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Introduction: The quantitative myasthenia gravis score is a commonly used scale for evaluating muscle weakness associated with myasthenia gravis (MG). It has been reported that some items used in the scale have low discriminative properties. However, there has been no research investigating the applicability of the quantitative MG score (QMGS) in Chinese patients with MG. In addition, the scoring method and ranges of grip strength items in QMGS need to be further evaluated.

Methods: This study included 106 Chinese patients with MG, enrolled between September 2020 and February 2021, who were evaluated using the QMGS. Each item in the QMGS was analyzed for distribution. Three methods of evaluating grip strength, grip strength decrement, maximum grip strength, and relative grip strength, were compared. The correlation between the QMG total score minus grip strength score, and three evaluating methods, was analyzed.

Results: The grip strength, swallowing, speech, diplopia, ptosis, and facial muscles items showed a clustered distribution. Most patients (94%) presented their maximum grip strength in the first four grip strength measurements. The QMG total score minus the grip strength score had a weak correlation with grip strength decrement (R grip r = 0.276; L grip r = 0.353, both p < 0.05) and moderate correlations with maximum grip strength (R grip r = −0.508; L grip r = −0.507; both p < 0.001) and relative grip strength (R grip r = −0.494; L grip r = −0.497, both p < 0.001).

Conclusions: This study suggested that partial items in the QMGS have low discriminative properties for Chinese populations and the maximum grip strength value is the better method to evaluate grip strength compared to the other two scoring methods. Based on the quartiles of maximum grip strength, we propose new scoring ranges for the grip strength items.
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INTRODUCTION

Myasthenia gravis is an autoimmune disease that affects the postsynaptic membrane at the neuromuscular junction, inducing weakness in different muscle groups (1). Various scales have been developed to evaluate muscle weakness comprehensively and to date, the quantitative myasthenia gravis (MG) score (QMGS) is one of the most commonly used.

The QMGS scale was first developed by Besinger et al. (2) in 1983 to measure the severity of symptoms. It consists of eight items, including five quantitative items (arm, leg, neck, grip, and vital capacity) and three qualitative items (facial muscles, chewing, and swallowing).

In 1987, Tindall et al. (3) added 2 ocular items (diplopia and ptosis), divided both arm and leg items into left and right scores, and adjusted the grip strength items from decrement after 10 maximal closures to a specific value.

In 1998, Barohn et al. (4) modified three items that could not be easily quantified in the prior scale (facial muscles, chewing, swallowing) and adjusted the vital capacity item from a specific value to a percentage of the predicted value.

In 2000, the Myasthenia Gravis Foundation of America (MGFA) recommended that a QMGS be applied in all prospective studies evaluating therapy for MG (5). Since then, the QMGS has been widely employed.

However, a Canadian study revealed that partial items of the QMGS held low discriminative properties given their marked floor effect (that is, a high proportion of patients with a score of 0 in these items) (6). Moreover, the scoring ranges of the QMGS were originally determined according to Western populations and there has been no research on the applicability of this scale in Chinese patients with MG. Among all items in the QMGS, the normal range of grip strength has regional variations (7). Chinese patients with MG may need a new scoring range for this item due to weaker grip strength observed in Asian populations than that in Western populations (7). In addition, the scoring ranges of the grip strength items were established over 30 years ago (3) and over time the reduction of manual labor may facilitate a gradual decrease in grip strength (6). Methods for evaluating grip strength include grip strength decrement (2), maximum grip strength (8), and relative grip strength (9). Presently, the QMGS uses the maximum grip strength for scoring, however, there has been no study comparing these three scoring items. Therefore, this study aimed to evaluate the discriminative properties of each QMGS item in Chinese populations, confirm whether the maximum grip strength is an acceptable assessment method, and explore new scoring ranges of the grip strength items.



METHODS

This was an investigator-initiated, single-center, prospective, cross-sectional, observational study. All experimental protocols were approved by the Ethics Committee of the First Affiliated Hospital of Guangzhou University of Chinese Medicine (NO. ZYYECK [2019] 055). The study conformed to the Declaration of Helsinki guidelines. Informed consent was obtained from all participants or a parent and/or legal guardian if participants were under 18 years of age.

This study included patients with MG enrolled from The First Affiliated Hospital of Guangzhou University of Chinese Medicine between September 2020 and February 2021. The QMGS evaluation was performed by a physician with experience in neuromuscular diseases, according to the MGFA version of the QMGS (5). All participants underwent an initial assessment without follow-up. Participants could continue their pre-assessment immunosuppressive and symptomatic treatments, and the administration time of pyridostigmine, a cholinesterase inhibitor, was recorded. A Jamar hydraulic grip dynamometer (Shanghai RuiShi Biological Technology Co., Ltd., Shanghai, China) and an electronic spirometer (Guangzhou Guanbo Medical Technology Co., Ltd., Guangzhou, China) were used. The grip strength of each hand was measured 10 times continuously and recorded in the form of a numerical value, rather than an item score. The maximum grip strength in 10 measurements was used to calculate the QMG total score. The grip strength decrement was calculated by the following formula: 1- (minimum grip strength/maximum grip strength). The relative grip strength was calculated by maximum grip strength/body mass index (9). The number of measurements on which the maximum grip strength occurred were recorded. Other items in the QMGS were recorded in the form of item scores.

The SPSS 25 software (IBM, Armonk NY, USA) was used for statistical analysis. We calculated the QMG total score of each subgroup in different classifications [sex, patient source, MGFA classification, subgroups based on the interval of pyridostigmine use, and subgroups based on serum antibodies and clinical feature (10)]. When the data were normally distributed, a two-sample t-test and one-way analysis of variance were used to compare the QMG total scores in the different subgroups. For multiple comparisons, a least significant difference t-test was used for homogeneous variance and Dunnett's t-test was used for heterogeneous variance. When the data were not normally distributed, a Wilcoxon rank-sum test and a Kruskal–Wallis test were used. For multiple comparisons, a Bonferroni post hoc correction was used. A p-value ≤ 0.05 was considered statistically significant. To evaluate discriminative properties, we analyzed the distribution of each item score and calculated the QMG total score of all the patients within each specific item score.

To evaluate the grip strength items, we compared three scoring methods: maximum grip strength, grip strength decrement, and relative grip strength. We calculated the quartile, mean, and standard deviation of the three scoring methods in both sexes. The correlation between grip strength and the QMG total score minus the grip strength score was analyzed using Pearson correlation. The absolute value of the correlation coefficient was classified and interpreted as follows: 0–0.09, negligible correlation; 0.1–0.39, weak correlation; 0.4–0.69, moderate correlation; 0.7–0.89, strong correlation; 0.9–1, very strong correlation (11).



RESULTS

A total of 106 patients participated in the study (Table 1). The mean age was 44.78 ± 15.98 years and 29 patients (27%) were male. The mean QMG total score in men was lower than that in women but was not statistically significant (p = 0.074). The mean QMG total scores in different patient source subgroups (p < 0.001), MGFA classification subgroups (p < 0.001), and interval of pyridostigmine use subgroups (p < 0.05) were all different. Patients who received pyridostigmine 4–5.9 h before the assessment had a high QMG total score; however, there was no significant difference compared to other interval subgroups except for the “not taking pyridostigmine” subgroup (p = 0.001).


Table 1. Demographic, clinical characteristics, and quantitative myasthenia gravis (MG) scores (QMGS) of the study patients.
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Table 2 and Figure 1 depict the QMG scores of different muscle groups in serum antibodies and clinical features subgroups. There was no significant difference in extraocular and orbicularis oculi muscles of any of the subgroups or the limb muscles of all generalized-MG subgroups. A muscle-specific kinase (MuSK)-associated MG had a higher score for bulbar and respiratory muscles (compared to late-onset MG, seronegative-MG, and ocular MG) and neck muscles (compared to early-onset MG, seronegative-MG, and ocular MG) and a higher total score (compared to early-onset MG, late-onset MG, and ocular MG).


Table 2. QMG scores of different muscle groups in the serum antibody and clinical feature subgroups.
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FIGURE 1. Multiple comparisons of each muscle group in the serum antibodies and clinical features subgroups. MuSK-associated MG had high scores for bulbar, respiratory, and neck muscles and high QMG total scores. MG, myasthenia gravis; QMG, quantitative myasthenia gravis; MuSK, muscle-specific kinase.


The distribution of each item score is shown in Figure 2. Most patients received a score of 1 for grip strength (79% for the right hand and 67% for the left hand) and a score of 0 for swallowing (80%) and speech (78%). A score of 0 scores for diplopia (59%), ptosis (46%), and facial muscles (55%), and a score of 2 for head lifted (49%) also showed a clustered distribution. In general, patients with a high item score had a high QMG total score (Table 3), indicating that the setting of items conforms to MG severity.


[image: Figure 2]
FIGURE 2. The distribution of each item score. Most patients present with a 0 score for diplopia, ptosis, facial muscles, swallowing, and speech items, 1 score for left and right grip strength, and 2 scores for head lifted.



Table 3. The QMG total score of all the patients in each specific item score†.
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The order in which the maximum grip strength occurred is shown in Figure 3. Most patients (94%) presented their maximum grip strength (both left and right hands) in the first four measurements. Table 4 shows the performance of the three methods of evaluating grip strength. The maximum grip strength and relative grip strength had significant differences between men and women (both p < 0.001) while grip strength decrement did not (p > 0.05). The QMG total score minus the grip strength score had a weak correlation with grip strength decrement (R grip r = 0.276; L grip r = 0.353; both p < 0.05) and was moderately correlated with maximum grip strength (R grip r = −0.508; L grip r = −0.507; both p < 0.001) and relative grip strength (R grip r = −0.494; L grip r = −0.497; both p < 0.001).


[image: Figure 3]
FIGURE 3. A frequency diagram of the order in which the maximum grip strength occurred. Most patients (94%) presented their maximum grip strength (both left and right) in the first four measurements.



Table 4. Performance of 3 methods on evaluating grip strength†.
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DISCUSSION

It is a dilemma whether to take cholinesterase inhibitors before the QMGS assessment. Pyridostigmine before an assessment can alleviate symptoms and reduce the QMG total score, which creates an observation bias. In contrast, the discontinuation of pyridostigmine before the assessment requires good adherence and may have adverse effects on the patients. When the predecessor of the QMGS was first developed in 1983, Besinger stipulated that the scale should be used within 3 h of the last pyridostigmine dose, during the morning (2). Thereafter, most studies have not specified whether taking pyridostigmine before the assessment is advisable. In this study, there was no time limitation on pyridostigmine administration. We found that patients who took pyridostigmine 4–5.9 h before the assessment had a high QMGS (this may be because the drug effect had not degraded in patients with short intervals, while patients with long intervals had a mild disease condition); however, due to insufficient sample size in each subgroup, the differences were not statistically significant.

During the assessment, a portion of the patients gradually became ptotic when assessing diplopia, which interfered with the evaluation of the ptosis item. Our solution was to assess this item at the last after ptosis was improved. We speculate that it would also be a solution to assess these two ocular items together by gazing at the upper outer quadrant; however further studies are required for confirmation. Moreover, the diplopia item is subjective as it depends on the patient's report. Some patients complained of blurred vision rather than diplopia throughout the assessment.

The speech item is the most difficult item to assess accurately. Different languages and dialects have different pronunciation characteristics and some numbers are likely to present dysarthria (for example, “three” in Mandarin Chinese). Moreover, because dysarthria usually presents gradually and researchers do not know what the patients' accents were when they were healthy, the judgment tends to be subjective.

The vital capacity item also has its shortcomings. There are racial and ethnic variations in vital capacity and the population-specific standards are recommended (12). However, these standards have not been used in most current spirometers in China. The process of table-lookup or calculation is also inconvenient. In this study, the predicted value of vital capacity was calculated by the spirometers automatically. We found that most patients' vital capacity values were not in accordance with those previously reported (6).

The result of maximum grip strength in this study is similar to that reported in another Chinese MG study (8). Since 94% of patients presented their maximum grip strength in the first four measurements (Figure 3), we suggest that the grip strength item should be measured four times to obtain the maximum value. In 1987, Tindall adjusted the grip strength item from decrement after 10 maximal closures to a specific value; however, he did not explain the reason (3). In our study, grip strength decrement had a weak correlation with the QMG total score minus the grip strength score (Table 4), indicating that it may not accurately reflect symptom severity. Both relative grip strength and maximum grip strength showed sex differences (p < 0.001) and required setting different scoring ranges for males and females. However, when relative grip strength was calculated, it performed similarly to the maximum grip strength (both with a correlation coefficient of ~-0.5). Given these results, we considered the maximum grip strength to be an acceptable method. As shown in Figure 2, the grip strength items in the QMGS could not distinguish the weakness among patients well, and a majority of patients had both left and right-hand grip strength within the range of 1. Therefore, the grip strength scoring range might need to be revised for even distribution. In Table 4, the quartiles divide the data into four equal parts, which can correspond to the four segments of the QMG scoring range. However, those quartiles are not integers, which would be inconvenient to practical applications. In addition, grip strength increases to a peak in early adult life are maintained through to midlife and then declines (13). Still, there has been no study evaluating grip strength in elderly patients with MG in China. Given the inherent decline in grip strength, it seems acceptable to ignore the decline in grip strength in the elderly when setting the scoring range. Therefore, according to the quartiles of maximum grip strength and for simplicity, we propose that for Chinese populations, the scoring ranges of both left and right grip strength items in the QMGS could be set as follows: 3 scores, 0–20 kg for men and 0–15 kg for women; 2 scores, 20–30 kg for men and 15–20 kg for women; 1 score, 30–40 kg for men and 20–25 kg for women; 0 score, ≥40 kg for men and ≥25 kg for women. The above ranges are semi-open closed intervals, the lower bound is closed while the upper bound is open. According to the original QMG scoring ranges or the new ranges, the mean score of the sum of left and right grip strength items was 1.83 ± 1.02 and 2.97 ± 2.12, respectively. When applying the new ranges, the variable coefficient increased from 0.56 to 0.71, indicating a discrete distribution.

In this study, we included a few ocular MG and MuSK-associated patients with MG, and there were no low-density lipoprotein receptor-related protein 4 (LRP4)-associated patients with MG for its commercial tests had not been universal. Therefore, it should be circumspect to interpret the result of the QMGS in serum antibodies and clinical features subgroups. In addition, few patients with severe MG (MGFA IV and V) were included in this study, which could create a bias.

Some clinical trials have found that the QMGS scale was less sensitive than other scales like the myasthenia gravis activities of daily living profile (MG-ADL) (14–16). This may be attributed to the following reasons: the QMGS mainly assesses generalized weakness while the MG-ADL mainly assesses oculobulbar weakness (17); the QMGS is a point-in-time measure while the MG-ADL uses patients' recollections from the previous week (18). We found that some QMGS item scoring ranges were too broad. Many patients got the same score in diplopia, ptosis, facial muscles, swallowing, speech, grip strength, and head lifting items, indicating that these items did not show good discriminative properties. This may also be one of the reasons for the low sensitivity of the QMGS. Some researchers considered using QMGS items as continuous variables which may improve the sensitivity of the scale (14). However, this would complicate the data analysis as a patient may simultaneously present with both improved and worsened items. To improve the discriminative property of the QMGS, new item scoring ranges may be needed to be established.

Therefore, to further modify the QMGS, we are conducting another study. We assess the QMGS in patients with MG and healthy, sex-, age-, height-, and weight-matched groups, and record the items as numerical values. A receiver operating characteristic curve will be used to set the 0 scoring range of an item based on the two groups' data. The remaining patients with MG who cannot receive a 0 score will be divided into three subgroups by tri-sectional quantiles of assessed data. These three subgroups will represent the 1, 2, 3 scoring range of the item, respectively. Through this procedure, the QMG scoring distribution would be even and the discriminative property of the scale would be improved.



CONCLUSIONS

In this observational study, we included 106 Chinese patients with MG and evaluated the QMGS. We found that the grip strength, swallowing, speech, diplopia, ptosis, and facial muscles items held low discriminative properties. To obtain the maximum grip strength, it should be measured four times. The maximum grip strength assessment was the more effective method compared with grip strength decrement and relative grip strength. Given these findings, we proposed new scoring ranges for this item.
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Male 29 1017 £ 6.57
Female 7 12,66+ 6.24

Patient source (n)’**
Inpatient 42 16.36 £ 590
Outpatient 64 911494

MGFA classification (n)”"*
| 3 4.00%2.00
la 55 878394
iIb 17 1029 +5.39
llla 14 17.21 £ 3.60
[ 13 2069 +3.59
Na 4 2250 +3.87
Vb 0 /
v 0 /

The interval of pyridostigmine (n)"t
A:0-19h 26 1096 +5.15
8:2-3.9h 37 1238 +6.44
C:4-59h 18 16.39 £7.22
D: Over 6 h 14 1107 £5.28
E: Not taking pyridostigmine 1" 7.00+4.73

Total (V) 106 11.98 £ 6.40

The differences between QMG total scores in the different subgroups were analyzed. The
sex and patient source were calculated by a two-sample t-test. The MGFA clessification
was calculated by one-way analysis of variance. The interval of pyridostigmine was
calculated by a Kruskal-Walls test.

‘p > 0.05; "p < 0.05; "p < 0.001.

#Further pairwise comparison showed that there was no significant difference between
class llb and class lla and between class lllb and IVa. The remaining pairs all showed
significant differences (p < 0.05),

! Further pairaise comparison showed that the pair with a statistcal difference was
subgroup C and subgroup E (p = 0.001).

MGFA, Myasthenia Gravis Foundation of America; QMG, quantitative myasthenia gravis.
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R grip strength L grip strength Rmaximumgrip L maximum grip R relative grip L relative grip

decrement decrement strength strength strength strength
Mean + SD*
Male: 36.43 + 12.28 36,16 + 14.01 3255+1351kg  80.96 + 12.56kg 1.44 £0.59 1.36 052
Female: 37.75+17.08 3722+ 15.45 20.06 + 6.76 kg 18.77 £ 6.18kg 0.93+£0.35 0.88+0.34
Pas Male: 45.14 39.61 2180kg 2290 kg 092 1.08
Female: 4829 47.01 15.30kg 14.20kg or1 064
Pso Male: 36.12 33.74 34.50 kg 3230 kg 151 1.47
Female: 33.96 3583 19.20kg 18.50kg 088 087
P7s Male: 27.91 27.84 40.50 kg 39.30 kg 1.86 1.73
Female: 25.38 24.46 25.45kg 23.35kg 147 1.10
corelation 0276 0353 -0508 ~0.507 ~0.494 —0.497
coefficient
p-value 0.005 <0001 <0.001 <0001 <0.001 <0.001

" Three ocular MG date had been exclucied
*There were significant differences in maximum grip strength and relative g strength between males and females (All p-values < 0.001). There was o significant difference in grio
strength decrement between males and females (R grip p = 0.713; L grip p = 0.754).
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