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Myasthenia gravis (MG) is an autoimmune disease 
characterized by fluctuating weakness of the 
voluntary muscles. Muscle weakness varies widely 
in severity, ranging from mild involvement of the 
extraocular muscles to severe weakness affecting 
the respiratory, bulbar, and limb muscles. The 
underlying pathology involves autoantibodies 
targeting the neuromuscular junction, and the 
specific antibody profile can influence disease 
severity and clinical features. MG can significantly 
impact a patient's quality of life (QoL) and even 
lead to mortality.1-3 

Accurate clinical assessment is essential for 
effective management in MG. However, the 
fluctuating nature of the disease presents 
challenges.4,5 Several tools exist to assess MG 
severity, including the Quantitative Myasthenia 
Gravis (QMG) score, the Myasthenia Gravis 
Composite (MGC) score, the Myasthenia Gravis 
Activities of Daily Living (MG-ADL), and the  
15-item Myasthenia Gravis Quality of Life 
(MGQOL-15). Each tool offers unique advantages 
and limitations, with some relying on expert 
opinion and others on patient-reported data.6-9 

The Myasthenia Gravis Impairment Index 
(MGII) is a new measure of MG severity; its 
feasibility, reliability, and construct validity were 
established by Barnett et al. in 2016. The MGII has 
been developed based on the guidelines provided 
by the United States Food and Drug 
Administration (FDA) and Consensus-based 
Standards for the selection of health Measurement 
Instruments (COSMIN), incorporating patient 
input. This method has been found to have a lower 
floor effect compared to other measures. The MGII 
comprises 22 patient-reported items and 6 
examination-based items, with total score ranging 
from 0 to 84; higher scores indicate more severe 
impairment. The index is divided into two 
subscales: ocular, which assesses eight items, and 
generalized, which evaluates 20 items related to 
other body areas.10 

Importantly, the MGII has shown sensitivity in 
detecting treatment response. Specifically, patients 
receiving therapies such as prednisone, 
intravenous immunoglobulin (IVIG), or plasma 
exchange (PLEX) exhibited significantly greater 
improvements in MGII scores compared to 
controls.11 Due to floor effects, some previous 
measures may not show significant responses to 
the treatments. The index, initially developed and 
validated in Canada, recently underwent validity 
assessment for its Dutch and Italian versions.10,12,13 

Further cross-cultural validation is necessary to 
confirm the MGII applicability in diverse 
populations. This study aimed to address the gap 
by translating and culturally adapting the MGII for 
Persian-speaking patients with MG. Subsequently, 
we evaluated the validity, reliability, and 
responsiveness of the Persian version in this 
specific population. 

This study was conducted at the Neurology 
Department of Shariati Hospital, Tehran, Iran, 
between August 2022 and September 2023. The 
Study Protocol was approved by the Ethics 
Committee of Tehran University of Medical 
Sciences (Approval ID: 
IR.TUMS.MEDICINE.REC.1401.136). Written 
consent was obtained from all participants. 
Participants 

A total of 100 participants were enrolled in this 
study. Participants were consecutive patients with 
MG at different disease stages who attended the 
outpatient clinic or were hospitalized in the 
neurology ward. Exclusion criteria comprised MG 
crisis or intubation, which implies class V on the 
Myasthenia Gravis Foundation of America (MGFA) 
Clinical Classification.14 Furthermore, individuals 
with chronic conditions, such as diabetes, 
cardiovascular or cerebrovascular events, asthma, 
and renal or hepatic dysfunction, were excluded to 
avoid confounding the health-related QoL (HRQoL) 
measurements. Additionally, those with major 
psychiatric conditions, such as major depression or 
psychosis, were also excluded.51 Patients were 
diagnosed with MG based on their fatigability and 
fluctuating weakness, along with paraclinical 
confirmatory evaluations, including an increased 
plasma level of acetylcholine receptor (AChR) or 
muscle-specific tyrosine kinase (MuSK) antibodies, 
decremental responses on low-frequency repetitive 
nerve stimulation, or increased jitter on single-fiber 
electromyography (EMG).  

 

 



 
 

 

 
Figure 1. Study flowchart 

 
A positive Tensilon test also contributed to the 

diagnosis. All patients were receiving standard MG 
treatment, such as anticholinesterase, prednisolone, 
immunosuppressive agents, IVIG, or PLEX. 

During the first visit, patients who had not 
undergone any treatment changes for at least the 
previous 3 months were asked to complete the 
Persian version of MGQOL-15 and the 22-item self-
report part of MGII. The remaining six items of the 
examination10 were performed by a neurologist as 
the first rater. After an hour, another blind 
examiner assessed the examination items of the 
MGII in 32 patients to ensure inter-rater validity. 
We evaluated the severity of the MG using the 
QMG, MGC, MG-ADL, and MGFA. According to 
the definitions provided by the Task Force of the 
Medical/Scientific Advisory Board of the MGFA, 
patients were classified into ocular and 
generalized groups. Patients with generalized MG 
were further subdivided into mild (Class II), 
moderate (Class III), and severe (Class IV) 
categories.14 Second consecutive visits were 

performed 4–8 weeks after the first visit in both 
stable patients and those undergoing treatment 
modifications (including the start or dose 
adjustment of prednisolone, other cytotoxic 
medications, IVIG, or PLEX), as clinical 
improvement is expected to be temporary over this 
period.16,17 The appropriate dosage for each 
patient's medication was determined by a 
neurologist or neuromuscular specialist. The 
patients were administered IVIG or PLEX 
according to standardized protocols.17 

Translation 
To adapt the MGII from English to Persian, we 

obtained permission from the corresponding 
author of the original MGII article10 and applied 
cross-cultural adaptation guidelines, considering 
cultural adjustment and validation of the Persian 
version of the MGII.18-20 

A conventional multi-step forward-backward 
technique was applied to convert the MGII 
questionnaire to Persian. A physician at our center 
translated the original English version of the MGII 



 

 
 

 

into Persian. After that, another independent 
physician, blinded to the primary assessment, 
back-translated this Persian version to English. The 
back-translation was then balanced to the earliest, 
and components with significant dissimilarities 
were modified.20 

A committee composed of two translators, four 
neurologists, and two experts in linguistics 
evaluated the original MGII questionnaire, the 
forward translations, the back translations, and the 
discussed incompatibilities.  
Outcome Measurements 

MGII: The MGII assesses the severity of MG 
symptoms using 28 items on a scale ranging from 
0 to 84, where higher scores indicate greater clinical 
severity. The scale comprises two subscales: ocular 
(8 items) and generalized (20 items). The patient-
reported component consists of 22 items 
encompassing diplopia (3), ptosis (3), swallowing 
(1), chewing (2), voice (3), articulation (3), 
breathing (1), general fatigue (1), neck weakness 
(1), and upper and lower limb weakness (2 each). 
Additionally, six examination items evaluate 
diplopia, ptosis, lower facial strength, neck 
stamina, and upper and lower limb strength.10 

MGQOL-15: The MGQOL-15 is a self-
administered questionnaire that assesses the QoL 
in patients with MG. It consists of 15 items that 
cover various aspects of daily life. Each item is 
rated on a scale of 0 to 4, with 0 representing no 
problems and 4 representing severe problems. The 
total score ranges from 0 to 60, with higher scores 
indicating a lower QoL.15 

MGC: The MGC is a 10-item measure that 
assesses the severity of MG symptoms. It includes 
items on muscle weakness, fatigue, ptosis, 
diplopia, dysphagia, dysarthria, and limb 
weakness. The total score ranges from 0 to 50, with 
higher scores indicating more severe symptoms.8 

QMG: The QMG is a 13-item measure that 
quantitatively assesses MG severity. It consists  
of the following domains: ocular (2 items), facial 
(1), bulbar (2), gross motor (6), axial (1), and ocular 
(1). Each item is scored from 0 to 3 (with 3 being 
the most severe), giving an overall QMG score 
from 0 to 39. The higher scores denote increased 
disease severity.21 

MG-ADL: The MG-ADL is an 8-item 
questionnaire that assesses the impact of MG on 
daily activities. Each item is rated on a scale of 0 to 
3, with 0 representing no difficulty and 3 
representing extreme difficulty. The total score 
ranges from 0 to 24, with higher scores indicating 

greater disability.21 
MGFA: The MGFA classification is a clinical 

staging system for MG that categorizes patients 
into five classes based on the severity of their 
symptoms. Class I patients have only ocular 
symptoms, while Class V patients are ventilator-
dependent due to myasthenic crisis.14 

Study Size 
Recruiting large samples for research studies is 

challenging because of the rarity of MG. 
Furthermore, there is no consensus regarding the 
optimal sample size for studies evaluating the 
measurement properties of an instrument. For 
construct validity analyses, a minimum sample size 
of 62 participants is required to detect a correlation 
coefficient of 0.40, with a significance level of  
0.05 and a statistical power of 90%. Moreover, 
according to the COSMIN framework, a sample size 
of 100 participants is considered to represent 
excellent methodological quality. Therefore, in 
accordance with COSMIN recommendations, we 
aimed to recruit 100 participants.13 

Analysis was conducted using SPSS software 
(version 27, IBM Corporation, Armonk, NY, USA), 
and a P-value of 0.05 was considered statistically 
significant. The compliance of variables with a 
normal distribution was tested using the Shapiro–
Wilk test and probability graphics. Results were 
presented as median and interquartile range (IQR) 
for non-normally distributed data, whereas data 
with normal distributions were provided as mean 
± standard deviation (SD). 
Reliability 

Inter-rater reliability was assessed on the first 
visit day, with an approximately one-hour interval 
between the two blinded raters. Weighted kappa 
coefficients were computed to quantify agreement.22 
During the second consecutive visit, 32 patients 
who reported no changes in their symptoms or 
medications over a period of 4 to 8 weeks were 
evaluated for test-retest reliability. Using a random 
effects model, the Intraclass Correlation Coefficient 
(ICC2,1) was calculated for the total score as well as 
for the subscales. ICC values were reported with 
95% confidence intervals (CIs). Within this range, 
ICC values are recommended at least 0.80 for 
groups and > 0.90 for individuals. Generally, values 
between 0.60 and 0.80 are considered substantial, 
while 0.80 is considered excellent agreement. 
However, there is no universal consensus on the 
interpretation of kappa.13,23 Furthermore, the 
standard error of measurement (SEM) was 
calculated for the total MGII score. 



 
 

 

Validity 
To assess the face validity of the Persian MGII, 

10 experts in MG were consulted. Subsequently, 
content validity was evaluated using the Content 
Validity Ratio (CVR) and Content Validity Index 
(CVI) obtained from the neurologist's responses 
about different aspects of the Persian version of 
MGII.24,25 Construct validity was evaluated by 
assessing the correlations between the Persian 
MGII scores with scores on the Persian versions of 
QMG, MGC, MG-ADL, and MGQOL-15 using 
Pearson correlation coefficients. It was 
hypothesized that these correlations would align 
with the ranges observed in the original validation 
of the MGII (r = 0.60–0.80).10 

Responsiveness 
Patients who received IVIG or PLEX, or whose 

prednisolone dose was increased by more than 
50% relative to the preceding dose, were included 
in the responsiveness assessment of the Persian 
version of the MGII. At follow-up, patients were 
clinically categorized into four post-treatment 
states: improved, unchanged, worsened, or 
exacerbated, based on the overall assessment of 
disease status. Scores on the MGII, QMG, MGC, 
MG-ADL, and MGQOL-15 before and after 
treatment were compared.  

Paired t-tests and analysis of covariance 
(ANCOVA) were used to assess changes in scores, 
adjusting for baseline values. Additionally, 
responsiveness was assessed utilizing the 
standardized response mean (SRM) and effect size 
(ES). A dependable anchor-based minimal 
clinically important difference (MCID) was not 
possible due to the anchor's inability to 
differentiate between minimal and marked 
improvement. As a result, the MCID was estimated 
using a distribution-based method corresponding 
to one-half of the baseline SD. Furthermore, the 
minimal detectable change at the 95% confidence 
level (MDC95) was calculated. 

Patient Characteristics and Clinical Features 
During the initial visit, 106 patients with MG 

were recruited, of which 100 were finally included 
in the study analysis. The mean age was 45.3 ± 14.1 
years, with 57% being women. As shown in table 
1, the median disease and treatment durations at 
baseline were 44 months (IQR: 12–123) and 36 
months (IQR: 5–120), respectively. Prednisolone 
and pyridostigmine were administered to 84% and 
81% of patients. Thymectomy was performed in 

21% of patients, and 9% had a thymoma. Patients 
were divided into two groups: stable (n = 54) and 
exacerbation/worsening (n = 46). Disease duration 
was significantly longer in the stable group than in 
the exacerbation/worsening group (84 months vs. 
24 months; P < 0.001). Similarly, treatment 
duration was also higher in the stable group  
(77 months vs. 47 months; P < 0.001). Additionally, 
there was a significant association between disease 
stability and other factors, including residence  
(P = 0.040) and azathioprine use (P = 0.005). 
Face Validity  

The face validity of the Persian MGII was 
evaluated by by a panel of ten experts in MG. Their 
feedback was collected and analyzed, and the 
experts generally agreed that the questionnaire 
demonstrated good face validity, noting that the 
items were clear, understandable, and directly 
relevant to measuring MG symptoms. 
Additionally, the sequencing of the items was 
deemed logical and appropriate. However, some 
experts suggested refinements for improved 
clarity. Based on their feedback, specific items were 
rephrased for better understanding. For example, 
the item on lower extremity fatigue during activity 
originally referenced the block test for walking 
distance. Considering cultural and geographical 
variations (urban vs. rural settings), the item was 
modified to assess the ability to walk 1000 meters 
instead of a specific number of blocks. 
Content Validity 

Ten neurology residents participated in the 
assessment of the Persian MGII's content validity. 
All items achieved a CVR greater than 0.62, 
indicating an acceptable level of relevance to the 
intended construct (MG symptoms). Furthermore, 
the CVI of each item and the overall questionnaire 
surpassed the recommended threshold of 0.79, 
providing further evidence for the instrument's 
content validity. 
Construct Validity 

The most effective way to assess construct 
validity is by comparing it to a gold standard. In 
the absence of a gold standard for evaluating 
symptom severity and clinical status in patients 
with MG, other validated tools that are reliable in 
Persian and measure similar constructs were used. 
Mean MGII total scores escalated steadily with 
increasing MGFA clinical classes. Patients in 
remission exhibited a mean MGII score of 0.8, 
compared to 10.7 for class I, 13.7 for class IIa, 14.1 
for class IIb, 27.2 for class IIIa, 36.6 for class IIIb, 
52.7 for class IVa, and 58.7 for class IVb.  

 



 

 
 

 

Table 1. Descriptive statistics of demographic and clinical variables at baseline 
Variable Category Total (n = 100) Status P 

Stable  

(n = 54) 

Worsening  

(n = 46) 

Age (year) - 45.3 ± 14.8 45.3 ± 13.0 45.3 ± 16.8 0.900 

Duration of illness 

(month) 

- 44.0 (12.0–123.0) 84.0 (36.0–177.0) 24.0 (5.0–72.0) < 0.001 

Duration of treatment 

(month) 

- 36.0 (5.0–120.0) 77.0 (25.2–154.5) 47.0 (0.5–69.0) < 0.001 

Gender Women 57 (57.0) 34 (62.9) 23 (50.0) 0.200 

 Men 43 (43.0) 20 (37.0) 23 (50.0)  

Marital status Married 79 (79.0) 45 (83.3) 34 (73.9) 0.200 

 Single 20 (20.0) 8 (14.8) 12 (26.0)  

 Divorced 1 (1.0) 1 (1.8) 0 (0)  

Employment Employed 19 (19.0) 9 (16.6) 10 (21.7) 0.800 

 Unemployed 70 (70.0) 40 (74.0) 30 (65.2)  

 Retired 9 (9.0) 4 (7.4) 5 (10.8)  

 Disabled 2 (2.0) 1 (1.8) 1 (2.1)  

Residence Capital city (Tehran) 66 (66.0) 41 (75.9) 25 (54.3) 0.040 

 Other cities 33 (33.0) 13 (24.0) 20 (43.4)  

 Rural areas 

drive_spreadsheet 

1 (1.0) 0 (0) 1 (2.1)  

Treatment status Untreated 12 (12.0) 3 (5.5) 9 (19.5) 0.060 

Medication use Prednisolone 84 (84.0) 48 (88.8) 36 (78.2) 0.100 

 Pyridostigmine 81 (81.0) 44 (81.4) 37 (80.4) > 0.999 

 Azathioprine 57 (57.0) 38 (70.3) 19 (41.3) 0.005 

 Rituximab 7 (7.0) 3 (5.5) 4 (8.7) 0.700 

 Mycophenolate 2 (2.0) 2 (3.7) 0 (0) 0.400 

Surgical history Thymectomy 21 (21.0) 12 (22.2) 9 (19.5) 0.800 

Clinical 

characteristics 

Thymoma 9 (9.0) 5 (9.2) 4 (8.7) > 0.999 

Antibody status AChR  73 (73.0) 37 (68.5) 36 (78.2) 0.300 

 MuSK  8 (8.0) 6 (11.1) 2 (4.3)  

 Seronegative 19 (19.0) 11 (20.3) 8 (17.3)  

Type of MG Generalized 91 (91.0) 50 (92.5) 41 (89.1) 0.700 

 Ocular 9 (9.0) 4 (7.4) 5 (10.8)  

MGFA classification* 0 5 (5.0) 5 (9.3) 0 (0) N/A 

I 9 (9.0) 5 (9.3) 4 (8.7) N/A 

IIa 17 (17.0) 16 (29.6) 1 (2.2) N/A 

IIb 10 (10.0) 9 (16.7) 1 (2.2) N/A 

IIIa 17 (17.0) 12 (22.2) 5 (10.9) N/A 

IIIb 27 (27.0) 7 (13.0) 20 (43.5) N/A 

IVa 4 (4.0) 0 (0) 4 (8.7) N/A 

IVb 11 (11.0) 0 (0) 11 (23.9) N/A 
Normally distributed quantitative variables are presented as mean ± standard deviation (SD), while non-normally distributed ones are 

reported as median and interquartile range (IQR). Qualitative variables are described by frequency (percent). Independent t-tests were 

used to assess group differences, while Mann–Whitney U tests were employed to analyze non-normally distributed variables. 

Associations between qualitative variables and status were evaluated using Fisher's exact test. 
*MGFA classes: remission = no symptoms for > 1 year; I = Pure ocular; II = Mild generalized; III = Moderate generalized; IV = Severe 

generalized 

AChR: Acetylcholine receptor; MG: Myasthenia gravis; MGFA: Myasthenia Gravis Foundation of America; MuSK: Muscle-specific 

kinase; N/A: Not available 

 
This trend illustrates the MGII's capacity to 

differentiate among various degrees of disease 
severity as delineated by the MGFA classification. 
Table 2 demonstrates that the MGII exhibited 
strong positive correlations with recognized 

metrics of MG severity and QoL, affirming its 
convergent validity. The most significant 
correlations were found with the MG-ADL  
(r = 0.92, 95% CI: 0.88–0.94, P < 0.001) and MGC  
(r = 0.91, 95% CI: 0.88–0.94, P < 0.001), followed by 



 
 

 

the QMG (r = 0.88, 95% CI: 0.83–0.92, P < 0.001) and 
MGQOL-15 (r = 0.82, 95% CI: 0.75–0.87, P < 0.001). 
All observed correlations fulfilled our a priori 
hypotheses by falling within or exceeding the 
predefined expected range (r = 0.60–0.80), and all 
were statistically significant, supporting the 
excellent convergent validity of the Persian version 
of the MGII. 
 

Table 2. Myasthenia Gravis Impairment Index (MGII) 

correlations with other instruments 
Comparison measure Pearson r  

(95% CI) 

P 

QMG 0.88 (0.83–0.92) < 0.001 

MGC 0.91 (0.88–0.94) < 0.001 

MG-ADL 0.92 (0.88–0.94) < 0.001 

MGQOL-15 0.82 (0.75–0.87) < 0.001 
CI: Confidence interval; MGII: Myasthenia Gravis 

Impairment Index; MGC: Myasthenia Gravis Composite; 

MG-ADL: Myasthenia Gravis Activities of Daily Living; 

MGQOL-15: Myasthenia Gravis Quality of Life 15-item; 

QMG: Quantitative Myasthenia Gravis 

 

Reliability 
ICC was calculated for the Persian MGII to 

determine the test-retest reliability (Table 3). All 
ICC values for the ocular, generalized, and self-
reported items, as well as for the total score, 
exceeded 0.90, indicating excellent test-retest 
reliability. This signifies that scores on these 
dimensions remain consistent across time. 
Although slightly lower, the ICC values for the 
examination items remained acceptable (> 0.80). 
Additionally, the inter-rater reliability for these 
items yielded an ICC of 0.85. 
Responsiveness  

To evaluate the responsiveness of the Persian 
MGII to clinical changes following therapeutic 
interventions, variations across all dimensions 
were assessed pre- and post-treatment. Table 4 
demonstrates significant improvements across all 
dimensions in the treatment group (n = 26) 
compared to the control group (n = 32) following 

treatment (P < 0.001). Notably, the treatment group 
showed substantial reductions in total MGII score 
(-18.9 ± 12.6), total ocular items score (-7.5 ± 6.9), 
and total generalized items score (-11.8 ± 8.6) 
compared to the control group. Table 5 details the 
changes observed within the treatment group 
across different dimensions (P < 0.001). Patients 
who underwent treatment modifications exhibited 
significant improvements in total MGII score  
(-18.92 ± 12.62), MGC, QMG, MG-ADL, and 
MGQOL-15 over 4–8 weeks. A distribution-based 
estimate, corresponding to one-half of the baseline 
SD, yielded an MCID of approximately 9 points. 
The SRM and ES were 1.50 and 1.06, respectively, 
indicating excellent responsiveness. The SEM was 
3.11, resulting in an MDC95 of 8.62 points. 
Collectively, these findings provide further 
evidence that the MGII is responsive to changes in 
patients’ clinical status. 

This study aimed to evaluate the validity and 
reliability of the Persian version of the MGII 
among Persian-speaking individuals in Iran. Given 
that rresponsiveness—the ability of a clinical 
assessment tool to detect changes over time—is 
crucial for its practical application in clinical 
settings and trials, the responsiveness of the 
Persian version of the MGII was also examined. 
The results demonstrated good construct, face, and 
content validity, as well as inter-rater and test-
retest reliability of the Persian version of MGII. 
Moreover, the instrument proved responsive to 
changes in patients' clinical status. 

There are similarities and differences between 
our patients' characteristics and those reported in 
previous studies. In our study, 73% of patients had 
antibodies against AChR and 7% against MuSK, 
which is roughly similar to Dresser et al.'s report.3 
Furthermore, 91% of patients presented with 
generalized MG, whereas 9% exhibited ocular MG. 

 

 

Table 3. Reliability of dimensions of the Persian version of Myasthenia Gravis Impairment 

Index (MGII) 
Dimension N Test 1  Test 2  SEM ICC (95% CI) 

Ocular items 32 1.5 ± 4.5 2.0 ± 4.0 1.42 0.90 (0.82–0.95) 

Generalized items 32 10.7 ± 10.7 9.9 ± 10.0 2.67 0.93 (0.87–0.96) 

Self-report items 32 9.3 ± 9.1 8.9 ± 8.9 2.94 0.90 (0.80–0.95) 

Examination items (test-retest) 32 3.1 ± 2.8 3.0 ± 2.8 1.01 0.87 (0.75–0.93) 

Examination items (inter-rater)* 30 3.1 ± 2.8 2.7 ± 3.0 1.08 0.85 (0.71–0.92) 

Total score 32 12.3 ± 11.0 12.0 ± 11.2 3.11 0.92 (0.84–0.96) 
Data are presented as mean ± standard deviation (SD). 
*For inter-rater reliability, scores are for rater 1 and rater 2.  

CI: Confidence interval; ICC: Interclass correlation coefficient; SEM: Standard error of measurement 
 



 

 
 

 

Table 4. Treatment response by dimension on the Persian version of Myasthenia Gravis Impairment Index (MGII) 
Dimension Control group (n = 32) Treatment change group (n = 26) P 

Total MGII 0.2 ± 4.3 −18.9 ± 12.6 0.001 

Total ocular items score −0.5 ± 1.8 −7.5 ± 6.9 0.001 

Total generalized items score 0.7 ± 3.5 −11.8 ± 8.6 0.001 
Data are presented as mean ± standard deviation (SD). 

MGII: Myasthenia Gravis Impairment Index 

 
Table 5. Changes in questionnaire scores in response 

to treatment modification 
Dimension Mean difference SD P 

Total MGII −18.92 12.62 0.001 

MGC −8.07 7.21 0.001 

QMG −5.30 4.89 0.001 

MG-ADL −5.65 4.09 0.001 

MGQOL-15 −13.19 10.37 0.001 
Changes were measured over a 4–8-week period. 

MGII: Myasthenia Gravis Impairment Index; MGC: 

Myasthenia Gravis Composite; MG-ADL: Myasthenia 

Gravis Activities of Daily Living; MGQOL-15: 

Myasthenia Gravis Quality of Life 15-item; QMG: 

Quantitative Myasthenia Gravis; SD: Standard deviation 
 

These values are similar to previous studies 
reporting that generalized MG accounts for 
approximately 80%–85% of cases.3 In addition,  
19% of patients were seronegative, slightly 
exceeding the reported value in the literature  
(10%-15%), but closely matching the findings of the 
Dutch study, in which 20 out of 99 patients were 
seronegative.2,12 Since our hospital is a referral 
center for neuromuscular disorders, a higher 
proportion of MG patients with atypical findings, 
such as seronegativity, may be expected compared 
with the general MG population. Moreover, the 
higher prevalence of seronegativity among our 
patients may result from prior treatment effects. 
Nine percent of our patients had thymoma, which 
aligns closely with earlier reports. 

The MGII was translated using the backward-
forward method. Consistent with the Italian and 
Dutch versions,12,13 and considering differences in 
urban planning and street layouts, item 21 which 
assesses lower limb weakness during walking was 
adapted by expressing distance in meters rather 
than city blocks. 

The results of this study indicated that higher 
disease severity, as categorized by the MGFA 
classification, was associated with higher total 
MGII scores, providing evidence of construct 
validity. To further evaluate construct validity, 
Pearson's correlation coefficients were calculated 
to evaluate the relationships between the MGII and 
other tools mentioned. The correlation between the 
MGII and each of the four comparator tools 
exceeded 0.80, indicating a strong relationship. In 

the original development study of the MGII, the 
correlation values with the specified measures-the 
MGC, QMG, MG-ADL, and MGQOL-15-were 0.81, 
0.79, 0.91, and 0.79, respectively. These findings are 
similar to our study and demonstrate a high level 
of correlation.10 The results of the Italian study, 
which used Spearman's rank correlation 
coefficient, and the Dutch study were consistent 
with those of the present study and the original 
version, indicating high correlations (all r > 0.70, 
except r = 0.68 for QMG in the Dutch study).12,13 

In the present study, the ICC value for the total 
MGII score was 0.92 (0.84–0.96), indicating very 
high test-retest reliability and good repeatability of 
the MGII across repeated assessments. In the item 
analysis, the ICCs for ocular items, generalized 
items, and patient self-reported items all exceeded 
0.90, indicating the very high reliability of these 
sections of the questionnaire. The ICC for the 
examination section in the test-retest method was 
0.87, and the inter-rater ICC was 0.85, both of 
which denote good reliability for this section of the 
instrument. In the original version of the 
questionnaire, the ICC values for the total score, 
ocular items, generalized items, self-reported 
items, and examination items in the test-retest 
assessment were 0.92, 0.87, 0.92, 0.91, and 0.90, 
respectively, with an inter-rater ICC of 0.80.10 In the 
Italian version, which included 25 clinically stable 
patients at the follow-up visit, the ICCs for the total 
MGII score and the self-reported subscale were 
0.93 and 0.91, respectively. Additionally, the inter-
rater ICC for the examination section was reported 
as 0.74, indicating acceptable reliability.13 The 
results of these two studies are consistent with 
those of the present study, emphasizing the 
reliability of MGII across different populations. 

The floor effect for the total MGII score in this 
study was 4%, which was lower than that observed 
for the MGC, MG-ADL, and MGQOL-15 (6%, 13%, 
and 7%, respectively), but higher than that for 
QMG (1%). The lower floor effect in QMG could be 
attributed to the longer time required to assess 
limb and neck strength compared with similar 
items in the MGII. However, in the Dutch version 
of the study by De Meel et al., the floor effect of 



 
 

 

QMG was higher than that of MGII.12 In the Italian 
study and the original version, the floor effect of 
QMG was not mentioned. In line with the 
Canadian and Italian studies, the largest floor 
effect was for MG-ADL in this study.10,13 

The primary objective of the original design of 
the MGII was to enhance the monitoring of 
patients with MG post-treatment.10,11 It is crucial to 
estimate the actual change in the progression of the 
disease rather than focusing on the SEM of the 
instrument. Using a distribution-based approach, 
the MCID of the Persian MGII was estimated at 
approximately 9 points. Although this estimate 
cannot be directly compared with the anchor-
based values reported by Barnett et al. (5.5 points 
for individuals and 8.1 points for groups), it is close 
to their group-level minimal important difference 
(MID). Likewise, the MDC95 of the Persian MGII 
was 8.62 points, closely approximating the 9.1 
points reported by Barnett et al. for the original 
English version, further supporting the MGII's 
reproducibility across different populations.11 

Responsiveness to treatment in MGII was 
assessed in 26 patients with worsening symptoms. 
Following treatment, 14 patients showed clear 
improvement, 9 demonstrated partial 
improvement, and 3 reported no change. Despite 
the absence of perceived improvement in 3 patients, 
the mean MGII score (5.8) and scores on other 
assessment measures showed clear decreases 
compared to baseline. Since it takes an average of 
two weeks for prednisolone to start working and up 
to six months for its maximum effect,26 the greater 
decrease in the mean MGII score in our patients  
(18 points) compared to Barnett et al.'s study  
(7 points) can be attributed to the later return of our 
patients (4–8 weeks compared to 3–4 weeks) and the 
greater impact of treatment.11 Among patients 
whose clinical status changed following treatment, 
mean MGC, QMG, MG-ADL, and MGQOL-15 
scores decreased by approximately 8.0, 5.3, 5.6, and 
13.1 points, respectively, indicating statistically 
significant improvements. It is noteworthy that 
these decreases were greater than those observed in 
the original validation study by Barnett et al.11 The 
correlation analysis revealed a strong relationship 
between changes in the total MGII score and  
MG-ADL, with moderate correlations observed 
across other assessments. The MGII changes had the 
lowest correlation with MGQOL-15. The pure 
objectivity of MGQOL-15, rather than other 
measurements and MGII, explains this lowest 
correlation. In Pasqualin et al.'s study on the Italian 

version, a moderate correlation was observed 
between changes in MGII and MG-ADL, as well as 
MGC. As in our study, the lowest correlation was 
reported with the MGQOL-15.13 

This study is subject to several limitations. First, 
this was a single-center study conducted at a 
tertiary referral facility, excluding patients with 
comorbidities that could affect MG symptoms, 
consistent with previous MGII validation studies. 
Therefore, our cohort may not fully represent the 
broader Iranian MG population, and referral bias 
may limit the generalizability of the findings. 
Second, the relatively small sample sizes for the 
test–retest and responsiveness analyses may have 
limited the precision of these estimates. Despite 
consecutive enrollment, larger cohorts were 
difficult to achieve owing to the rarity of MG and 
challenges in following up patients from distant 
regions. Third, while responsiveness evaluation 
had been scheduled at four-week intervals, 
postponed follow-up visits for certain participants, 
attributed to extensive travel distances and the 
high patient volume at our public referral facility, 
led to inconsistent assessment intervals. Finally, 
divergent construct validity and receiver operating 
characteristic (ROC) analyses were not performed. 

The Persian version of the MGII demonstrated 
excellent to good reliability and strong construct 
validity. The presence of patient-reported items 
alongside examination items, the low floor effect, 
high responsiveness to changes in patients' clinical 
status, and good correlation with other outcome 
measures make this index a robust instrument  
for assessing the status of patients with MG in 
stable and clinically exacerbated conditions, as 
well as in clinical trials. 
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