have 
spirometry equipment, thus other alternatives are required. This study aimed to analyze the relationship between a single breath 
counting test (SBCT), peak flow meter (PFM), and spirometry to assess pulmonary function in MG patients in a national referral 
hospital in Indonesia.
Patients and Methods: A single-center, cross-sectional study was conducted and SBCT, PFM, and spirometry examination were 
performed in MG patients and healthy controls.
Results: Seventy patients, aged 47.7 ± 13.4 years old, participated in this study. SBCT, forced vital capacity first second (FVC1), and 
forced expiratory volume first second (FEV1) value between MG patients and healthy controls showed a significant difference, in 
which healthy controls have higher SBCT, FVC1, and FEV1 values (p = 0.000, p = 0.000 and p = 0.001 respectively). There was 
a significant difference between PFM with SBCT and FVC1 value in MG patients. Strong correlation was found between SBCT and 
FVC1 in MG patients.
Conclusion: MG patients had worse pulmonary function compared to healthy controls. SBCT and PFM examination have 
a significant correlation with FVC1 in MG patients. Therefore, SBCT and PFM can be used as a bedside tool to detect respiratory 
impairment in MG patients.
Keywords: myasthenia gravis, peak flow meter, single breath counting test, spirometry

Introduction
Myasthenia gravis (MG) is an autoimmune disease characterized by fluctuating weakness of the extraocular, bulbar, and 
proximal muscles.1 Autoantibodies against the postsynaptic nicotinic acetylcholine receptor can be found in the serum of 
about 85% of patients and provide confirmation of the diagnosis.2 Muscle weakness will be worsened with activity and 
improved after resting.3

Approximately 15–20% of patients with MG experience a myasthenic crisis in the first 2 years after diagnosis.4 

Myasthenia crisis can result from weakness of the upper airway muscles leading to obstruction and aspiration or 
weakness of the respiratory muscles that reduce the tidal volume or from the weakness of both muscle groups. 
Common precipitating factors for myasthenia crisis include respiratory infection, aspiration pneumonia, sepsis, surgical 
procedures, initiation of treatment with high-dose corticosteroids, and exposure to some drugs.5,6

Spirometry has been widely used in neuromuscular disease worldwide as a predictor of the need for mechanical 
ventilation and the incidence of respiratory failure.7 Peak expiratory flow and vital lung capacity in spirometry are 
components that contribute to this. The first signal measured on spirometry is the volume or air rate as a function of the 
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lung at that time.1 There are several measurements, namely forced vital capacity (FVC), where the volume expelled 
during a full expiration as hard as possible starting from a full inspiration, and forced expiratory volume (FEV), where 
the expiratory volume is calculated from the two words/ second of the FVC maneuver.8

The Single Breath Counting Test (SBCT) is the maximum measurement of serial number counting, which is 
performed with a normal voice after maximal inhalation. Previous studies have shown that SBCT has a good correlation 
with gold standard measurements of pulmonary function test (PFT), peak expiratory flow rate (PEFR), and FEV in the 
first second (FEV1).9 SBCT can also effectively replace the complex laboratory measurements of PFT.

Peak Expiratory Flow Rate (PEFR) is a lung function test tool that is widely used because it is very easy and often 
encountered in daily practice. It is defined as the maximum flow rate that forces air out of the lungs in L/min. PEFR is 
a sensitive and accurate index for measuring airway obstruction and respiratory muscle strength. PEFR can be assessed 
using a peak flow meter (PFM) and a spirometer. PFM is a simple and inexpensive tool; therefore, it is relatively easy to 
measure PEFR with PFM.9

Spirometry as the gold standard for pulmonary function examination has limited availability especially in our 
hospital which is only available in outpatient clinic during work hours (not in emergency room or patient room). In 
addition, all primary care facilities in Indonesia do not have spirometry equipment, thus further alternatives are 
required. This study aimed to analyze the correlation between SBCT, PFM, and spirometry to assess pulmonary 
function in MG patients.

Materials and Methods
We performed an observational analytic study with a case–control design. The case group consisted of MG patients in the 
outpatient clinic, Emergency Room (ER), and inpatient ward in a National Referral Hospital in Indonesia from January to 
December 2019. The inclusion criteria were MG patients aged more than 18 years old. Patients were excluded if they 
suffered from chronic obstructive pulmonary disease due to infection, post lung infection due to tuberculosis, and other 
neurological diseases in the central and peripheral nervous systems such as cerebrovascular disease, intracranial tumor, 
and peripheral neuropathy. The sample size was determined with single proportional sample formula and the minimal 
sample of this study was 64 subjects. The control group consisted of healthy control volunteers recruited from the 
outpatient clinic who had no history of pulmonary and neurological diseases and had normal physical examinations. 
Because there were no established normal values of SBCT in our hospital, we introduced a control group analysis to this 
study. We used a 4:1 ratio of the case–control number of subjects unmatched for age and sex. The minimal number of 
healthy controls that were needed was 16.

Data collection was done through the interviews, medical records, and physical and pulmonary examinations (SBCT, 
PFM, and spirometry) results, then recorded in the research form. The interview and physical test performed on the 
same day by the same examiner. The patient’s age, disease duration, medication use, and complaints were all elicited 
during the interview in order to identify the patient’s MG type and MGFA classification during the study period. In this 
study, we used the spirometry normal curve/nomogram in our hospital to assess the spirometry results. The normal curve 
is determined according to age, gender and height. A peak flow meter was also used as a device for monitoring lung 
function. Peak flow meters determined by one’s personal best or typical peak flow, and could be classified as green, 
yellow, and red zone. Green zones were set if PFM showed between 80% and 100%. While the yellow zone represents as 
PFM 51% up to 80% personal best and red zone displays 50% or less of a personal best. Peak flow measurements in this 
range suggest the possibility of a major airway obstruction.10

SBCT, and PFM were not normally distributed, while predicted PFM, FVC1, and FEV1 were normally distributed in 
MG patients. SBCT, PFM, predicted PFM, FVC1, and FEV1 in MG patients with a history of crisis were normally 
distributed. While in healthy controls, SBCT, PFM, predicted PFM, FVC1, and FEV1 values had a normal distribution. 
Chi-square or Fisher test was performed for categorical data analysis, while the independent Student’s t-test or Mann– 
Whitney test was employed for numerical data analysis. Statistical analysis used the SPSS version 26.0 program. This 
research has been approved by the ethics committee of the Faculty of Medicine, Universitas Indonesia (KET-670/UN2. 
F1/ETIK/PPM.00.02/2019). All data and examination results were kept confidential.
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Results
Characteristics of Patients
Seventy MG patients and 16 healthy controls were included in this study. The proportion of males and females was 1:2.5 
in case group, ranging from 18 to 72 years old. MG patients and healthy controls showed a greater proportion of female, 
but there was no significant difference between sex in MG patients and healthy controls (p =0.560). MG patients have 
higher mean age than healthy controls. Age characteristics in MG patients and healthy controls showed significant 
difference (p = 0.007). There was no significant difference in body height between MG patients and healthy controls 
(p = 0.569), despite the fact that the features of body height in healthy controls indicated a greater mean than in MG 
patients (Table 1).

Generalized symptoms (51.4%) were the most common early symptoms compared to ocular symptoms in MG 
patients. Patients with early onset MG showed dominance in this study. The proportion of ocular and generalized MG 
patient classification was almost the same. The median duration of illness of the MG patients was 3 years (Table 1).

Comparison of Pulmonary Functional Characteristics
SBCT values of MG patients and healthy controls had a significant difference, whereas healthy controls had higher SBCT 
values. A significant difference was also found in spirometry examination, namely on FVC1 and FEV1 between MG 
patients and healthy controls, where healthy controls have higher FVC1 and FEV1 values (Table 2). Our study showed 
a similar proportion of ocular and generalized MG types, so we further explored the characteristics of pulmonary 
function in these MG types. However, based on the analysis, there was no significant difference of these examinations in 
ocular and generalized MG types (Table 3). This demonstrates that the respiratory function might be already impaired in 
MG ocular patients, although they have not shown any respiratory symptoms. On the other hand, it may be that the 
current ocular MG patient has experienced generalized MG before which has impaired their respiratory muscle function.

MG patients with a history of the crisis showed no significant differences from those without a history of the crisis in 
all examination results either SBCT, PFM, or spirometry (Table 4). No significant differences were reported between 
spirometry with SBCT and PFM examinations (Table 5). This result shows abnormal spirometry values do not 

Table 1 Characteristics of MG Patients and Healthy Controls

Characteristics MG Patients 
(n  

= 70)

Healthy Controls 
(n  

=16)

p

Sex (n (%)) 0.560

Male 21 (30) 6 (37.5)
Female 49 (70) 10 (62.5)

Age (years; mean ± SD) 47.7 ± 13.4 38.1 ± 9.0 0.007

Body height in cm (mean ± SD) 159.99 ± 7.74 161.19 ±6.79 0.569
Onset of MG (n (%))

Early onset MG (<50 years old) 48 (68.6)

Late onset MG (≥50 years old) 22 (31.4)
MG Type (n (%))

Ocular 31 (44.3%)

Generalized 39 (55.7%)
Duration of disease (years; median 

(range))

3 (0.25–44)

MG composite score (median (range)) 3 (0–14)
Pyridostigmine (mg/day; median (range)) 180 (120–300)

MGFA (n (%))

I 38 (54.3)
II 27 (38.6)

III 5 (7.1)

Abbreviations: MGFA, Myasthenia Gravis Foundation of America; MG, myasthenia gravis; SD, standard deviation.
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necessarily result in abnormal SBCT and PFM values in MG patients. Significant differences were found between PFM 
with SBCT and FVC1 examinations (Table 6). Abnormal spirometry values do not necessarily result in abnormal SBCT 
and PFM values in MG patients. This means that abnormal spirometry results may not always reflect respiratory 
impairment due to respiratory muscle weakness in MG patients.

Table 2 Comparison of Pulmonary Functional Characteristics Between MG Patients and 
Healthy Controls

Characteristic MG Patients (n=70) Healthy Controls (n=16) p

SBCT (median (range)) 28 (14–59) 52 (23–71) 0.000

PFM EU (L/min; median (range)) 423 (345–626) 432 (389–629) 0.077

PFM predicted (L/min; mean ± SD) 81.4 ± 14.3 88.6 ± 12.3 0.057
FVC1 (L; mean ± SD) 2.1 ± 0.6 2.9 ± 1 0.000

FEV1 (L; mean ± SD) 1.9 ± 0.6 2.6 ± 0.96 0.001

FEV1/FVC1 ratio (%; median (range)) 93 (0–100) 89.5 (78–97) 0.079

Abbreviations: SBCT, single breath counting test; PFM, peak flow meter; FVC1, forced vital capacity first second; FEV1, 
forced expiratory volume first second.

Table 3 Comparison of Pulmonary Functional Characteristics in Ocular and Generalized 
MG Patients

Characteristic MG Ocular (n=34) MG General (n =36) p

SBCT (median (range)) 30.0 (15.0–51.0) 25.0 (14.0–59.0) 0.175

PFM EU (L/min; median (range)) 422 (345–612) 427 (355–626) 0.401
PFM predicted (L; mean ± SD) 82.9 ± 13.1 79.8 ± 15.2 0.701

FVC1 (L; mean ± SD) 2.1 ± 0.7 2.2 ± 0.6 0.279

FEV1 (L; mean ± SD) 1.9 ± 0.6 1.9 ± 0.6 0.929
FEV1/FVC1 ratio (%; median (range)) 92.9 (75–100) 86.4 (0–100) 0.102

Abbreviations: SBCT, single breath counting test; PFM, peak flow meter; FVC1, forced vital capacity first second; 
FEV1, forced expiratory volume first second.

Table 4 Comparison of Pulmonary Functional Characteristics in MG Patients with and without Crisis

Characteristic MG with History of MG  
Crisis (n=23)

MG without History of MG  
Crisis (n=47)

p

SBCT (mean ± SD) 25.6 ± 7.0 30.9 ± 11.1 0.124

PFM EU (L/min; median (range)) 423 (355–626) 428 (345–625) 0.639

PFM predicted (L/min; median (range)) 75.1 (37.5–100) 82.9 (55.5–111) 0.80
FVC1 (L; median (range)) 2.0 (1.1–3.2) 2.0 (1.3–3.9) 0.413

FEV1 (L; median (range)) 1.9 (0.9–2.9) 1.8 (0.0–3.4) 0.726

FEV1/FVC1 ratio (%; median (range)) 93 (75–100) 93 (0–100) 0.745

Abbreviations: SBCT, single breath counting test; PFM, peak flow meter; FVC1, forced vital capacity first second; FEV1, forced 
expiratory volume first second.

Table 5 Association Between Spirometry with SBCT and PFM in MG Patients

Characteristic Normal Spirometry  
(n=23)

Abnormal Spirometry  
(n=47)

p

SBCT (median (range)) 27 (15–46) 28 (14–59) 0.935

PFM EU (L/min; median (range)) 421 (345–593) 427 (355–626) 0.604
PFM predicted (L/min; mean ± SD) 84.5 ± 11.6 79.5 ± 15.3 0.179

Abbreviations: SBCT, single breath counting test; PFM, peak flow meter.
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Correlation analyses of each pulmonary function characteristics in all subjects, healthy controls, and MG patients 
were also performed (Table 7). Correlation analysis of SBCT-FVC1, SBCT-FEV1, PFM EU-FVC1 and PFM EU-FEV1 
all showed significant correlations. The correlation of these variables in the overall subject shows a strong correlation 
level. Correlation analysis of these variables in healthy controls showed a very strong level of correlation. Correlation 
analysis in MG patients between SBCT and FVC1, SBCT and FEV1, PFM-EU and FEV1 showed a moderate correlation, 
while correlation between SBCT and FVC1 showed a strong level of correlation.

Discussion
The average age of the research subjects was ≤50 years with a higher proportion in females (2.5:1) and early onset MG. 
These results are similar to previous studies that showed early onset MG was more common in females.11 Males were 
found in high proportion in late-onset and very late-onset MG in a study conducted in Spain.12

This study showed generalized symptoms (51.4%) were slightly more frequent than ocular symptoms (48.6%). The severity 
of MG can be seen quantitatively based on the MG composite score and qualitatively based on the MGFA classification. 
Compared with previous research, ocular MG in our study showed a high proportion.13 The MGFA classification included in this 
study was MGFA within the last one month. We did not assess the MGFA of patients in a cohort. Therefore, it is possible that the 
MG patients assessed had already experienced improvement of their generalized MG symptoms.

FVC1 and FEV1 in spirometry and SBCT examination showed significant differences between MG patients and 
healthy controls, with healthy controls having higher FVC, FEV, and SBCT values. However, no significant differences 
were found between spirometry with SBCT and PFM examination. This might happen because MG patients have 
respiratory muscle weakness, not impaired lung function. There was a significant difference between PFM with SBCT 
and FVC, where FVC is one of the components in spirometry and plays a role in lung capacity related to respiratory 
muscle strength. Our study showed that in MG patients, there was strong correlation between SBCT and FVC1. Other 
studies also showed positive correlations between SBCT examination and FVC values.14,15 Therefore, SBCT could 
reflect the function of vital capacity of the lung. SBCT and PFM examination showed benefits in detecting a respiratory 
impairment as a bedside tool examination in MG patients.

However, this study has some limitations. In our study, we did not match the characteristics of cases and controls. MG 
patients and healthy controls showed majority in females. Age greater than or equal to 40 years was found to be more 
common in MG patients. While healthy controls show a higher mean body height. A study using spirometry discovered 

Table 7 Correlation of Each Pulmonary Functional Characteristics*

Characteristic r in Healthy 
Controls

r in MG 
Patients

Single breath counting test and FVC1 0.800* 0.440*
Single breath counting test and FEV1 0.832* 0.427*

PFM EU and FVC1 0.873* 0.711*

PFM EU and FEV1 0.922* 0.514*

Note: *All correlation analysis of pulmonary functional characteristics have P <0.05.

Table 6 Association Between PFM with SBCT, FVC1, and FEV1 in MG Patients

Characteristic Green PFM 
(n=40)

Yellow–Red PFM 
(n=30)

p

SBCT (median (range)) 30 (17–59) 24 (14–51) 0.01

FVC1 (L; mean ± SD) 2.3 ± 0.6 2.0 ± 0.5 0.045

FEV1 (L; mean ± SD) 2.0 ± 0.6 1.7 ± 0.6 0.057
FVC1/FEV1 ratio (%; median (range)) 93 (0–100) 93 (17–100) 0.6

Abbreviations: SBCT, single breath counting test; FVC1, forced vital capacity first second; FEV1, forced expiratory 
volume first second.
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those female patients had lower mean values for pulmonary function test parameters than male patients.16 Other study 
shows that FEV1/FVC is declining by 0.29% per year.17 Additionally, a study discovered that the FEV1 and FVC scores 
were influenced by age and body height.18 This variation might influence the study’s findings.

Conclusion
FVC1 and FEV1 in spirometry and SBCT examination showed significant differences between MG patients and healthy 
controls, with MG patients having lower FVC1, FEV1, and SBCT values. There was a significant correlation between 
SBCT, PFM, and FVC1 values of the spirometry component. Thus, SBCT and PFM examination can be used as 
a bedside tool to detect respiratory impairment in MG patients.
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