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Background: This study investigated the impact of COVID-19 pandemic on the incidence and severity of myasthenia gravis (MG) using the National Health Insurance Service (NHIS) database in Korea.

Methods: We analyzed data from patients with MG in the NHIS registry from 2015 to 2021. MG was defined as (1) patients aged ≥18 years with the G70.0 code, and (2) patients who visited tertiary hospitals regarldless of department in Korea (outpatient clinics at least twice or hospitalization at least once), and (3) patients who were prescribed pyridostigmine as MG medications at least once. We designated pre-COVID-19 as 2019 and post-COVID-19 as 2021 and analyzed the MG incidence and prevalence in 2019 and 2021. We compared the clinical data of patients with MG between the two years. MG exacerbation was defined as the administration of intravenous immunoglobulin or plasma exchange. Analysis of COVID-19 cases was conducted using an integrated database from the Korea Disease Control and Prevention Agency and NHIS. Patients with MG were divided into two groups according to COVID-19 status to compare their clinical characteristics.

Results: A total of 6,888 and 7,439 MG cases were identified in 2019 and 2021, respectively. The standardized incidence was 1.56/100,000 in 2019, decreasing to 1.21/100,000 in 2021. Although the frequency of MG exacerbations was higher in 2019, there were no differences in the number and duration of hospitalizations, duration of ICU stays, hostalization expense, and mortality between 2019 and 2021. Patients with MG and COVID-19 had a higher frequency of MG exacerbations than patients without COVID-19, but there were no differences in the number and duration of hospitalizations, hospitalization expense, and mortality.

Conclusion: This study was the first nationwide population-based epidemiological study of MG during COVID-19 pandemic in Korea. The incidence of MG decreased during COVID-19 pandemic, and the severity of MG was not affected by COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) is a global pandemic caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and SARS-CoV-2 continues to mutate and produce variants, causing repeated infections. There are several concerns regarding the COVID-19 pandemic in patients with myasthenia gravis (MG), including vulnerability to COVID-19 infection, as many patients have been administered immunosuppressive agents, and aggravation of MG symptoms such as fatigability or weakness of the respiratory muscles resulting from COVID-19 infection. Additionally, drugs such as hydroxychloroquine and azithromycin, which are used to treat COVID-19 infection, can worsen the symptoms of MG (1, 2). To date, previous studies and case series have reported the impact of COVID-19 on MG. However, most of these studies were conducted on a limited number of cases and for a limited period. Although some reported cases of new-onset MG have described a possible connection between SARS-CoV-2 infection and MG occurrence (3–7), there have been few nationwide population-based research on the relationship between COVID-19 pandemic and the incidence of MG to date. A previous study in Germany reported in 2023 conducted a nationwide assessment of the incidence of MG in COVID-19 pandemic. In this study, the age-adjusted mean incidence rate weas 2.8 per 100,000 people-years between 2011 and 2020, and decreased significantly in 2020 (8). A cross-sectional study by Camelo et al. reported that of patients with COVID-19 and MG, 87% were admitted to the intensive care unit (ICU), 73% required mechanical ventilation, and 30% died (9). Conversely, Actoz and colleagues reported that most patients with MG showed good recovery from COVID-19, and those with high MG Activity of Daily Living (MG-ADL) scores prior to the COVID-19 pandemic and those with a history of MG crises were at higher risk of developing severe COVID-19 (10). Controversy surrounds the severity of MG during the COVID-19 pandemic.

An epidemiological study of the relationship between COVID-19 and MG has not yet been performed in Korea. Therefore, this study investigated the impact of COVID-19 pandemic on the incidence and severity of MG using the National Health Insurance Service (NHIS) database in Korea.



Materials and methods


Data source and selection of study population

Using the NHIS database, claims data on diagnosis, comorbidities, procedures, prescription records, healthcare facility visit records, and demographic information were obtained, and data from January 1, 2015, to December 31, 2021, were retrospectively reviewed. The NHIS is a universal health management system that covers 98% of the Korean population (11). The case of MG was defined as patients aged ≥18 years with the G70.0 code designated as MG in the International Classification of Disease, 10th revision, and to increase the diagnostic accuracy, and we added the followings: (a) patients who visited tertiary hospitals regardless of department in Korea (outpatient clinics at least twice or hospitalization at least once), and (b) patients who were prescribed pyridostigmine as MG medications at least once.



Estimation of incidence and prevalence

We designated pre-COVID-19 as 2019 and post-COVID-19 as 2021 and analyzed the incidence and prevalence of MG in 2019 and 2021. Since 2020 was before the outbreak of the COVID-19 pandemic in Korea, we excluded this period from the post-COVID-19 designation. We calculated the prevalence and incidence from 2017 to 2021. To calculate the incidence, a “wash-out” period of two years before each year was designated. Incident cases were analyzed according to age and sex. In addition, to eliminate effects of age and sex structure of cohort, we calculated by utilizing indirect method such as the standardized incidence rate and prevalence rate using the standard population data for 2021 from the Korean Statistical Information Service of the Korean National Statistical Office. In specific, the standardized incidence rate was estimated by dividing the number of observed incidence cases by the number of expected incidence cases. The standardized prevalence rate was also calculated, in a similarly method.



Comparison of clinical data between the patients with MG in pre-COVID-19 and post-COVID-19

We compared the demographic and clinical data of patients with MG and patients with MG exacerbation between 2019 and 2021. Clinical variables, including age, sex, comorbidities, history of thymectomy, the numbers of prescribed MG medication including immunosuppressive agents, presence of MG exacerbation, record of hospitalization, ICU admission, annual hospitalization expense, and mortality, were collected. A MG exacerbation was defined as the administration of intravenous immunoglobulin (IVIg) or plasma exchange. NHIS only searches for benefit administration of IVIg. The maintenance treatment of IVIg is non-benefit administration in Korea, so patients receiving maintenance treatment were not included in the analysis. The severity of MG was evaluated based on the presence of MG exacerbations, the average number and duration of hospitalizations, including ICU admissions, hospitalization expense, and mortality.



Analysis of COVID-19 confirmed cases

COVID-19-confirmed cases were analyzed using an integrated database from the Korea Disease Control and Prevention Agency (KDCA) and NHIS. COVID-19-confirmed cases were defined as patients with positivity for COVID-19 polymerase chain reaction test result. Based on the data on COVID-19 cases, patients with MG were divided into two groups according to COVID-19 infection status to compare their clinical characteristics and MG severity. To this analysis, clinical variables, including age, sex, comorbidities, history of thymectomy, presence of MG exacerbations, record of hospitalization, ICU admission, annual hospitalization expense, and mortality, were collected.



Statistical analysis

A chi-square and student t-test were performed to compare the statistical significance of data in 2019 and 2021 and data from the two groups according to COVID-19 infection status. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Statistics for the clinical variables are presented as proportions, means, standard deviations, and ranges. Statistical significance was set at a p value less than 0.05. The map figures in this study were creased by utilizing ArcGIS software from ESRI (Redlands, CA).




Results


Incidence and prevalence of MG

In total, 6,888 MG cases (male: 2,770; female: 4,118) were identified in 2019, and 7,439 MG cases (male: 2,962; female: 4,477) in 2021. The standardized incidence was 1.56/100,000 in 2019, decreasing to 1.21/100,000 in 2021. The standardized incidence and prevalence rates per 100,000 person-years according to sex from 2017 to 2021 are shown in Figure 1. The number of MG occurrence according to age group and sex in 2019 and 2021 is shown in Figure 2. The incident cases tended to be female patients, accounting for a larger proportion than males in each age group, and showed a peak from 50–59 years old in 2019 to 60–69 years old in 2021. Overall, there were more incident cases in 2019 than in 2021. The standardized incidence rates per 100,000 person-years according to the 17 cities and provinces in Korea in 2019 and 2021 are presented in Figure 3. The regions where standardized incidences decreased the most in 2021 were as follows in order: Sejong (2.39 → 0.28), Jeonnam (1.74 → 0.71), Gyeongnam (1.45 → 0.69), Gyeongbuk (1.67 → 0.92), and Seoul (1.96 → 1.33).
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FIGURE 1
 Standardized incidence and prevalence rates per 100,000 person-years according to sex from 2017 to 2021. (A) Standardized incidence rate. (B) Standardized prevalence rate.
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FIGURE 2
 Incident cases of myasthenia gravis according to age groups and sex in 2019 and 2021.
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FIGURE 3
 Standardized incidence rate per 100,000 person-years according to region that included 17 cities and provinces from Korea (A) in 2019 (B) in 2021.




Comparisons of clinical data of the patients with MG between 2019 and 2021

The baseline characteristics of the patients with MG in 2019 and 2021 are shown in Table 1. The mean age at first diagnosis was 56.1 ± 15.6 years in 2019 and 57.3 ± 15.6 years in 2021, with a statistically significant difference (***p < 0.0001). In addition, the presence of hypertension was higher in patients with MG in 2021 than in 2019 (hypertension: 31.0% in 2019 and 33.6% in 2021, ***p = 0.0009). There were no differences in comorbidities between 2019 and 2021 excluding hypertension, history of thymectomy, number of immunosuppressants, and mortality. The frequency of MG exacerbations was significantly higher in 2019, with 206 cases in 2019 and 178 cases in 2021 (*p = 0.03).



TABLE 1 Baseline characteristics between patients with myasthenia gravis (MG) in 2019 and 2021.
[image: Table1]

Comparisons of the clinical data of patients with MG exacerbations between 2019 and 2021 are presented in Table 2. Although the frequency of MG exacerbation was higher in 2019, there were no differences in the number and duration of hospitalizations, the duration of ICU stays, hospitalization expense and mortality between 2019 and 2021 among patients with MG exacerbations. The history of thymectomy increased significantly in 2021 (*p = 0.01).



TABLE 2 Baseline characteristics between patients with myasthenia gravis (MG) exacerbation in 2019 and 2021.
[image: Table2]



Analysis of COVID-19 confirmed cases

Patients with MG and COVID-19 infection had a higher frequency of MG exacerbations (**p = 0.008) than patients with MG without COVID-19, but there were no differences in the number and duration of hospitalizations, hospitalization expense, and mortality (Table 3).



TABLE 3 Baseline characteristics between patients with myasthenia gravis (MG) and COVID-19 infection and those with MG without COVID-19 infection in 2021.
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Discussion

In this nationwide population-based epidemiological study, the incidence and severity of MG, defined as the presence of MG exacerbation, numbers and duration of hospitalization, annual hospitalization expense, and mortality, did not increase after the COVID-19 pandemic. Although the frequency of MG exacerbation was higher in 2019, there were no differences in the number and duration of hospitalizations, the duration of ICU stays, hospitalization expense and mortality between 2019 and 2021. In addition, MG patients with COVID-19 infection had higher frequency of MG exacerbation than MG patients without COVID-19 infection, but there were no differences in number and duration of hospitalization, hospitalization expense and mortality.

This study showed that the standardized incidence of MG in Korea was 1.56/100,000 in 2019, decreasing to 1.21/100,000 in 2021. In Korea, many healthcare centers were converted to medical centers dedicated to COVID-19 to prevent the spread of COVID-19 in 2021 based on national policy, as the outbreak of COVID-19 started in Korea after August 2020 and severe cases of COVID-19 infections have increased a lot since 2021, which seemed to have led to a delayed diagnosis of MG. Furthermore, it is assumed that many patients with mild symptoms of MG avoided seeking medical attention due to their reluctance to engage in outdoor activities and healthcare center visits, which peaked during this time. In addition, activities such as social isolation and restrictions on going out were encouraged to prevent the spread of infection in national administrative aspects. According to a medical claims data-based study published in Germany in 2023, the age-adjusted mean incidence rate was 2.8 per 100,000 person-years between 2011 and 2020 and decreased significantly in 2020, coinciding with the start of the COVID-19 pandemic. Similarly, the hospitalization rate of patients with MG decreased to an overall low rate of 8.1% in 2020. This decrease was attributed to a disruption to the usual healthcare system in Germany at the beginning of 2020 (8). However, there is still a lack of research on the nationwide population-based incidence rate of MG during the COVID-19 pandemic in many countries.

In this study, we observed that the frequency of MG exacerbations was higher in 2019 than in 2021. The lower number of patients with MG exacerbations in 2021 compared to 2019 may be attributed to the same factors contributing to the decrease in incidence rates during the COVID-19 pandemic.

The proportion of thymectomy in patients with MG exacerbation increased during the post-COVID period. Since there was no difference in the frequency of chest imaging between patients with MG exacerbation in 2019 and 2021 (170/206 in 2019, 142/178 in 2021, p = 0.49), the increase of thymectomy during the post-COVID period is independent of the frequency of chest imaging. We suggested that thymectomy has been actively encouraged in the 2020 American academy of neurology guideline for MG and have an impact on this. Although surgical activity decreased worldwide during the COVID-19 pandemic, the number of elective and emergency operations increased in Korea in 2021. In 2020, it decreased slightly compared to the previous year, but rather, in 2021, the overall number of operations including thymectomy increased. This suggests that the incidence rate decreased by switching to healthcare centers to dedicated COVID-19, but surgery for previous diagnosed diseases proceeded as planned, if necessary, in Korea.

We also found that patients with MG and COVID-19 infection had a higher frequency of MG exacerbations than patients with MG without COVID-19 infection; however, there were no differences in the number and duration of hospitalizations, hospitalization expense and mortality, suggesting that the severity of MG was not affected by COVID-19. Although several previous studies show that COVID-19 is related to the aggravation of MG and an increase in its mortality (12–17), most of these are data from limited populations and period-based research. In 2023, there was a relatively large-scale study of residents living in Ontario, Canada, and the study compared hospitalization and mortality rates in COVID-19 contracted patients with MG, patients with rheumatoid arthritis (RA), and general population, respectively (17). Compared with general population controls and controls with RA, patients with MG had higher rate of COVID-19 associated emergency department visits, hospitalization admissions, and 30-day mortality in previous study. However, in general, because patients with MG are more likely to worsen to infection, especially respiratory infection such as COVID-19 than patients with RA or general population, it would be more meaningful to assess the impact of COVID-19 infection on severity of MG within a disease group than to compare between various disease groups.

On the other hands, the French database-based cohort study showed that COVID-19 had a limited effect on most patients with MG, and immunosuppressive medications and corticosteroids used for MG treatment were not related to poor outcomes in patients with COVID-19 (18). A study examining patients with multiple sclerosis (MS) and the general population with confirmed COVID-19 reported that COVID-19 did not cause significant harm or increase mortality in patients with MS. Moreover, the use of disease-modifying therapies did not appear as a significant risk factor for poor COVID-19 outcomes; however, there is a possibility that the usage of B-cell-depleting therapies could exacerbate COVID-19 infections (19). While the hypothesis that COVID-19 may have less impact on the aggravation of MG remains uncertain, increasing evidence suggests that immunosuppression may have protective effects through immune response limitation (20).

This study had several limitations. First, COVID-19 continues to spread, and its variants are evolving. However, since this study defined only 2021 as the post-COVID-19 pandemic period, it does not accurately reflect the constantly changing situation. In Korea, COVID-19 vaccination commenced since February 2021 and the serial vaccinations have been implemented until now. In addition, the Omicron variant has appeared in Korea since January 2022. However, our study was not included the information on COVID-19 vaccination and the situation after the emergence of the Omicron variant. Especially, the decrease in the incidence of MG in 2021, only an year of beginning COVID-19 pandemic, seems to reflect more the aspect of social factors than pathophysiological factors of MG. More acute results could have been obtained if the analysis period of post COVID-19 pandemic was long. Second, the NHIS database does not include medical records from physicians, such as the MG-ADL, Myasthenia Gravis Foundation of America classification, and quantitative myasthenia gravis score. Therefore, symptom severity could not be assessed in patients with mild symptom exacerbations who were not treated with IVIg or plasma exchange and did not receive treatment at healthcare centers. Third, when MG and COVID-19 co-occur, their temporal causal relationship is unclear. Fourth, patients could not be analyzed according to the presence of MG-specific antibodies due to the nature of NHIS data analysis. The lack of information on the serological status of patients is a limitation because the presence of specific antibodies is an important factor defining the patient population and influencing the treatment used. Despite several limitations, the main strength of this study is the large size of the analytical cohort based on a nationwide population database. These novel data allowed us to assess the impact of COVID-19 on the incidence and severity of MG with sufficient statistical power.

In conclusion, this is the first nationwide population-based epidemiological study of MG during the COVID-19 pandemic in Korea. Based on the data from the NHIS database, from 2015 to 2021, the incidence of MG decreased during the COVID-19 pandemic, and there was no significant change the severity of MG due to COVID-19. We expect this study to contribute to further epidemiological studies on the relationship between MG and COVID-19.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of the Chungnam National University Hospital (IRB number: 2022-05-037). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

SK: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. EKL: Conceptualization, Methodology, Writing – review & editing. HaK: Data curation, Investigation, Writing – review & editing. HoK: Data curation, Formal analysis, Investigation, Methodology, Writing – review & editing. ES: Conceptualization, Funding acquisition, Methodology, Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

This study uses the KDCA and NHIS databases for policy and academic research. The research number for this study is KDCA-NHIS-2022-1-671. KDCA is the Korea Disease Control and Prevention Agency, Republic of Korea. NHIS is the National Health Insurance Service, Republic of Korea.



Conflict of interest

HaK and HoK are employed by Hanmi Pharm. Co. Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial of financial relationships that could be construed as a potential confilict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Guidon, AC, and Amato, AA. COVID-19 and neuromuscular disorders. Neurology. (2020) 94:959–69. doi: 10.1212/WNL.0000000000009566


 2. Varan, O, Kucuk, H, and Tufan, A. Myasthenia gravis due to hydroxychloroquine. Reumatismo. (2015) 67:125. doi: 10.4081/reumatismo.2015.849


 3. Huber, M, Rogozinski, S, Puppe, W, Framme, C, Höglinger, G, Hufendiek, K , et al. Postinfectious onset of myasthenia gravis in a COVID-19 patient. Front Neurol. (2020) 11:576153. doi: 10.3389/fneur.2020.576153 

 4. Karimi, N, Okhovat, AA, Ziaadini, B, Ashtiani, BH, Nafissi, S, and Fatehi, F. Myasthenia gravis associated with novel coronavirus 2019 infection: a report of three cases. Clin Neurol Neurosurg. (2021) 208:106834. doi: 10.1016/j.clineuro.2021.106834 

 5. Restivo, DA, Centonze, D, Alesina, A, and Marchese-Ragona, R. Myasthenia gravis associated with SARS-cov-2 infection. Ann Intern Med. (2020) 173:1027–8. doi: 10.7326/L20-0845 

 6. Sriwastava, S, Tandon, M, Kataria, S, Daimee, M, and Sultan, S. New onset of ocular myasthenia gravis in a patient with COVID-19: a novel case report and literature review. J Neurol. (2021) 268:2690–6. doi: 10.1007/s00415-020-10263-1 

 7. Taheri, A, Davoodi, L, Soleymani, E, and Ahmadi, N. New-onset myasthenia gravis after novel coronavirus 2019 infection. Respirol Case Rep. (2022) 10:e0978. doi: 10.1002/rcr2.978 

 8. Wartmann, H, Hoffmann, S, Ruck, T, Nelke, C, Deiters, B, and Volmer, T. Incidence, prevalence, hospitalization rates, and treatment patterns in myasthenia gravis: a 10-year real-world data analysis of German claims data. Neuroepidemiology. (2023) 57:121–8. doi: 10.1159/000529583 

 9. Camelo-Filho, AE, Silva, AM, Estephan, EP, Zambon, AA, Mendonça, RH, Souza, PV , et al. Myasthenia gravis and COVID-19: clinical characteristics and outcomes. Front Neurol. (2020) 11:1053. doi: 10.3389/fneur.2020.01053 

 10. Aktoz, G, Boz, C, Zengin, S, Okumus, AC, Horozoglu, H, Kara, F , et al. Clinical course and outcome of Covid-19 in patients with myasthenia gravis. Neurol Res. (2023) 45:583–9. doi: 10.1080/01616412.2023.2167536 

 11. Park, S-Y, Lee, JY, Lim, NG, and Hong, Y-H. Incidence and prevalence of myasthenia gravis in Korea: a population-based study using the national health insurance claims database. J Clin Neurol. (2016) 12:340–4. doi: 10.3988/jcn.2016.12.3.340 

 12. Muppidi, S, Guptill, JT, Jacob, S, Li, Y, Farrugia, ME, Guidon, AC , et al. COVID-19-associated risks and effects in myasthenia gravis (CARE-MG). Lancet Neurol. (2020) 19:970–1. doi: 10.1016/S1474-4422(20)30413-0 

 13. De León, AM, Aban, I, Mcpherson, T, Granit, V, Benatar, M, Cutter, G , et al. Impact of the COVID-19 pandemic on patients with myasthenia gravis: a survey of the Myasthenia Gravis Foundation of America MG patient registry. Muscle Nerve. (2023) 67:25–32. doi: 10.1002/mus.27743 

 14. Rodrigues, CL, de Freitas, HC, Lima, PRO, de Oliveira Junior, PH, Fernandes, JMA, D’Almeida, JAC , et al. Myasthenia gravis exacerbation and myasthenic crisis associated with COVID-19: case series and literature review. Neurol Sci. (2022) 43:2271–6. doi: 10.1007/s10072-021-05823-w 

 15. Galassi, G, and Marchioni, A. Myasthenia gravis at the crossroad of COVID-19: focus on immunological and respiratory interplay. Acta Neurol Belg. (2021) 121:633–42. doi: 10.1007/s13760-021-01612-6 

 16. Saied, Z, Rachdi, A, Thamlaoui, S, Nabli, F, Jeridi, C, Baffoun, N , et al. Myasthenia gravis and COVID-19: a case series and comparison with literature. Acta Neurol Scand. (2021) 144:334–40. doi: 10.1111/ane.13440 

 17. Alcantara, M, Koh, M, Park, AL, Bril, V, and Barnett, C. Outcomes of COVID-19 infection and vaccination among individuals with myasthenia gravis. JAMA Netw Open. (2023) 6:e239834-e. doi: 10.1001/jamanetworkopen.2023.9834 

 18. Solé, G, Mathis, S, Friedman, D, Salort-Campana, E, Tard, C, Bouhour, F , et al. Impact of coronavirus disease 2019 in a French cohort of myasthenia gravis. Neurology. (2021) 96:e2109–20. doi: 10.1212/WNL.0000000000011669 

 19. Barzegar, M, Mirmosayyeb, O, Gajarzadeh, M, Afshari-Safavi, A, Nehzat, N, Vaheb, S , et al. COVID-19 among patients with multiple sclerosis: a systematic review. Neurol Neuroimmunol Neuroinflamm. (2021) 8:e1001. doi: 10.1212/NXI.0000000000001001 

 20. Hamidi, Z, Jabraeili-Siahroud, S, Taati-Alamdari, Y, Aghbash, PS, Shamekh, A, and Baghi, HB. A comprehensive review of COVID-19 symptoms and treatments in the setting of autoimmune diseases. Virol J. (2023) 20:1–11. doi: 10.1186/s12985-023-01967-7 


Copyright
 © 2024 Kim, Lee, Kim, Kim and Sohn. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-15-1374370-t002.jpg
Variables MG exacerbation in 2019 MG exacerbation in 2021 Pvalue

n=206 100 (%) % 100 (%)
Age (years) 5473161 55.017.1 0.8
Men [n (%)] 77 374 62 348 0.60
Comorbidities [ (%))
Diabetes 45 218 2 236 068
Hypertension 7 354 55 309 035

Autoimmune disease

RA 2 10 2 L1 08
SLE 0 00 0 00 NA
B 2 10 2 L1 0.8
AS 2 10 2 11 0.8
Hashimoto' thyroiditis 5 24 5 28 081
“Thymectomy [n (%)] 27 131 43 242 0.01*
Frequency of chest CT performance 170 825 142 798 049
Exacerbation management [1 (%))
1V immunoglobulin 122 592 92 517 014
Plasma exchange 149 723 126 7038 074
ICU stay duration (days) 2624241 214236 05
‘The average number of ICU admission 13407 12205 05
Hospitalization duration (days) 468637 356+529 007
‘The average number of hospitalizations 30231 26228 0.15
Hospitalization expense (million won) 273300 2924311 056
Mortality [ (%)] 2 107 16 90 06

MG, myasthenia gravis; RA, rheumatoid arthrits; SLE, systemic lupus erythematosus; S, Sjogren’ syndrome; AS, ankylosing spondylitis: CT, computed tomography; IV, intravenous; ICU,
intensive care unit. NA indicates that the result cannot be generated, *indicates that the results re statistically significant (p<0.05),






OPS/images/fneur-15-1374370-t003.jpg
Variables With COVID-19 in MG Without COVID-19 in MG P value

n=90 100 (%) n=7349 100 (%)
Age (years) 57.3£156 55.6+14.1 031
Men [ (%)] 38 422 2,924 398 0.64

Comorbidities [ (%))

Diabetes 20 22 1,734 236 076
Hypertension 32 356 2465 35 0.69
Autoimmune
RA 1 11 60 08 076
SLE 1 11 51 07 0.64
s 1 L1 2 06 050
AS 0 00 3 05 052
Hashimoto’ thyroiditis 1 11 129 18 064
“Thymectomy [n (%)) 1 L1 43 06 050
MG exacerbation [ (%)] 6 67 172 23 0.008%*
ICU stay duration (days) 170104 2444239 0.60
‘The average number of ICU 1000 12405 0,003
admission
Hospitalization duration (days) 2738352 3592535 0.70
‘The average number of 1812 26228 050

hospitalizations

Hospitalization expense 68+94 83:134 064
(million won)

Mortality [ (%)) 2 22 102 14 050

COVID-19, coronavirus disease 2019; MG, myasthenia gravis; RA, rheumatoid arthr
care unit **indicates that the results are satistcally significant (p<0.01), ***i

SLE, systemic lupus erythematosus; S, jogren' syndrome; AS, ankylosing spondylitis; ICU intensive
icates that the results are satistically significant (p<0.001).






OPS/images/fneur-15-1374370-g003.jpg
13

221

096

174

061

n2019

Chungnam

Sejong

oseen

Jeantuk

Gwangiu

X
Jeonnam

Greonggi

Gangwon
o

Chungeuk

Greongouk.

Dae

ussan

Greongnam | 145
2019

[ Jow-100
-0

094

154

on

015

Chungnam
sepong
Datjeon
Jsontu
Gwangiu

v
Jeannam

¢

e —|@

In 2021

usan

Greongnam

Greonggi

Gangwon
o

Chungouk.

Gpeongour

Daegu

069

13

151

092

o088

080

108





OPS/images/fneur-15-1374370-t001.jpg
Variables MG in 2019 MG in 2021 P value

n=6,888 100 (%) n=7439 100 (%)
Age (years) 5614156 5732156 <0.0001%%%
Men [n (%)] 2,770 40.2 2962 398 063

Comorbidities [ (%)]
Diabetes 1,548 25 1754 26 012
Hypertension 2133 310 2497 336 0.0009%+

Autoimmune disease

RA 9 07 61 08 046
SLE 36 05 52 07 018
s 47 07 ) 06 043
As £ 04 3 04 084
Hashimoto’s thyroiditis 108 16 130 18 040
Thymectomy [ (%)] 7 039 43 058 ot
1S agent [n (%)] 0.17
None 2746 400 2859 384
118 group 2444 355 2,668 359
> 215 group 1,698 247 1912 257
MG exacerbation [ (%)] 206 30 178 24 0.03*
Mortality [ (%)] 84 12 104 14 03

MG, myasthenia gravis; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; S, Sjogrens syndrome; AS, ankylosing spondylits; IS agent, immunosuppressive agent. *Indicates that
the results are statistically significant (p<0.05), ***indicates that the results e statistically significant (p <0.001).
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