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ABSTRACT

Obijective: To clarify the prevalence and clinical characteristics of myasthenia gravis (MG) in
Japan.

Methods: We performed a nationwide epidemiological survey of MG in Japan. The clinical
features were compared among five groups of patients, divided according to onset age. A
generalized additive model (GAM) was used to assess the linearity of these relationships.
Results: A total of 8,542 patients were reported, and detailed data were analyzed for 3,141
patients. The estimated number of MG patients in Japan was 15,100, giving a prevalence of
11.8 per 100,000. Elderly-onset MG (>65 years) accounted for 7.3% in 1987 (adjusted for
population in 2005), but this had increased to 16.8% in 2006. Infantile-onset MG (04
years) accounted for 10.1% in 1987, and was still as high as 7.0% in 2006. The rate of
ocular MG was highest (80.6%) in infantile-onset and lowest (26.4%) in early-onset disease,
but the rate rose again in the late-onset group. GAM analysis of the ocular form showed a
U-shaped curve, with a dip in the 20s. Anti-acetylcholine receptor antibodies were positive
in only 50% of infantile-onset, but nearly 90% of elderly-onset patients. GAM analyses
assessing the concurrence of thymoma and hyperplasia both showed reversed U-shapes, with
peaks in the 50s and 20s-40s, respectively.

Conclusions: Persistent high incidence of infantile-onset disease and clinical heterogeneity

according to onset age are characteristic features of MG in Japan.
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1. Introduction

Myasthenia gravis (MG) is an autoimmune disease that targets neuromuscular
junctions[1]. The disease is characterized by ocular symptoms, bulbar signs, weakness of the
extremities, and respiratory failure. The clinical aspects of MG have changed drastically over
the past few decades, reflected in decreased mortality [2], along with the discovery of
antibodies against muscle-specific tyrosine kinase (MuSK) [3], and the use of
immunosuppressants and intravenous immunoglobulin therapy (IVIG).

Several reports have indicated the existence of racial variations in MG, e.g., between
patients of Caucasian and African origins. African patients present with a lower positivity for
anti-acetylcholine receptor (AChR) antibodies, a higher positivity for anti-MuSK antibodies,
and a more severe form of disease, compared with Caucasians [4]. A high frequency of
juvenile-onset MG has been described in Asian countries [5-8]; in China, 39-50% of all MG
patients were reportedly children (<15 years) [6, 7]. A high frequency of the ocular from is
also a characteristic feature of MG in Asia, ranging from 47—-73% [5-7].

An increasing incidence of late-onset or elderly-onset MG has been reported recently [9-12].
This is a worldwide phenomenon, and is not confined to regional areas of Japan. The
increase in late-onset MG has not yet been evaluated at a national level. However, this trend
is important, because elderly patients suffer from various complications such as hypertension,
diabetes mellitus, hyperlipidemia, stroke, cancer and osteoporosis, and the choice of
appropriate therapeutic options can be challenging.

An increased prevalence of autoimmune diseases has been reported in Western developed
countries [13-15]. This increase has been considered to be a result of environmental changes

and improved medical care. It is therefore important to assess the changes in prevalence and
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clinical features of MG in Asian countries, which have undergone rapid environmental

alterations. Japan is the only country in Asia where repeated nationwide epidemiological
surveys have been carried out. The previous surveys were performed in 1973 [16, 17] and in
1987 [18]. Because it had been approximately 20 years since the last nationwide survey, we
performed a third survey to determine the current epidemiological and clinical traits of MG

in Japan.

2. Methods

2.1. Survey procedures

A nationwide MG survey was conducted by the Research Committees of
Neuroimmunological Diseases and of Epidemiology of Intractable Diseases, sponsored by
the Ministry of Health, Labour and Welfare, Japan. The study was approved by the Kyushu
University Ethics Committee. The survey was carried out in two steps. First, a preliminary
survey was undertaken to determine the prevalence and the approximate number of patients
with MG in Japan, and a second survey was then conducted using a questionnaire to gather
clinical information about each patient. The hospitals included in the study were randomly
selected from the directory of all registered hospitals throughout Japan. Selection was made
according to a stratification based on the number of beds in each hospital, whereby a higher
number of beds led to a higher probability of being selected [19]. The sampling rates were
approximately 5%, 10%, 20%, 40%, 80%, and 100% for general hospitals with 20-99 beds,
100-199 beds, 200-299 beds, 300—399 beds, 400—499 beds, and 500 or more beds,
respectively. All university hospitals, as well as clinics in which a substantial number of MG

patients were seen, were also surveyed.
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The first questionnaire asked for information on the number of MG patients who visited

the hospitals between January 1 and December 31, 2005. This was sent to 5,426
departments, including 1,112 neurology/internal medicine, 980 surgery, 841 pediatrics, 808
ophthalmology, 776 otorhinolaryngology, 735 neurosurgery, and 174 cardiac surgery
departments.

A second questionnaire was forwarded to the institutions that reported patients in the
first survey. This second questionnaire collected detailed clinical information about each
patient, including age at onset, sex, birthplace, present address, date of birth, family history,
onset symptoms, symptoms at diagnosis, MG Foundation of America (MGFA) classification
[20], MG-activities of daily living (ADL) score [21], edrophonium test, repetitive
stimulation on electromyography (EMG), anti- AChR antibodies, anti-MuSK antibodies,
pathology of thymus and thymoma, complications, selected treatments, and outcome,
including MGFA postintervention status [20] and occurrence of crisis (supplemental table).
Patients who had identical information for sex, date of birth, and residing prefecture were

considered to be duplicates, and one was excluded from the study.

2.2. Diagnostic criteria

The diagnostic criteria for MG were attached to the questionnaire. MG was diagnosed
when (1) one or more of the following subjective findings was present: ptosis, double vision,
limb weakness, swallowing difficulty, speech difficulty, breathing difficulty; (2) one or more
of the following objective findings were present: ptosis, ophthalmoplegia, facial weakness,
neck weakness, limb and/or truncal weakness, dysphagia, dysarthria, dyspnea; (3) diurnal
fluctuation and/or easy fatigability were present; (4) at least one of the following tests was

positive: edrophonium test, decremental response on repetitive nerve stimulation, or anti
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AChR antibody; and (5) other conditions were excluded. The excluded conditions were:

Lambert-Eaton myasthenic syndrome, muscular dystrophy, polymyositis, periodic paralysis,
hyperthyroidism, mitochondrial myopathy, progressive external ophthalmoplegia, Guillain-
Barré syndrome, polyneuritis, oculomotor palsy, Tolosa-Hunt syndrome, brainstem tumor,
brainstem infarction, brainstem encephalitis, herpes and other viral encephalitis, meningitis of
the skull base, temporal arteritis, Wernicke’s encephalitis, Leigh encephalitis, diabetic
ophthalmoplegia, vasculitis, neuro Behcet disease, sarcoidosis, multiple sclerosis, acute
disseminated encephalomyelitis, Fisher’s syndrome, congenital myasthenic syndrome,

congenital myopathy, myotonia, blepharospasm, and apraxia of eye-opening.

2.3. Onset-age

Patients with MG were divided into five groups according to the age of onset, and the
characteristic clinical features of each group were analyzed. The groups were classified as:
infantile-onset (ages 0—4 years), childhood-onset (ages 59 years), early-onset (1049 years),

late-onset (5064 years), and elderly-onset (65 years or older).

2.4. Statistical analysis

The estimated number of MG patients in Japan was calculated by adding the figures for
the total reported number of patients in each group, divided by the ratio of responding
institutions to the number of surveyed institutions for each group. The formulae used to
estimate the total number of patients and the 95% confidence intervals (Cls) have been
described in detail elsewhere [22, 23]. The prevalence rate per 100,000 people was

determined based on the population of Japan in 2005.
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The chi-squared test was used to determine the significance of the increase in late- and

elderly-onset patients over the two decades. The Kolmogorov-Smirnov two-sample test was
used to compare the distributions of onset-age between the 1987 and 2006 studies. Fisher’s
exact test was used to compare the frequency of patients with familial occurrence in each
onset-age group. Univariate analyses were performed using SAS ver. 9.1.3 (SAS Institute,
Cary, NC). A generalized additive model (GAM) was fit using R ver. 2.7.0 [24]. GAM was
used to assess the linearity (on the logarithm of odds scale) of the relationship between
clinical features and age at onset. GAM allows for relaxation of the assumption of linearity

by using a flexible smoothing term to fit a smooth curve to the data [25].

3. Results

3.1. Estimated number of patients and prevalence rate

A total of 3,919 institutions (72.2%) responded to the initial survey, reporting 8,542
patients with MG. In the second questionnaire, detailed data were collected for 3,141
patients, excluding 15 duplicate cases (36.9% of the preliminary survey). There were no
significant regional differences in response rates. The estimated number of patients with MG
was 15,100 (95% CI: 13,900-16,300), and the estimated prevalence rate was 11.8 per
100,000 (95% CI: 10.9-12.7). The number of MG patients more than doubled, compared
with the results of the nationwide survey in 1987 (Table 1). The male/female ratio was 1/1.7
(63.0% female), indicating a slight decrease in the proportion of females over the 30-year-

period (67.7% in 1973, Table 1).

3.2. Onset-age distribution
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Fig. 1A shows the onset-age distribution of MG ascertained by the surveys in 1987 and

2006, the former adjusted to the population in 2005 to avoid the influence of the increasing
proportion of older people. Infantile-onset MG (onset-age of 0—4 years) accounted for
10.1% of MG in 1987 and 7.0% in 2006, which was a strikingly high percentage compared
with other onset-ages. This distinctive feature has remained constant over the last 30 years
[16-18].

Late- and elderly-onset MG (onset-age of 50 years or older) accounted for 28.8% of
cases in 1987, increasing to 41.7% in 2006 (Fig. 1A, 1B; p < 0.0001). Elderly-onset MG in
particular (onset-age of 65 years or more) accounted for only 7.3% of MG cases in 1987,
but this rose to 16.8% in 2006, representing a 2.3-fold increase (Fig. 1B). The significant
trend towards a reduction in the proportion of early-onset MG and an increase in that of
late- and elderly-onset MG can be clearly observed in Fig. 1C (p < 0.0001 by Kolmogorov-
Smirnov two-sample test).

In addition to the infantile peak, female patients showed two peaks in onset-age, at
roughly 30 and 55 years, while male patients demonstrated a linear increase between the

ages of 10 and 65 (Fig. 1D).

3.3. MG-ADL score and MGFA classification

The MG-ADL score assessed at diagnosis was 5.85 + 3.87 (range 0—24), with a median
of 5 (Fig. 1E). The MGFA classification is shown in Fig. 1F. MGFA 1 (ocular type), 1l (mild
generalized), 111 (moderate generalized), IV (severe generalized) and V (intubated)
accounted for 35.7%, 44.3% (lla: 27.8%, Ilb: 16.5%), 15.6% (Illa: 9.0%, I1lb: 6.6%),
2.5% (IVa: 1.1%, IVb: 1.4%) and 2.0%, respectively. MGFA | and Il together accounted

for 80.0% of all MG cases.
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3.4. Family history and clinical symptoms

Only 0.7% of cases had a family history of MG, while 3.0% had a family history of
autoimmune disease. The frequencies of the various symptoms at onset were: ptosis, 71.9%;
diplopia, 47.3%; weakness of facial muscles, 5.3%; bulbar symptoms,14.9%; weakness of
extremities, 23.1%; and dyspnea, 2.3%. At diagnosis, these frequencies increased to 81.9%,
59.1%, 13.9%, 27.6%, 44.1% and 4.9%, respectively. Crises were observed in 7.7% of
cases within 1 year, 3.8% in 1-5 years, and 2.9% in 5 years or more after onset. The overall

frequency of crisis was 13.3% throughout the whole period.

3.5. Laboratory data and electromyographic studies

Anti-AChR antibodies were positive at diagnosis in 73.9% of patients with titers of 93.6
+ 296 nmol/l (range 0.18-7,000). Anti-MuSK antibodies were positive in only 1.4%, but
were not measured in 94.7% of cases. The edrophonium test was positive in 75.6% of cases.
A decremental response in EMG at low frequency stimulation was observed in 47.3% of

patients.

3.6. Thymus and thymoma pathology

Regarding the residual thymus, hyperplasia was seen in 38.4% of cases, and normal or
involuted thymus was diagnosed in 33.4%. Thymoma was present in 32.0% of all MG cases.
Masaoka stagings of thymomas were as follows: | 36.8%, 11 18.4%, 111 11.8%, 1Va 4.1%,
IVb 1.0% and unknown 27.8%. WHO classification of the thymomas revealed: A, 1.6%; AB,

5.9%: B1, 7.3%:; B2, 9.7%:; B3, 5.2%; and unknown, 70.3%.
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3.7. Clinical characteristics of each onset-age group

Patients were classified according to onset-age and parameters were compared among the
groups (Table 2). The frequency of familial MG was high (2.38%) in the infantile-onset
group, but did not reach statistical significance (p = 0.0915). The incidence of MGFA |
(ocular MG) was as high as 80.6% in the infantile-onset group, falling to 61.5% in the
childhood-onset group, and 26.4% in the early-onset group. The incidence of MGFA |
increased again in the late- and elderly- onset groups (38.1% in late-onset, 37.3% in elderly-
onset group). Edrophonium test positivity was similar in all groups. A decremental response
in EMG at low frequency stimulation was observed in only 20.3% of the infantile-onset
group, but it increased with increasing onset-age. Anti-AChR antibodies were positive in
approximately half the infantile- and childhood-onset cases, and increased with increasing
onset-age. Its positivity was as high as 89.2% in the elderly-onset group. Thymoma was rare
(3.6%) in the infantile-onset group and infrequent (10.0%) in the childhood-onset group, but
exceeded 30% in the early-onset group and was particularly frequent in the late-onset group
(46.6%). It decreased again in the elderly-onset group. The percentage of hyperplasia in the
residual thymus was high in the early-onset group, but low in the other groups. Treatment
options in each onset-age group are summarized in Table 2.

These tendencies were clearly visualized by GAM analyses (Fig. 2). Ocular presentation
revealed a clear dip in the 20s (Fig. 2A), and anti-AChR positivity gradually increased along
with increasing age (Fig. 2B). The positivity of both thymoma and hyperplasia showed
reversed-U shapes with different peaks: thymoma in the 50s and hyperplasia between the 20s

and 40s (Fig. 2C, 2D).

4. Discussion
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This study was limited by the relatively low response rate to the second questionnaire
(36.9%); this may have been partly due to the intricate nature of the questionnaire. However,
clinical information was collected for 3,141 patients (excluding the duplicates), which
represents the largest sample size among the series of nationwide surveys of MG in Japan.

The estimated number of MG patients is steadily increasing along with its prevalence, and
it had more than doubled at this survey, compared with that suggested by the 1987 data.
This increase is probably due to improved diagnostic accuracy and case ascertainment, and
the improved efficacy of treatment and care. The increasing longevity of the population also
contributes to this tendency [26]. Nonetheless, elderly-onset MG was definitely shown to
have increased, even after adjusting the onset-age distribution of 1987 to the population in
2005.

The incidence of late- and elderly-onset MG is reported to be increasing in Western
countries [9, 10] and in certain prefectures in Japan [11, 12]. In the present study, the
incidence of MG patients with an onset-age of 50 years or more increased by 1.5-fold over a
19-year period; elderly-onset patients in particular (onset-age of 65 years or more) showed a
2.3-fold rise. This indicates that elderly-onset MG is the major source of the overall increase.
The reason for the increase is unclear, but an immunological background distinct from that
in younger patients, and environmental alterations, may be involved. The increased
occurrence of thymoma in the late-onset group and the high positivity rate for anti-AChR
antibodies in the late- and elderly-onset groups may explain this feature.

The prominent peak in infantile-onset MG (ages 0—4 years) was a notable feature. This
peak was also seen in the surveys conducted in 1973 [16, 17] and 1987 (Fig 1A), indicating

a persistent tendency. In contrast, there was no peak in childhood-onset disease (onset-age
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5-9 years), which was also the case in the previous surveys. Because this infantile peak

remained constant throughout the three decades, it is considered to reflect the genetic
background, and is not influenced by the westernized environment. Interestingly, a similar
tendency has been reported from China where juvenile MG comprises 39-50% of cases [6,
7]. These observations suggest that a high proportion of infantile-onset MG cases are a
characteristic feature of East Asian populations. Human leukocyte antigen (HLA) analyses
may provide clues to the immunopathogenesis of infantile- and childhood-onset MG [27-32].
HLA Bw46 and DR9 have been reported to be associated with juvenile-onset MG in China
[27-29], while frequencies of DR9 and DRw13 were significantly increased in infantile-onset
MG patients in Japan [30, 31]. This distinct HLA association may contribute to the high
frequency of infantile- and juvenile-onset MG in East Asia.

We analyzed the relationship between clinical features and onset-age in this study, by
comparing characteristics among the onset-age groups, and by using the GAM method. This
method allows easy visualization of the linearity of the relationship between clinical feature
and onset-age. The variability in clinical characteristics according to onset-age in Japanese
MG patients was notable. The features of infantile-onset MG have not been previously
characterized in detail, and no study has focused on the relationship between age of onset
and frequencies of waning on repetitive EMG, and anti-AChR antibody positivity. In our
study, the infantile-onset group showed a high frequency of ocular form (80.6%), and lower
frequencies of waning on repetitive EMG (20.3%), anti-AChR antibody (50.3%), and
thymic abnormalities (thymoma 3.6% and hyperplasia 16.1%), compared with other onset-
age groups. In contrast, early-onset MG patients demonstrated a low frequency of ocular
form, a high frequency of thymic hyperplasia, and a high female proportion. In other

countries, such as India, the United States, Italy and Brazil, the frequency of the ocular form
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is only 14-30% and the anti-AChR positivity rates range from 74-82% in childhood-onset

MG [33-36]. A high proportion of childhood-onset (<15 years) or early childhood-onset
(<10 years) MG has been reported [5-8] in the Chinese population, together with a high
frequency of ocular form (71-73%) [6, 7] and a relatively low frequency of anti-AChR
antibody positivity (64%) [7]. The unique features of infantile-onset MG in Japan, some of
which are shared with Chinese childhood-onset MG, suggest the existence of a distinct
immunological mechanism.

Concurrent thymoma was uncommon in the infantile- and childhood-onset groups, but
occurred in 33.8% of the early-onset group, and as many as 46.6% of the late-onset group.
This high rate of thymoma-associated MG in the late-onset group was a characteristic
feature of the present survey. The increase in thymoma-associated cases may be related to
the increase in MG with an onset-age of 50 years or more, but could also be attributed to the
relatively low rate of response to the questionnaire.

The results of this nationwide survey determined that MG in the Japanese population is
epidemiologically unique, and that it is clinically diverse, according to the age of onset. Each
onset-age group shows distinct characteristics, as demonstrated by GAM analyses.

Treatment planning should therefore take onset-age into consideration.
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Figure legends

Fig. 1. Outline of the present survey data compared with data from 1987. (A) Numbers of
MG patients in each onset-age group. Each bar represents a width of 5 years, e.g., ‘15’
indicates an onset-age of 15-19 years. Data from 1987 were adjusted to the population in
2005, to avoid the influence of an increasing older generation. A persistent striking peak
exists in the infantile-onset (0—4 years) group. (B) Late- and elderly-onset MG increased
over the two decades. The increase in patients with an onset-age of 65 or older was
particularly striking. (C) Proportions of patients compared with 1987 data. The decrease in
early-onset MG and the increase in late-onset MG are shown (p < 0.0001 by Kolmogorov-
Smirnov two-sample test). (D) The sexes of patients in each onset-age group are shown. In
addition to the infantile peak, female patients showed two peaks in their 20s and 50s,
whereas male patients showed a linear increase between their teens and 60s. (E) The
numbers of patients with each MG-ADL score are shown. (F) MGFA classifications of

patients are demonstrated. MGFA | and Il accounted for 80% of all MG cases.

Fig. 2. Generalized additive model (GAM) analyses of ocular form, anti-AChR antibody
positivity rate, and concurrent thymoma and thymic hyperplasia are shown. We assessed the
linearity of the relationships between these clinical features and onset-age. The results are
presented as prediction probability, with the shaded region representing the pointwise + 1.96
SE band. (A) The incidence of ocular form was the highest in the under 10s, rapidly falling
to a dip in the 20s, then increasing again with increasing onset-age. (B) The anti-AChR
antibody positivity rate increased steadily along with increasing onset-age. (C) The presence

of concurrent thymoma showed a clean reversed U shape, with a peak in the 50s. (D)
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Thymic hyperplasia positivity also showed a reversed U shape, with a wide peak between

the 20s and 40s.
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Table1 Comparison of demographic features among three nationwide surveys

1973 1987 2006
Estimated number of patients ND 6,000 15,100
Prevalence rate (per 100,000) 1.35 51 11.8
Number of cases collected for the survey 1,430 1,538 3,143
Male : female 1:2.1 1:1.85 1:1.7
Occurrence within families (%) 2.0 0.8 0.7
Ocular form (%) ND 40.1 35.7
Concurrence of thymoma (%) 10.6 21.1 32.0
History of crisis (%) 16.0 14.8 13.3

ND = not determined



Table 2 Clinical features of the five onset-age groups
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Onset-age group Infantile-onset  Childhood-onset Early-onset Late-onset Elderly-onset
Age at onset 0-4 5-9 10-49 50-64 65-
Patient number 214 54 1517 761 515
Male : female 1:1.6 1:15 1:2.3 1:1.3 1:1.8
MG occurrence within families (%) 2.38 0 0.54 0.53 0.40
MGFA type | (%) 80.6 61.5 26.4 38.1 37.3
Positive edrophonium test (%) 83.9 86.3 71.5 77.1 81.0
Positive decremental response (%) 20.3 36.4 49.2 48.4 51.8
Positive anti-AChR antibodies (%) 50.3 48.1 70.6 78.9 89.2
Concurrence of thymoma (%) 3.6 10.0 33.8 46.6 28.4
Hyperplasia in residual thymus (%) 16.1 21.1 46.6 30.4 21.7
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