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Abstract.
Background: In 1991, the first world survey of neuromuscular disorders (NMDs) was published in the peer reviewed literature.
Since then, diagnostics have been greatly improved through genetic confirmation and consensus on criteria. This prompted us
to search the scientific literature since 1990 for the epidemiology of NMDs.
Objectives: To study occurrence rates, gender and age distribution.
Methods: Pubmed was searched for ‘epidemiology’, ‘incidence’ and ‘prevalence’ regarding thirty NMDs for peer reviewed
literature from 1990–2014.
Results: We found incidence rates for ten disorders, ranging from 0.05 to 9 per 100,000/yr. Most NMDs showed prevalence
rates between 1 and 10 per 100,000 population, except for multifocal motor neuropathy, Lambert-Eaton myasthenic syndrome,
Emery-Dreifuss dystrophy, oculopharyngeal muscular dystrophy, and congenital muscular dystrophies, which were <1/100,000.
Post-polio syndrome and Charcot-Marie-Tooth disease revealed prevalences >10/100,000. Information regarding incidence,
prevalence, age distribution and gender was complete for eight disorders. No data were found for chronic inflammatory demyeli-
nating polyneuropathy, neuralgic amyotrophy, progressive spinal muscular atrophy, McArdle’s and Pompe’s disease. For the 17
remaining disorders, information was partially available.
Conclusions: Compared to 1991, prevalence rates of Becker muscular dystrophy, facioscapulohumeral dystrophy, myotonic
dystrophy and Charcot-Marie-Tooth disease showed increase, yet with highly overlapping ranges with the exception of myotonic
dystrophy. The sum of the available prevalence rates comprises only the tip of the iceberg, but is already in range with the
prevalence of Parkinson’s disease. Although individual NMDs are rare, as a group they are not.
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INTRODUCTION

Knowledge on disease mechanisms of neuromuscu-
lar disorders is growing fast, facilitating identification
of potential therapeutic targets [1, 2]. As clinical stud-
ies on interventions can be expected in the near future,
reliable information regarding disease epidemiology is
needed for trial readiness and will help to identify gaps
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in the knowledge on the epidemiology of neuromus-
cular disorders.

In 1991, the first world survey of mostly inherita-
ble neuromuscular disorders was published in the peer
reviewed literature [3, 4]. In addition, Great Britain’s
patient association Muscular Dystrophy Campaign
presented a report in 2010 that included thirteen
groups of neuromuscular diseases [5]. Three years
later, Orphanet reported on the prevalence of rare
diseases, including neuromuscular disorders as those
are almost invariably rare [6].

Since the 1991 survey, genetic confirmation of var-
ious neuromuscular disorders has become common
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practice. Also, consensus on diagnostic criteria was
reached for a number of diseases [7]. Therefore,
we expanded the scope of the first world survey by
investigating the epidemiology of thirty disorders,
that are either relatively frequent, or have a particu-
lar distinguishable phenotype. We searched published
peer reviewed literature for available incidence and
prevalence rates and for information regarding the dis-
tribution of age and gender within the diseases. With
this overview, we aim to give useful estimates of preva-
lence, incidence and age and gender distribution based
on the recent world literature.

MATERIALS AND METHODS

Search terms, period and inclusion criteria

We searched Pubmed for thirty neuromuscular dis-
orders frequently seen or clearly distinguishable in

the neuromuscular clinic, using the mentioned disease
names as search term (Table 1). Symptomatic disor-
ders such as neuropathies secondary to HIV or diabetes
mellitus were excluded. We additionally searched for
articles using the terms neuromuscular disorder, neu-
romuscular disease, neurological disorder, or muscle
disease in the title. We combined all search terms with
the keywords epidemiology, incidence, and prevalence
in the title and as MeSH term. We studied the peer
reviewed literature published between January 1990 up
until July 2014. Inclusion criteria were: published in
English, research concerning humans, looking into one
of the 30 scrutinised neuromuscular disorders, in case
of multiple publications of the same or overlapping
data: inclusion of the most recently reported data only,
concerning the general population and not specific
subgroup(s), findings for the overall disorder, no spe-
cific disease type(s), containing information regarding
incidence or prevalence rates, original data therefore

Table 1
The considered thirty neuromuscular disorders, arranged by anatomical origin

Disorder Common Referenced
abbreviation articles

Anterior horn cells
spinal muscular atrophy SMA [8–13]
progressive spinal muscular atrophy PSMA –
amyotrophic lateral sclerosis ALS [14–63]
post-polio syndrome PPS [9, 64]
Peripheral nerve
Charcot-Marie-Tooth disease CMT [8, 10, 65–72]
chronic inflammatory demyelinating polyneuropathy CIDP [73–79]
Friedreich ataxia FA [80–84]
hereditary neuropathy with liability to pressure palsies HNPP [72, 85]
Guillain-Barré syndrome GBS [73, 86–113]
idiopathic neuralgic amyotrophy INA –
multifocal motor neuropathy MMN [79]
neuropathy with monoclonal gammopathy MGUS [75, 79]

of unknown significance
chronic idiopathic axonal polyneuropathy CIAP –
Neuromuscular junction
myasthenia gravis MG [9, 114–144]
Lambert-Eaton myasthenic syndrome LEMS [9, 115, 145]
Muscle
Duchenne muscular dystrophy DMD [8–10, 13, 146–149]
Becker muscular dystrophy BMD [8, 10, 13, 146, 148, 150–153]
facioscapulohumeral dystrophy FSHD [8, 10, 13, 146, 154, 155]
limb-girdle muscular dystrophies LGMD [10, 13, 146, 156, 157]
Emery-Dreifuss dystrophy EDD [10, 13]
oculopharyngeal muscular dystrophy OPMD [13]
myotonic dystrophy MD [8–10, 13, 146, 158–161]
congenital muscular dystrophies CMD [10, 13, 146, 162, 163]
non-dystrophic myotonia – [9, 10]
chronic progressive external ophthalmoplegia CPEO [164]
Pompe’s disease – –
McArdle’s disease – –
polymyositis PM [9, 165–170]
dermatomyositis – [9, 165, 167–171]
inclusion body myositis IBM [166, 170, 172–176]
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Table 2A
Occurrence rates for 30 neuromuscular disorders arranged by anatomical origin

Anatomical location Incidence rate Prevalence rate

Disorder mean (per median (per range (per based on mean (per median (per range (per based on
100,000 PY) 100,000 PY) 100,000 PY) # studies 100,000) 100,000) 100,000) # studies

Anterior horn cells
SMA 9 9 5.1–13.7 2 2 2 1.3–3.2 4
PSMA – – – – – – – –
ALS 2 2 0.42–5.3 45 5 4 1.07–11.31 26
PPS – – – – 60 60 18–92 2
Peripheral nerves
CMT – – – – 20 10 3.1–82.3 10
CIDP 0.9 0.8 0.35–1.6 4 4 3 0.67–8.9 6
Friedreich Ataxia 4 4 2.7–6.19 2 2 1 0.6–3.98 5
GBS 1 1 0.4–3.0 30 – – – –
INA – – – – – – – –
HNPP – – – – 9 9 2.0–16 2
MMN – – – – 0.5 0.5 – 1
MGUS with neuropathy – – – – 3 3 1.04–5.1 2
CIAP – – – – – – – –
Neuromuscular junction
MG 1 0.8 0.3–2.8 24 10 10 5.35–35 24
LEMS 0.05 0.05 – 1 0.3 0.3 0.23–0.40 3
Muscle
DMD – – – – 3 3 0.70–4.7 8
BMD – – – – 2 2 0.07–3.65 9
FSHD – – – – 4 4 2.03–6.8 6
LGMD 0.7 0.7 – 1 3 2 0.81–6.9 5
Emery Dreifuss dystrophy – – – – 0.3 0.3 0.13–0.4 2
OPMD – – – – 0.1 0.1 – 1
MD – – – – 10 10 7.1–26.5 9
CMD – – – – 1 0.8 0.6–3.90 5
Non-dystrophic myotonia – – – – 1 1 1.1–1.1 2
CPEO – – – – 3 3 – 1
Pompe’s disease – – – – – – – –
McArdle’s disease – – – – – – – –
Polymyositis 2 0.6 0.27–3.80 8 7 7 3.45 – 9.7 6
Dermatomyositis 0.9 0.8 0.08–1.78 8 8 5 1.97–21.42 6
IBM 0.4 0.3 0.09–0.79 3 2 1 0.07–7.06 6

excluding reviews, and finally, methods of ascertain-
ment and calculation of disease frequency needed to
be mentioned in the article.

Frequency measures

Selected articles were scrutinised for incidence and
prevalence rates. To facilitate comparison, estimates
that used the number of live births as the denomi-
nator (birth prevalences) were excluded. In addition,
all prevalence rates were standardised into units of
100,000 persons and all incidence rates into units of
100,000 persons per year. Next, the articles containing
data regarding incidence or prevalence were searched
for information about gender and age distribution. We
classified the age at diagnosis of each disorder as early,
uniform or late, depending on the highest frequency of
the occurrence rates and their range. For gender, we
reported the percentage of males within the total group
of patients per disease.

Summarising the findings

We presented the range of the identified rates, the
number of estimates and we calculated the mean and
median of the findings. Means and medians were
rounded to one significant digit, thus reporting on
the general order of magnitude rather than seemingly
exact numbers. We did not perform significance tests
or determine confidence intervals for comparisons, as
these would imply a level of precision that does not
match the methods applied or our aim to present the
general order of magnitude of the rates rather than exact
numbers.

RESULTS

We identified 169 articles containing relevant
information on one or more of the 30 specified dis-
orders (Table 1). Incidence and prevalence rates and
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Table 2B
Age distribution and gender for 30 neuromuscular disorders arranged by anatomical origin

Anatomical location Age distribution Gender, male

Disorder early, uniform, late number of mean % range number of
(number of studies) studies studies

Anterior horn cells
SMA – – 53 40–67 2
PSMA – – – – –
ALS late 47 57 45–69 48
PPS late 2 – – –
Peripheral nerves
CMT uniform 4 51 44–62 5
CIDP uniform (3) late (1) 4 68 57–80 7
Friedreich Ataxia early 3 55 46–68 3
GBS uniform (19) late (6) 25 57 38–68 25
INA – – – – –
HNPP – – 52 – 1
MMN – – – – –
MGUS with neuropathy – – – – –
CIAP – – – – –
Neuromuscular junction
MG uniform (20) late (1) 26 38 20–48 30♂late/♀uniform (5)
LEMS late 3 59 58–60 2
Muscle
DMD early 3 97 91–100 6
BMD early (2) uniform (1) 3 100 100–100 7
FSHD uniform 1 63 – 1
LGMD – – 39 – 1
Emery Dreifuss dystrophy – – – – –
OPMD – – – – –
MD uniform 3 54 43–61 3
CMD early 1 45 – 1
Non–dystrophic myotonia uniform 1 33 – 1
CPEO – – – – –
Pompe’s disease – – – – –
McArdle’s disease – – – – –
Polymyositis uniform 4 36 17–50 5
Dermatomyositis uniform 3 35 27–42 5
IBM late 4 51 33–66 4

data about gender and age were found for eight
of the thirty neuromuscular disorders: amyotrophic
lateral sclerosis, chronic inflammatory demyelinating
polyneuropathy, Friedreich ataxia, myasthenia gravis,
Lambert-Eaton myasthenic syndrome, polymyosi-
tis, dermatomyositis and inclusion body myositis
(Table 2). We were able to identify incidence rates for
11 disorders. Rates ranged from 0.05/100,000 popula-
tion per year for Lambert-Eaton myasthenic syndrome
to 9/100,000 in spinal muscular atrophy.

We found prevalence data for 24 of the 30 disor-
ders. The rates ranged from 0.1/100,000 population for
oculopharyngeal muscular dystrophy to 60/100,000
population for post-polio syndrome. Twenty-three dis-
orders had prevalences lower than 50/100,000 and thus
are considered to be rare diseases [177]. When we
added up the 24 obtained prevalence rates, we found a
total of 160/100,000 population.

Age distribution was available for 17 disorders,
the majority presenting a uniform age distribution.
Friedreich ataxia, Duchenne muscular dystrophy and
congenital muscular dystrophies occurred early in
life, whereas amyotrophic lateral sclerosis, post-polio
syndrome, Lambert-Eaton myasthenic syndrome and
inclusion body myositis are revealed later in life. In
five disorders, the age distribution was ambiguous.

Gender data for 19 disorders could be retrieved.
For the most part, disorders were equally distributed
among men and women. Seven disorders showed male
predominance, including amyotrophic lateral sclerosis,
chronic inflammatory demyelinating polyneuropathy,
Guillain-Barré syndrome, Lambert-Eaton myasthenic
syndrome, Duchenne and Becker muscular dystro-
phies and facioscapulohumeral dystrophy. Myasthenia
gravis,non-dystrophicmyotonia,polymyositisandder-
matomyositis occurred up to twice as often in women.
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Table 3
Surveys regarding the prevalence of neuromuscular disorders per 100,000 population

∗depicted in Fig. 1. 1Each report includes different combination of disease types,
thus outcomes are incomparable. 2Includes childhood- and adult-onset autosomal
dominant proximal spinal muscular atrophy, proximal spinal muscular atrophy type
1, 2, 3, 4 and Kennedy disease. 3Includes Charcot-Marie-Tooth disease and X-
linked Charcot-Marie-Tooth disease. 4Includes acute inflammatory demyelinating
polyradiculoneuropathy, Guillain-Barré syndrome, acute motor axonal neuropathy,
acute motor-sensory axonal neuropathy. 5Neuropathy associated with parapro-
teinaemia/monoclonal gammopathy of unknown significance (MGUS). 6Estimate
combined with ‘familial motor neurone disease’. 7Estimate combined with myasthenic
syndrome. 8Includes limb girdle muscular dystrophy, autosomal dominant limb girdle
muscular dystrophy type 1B, autosomal recessive limb girdle muscular dystrophy type
2A, 2B, 2C, 2F, 2I. 9Includes congenital muscular dystrophy, congenital muscular dys-
trophy type 1A, congenital muscular dystrophy with integrin deficiency and congenital
muscular dystrophy, Ullrich type. 10Includes Steinert myotonic dystrophy and proximal
myotonic myopathy. 11Not included in Fig. 1 our survey rendered only one observa-
tion. 12Includes Thomsen and Becker disease, hyperkalemic and hypokalemic periodic
paralysis. 13Referred to as mitochondrial myopathies. 14Includes Kearns-Sayre syn-
drome. 15Referred to as metabolic myopathies.
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Fig. 1. Median prevalence rates for seven neuromuscular disorders until 1991 and 1990–2014 [3, 4].

We found no information on five disorders: pro-
gressive spinal muscular atrophy, idiopathic neuralgic
amyotrophy, chronic idiopathic axonal polyneuropa-
thy, Pompe’s disease and McArdle’s disease.

We compared the collected data with two peer
reviewed articles dating from 1991 and two reports
(Table 3, Fig. 1) [3–6].

DISCUSSION

This study presents epidemiologic data from the
recent literature for thirty individual neuromuscular
disorders, to serve as a reference for both clinicians,
researchers and policymakers. The added value lies
in the grouped epidemiology that is made available,
enabling comparisons in the order of magnitude as
well as the identification of lacunas in the body of
knowledge.

When we compared our findings to the earlier
peer reviewed survey, data on nine of thirty disor-
ders were available in this survey and only seven
were comparable (Table 3, Fig. 1). Amyotrophic
lateral sclerosis, Duchenne muscular dystrophy and

limb-girdle muscular dystrophy showed stable preva-
lence estimates over time. Becker muscular dystrophy,
facioscapulohumeral dystrophy, myotonic dystrophy
and Charcot-Marie-Tooth disease prevalences seemed
to have increased considerably. However, in most
disorders also the overlap of the ranges of both obser-
vations overlapped considerable, except for myotonic
dystrophy [3, 4]. The prevalence estimate of myotonic
dystrophy, in contrast, appeared to be at least twice as
high compared to the 1991 estimate and it displayed
less overlapping ranges. The current estimate was
based on nine separate observations with prevalence
rates ranging from 7.1 to 26.5/100,000 and therefore
can hardly be contributed to chance alone. Genetic
testing may be one of the contributing factors, as the
genetic origin of myotonic dystrophy was identified in
1993, in addition to reaching consensus on diagnos-
tic criteria. The increased prevalence rate in myotonic
dystrophy could also be due to improved levels of
ascertainment in the included studies compared to the
studies reported in the 1991 survey.

We added up the 24 available prevalence estimates„
to enable comparison with other diseases. As such, the
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prevalence of neuromuscular disorders as a group is at
least similar to that of Parkinson’s disease worldwide
(100 - 300/100.000) and twice that of multiple sclerosis
in Europe (80/100.000). [178, 179].

As our methods, although systematic, were not
designed to capture all studies, the general order of
magnitude rather than seemingly exact numbers were
presented. For future research it would be interesting to
present these data, as well as data on disease subgroups.
In our experience however, specific information for
subgroups was limited, and data on several subgroups
were often combined in changing combinations.

In conclusion, prevalence rates of Becker muscular
dystrophy, facioscapulohumeral dystrophy, Charcot-
Marie-Tooth disease and in particular myotonic
dystrophy showed increase, with highly overlapping
ranges except for myotonic dystrophy. The summed
estimate for neuromuscular disorders as a group
represents only the tip of the iceberg. Although neu-
romuscular disorders are rare as individual disease
entities, as a group they are not.
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drome in Spain, 1998-1999: The view from a sentinel
network of neurologist. Neurol Sci. 2004; 25(2): 57-65.



J.C.W. Deenen et al. / The Epidemiology of Neuromuscular Disorders 83

[105] Rocha, M. S., Brucki, S. M., Carvalho, A. A., Lima, U. W.
Epidemiologic features of Guillain-Barre syndrome in Sao
Paulo, Brazil. Arquivos de neuro-psiquiatria. 2004; 62(1):
33-37.

[106] Arami, M. A., Yazdchi, M., Khandaghi, R. Epidemiology
and characteristics of Guillain-Barre syndrome in the north-
west of Iran. Ann Saudi Med. 2006; 26(1): 22-27.

[107] Lehmann, H. C., Kohne, A., Meyer zu Horste, G., Kieseier,
B. C. Incidence of Guillain-Barre syndrome in Germany. J
Peripher Nerv Syst. 2007; 12(4): 285.

[108] Markoula, S., Giannopoulos, S., Sarmas, I., Tzavidi, S.,
Kyritsis, A. P., Lagos, G. Guillain-Barre syndrome in north-
west Greece. Acta Neurol Scand. 2007; 115(3): 167-173.

[109] Alshekhlee, A., Hussain, Z., Sultan, B., Katirji, B. Guillain-
Barre syndrome: Incidence and mortality rates in US
hospitals. Neurology. 2008; 70(18): 1608-1613.

[110] Hauck, L. J., White, C., Feasby, T. E., Zochodne, D. W.,
Svenson, L. W., Hill, M. D. Incidence of Guillain-Barre syn-
drome in Alberta, Canada: An administrative data study. J
Neurol Neurosurg Psychiatry. 2008; 79(3): 318-320.

[111] van der Maas, N. A., Kramer, M. A., Jacobs, B. C., van Soest,
E. M., Dieleman, J. P., Kemmeren, J. M., de Melker, H. E.,
Sturkenboom, M. C. Guillain-Barre syndrome: Background
incidence rates in The Netherlands. J Peripher Nerv Syst.
2011; 16(3): 243-249.

[112] Shui, I. M., Rett, M. D., Weintraub, E., Marcy, M., Amato,
A. A., Sheikh, S. I., Ho, D., Lee, G. M., Yih, W. K. Vac-
cine Safety Datalink Research T. Guillain-Barre syndrome
incidence in a large United States cohort (2000-2009). Neu-
roepidemiology. 2012; 39(2): 109-115.

[113] Chen, Y., Ma, F., Zhang, J., Chu, X., Xu, Y. Population
incidence of Guillain-Barre syndrome in parts of China:
Three large populations in Jiangsu province, 2008-2010. Eur
J Neurol. 2014; 21(1): 124-129.

[114] Kalb, B., Matell, G., Pirskanen, R., Lambe, M. Epidemi-
ology of myasthenia gravis: A population-based study in
Stockholm, Sweden. Neuroepidemiology. 2002; 21(5): 221-
225.

[115] Wirtz, P. W., Nijnuis, M. G., Sotodeh, M., Willems, L. N.,
Brahim, J. J., Putter, H., Wintzen, A. R., Verschuuren, J.
J. The epidemiology of myasthenia gravis, Lambert-Eaton
myasthenic syndrome and their associated tumours in the
northern part of the province of South Holland. J Neurol.
2003; 250(6): 698-701.

[116] Matsuda, M., Dohi-Iijima, N., Nakamura, A., Sekijima, Y.,
Morita, H., Matsuzawa, S., Sato, S., Yahikozawa, H., Tabata,
K., Yanagawa, S., Ikeda, S. Increase in incidence of elderly-
onset patients with myasthenia gravis in Nagano Prefecture,
Japan. Intern Med. 2005; 44(6): 572-577.

[117] Aiello, I., Pastorino, M., Sotgiu, S., Pirastru, M. I., Sau, G.
F., Sanna, G., Rosati, G. Epidemiology of myasthenia gravis
in northwestern Sardinia. Neuroepidemiology. 1997; 16(4):
199-206.

[118] Andersen, J. B., Heldal, A. T., Engeland, A., Gilhus, N.
E. Myasthenia gravis epidemiology in a national cohort;
combining multiple disease registries. Acta Neurol Scand
Suppl. 2014; (198): 26-31.

[119] Aragones, J. M., Bolibar, I., Bonfill, X., Bufill, E., Mum-
many, A., Alonso, F., Illa, I. Myasthenia gravis: A higher
than expected incidence in the elderly. Neurology. 2003;
60(6): 1024-1026.

[120] Aragones, J. M., Roura-Poch, P., Hernandez-Ocampo, E.
M., Alonso, F., Pont-Lluelles, M., Xandri, I., Bolibar, I.,
Illa, I. Myasthenia gravis: A disease of the very old. J Am
Geriatr Soc. 2014; 62(1): 196-197.

[121] Casetta, I., Groppo, E., De Gennaro, R., Cesnik, E., Piccolo,
L., Volpato, S., Granieri, E. Myasthenia gravis: A changing
pattern of incidence. J Neurol. 2010; 257(12): 2015-2019.

[122] Cetin, H., Fulop, G., Zach, H., Auff, E., Zimprich, F.
Epidemiology of myasthenia gravis in Austria: Rising preva-
lence in an ageing society. Wien Klin Wochenschr. 2012;
124(21-22): 763-768.

[123] Christensen, P. B., Jensen, T. S., Tsiropoulos, I., Sorensen,
T., Kjaer, M., Hojer-Pedersen, E., Rasmussen, M. J.,
Lehfeldt, E., de Fine Olivarius, B. Incidence and prevalence
of myasthenia gravis in western Denmark: 1975 to 1989.
Neurology. 1993; 43(9): 1779-1783.

[124] Guillain-Barre syndrome variants in Emilia-Romagna, Italy,
1992-3: Incidence, clinical features, and prognosis. Emilia-
Romagna Study Group on Clinical and Epidemiological
Problems in Neurology. J Neurol Neurosurg Psychiatry.
1998; 65(2): 218-224.

[125] Ferrari, G., Lovaste, M. G. Epidemiology of myasthenia
gravis in the province of Trento (northern Italy). Neuroepi-
demiology. 1992; 11(3): 135-142.

[126] Gattellari, M., Goumas, C., Worthington, J. M. A national
epidemiological study of Myasthenia Gravis in Australia.
Eur J Neurol. 2012; 19(11): 1413-1420.

[127] Guidetti, D., Sabadini, R., Bondavalli, M., Cavalletti, S.,
Lodesani, M., Mantegazza, R., Cosi, V., Solime, F. Epi-
demiological study of myasthenia gravis in the province
of Reggio Emilia, Italy. Eur J Epidemiol. 1998; 14(4):
381-387.

[128] Holtsema, H., Mourik, J., Rico, R. E., Falconi, J. R., Kuks, J.
B., Oosterhuis, H. J. Myasthenia gravis on the Dutch antilles:
An epidemiological study. Clin Neurol Neurosurg. 2000;
102(4): 195-198.

[129] Lai, C. H., Tseng, H. F. Nationwide population-based
epidemiological study of myasthenia gravis in taiwan. Neu-
roepidemiology. 2010; 35(1): 66-71.

[130] Lavrnic, D., Jarebinski, M., Rakocevic-Stojanovic, V., Ste-
vic, Z., Lavrnic, S., Pavlovic, S., Trikic, R., Tripkovic, I.,
Neskovic, V., Apostolski, S. Epidemiological and clinical
characteristics of myasthenia gravis in Belgrade, Yugoslavia
(1983-1992). Acta Neurol Scand. 1999; 100(3): 168-174.

[131] Maharaj, J., Bahadursingh, S., Ramcharan, K. Myasthenia
gravis in South Trinidad. West Indian Med J. 2013; 62(6):
510-514.

[132] Matsui, N., Nakane, S., Nakagawa, Y., Kondo, K., Mitsui, T.,
Matsumoto, T., Arisawa, K., Kaji, R. Increasing incidence
of elderly onset patients with myasthenia gravis in a local
area of Japan. J Neurol Neurosurg Psychiatry. 2009; 80(10):
1168-1171.

[133] Matuja, W. B., Aris, E. A., Gabone, J., Mgaya, E. M. Inci-
dence and characteristics of Myasthenia gravis in Dar Es
Salaam, Tanzania. East Afr Med J. 2001; 78(9): 473-476.

[134] Montomoli, C., Citterio, A., Piccolo, G., Cioccale, R.,
Ferretti, V. V., Fratti, C., Bergamaschi, R., Cosi, V. E. Epi-
demiology and geographical variation of myasthenia gravis
in the province of Pavia, Italy. Neuroepidemiology. 2012;
38(2): 100-105.

[135] Murai, H., Yamashita, N., Watanabe, M., Nomura, Y., Moto-
mura, M., Yoshikawa, H., Nakamura, Y., Kawaguchi, N.,
Onodera, H., Araga, S., Isobe, N., Nagai, M., Kira, J. Char-
acteristics of myasthenia gravis according to onset-age:
Japanese nationwide survey. J Neurol Sci. 2011; 305(1-2):
97-102.

[136] Oopik, M., Puksa, L., Luus, S. M., Kaasik, A. E., Jakobsen,
J. Clinical and laboratory-reconfirmed myasthenia gravis: A
population-based study. Eur J Neurol. 2008; 15(3): 246-252.



84 J.C.W. Deenen et al. / The Epidemiology of Neuromuscular Disorders

[137] Pallaver, F., Riviera, A. P., Piffer, S., Ricciardi, R., Roni,
R., Orrico, D., Bonifati, D. M. Change in myasthenia gravis
epidemiology in Trento, Italy, after twenty years. Neuroepi-
demiology. 2011; 36(4): 282-287.

[138] Pedersen, E. G., Hallas, J., Hansen, K., Jensen, P. E., Gaist,
D. Late-onset myasthenia not on the increase: A nationwide
register study in Denmark, 1996-2009. Eur J Neurol. 2013;
20(2): 309-314.

[139] Phillips, L. H., 2nd, Torner, J. C., Anderson, M. S., Cox, G.
M. The epidemiology of myasthenia gravis in central and
western Virginia. Neurology. 1992; 42(10): 1888-1893.

[140] Robertson, N. P., Deans, J., Compston, D. A. Myasthenia
gravis: A population based epidemiological study in Cam-
bridgeshire, England. J Neurol Neurosurg Psychiatry. 1998;
65(4): 492-496.

[141] Sardu, C., Cocco, E., Mereu, A., Massa, R., Cuccu, A.,
Marrosu, M. G., Contu, P. Population based study of 12
autoimmune diseases in Sardinia, Italy: Prevalence and
comorbidity. PLoS One. 2012; 7(3): e32487.

[142] Somnier, F. E., Keiding, N., Paulson, O. B. Epidemiology
of myasthenia gravis in Denmark. A longitudinal and com-
prehensive population survey. Arch Neurol. 1991; 48(7):
733-739.

[143] Yu, Y. L., Hawkins, B. R., Ip, M. S., Wong, V., Woo, E.
Myasthenia gravis in Hong Kong Chinese. 1. Epidemiology
and adult disease. Acta Neurol Scand. 1992(2); 86:113-119.

[144] Zivadinov, R., Jurjevic, A., Willheim, K., Cazzato, G., Zor-
zon, M. Incidence and prevalence of myasthenia gravis in the
county of the coast and Gorski kotar, Croatia, 1976 through
1996. Neuroepidemiology. 1998; 17(5): 265-272.

[145] Wirtz, P. W., van Dijk, J. G., van Doorn, P. A., van Engelen,
B. G., van der Kooi, A. J., Kuks, J. B., Twijnstra, A., de
Visser, M., Visser, L. H., Wokke, J. H., Wintzen, A. R.,
Verschuuren, J. J. The epidemiology of the Lambert-Eaton
myasthenic syndrome in the Netherlands. Neurology. 2004;
63(2): 397-398.

[146] Nakagawa, M., Nakahara, K., Yoshidome, H., Suehara, M.,
Higuchi, I., Fujiyama, J., Nakamura, A., Kubota, R., Tak-
enaga, S., Arahata, K. et al. Epidemiology of progressive
muscular dystrophy in Okinawa, Japan. Classification with
molecular biological techniques. Neuroepidemiology. 1991;
10(4): 185-191.

[147] van Essen, A. J., Busch, H. F., te Meerman, G. J., ten Kate, L.
P. Birth and population prevalence of Duchenne muscular
dystrophy in The Netherlands. Hum Genet. 1992; 88(3):
258-266.

[148] Siciliano, G., Tessa, A., Renna, M., Manca, M. L., Mancuso,
M., Murri, L. Epidemiology of dystrophinopathies in North-
West Tuscany: A molecular genetics-based revisitation. Clin
Genet. 1999; 56(1): 51-58.

[149] Jeppesen, J., Green, A., Steffensen, B. F., Rahbek, J. The
Duchenne muscular dystrophy population in Denmark,
1977-2001: Prevalence, incidence and survival in relation
to the introduction of ventilator use. Neuromuscul Disord.
2003; 13(10): 804-812.

[150] Bushby, K. M., Thambyayah, M., Gardner-Medwin, D.
Prevalence and incidence of Becker muscular dystrophy.
Lancet. 1991; 337(8748): 1022-1024.

[151] Mostacciuolo, M. L., Miorin, M., Pegoraro, E., Fanin, M.,
Schiavon, F., Vitiello, L., Saad, F. A., Angelini, C., Danieli,
G. A. Reappraisal of the incidence rate of Duchenne and
Becker muscular dystrophies on the basis of molecular diag-
nosis. Neuroepidemiology. 1993; 12(6): 326-330.

[152] Ballo, R., Viljoen, D., Beighton, P., Duchenne, and. Becker
muscular dystrophy prevalence in South Africa and molec-

ular findings in 128 persons affected. S Afr Med J. 1994;
84(8 Pt 1): 494-497.

[153] Peterlin, B., Zidar, J., Meznaric-Petrusa, M., Zupancic, N.
Genetic epidemiology of Duchenne and Becker muscular
dystrophy in Slovenia. Clin Genet. 1997; 51(2): 94-97.

[154] Flanigan, K. M., Coffeen, C. M., Sexton, L., Stauffer, D.,
Brunner, S., Leppert, M. F. Genetic characterization of a
large, historically significant Utah kindred with facioscapu-
lohumeral dystrophy. Neuromuscul Disord. 2001; 11(6-7):
525-529.

[155] Mostacciuolo, M. L., Pastorello, E., Vazza, G., Miorin, M.,
Angelini, C., Tomelleri, G., Galluzzi, G., Trevisan, C. P.
Facioscapulohumeral muscular dystrophy: Epidemiologi-
cal and molecular study in a north-east Italian population
sample. Clin Genet. 2009; 75(6): 550-555.

[156] van der Kooi, A. J., Barth, P. G., Busch, H. F., de Haan, R.,
Ginjaar, H. B., van Essen, A. J., van Hooff, L. J., Howeler, C.
J., Jennekens, F. G., Jongen, P., Oosterhuis, H. J., Padberg,
G. W., Spaans, F., Wintzen, A. R., Wokke, J. H., Bakker, E.,
van Ommen, G. J., Bolhuis, P. A., de Visser, M. The clinical
spectrum of limb girdle muscular dystrophy. A survey in
The Netherlands. Brain. 1996; 119 (Pt 5): 1471-1480.

[157] Urtasun, M., Saenz, A., Roudaut, C., Poza, J. J., Urtizberea,
J. A., Cobo, A. M., Richard, I., Garcia Bragado, F., Leturcq,
F., Kaplan, J. C., Marti Masso, J. F., Beckmann, J. S.,
Lopez de Munain, A. Limb-girdle muscular dystrophy in
Guipuzcoa (Basque Country, Spain). Brain. 1998; 121(Pt
9): 1735-1747.

[158] Lopez de Munain, A., Blanco, A., Emparanza, J. I., Poza,
J. J., Marti Masso, J. F., Cobo, A., Martorell, L., Baiget,
M., Martinez Lage, J. M. Prevalence of myotonic dystrophy
in Guipuzcoa (Basque Country, Spain). Neurology. 1993;
43(8): 1573-1576.

[159] Medica, I., Markovic, D., Peterlin, B. Genetic epidemiology
of myotonic dystrophy in Istria, Croatia. Acta Neurol Scand.
1997; 95(3):164-166.

[160] Segel, R., Silverstein, S., Lerer, I., Kahana, E., Meir, R.,
Sagi, M., Zilber, N., Korczyn, A. D., Shapira, Y., Argov,
Z., Abeliovich, D. Prevalence of myotonic dystrophy in
Israeli Jewish communities: Inter-community variation and
founder premutations. Am J Med Genet A. 2003; 119A(3):
273-278.

[161] Ford, C., Kidd, A., Hammond-Tooke, G. Myotonic dystro-
phy in Otago, New Zealand. N Z Med J. 2006; 119(1241):
U2145.

[162] Mostacciuolo, M. L., Miorin, M., Martinello, F., Angelini,
C., Perini, P., Trevisan, C. P. Genetic epidemiology of con-
genital muscular dystrophy in a sample from north-east Italy.
Hum Genet. 1996; 97(3): 277-279.

[163] Amburgey, K., McNamara, N., Bennett, L. R., McCormick,
M. E., Acsadi, G., Dowling, J. J. Prevalence of congen-
ital myopathies in a representative pediatric united states
population. Ann Neurol. 2011; 70(4): 662-665.

[164] Casetta, I., Fallica, E., Govoni, V., Azzini, C., Tola, M.,
Granieri, E. Incidence of myasthenia gravis in the province
of Ferrara: A community-based study. Neuroepidemiology.
2004; 23(6): 281-284.

[165] Oddis, C. V., Conte, C. G., Steen, V. D., Medsger, T. A.
Jr. Incidence of polymyositis-dermatomyositis: A 20-year
study of hospital diagnosed cases in Allegheny County, PA
1963-1982. J Rheumatol. 1990; 17(10): 1329-1334.

[166] Wilson, F. C., Ytterberg, S. R., St Sauver, J. L., Reed, A.
M. Epidemiology of sporadic inclusion body myositis and
polymyositis in Olmsted County, Minnesota. J Rheumatol.
2008; 35(3): 445-447.



J.C.W. Deenen et al. / The Epidemiology of Neuromuscular Disorders 85

[167] Furst, D. E., Amato, A. A., Iorga, S. R., Gajria, K., Fernan-
des, A. W. Epidemiology of adult idiopathic inflammatory
myopathies in a U.S. managed care plan. Muscle Nerve.
2012; 45(5): 676-683.

[168] Rosa, J., Garrot, L. F., Navarta, D. A., Saucedo, C., Scolnik,
M., Bedran, Z., Garcia, M. V., Sabelli, M., Catoggio, L. J.,
Soriano, E. R. Incidence and prevalence of polymyositis
and dermatomyositis in a health management organiza-
tion in Buenos Aires. J Clin Rheumatol. 2013; 19(6):
303-307.

[169] See, L. C., Kuo, C. F., Chou, I. J., Chiou, M. J., Yu, K. H.
Sex- and age-specific incidence of autoimmune rheumatic
diseases in the Chinese population: A Taiwan population-
based study. Semin Arthritis Rheum. 2013; 43(3):
381-386.

[170] Tan, J. A., Roberts-Thomson, P. J., Blumbergs, P., Hak-
endorf, P., Cox, S. R., Limaye, V. Incidence and prevalence
of idiopathic inflammatory myopathies in South Australia:
A 30-year epidemiologic study of histology-proven cases.
Int J Rheum Dis. 2013; 16(3): 331-338.

[171] Bendewald, M. J., Wetter, D. A., Li, X., Davis, M. D.
Incidence of dermatomyositis and clinically amyopathic
dermatomyositis: A population-based study in Olmsted
County, Minnesota. Arch Dermatol. 2010; 146(1): 26-30.

[172] Kaipiainen-Seppanen, O., Aho, K. Incidence of rare sys-
temic rheumatic and connective tissue diseases in Finland.
J Intern Med. 1996; 240(2): 81-84.

[173] Badrising, U. A., Maat-Schieman, M., van Duinen, S. G.,
Breedveld, F., van Doorn, P., van Engelen, B., van den
Hoogen, F., Hoogendijk, J., Howeler, C., de Jager, A., Jen-
nekens, F., Koehler, P., van der Leeuw, H., de Visser, M.,
Verschuuren, J. J., Wintzen, A. R. Epidemiology of inclu-
sion body myositis in the Netherlands: A nationwide study.
Neurology. 2000; 55(9):1385-1387.

[174] Phillips, B. A., Zilko, P. J., Mastaglia, F. L. Prevalence
of sporadic inclusion body myositis in Western Australia.
Muscle Nerve. 2000; 23(6):970-972.

[175] Oflazer, P. S., Deymeer, F., Parman, Y. Sporadic-inclusion
body myositis (s-IBM) is not so prevalent in Istan-
bul/Turkey: A muscle biopsy based survey. Acta Myol.
2011; 30(1): 34-36.

[176] Suzuki, N., Aoki, M., Mori-Yoshimura, M., Hayashi, Y. K.,
Nonaka, I., Nishino, I. Increase in number of sporadic inclu-
sion body myositis (sIBM) in Japan. J Neurol. 2012; 259(3):
554-556.

[177] European Commission. Rare diseases policy: What are they?
2012 [cited 2014 May 22]; Available from: http://ec.europa.
eu/health/rare diseases/policy/index en.htm.

[178] Wirdefeldt, K., Adami, H. O., Cole, P., Trichopoulos, D.,
Mandel, J. Epidemiology and etiology of Parkinson’s dis-
ease: A review of the evidence. Eur J Epidemiol. 2011(26
Suppl 1: S1-S58.

[179] Atlas multiple sclerosis resources in the world 2008. Place.
Published: World Health Organisation; 2008.

http://ec.europa.eu/health/rare_diseases/policy/index_en.htm
http://ec.europa.eu/health/rare_diseases/policy/index_en.htm

