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ABSTRACT

Background: Myasthenia gravis (MG) is the most common primary disorder of neuromuscular transmis-
sion, but the incidence of MG in China is unknown. We conducted the first nationwide study to determine
the incidence and mortality rates of MG in all age groups at the national level in China.

Methods: This national population-based registry study is based on the database of the Hospital Qual-
ity Monitoring System of National Health Commission, which covers 1665 hospitals providing myasthe-
nia gravis care in 31 provinces and municipalities across China. 94,638 hospital admissions for 59,243
myasthenia gravis patients were identified from January 1st, 2016 to December 31st, 2018. Myasthenia
gravis was identified by ICD-10 codes (G70). Incidence of myasthenia gravis was stratified by age, sex,
and province.

Findings: Of 59,243 patients, 30,503 individuals with myasthenia gravis were newly diagnosed. Age and
sex adjusted incidence of myasthenia gravis was 0.68 per 100,000 person-years, with highest in the age
group of 70-74 years. The incidence in females was 0.76 per 100,000 and 0.60 per 100,000 in males.
The admission mortality rate was 14.69%.. Respiratory failure was the leading cause of death in patients
with myasthenic crisis. There were 14,840 patients with thymomas, encompassing 14,636 (26.5%) adults
and 204 (7.1%) juveniles. 9453 (63.7%) patients with thymomas underwent thymomectomy. The median
length of hospital stay was 8 days (interquartile range (IQR) 4 to 15 days) with median hospitalization
cost $1037 (IQR $493 to $2925). The Basic Medical Insurance was the most common payment method,
covering 67.4% of patients.

Interpretation: The age and sex adjusted incidence of MG was 0.68 per 100,000 person-years in China.
The admission mortality rate was 14.69%.. Most cases of new onset MG occurred in the seventh decade
of life.
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Research in context

Evidence before this study

We searched PubMed and Google Scholar for studies pub-
lished before Mar 31, 2020, using the terms “myasthenia
gravis”, “China OR Chinese”, and “incidence OR prevalence”.
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Of the 137 articles identified, there were only three rele-
vant articles on the estimation of myasthenia gravis (MG)
incidence in local regions in China. According to their re-
ports, the estimated prevalence of myasthenia gravis was
5.09 in Henan province, 6.47 in Hubei province, and 2.19-
11.07 per 100,000 in Guangzhou city. However, these stud-
ies were based either on one hospital or limited local health-
care insurance data. Comprehensive epidemiological data on
myasthenia gravis is extremely sparse or lacking in China,
a country that spans vast regions across Asia and encom-
passes 19% of the world population. In order to determine
the incidence and mortality rates of myasthenia gravis in
all age groups at the national level in China, we conducted
this national population-based study by using data from the
Hospital Quality Monitoring System of National Health Com-
mission, which covers 1665 hospitals providing myasthenia
gravis care in 31 provinces and municipalities across China.

Added value of this study

This study provides the first estimates of age and sex ad-
justed incidence rate and admission mortality rate of myas-
thenia gravis in mainland China. We also compile a map
of the incidence rates of 31 provinces and municipalities in
mainland China. The hospitalization burden and comorbidi-
ties of myasthenia gravis were also evaluated.

Implication of all the available evidence

The age and sex adjusted incidence of myasthenia gravis
was 0.68 per 100,000 person-years in China, and the peak
age of onset was in the seventh decade. The admission mor-
tality rate was 14.69%.. The Basic Medical Insurance covered
67.4% of patients. This study urges efforts to improve the ac-
cessibility and utilization rate of health services and reduce
the out-of-pocket spending. Our study fills the gaps in epi-
demiologic data in China and enriches the global map of
myasthenia gravis incidence.

1. Introduction

Myasthenia gravis (MG) is an organ-specific autoimmune dis-
order of the neuromuscular junction, characterized by specific au-
toantibodies against skeletal muscular antigens in the postsynap-
tic membrane [1,2]. Muscle weakness is the predominant man-
ifestation of MG, and 85% of all patients experience generalized
myasthenia gravis affecting proximal muscles of the extremities
and the trunk. Myasthenic crisis occurs due to weakness of res-
piratory muscles and is a potentially life-threatening complication.
Mechanical ventilation is usually required to rescue patients from
respiratory failure. It is estimated that myasthenia gravis affects
more than 700,000 people worldwide and approximately 36,000
to 60,000 patients in the United States.

The incidence rate of myasthenia gravis varies with age, gen-
der, and ethnic groups [3]. Estimates of incidence range from 0.3
to 2.8 per 100,000 worldwide, and the median global estimated
prevalence is 10 per 100,000 [4]. In European countries the an-
nual incidence ranges from 0.4 (Norway) to 2.1 (Italy) per 100,000.
The incidence is expected to be 1.9 per 100,000 in Australia [5]. In
Asia, the incidence rate of MG in Japan is 0.69-0.87/100,000 [6],
similar to that in Korea where the incidence rate of is 0.69 per
100,000 [7]. However, as the world’s most populous country, a na-
tional survey of MG in China does not exist. Importantly, data on
myasthenic crisis and estimates of mortality resulting from crisis
are lacking. There is an urgent need for the investigation that can
largely promote the policy implementation and insurance support.
This study fills the gaps in epidemiologic data in China of an ap-
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proximately 1.4 billion population and enriches the global map of
MG incidence.

2. Methods
2.1. Data sources and collection

This study was conducted based on the Nationwide Manda-
tory Database of the Hospital Quality Monitoring System (HQMS),
which is maintained by the National Health Commission to mon-
itor the quality of medical care in public hospitals [8]. The HQMS
was established in 2011 and has been gradually improved with the
implementing of medical and health reforms. The system, by the
end of 2015, covered all public tertiary hospitals in the country.
Each tertiary hospital is required to submit a summary of indi-
vidual hospitalization information to the HQMS medical records
homepage over a unified data transfer protocol (appendix). The
HQMS homepage contains 346 variables including demographic
characteristics, diagnoses, procedures, complications, and expenses
etc.

2.2. Study population

We identified 94,638 hospitalization records from the HQMS
database between January 1st, 2016 to December 31st, 2018, based
on the diagnosis of myasthenia gravis. According to China Health
Statistics Yearbook 2018, there were 2340 tertiary hospitals in
China. 1665 hospitals surveyed covered 98.5 percent of tertiary
public western medicine hospitals, where MG patients were di-
agnosed and managed. After excluding 25 hospitals that do not
treat neuroimmune diseases, the remaining 228 private hospitals
and 422 Chinese medicine hospitals do not accommodate these pa-
tients. All hospitals with neurologists treating MG in China were
included. Almost all patients with MG in China were referred to
tertiary public hospitals. To avoid replicate registration, patients
were identified by their unique resident identity numbers in the
HQMS. Supplementary materials Section 1 displays the distribution
of the hospitals in mainland China.

2.3. Case ascertainment

Myasthenia gravis patients were determined based on the In-
ternational Classification of Diseases, Tenth Revision (ICD-10) code
G70 in principle or other discharge diagnoses. The diagnoses of
MG were based on compatible clinical features together with one
or more of the following criteria: (a) seropositive assay for au-
toantibodies directed against the acetylcholine receptor (AChR-ab),
muscle-specific kinase (MuSK-ab), or lipoprotein-related protein 4
(LRP4-ab); (b) electrophysiological study findings compatible with
a postsynaptic neuromuscular junction disorder (repetitive stimu-
lation, single-fiber electromyography, or both); and (c¢) a response
to cholinesterase inhibitors. In cases of seronegativity, MG diagno-
sis was confirmed by abnormal findings from neurophysiological
studies [2,9,10]. MG-related antibodies (AChR-ab, MuSK-ab, LRP4-
ab) were detected in accordance with international standard by
third-party testing facilities. Chest CT was routinely administered
for diagnosis. Follow up in all 1665 tertiary hospitals in China
HQMS required a “Quality Assurance Physician” and coder for each
registered record, to review the diagnosis in accordance with ICD-
10 code. Patients who were initially discharged with a principle di-
agnosis of MG were defined as “new-onset cases” in HQMS during
2016 to 2018. New-onset patients in each province or municipal-
ity were determined based on a "from province” HQMS parame-
ter. Patients in the HQMS database come from all departments in-
cluding neurology, emergency, respiratory, pediatrics, and rehabil-
itation, ensuring maximum coverage for MG patients. Protocol de-
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tails are provided in the appendix. In alignment with WHO guide-
lines, this study defines an adult as a person older than 19 years
of age, and a juvenile as a person younger than 19 years old.
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and Shandong provinces (Fig. 1).
The characteristics of all the patients with MG are listed in
Table 2. 54,670 (92.3%) patients were adult (aged >19 years) and
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96,079 hospitalization records of myasthenia gravis in
China during 2016-2018

1,441 excluded
673 without ID numbers
> 320 age <0 or=>120
315 the length of hospitalization < 0 or > 365
133 hospitalization costs < 0 or > 1,000,000

94,638 hospitalization records with 346 variables
during 2016-2018

l v l

28,186 hospitalization records 30,615 hospitalization records 35,837 hospitalization records
and 17,585 patients of and 19,259 patients of and 22,399 patients of
myasthenia gravis in 2016 myasthenia gravis in 2017 myasthenia gravis in 2018

Y

94,638 hospitalization records and
59,243 patients of myasthenia
gravis in 2016-2018

Fig. 1. Flow chart of participant inclusion in the study.

Heilongjiang

Myasthenia gravis incidence
per 100 000

>0.8
0.7-0.8

0.6-0.7

Qinghai

: Shanghai 0.5-0.6
<0.5

Scale 1: 32 000 000

Fig. 2. Incidence rates of myasthenia gravis for 31 provinces and administrative division in mainland China. The study was conducted in mainland China. Hong Kong and
Macao were not included.
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Table 2

The Lancet Regional Health - Western Pacific 5 (2020) 100063

Characteristics of myasthenia gravis patients admitted to hospital in China (2016-2018).

Characteristics

Adult (n = 54,670)

Juvenile (n = 4,573) Total (n = 59,243)

Age, mean (SD), y
Sex (female), n (%)
Comorbidity, n (%)

55.9 (15.8)

Hypertension 17,500 (32.0)
Diabetes 7,725 (14.1)
Hyperlipidemia 7,134 (13.0)
Osteoporosis 1,769 (3.2)
Depression/anxiety 1,259 (2.3)
Autoimmune diseases 878 (1.6)

Thymoma

Length of hospital stay, median (IQR), d
Hospitalization cost, median (IQR), US$
Payment methods, n (%)

UEBMI 19,756 (36.1)
URRBMI 17,955 (32.8)
Commercial Health Insurance 219 (0.4)
Out-of-pocket health expenses 8,797 (16.1)
Other 7,943 (14.5)

30,005 (54.9)

14,514 (26.5)
10.0 (6.0 to 16.0)
1,433 (785 to 3,382)

8.9 (6.1) 52.2 (19.8)
2,425 (53.0) 32,430 (54.7)
12 (0.3) 17,512 (29.6)
26 (0.6) 7,751 (13.1)
40 (0.9) 7,174 (12.1)
7(02) 1,776 (3.0)
8(0.2) 1,267 (2.1)
23 (0.5) 901 (1.5)
326 (7.1) 14,840 (25.0)

6.5 (3.0 to 11.0)
786 (426 to 1,512)

8.0 (4.0 to 15.0)
1,037 (493 to 2,925)

295 (6.5) 20,051 (33.8)
1,976 (43.2) 19,931 (33.6)
17 (0.4) 236 (0.4)
1,809 (39.6) 10,606 (17.9)
476 (10.4) 8,419 (14.2)

Abbreviation: IQR, interquartile range; SD, standard deviation; UEBMI, Urban Employee Basic Medical Insurance; UR-

RBMI, Urban Rural Resident Basic Medical Insurance.

4573 (7.7%) were children (aged <19 years). The mean age of dis-
ease diagnosis was 52.2 (19.8) years, with adult 55.9 (15.8) years
and children 8.9 (6.1) years. The proportion of female patients
reached 54.7%, slightly more than male. 17,512 (29.6%) patients
with MG were concomitant with hypertension, followed by dia-
betes mellitus (13.1%) and hyperlipidemia (12.1%). Remote comor-
bidities include osteoporosis (3.0%), depression/anxiety (2.1%), and
autoimmune diseases (1.5%). In children with MG there were no
conspicuous comorbidities, even in those with diabetes, hyperlipi-
demia, and autoimmune diseases. There were 14,840 patients with
thymomas, 14,514 (26.5%) adults and 326 (7.1%) children. 9,453
(63.7%) patients with thymomas underwent thymomectomy.

The median length of hospital stay was 8 days (interquartile
range (IQR) 4 to 15 days) with median hospitalization cost $1037
(IQR $493 to $2,925) among all MG patients. On average, the aver-
age length of stay (6.5, IQR 3 to 11 days) was shorter for juveniles
than adults and corresponding hospitalization cost ($786, IQR $426
to $1,512) were lower. In regards to payment methods, the Urban
Employee Basic Medical Insurance (UEBMI) and the Urban and Ru-
ral Resident Basic Medical Insurance (URRBMI) covered about 67.4%
patients, and 17.9% patients paid out-of-pocket for treatment and
medications. The proportion of out-of-pocket payment accounts for
children were relatively higher, at 39.6%. Only 0.4% of MG patients
purchased commercial health insurance.

Among the 59,243 patients, the admission mortality was 870
(14.69%0). Male mortality rate (16.52%.) was higher than that of fe-
males (12.86%.). From 2016 to 2018, 1468 patients were hospital-
ized with myasthenic crisis and 95 patients with myasthenic cri-
sis died: 31 in 2016, 31 in 2017, and 33 in 2018. The average age
of these patients who died was 61.2 + 18.5, with no gender dif-
ference. Approximately 70% of MG deaths were admitted to the
critical care medicine and neurology departments, in which most
of deaths were treated. Respiratory failure was the most common
causes of death (Table 3).

4. Discussion

Given its complete coverage and emphasis on diagnoses, HQMS
serves as a unique and unparalleled resource for determining the
incidence of relatively rare diseases such as myasthenia gravis.

4.1. MG incidence in China

This is the first nationwide MG incidence study in mainland
China ever conducted. The age and incidence of MG in China is

0.68 per 100,000 person-years, falling into the incidence range be-
tween 3.0 and 30.0 per million worldwide [11]. The annual aver-
age number of new occurrences over 10,000 from 2016 to 2018
remains the largest reported globally. The incidence of MG among
children and adults was like African data, although a smaller sam-
ple with only AChR-ab positive cases was investigated [12]. This
is interesting as the African sample, unlike European children, also
showed a higher incidence. Pediatric MG patients comprised 5.7%
of all patients in China with a lower incidence than adults (0.38 vs.
0.74 per 100,000). Childhood patients (0-10 years) seem to have
a higher incidence (0.42 per 100,000) than peri-pubertal patients
(0.32 per 100,000). However, it is higher than reports from west-
ern countries, where the incidence rate was 1.5 per million in the
UK [13], 0.3-2.2 per million in a Danish population [14], 0.9-2.0
in Canada [15], and 1.6 per million in Norway [16]. The studies
indicate that potential geographical and ethnic differences in risk
complicate direct comparisons.

A linear distribution of MG incidence in males is frequently
described, increasing with age and peaking between 60 and 80
years. Linear and bimodal patterns have both been reported for
female MG. A peak of disease onset occurs at 60 to 80 years; an-
other peak may occur at a range of 20 to 30 years but may also not
appear [17,18]. We found that women diagnosed with MG have a
higher incidence than men, and both sexes most often occur in the
seventh decade. The incidence peaks once in both sexes and differs
from bimodal gender distribution.

With the aging of the population, the age of onset of MG in-
creases. It was thought to be more common in women under 40
years, but men and older patients have increased in recent decades
[19]. Recent studies found that patients with over 65 years of age
has been increasing in MG [20]. Late-onset MG has been associ-
ated with the presence of thymoma and more severe forms of the
disease, suggesting the possibility of changes in demographic dis-
tributions among patients [21,22].

4.2. Economic evaluation

The share of medical expenses paid by all MG patients with and
without the scope of basic medical insurance system, which aims
to promote public health, plays the indispensable roles in main-
taining the health of adult MG patients. However, the higher out-
of-pocket health expenses in adolescent patients pose an inevitable
expenditure in patients’ families. Raising the proportion of total
health expenditure by basic medical insurance may contribute to
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Table 3
Characteristics of myasthenic crisis (2016-2018).
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2017 (n = 418) 2018 (n = 608)

Characteristics 2016 (n = 442)
Age, mean (SD), y 519 + 184
Sex (female), n (%) 256 (57.9)

Length of hospital stay, median (IQR)
Hospitalization cost, median (IQR), US$

Mortality characteristics n =31
Age, mean (SD), y 65.8 + 13.1
Sex (female), n (%) 15 (48.4)
Department, n (%)

Neurology 12 (38.7)
Critical Care Medicine 10 (32.3)
Respiratory 2 (6.5)
Oncology 2 (6.5)
Emergency 0
Thoracic Surgery 1(3.2)
Other 4(12.9)
Causes’, n (%)

Respiratory failure 17 (54.8)
Electrolyte disorders 19 (61.3)
Lung infection 5(16.1)
Diabetic ketoacidosis 7 (22.6)
Hypoproteinemia 9 (29.0)

15.0 (8.0 to 23.0)
3,521 (1,075 to 9,311)

53.0 + 17.3
243 (58.1)

15.0 (8.0 to 25.0)
3,473 (1,044 to 9,076)

50.2 + 19.6
346 (56.9)

14.0 (7.0 to 25.0)
3,408 (1,039 to 8,762)

n =31 n=33
61.1 + 16.8 58.9 + 225
13 (41.9) 17 (51.5)
12 (38.7) 12 (36.4)
11 (35.5) 9 (27.3)
1(3.2) 1(3.0)
1(3.2) 0

1(3.2) 3(9.1)

2 (6.5) 1(3.0)
3(9.7) 7 (21.2)
24 (77.4) 19 (61.3)
13 (41.9) 24 (77.4)
5(16.1) 6 (19.4)
3(9.7) 6 (19.4)
6 (19.4) 10 (32.3)

* Top 5 death related diseases.

improving the level of medical security for MG patients. Increasing
effort in healthcare outreach have resulted in an increasing level of
insurance coverage. Correspondingly, the hospitalization cost was
lower than previously reported [23].

4.3. Coexisting disorders

We found that the percentages of patients with hypertension,
diabetes mellitus, hyperlipidemia come close to the general pop-
ulation, and is more common in men with late-onset MG. Since
corticosteroids act as the first-line agents for induction treatment
and also for long-term maintenance, it is clear that higher admin-
istered doses and long-term use of corticosteroids increase the risk
of hypertension, impaired glucose tolerance, and osteoporosis [24-
26]. Further, treatment with statins may cause exacerbations of
MG [27]. In a large population-based study, patients who received
corticosteroid doses higher than 7.5 mg/day were 2.5 times more
likely than control subjects to experience a cardiovascular event,
even after adjustment of known co-variates [28,29]. As these co-
morbidities are closely related to steroid treatment, it is a chal-
lenge how to manage patients with these comorbidities in MG.
Complete avoidance of the use of corticosteroids may decrease
mortality caused by cardiovascular events and stroke [30]. New
clinical trials that focus on effective treatment with reducing doses
of corticosteroids are necessary, especially for MG in elderly pa-
tients.

10-20% of MG patients have a thymoma which typically oc-
curs after 50 years of age. We found a higher occurrence of thy-
moma in Chinese adult patients with MG than reported in the lit-
erature [31-33]. One of the explanations may be the loss of data
on out-patient patients, as HQMS database only covers in-patient
data from registered hospitals. Patients from the out-patient clinic
with mild symptoms or follow up office visits were not included
into HQMS. Most of these patients did not have thymomas. Due
to the advantages of HQMS, the study included MG patients who
were prepared to undergo thymus surgery in the thoracic surgery
department. Though children are rarely be affected, 6% had thy-
moma here. There is no major sex bias. 46.3% of adult patients re-
ceived thymectomy. As thymomectomy was performed when pa-
tients’ symptoms are stabilized, many patients underwent thymo-
mectomy after 2018. They were not included in the current survey
that only covered the hospitalised patients from 2016 to 2018 from

HQMS. In part, this contributed to the relatively low frequency of
thymectomy for patients enrolled in this study. Among patients
who underwent thymectomy, the proportion of patients who per-
formed thoracotomy or thoracoscopic surgery was similar, and the
choice of the two procedures was not tendentious.

4.4. Myasthenic crisis

The incidence of myasthenic crisis was estimated at between
15% to 20% in all patients with MG. The overall mortality rate
(1.5%) was similar to previous reports [34,35]. In China, we found a
lower incidence of myasthenic crisis (4.81%) and also a lower mor-
tality rate (6.4%) for patients in myasthenic crisis compared to the
USA [36]. The respiratory failure that characterizes myasthenic cri-
sis was the most common cause of death. Respiratory tract disease
has ever been a major cause of death among MG patients, which
was more pronounced in males in Norway [37]. However, with im-
proved treatment of MG and its related complications in the past
two decades, the mortality of patients dying of respiratory failure
has reduced.

4.5. Limitations

Given its complete coverage and emphasis on diagnoses, HQMS
serves as a unique and unparalleled resource for determining the
incidence of relatively rare diseases such as myasthenia gravis. For
the first time, our study captures the incidence of MG in all age
groups in almost all Chinese patients, filling vital gaps in global
MG epidemiology. Based on China’s 1.4 billion people, HQMS has
a full coverage and continuity of diagnostic institutions, position-
ing a unique advantage for the study of rare diseases. Strengths of
our study include the national level population-based study, cen-
tralized hospitalization records from administrative hospital quality
monitor system, and coverage of all tertiary hospitals and depart-
ments. However, our study also had some limitations. First, this
study may not include records from all tertiary, secondary hospi-
tals as well as outpatients. Reportedly, about 50% of Chinese MG
patients have pure ocular manifestations during their entire life-
time and are more likely to be diagnosed and followed up in out-
patient rather than in-patient, as the pure ocular type is usually
milder than generalized patients [38]. As a result, the exclusion
of these out-patient data may underestimate the incidence of MG.
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Second, results of MG-related antibodies tests were not collected
in this study. While these data are helpful for the description and
classification of diseases, it is not an indispensable indicator for de-
termination of the incidence of MG. Third, in this general survey,
the severity grade of MG was not recorded because HQMS sys-
tem did not stratify the severity in raw data. Lastly, incidence rate
is generally calculated from a long-term cohort follow-up study,
wherein participants are tracked over time and the occurrence of
new cases is recorded. However, due to the low incidence rate of
MG and the large population in China, it is extremely difficult to
conduct a cohort study with a substantial sample size.
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