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Abstract
Introduction: Amyotrophic lateral sclerosis (ALS) is a rare 
neurological disorder characterized by progressive deterio-
ration of motor neurons. Assessment of the size/geographic 
distribution of the ALS population, including ALS with ge-
netic origin, is needed to understand the burden of the dis-
ease and the need for clinical intervention and therapy. Ob-
jectives: The main objective of this study was to estimate the 
number of prevalent and incident ALS cases overall and su-
peroxide dismutase 1 (SOD1) and chromosome 9 open read-
ing frame 72 (C9orf72) ALS in 22 countries across Europe 
(Belgium, France, Germany, Ireland, Italy, Netherlands, Nor-
way, Russia, Spain, Sweden, and UK), North America (USA 
and Canada), Latin America (Argentina, Brazil, Colombia, 
Mexico, and Uruguay), and Asia (China, Japan, South Korea, 
and Taiwan). Methods: A comprehensive literature search 
was conducted to identify population-based studies report-
ing ALS prevalence and/or incidence rates. Pooled preva-
lence and incidence rates were obtained using a meta-anal-

ysis approach at the country and regional geographic level. 
A country-level pooled estimate was used when ≥2 studies 
were available per country and geographic regional pooled 
estimates were used otherwise. The proportion of cases with 
a SOD1 or C9orf72 mutation among sporadic (sALS) and fa-
milial (fALS) cases were obtained from a previous systematic 
review and meta-analysis. Results: Pooled prevalence rates 
(per 100,000 persons) and incidence rates (per 100,000 per-
son-years) were 6.22 and 2.31 for Europe, 5.20 and 2.35 for 
North America, 3.41 and 1.25 for Latin America, 3.01 and 0.93 
for Asian countries excluding Japan, and 7.96 and 1.76 for 
Japan, respectively. Significant heterogeneity in reported in-
cidence and prevalence was observed within and between 
countries/geographic regions. The estimated number of 
2020 ALS cases across the 22 countries is 121,028 prevalent 
and 41,128 incident cases. The total estimated number of 
prevalent SOD1 cases is 2,876 cases, of which, 1,342 (47%) 
were fALS and 1,534 (53%) were sALS, and the number of 
incident SOD1 cases is 946 (434 [46%] fALS and 512 [54%] 
sALS). The total estimated number of prevalent C9orf72 cas-
es is 4,545 (1,198 [26%] fALS, 3,347 [74%] sALS), and the num-
ber of incident C9orf72 cases is 1,706 (450 [26%] fALS and 
1,256 [74%] sALS). Discussion: The estimated number of pa-
tients with SOD1 and C9orf72 ALS suggests that although 



Prevalence and Incidence of Amyotrophic 
Lateral Sclerosis

343Neuroepidemiology 2021;55:342–353
DOI: 10.1159/000516752

the proportions of SOD1 and C9orf72 are higher among 
those with fALS, the majority of SOD1 and C9orf72 ALS cases 
may be found among those with sALS (about 53 and 74%, 
respectively). These results suggest that classification of fALS 
based on reported family history does not capture the full 
picture of ALS of genetic origin. © 2021 S. Karger AG, Basel

Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive, 
fatal, neurodegenerative disease involving both upper and 
lower motor neurons. Those affected experience progres-
sive muscle weakness, which eventually includes difficulty 
swallowing and breathing. Typically, patients die of respi-
ratory failure, with a median survival of 2–4 years after 
onset [1]. In approximately 90–95% of the cases, ALS is 
sporadic (sALS), but about 5–10% have a family history 
(familial ALS [fALS]) [2]. Epidemiologic investigations of 
ALS have been complicated by difficulties in determining 
the specific date of onset and the potentially long period 
of time between onset of pathological changes and clinical 
disease manifestation [3]. Most of the studies of ALS inci-
dence and prevalence using population-based designs 
have been conducted in Europe, where the estimates are 
fairly uniform; the incidence and prevalence in many oth-
er regions of the world are not as well-characterized [3].

Assessment of the size and geographic distribution of the 
ALS population, including ALS due to genetic origin, is 
needed to understand the burden of disease, as well as the 
need for clinical intervention and therapy. Population-
based registries are essential in understanding the epidemi-
ology and natural history of ALS and help improve clinical 
assessment of ALS [3, 4]. Furthermore, comparing trends 
in prevalence, diagnosis, and treatment from population 
registries across countries and regions can help identify po-
tential differences in disease occurrence and outcomes [5].

Since 1993, genetic studies have identified over 20 
genes that are involved in the pathogenesis of ALS [6], 
with the most common being the chromosome 9 open 
reading frame (C9orf72) repeat expansions and muta-
tions in the superoxide dismutase (SOD1), TAR DNA-
binding protein (TARDBP), and fused in sarcoma genes 
[2]. Even though specific genetic factors are now recog-
nized as contributing to fALS, the etiology of sALS been 
less understood and is of growing interest [7]. A meta-
analysis of 111 studies of ALS genetic mutations found 
significant differences in the frequencies of mutations in 
European versus Asian ALS cases; the most common mu-

tation in European cases was C9orf72, whereas the most 
common mutation in Asian cases was SOD1 [2]. Addi-
tionally, some evidence suggests there is lower incidence 
of ALS in individuals with mixed ancestral origin other 
than Spanish [3, 8–10]. These results highlight a need for 
genetic testing of patients with ALS, tailored to geograph-
ic location and ethnic background.

The objective of this comprehensive literature review 
and meta-analysis was to estimate the number of preva-
lent and incident cases of ALS overall and of SOD1 and 
C9orf72 ALS in 22 countries across geographic regions in 
Europe (Belgium, France, Germany, Ireland, Italy, Neth-
erlands, Norway, Russia, Spain, Sweden, and UK), North 
America (USA and Canada), Latin America (Argentina, 
Brazil, Colombia, Mexico, and Uruguay), and Asia (Chi-
na, Japan, South Korea, and Taiwan).

Methods

Literature Review
All the searches for ALS incidence and prevalence were con-

ducted in December 2018 and updated on August 6, 2020. PubMed 
and Embase (Embase.com) were searched for the years 2000–2020 
using a combination of the relevant subject headings and text 
words to represent ALS, incidence and prevalence, and the coun-
tries of interest. Records were limited to English language, human, 
and publication dates from 2000 to date. The records were down-
loaded to EndNote and de-duplicated. The search strategy includ-
ed the following terms: "Amyotrophic Lateral Sclerosis"[Mesh]; 
Amyotrophic Lateral Sclerosis[Title/Abstract]; ALS[Title/Ab-
stract]; ((Lou-Gehrig*[Title/Abstract]) OR Gehrig*[Title/Ab-
stract]; "Prevalence"[Mesh]; "incidence" [Mesh]; prevalen*[Title/
Abstract] OR inciden*[Title/Abstract]; occurr*[Title/Abstract] 
OR frequen*[Title/Abstract] OR "first ever"[Title/Abstract]; “Co-
hort Studies" [MeSH Terms]; epidemiology[Subheading]).

Additional sources within the same scope were identified from 
the references reviewed. The additional sources were not restricted 
to the years 2000–2020 and could potentially include previous 
years for relevant literature.

Articles queried were compiled and screened based on rele-
vance. A total of 3,116 articles were initially identified from the 
literature search. Articles deemed not relevant based on a review 
of titles and abstracts were excluded (n = 2,845). Titles deemed not 
relevant were case studies, studies of treatment and treatment out-
comes, studies whose population was limited to fALS or sALS cas-
es from specific pedigrees/families, studies whose population was 
likely not representative of the country’s population, studies not 
from a country of interest, or whose data were gathered entirely 
before 1995. The remaining 271 articles underwent an in-depth 
full-text review. After this review, 195 studies were excluded, leav-
ing 76 that provided information on ALS incidence, prevalence or 
mutation prevalence, or background information. Two additional 
studies within the same scope were identified from the references 
identified after review of the 76 relevant articles, for a total of 78 
publications cited in the report.
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Analytic Approach
Incidence and prevalence are reported per 100,000 person-years 

and population, respectively. Pooled prevalence and incidence 
rates were estimated at both the country and regional geographic 
level, with the same methods applied for both prevalence and inci-
dence estimates (Fig. 1). In part because of substantial study-to-
study heterogeneity within each country, we include simple de-
scriptive statistics for each country, including the number of studies 
and, when applicable, the median and range of the prevalence (or 
incidence rate) estimates based on the included studies. When we 
identified 3 or more population-based studies reporting preva-
lence/incidence for a given country, estimates were also calculated 
for that country using meta-analysis (random-effects models fitted 
using R package “metafor” with restricted maximum-likelihood es-
timators) for completeness. If we found only 2 eligible studies for a 
given country, we only included the descriptive results noted above. 
Finally, if we found either a single population-based study or no 
studies reporting prevalence/incidence of ALS for a given country, 
the regional estimate was used for that country with the exception 
of the USA and Japan, where a single study providing nationwide 
estimates was available (the National ALS Registry in the USA [11] 
and a nationwide survey of ALS in Japan [12]); regional estimates 
were calculated using a meta-analysis in R, where random-effects 
models were fitted using restricted maximum-likelihood estima-
tors. Regions were defined by the continent: Asian regional (in-
cludes China, South Korea, and Taiwan), European regional (in-
cludes Belgium, France, Germany, Ireland, Italy, Netherlands, Nor-
way, Russia, Spain, Sweden, and UK), North American regional 
(includes Canada and the USA), and Latin American regional (in-
cludes Argentina, Brazil, Colombia, Mexico, and Uruguay).

The proportion of SOD1 and C9orf72 mutations among sALS 
and fALS cases was obtained from a previous systematic review and 
meta-analysis study by Zou et al. [2]. Asian estimates were used for 

China and Japan, and European estimates were used for all other 
countries. To calculate the proportion of people in each country 
with ALS and a SOD1 mutation, these estimates were applied to 
each country using Equation (1):

   1, , [( 1 (1 ) 1 )]| |SOD c ALS c FALS FALSP p p P SOD FALS p P SOD SALS       

where PSOD1,c is the proportion of people with ALS and a SOD1 
mutation in the country; pALS,c is the prevalence of ALS in country; 
pFALS is the proportion of fALS cases among those with ALS; is the 
proportion of SOD1 among fALS cases; and is the proportion of 
SOD1 among sALS cases. The same method was applied to estimate 
cases of C9orf72 by country.

Results

Incidence
Country-specific medians and meta-analysis estimates 

were calculated for 11 countries (Canada, China, France, 
Germany, Ireland, Italy, Japan, Norway, Spain, USA, and 
UK), and regional meta-analysis estimates were used for 
the remaining 11 countries including Latin American 
countries (Argentina, Brazil, Colombia, Mexico, and 
Uruguay), European countries (Belgium, Netherlands, 
Russia, and Sweden), and Asian countries (Taiwan and 

Country-specific articles searched
(incidence, prevalence)

Population-
based included

Excluded non-
population-based studies

Estimated for
entire lifespan

Excluded those estimating
less than lifespan
(i.e., >25 years)

2 articles:
median of
estimates

<2 articles:
regional estimate,

pooled meta-analysis

≥3 articles:
country estimate,

pooled meta-analysis

Fig. 1. Inclusion and estimation method.

Table 1. Descriptive summary of included incidence studies

Country Studies, 
n

Median Range of incidence 
estimates per 100,000

Argentina 1 3.17 NA
Belgium 0 – –
Brazil 1 0.40 NA
Canada 3 3.01 2.24–3.29
China 3 0.77 0.60–1.65
Colombia 1 1.40 NA
France 4 3.17 2.53–4.90
Germany 3 2.40 1.80–2.60
Ireland 3 1.97 1.90–2.10
Italy 18 2.59 1.45–4.17
Japan 1 1.76 NA
Mexico 0 – –
Netherlands 1 2.27 NA
Norway 2 2.06 2.00–2.13
Russia 1 1.25 NA
South Korea 1 1.68 NA
Spain 2 2.07 1.40–2.74
Sweden 1 3.73 NA
Taiwan 1 0.54 NA
UK 4 1.67 1.06–2.44
Uruguay 1 1.42 NA
USA 2 1.86 1.52–2.20

NA, not applicable.
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South Korea) [12–63]. Motor neuron disease and related 
disorders were included in the estimate by Fong et al. [16] 
from Hong Kong. Although the estimate is not specific to 
ALS only, it was included in the China estimate. Addi-
tionally, Japan was not included in the Asian regional es-
timate due to evidence of higher incidence of ALS among 
Japanese populations [64].

A descriptive summary by country is shown in Table 1. 
The pooled or median estimates of incidence, including 
details by country, are shown in Table 2. For most of the 
countries for which we calculated a country-specific esti-
mate, the median of the reported result and the meta-
analysis result were similar.

The regional incidence rates for Europe (2.31, 95% 
confidence interval [CI] 2.08–2.55) and North America 
(2.35, 95% CI 1.76–3.15) were higher than those for Asia 
(0.93, 95% CI 0.57–1.51) and Latin America (1.25, 95% CI 
0.54–2.89). Results of the meta-analysis by country and 
region are shown in Figures 2 and 3.

Prevalence
The same methods of estimation were used for preva-

lence as those used for incidence. Italy, Ireland, and Nor-

way were the only countries for which 3 or more country-
specific studies were performed and therefore the only 
countries with country-specific meta-analysis prevalence 
estimates [16, 17, 26, 27, 31, 33, 38, 42, 44, 46–49, 52, 54–
58, 60, 61, 63, 65–70]. For the USA, prevalence estimates 
for ALS were obtained from the National ALS Registry, 
which constitutes the most comprehensive assessment of 
ALS through large national databases (Medicare, Medic-
aid, and Veteran’s Administration) and self-enrollment 
via a web portal with validation by a screening question-
naire [71]. The US prevalence rate was used for Canada 
as there were no prevalence studies from Canada. A de-
scriptive summary by country is shown in Table 3. Preva-
lence estimates are shown in Table 4, with details about 
which type of estimate was used (country- or region-spe-
cific and meta-analysis or median value). Much as for in-
cidence, the prevalence in Europe (6.22, 95% CI 5.24–
7.40) and North America (5.20, single study) was higher 
than those in Asia (3.01, 95% CI 1.99–4.56) and Latin 
America (3.41, 95% CI 1.71–6.82), again, with the excep-
tion of Japan (7.96, single study). All studies included for 
the prevalence estimates, by country and region, respec-
tively, are shown in Figures 4 and 5.

Table 2. Incidence estimates by country

Country Incidence 95% CI/range* Regional/Country Region Method used

Argentina 1.25 0.54–2.89 Regional Latin America Meta-analysis
Belgium 2.31 2.08–2.55 Regional Europe Meta-analysis
Brazil 1.25 0.54–2.89 Regional Latin America Meta-analysis
Canada 3.08 2.61–3.63 Country Meta-analysis
China 0.92 0.50–1.67 Country Meta-analysis
Colombia 1.25 0.54–2.89 Regional Latin America Meta-analysis
France 3.32 2.50–4.41 Country Meta-analysis
Germany 2.26 1.84–2.79 Country Meta-analysis
Ireland 1.99 1.84–2.15 Country Meta-analysis
Italy 2.45 2.17–2.76 Country Meta-analysis
Japan 1.76 1.76–1.76 Country Single study
Mexico 1.25 0.54–2.89 Regional Latin America Meta-analysis
Netherlands 2.31 2.08–2.55 Regional Europe Meta-analysis
Norway 2.06 2.00–2.13 Country Median
Russia 2.31 2.08–2.55 Regional Europe Meta-analysis
South Korea 0.93 0.57–1.51 Regional East Asia Meta-analysis
Spain 2.07 1.40–2.74 Country Median
Sweden 2.31 2.08–2.55 Regional Europe Meta-analysis
Taiwan 0.93 0.57–1.51 Regional East Asia Meta-analysis
UK 1.62 1.08–2.43 Country Meta-analysis
Uruguay 1.25 0.54–2.89 Regional Latin America Meta-analysis
USA 1.86 1.52–2.20 Country Median

CI, confidence interval. *For meta-analysis estimates, the data given are the 95% CIs; for median estimates, 
the data given are the ranges in study estimates.
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Author(s) and year Weight and incidence [95% Cl]

Canada 
Lareau-Trudel 2013 
Golby 2016 
Bonaparte 2007 
RE model for subgroup (p = 0.20; I2 = 35.3%) 
China
Zhou Qian 2018 
Xu 2020 
Fong 2005 
RE Model for Subgroup (p = 0.00; I2 = 99.6%) 
France 
Preux 2000 
Masseret 2013 
Marin 2014 
Marin 2009 
RE model for subgroup (p = 0.00; I2 = 91.8%) 
Germany 
Wolf 2014 
Uenal 2014 
Rosenbohm 2017 
RE model for subgroup (p = 0.00; I2 = 91.4%) 
Ireland 
Traynor 1999 
Otoole 2008 
Logroscino 2010.1 
RE model for subgroup (p = 0.55; I2 = 0.0%) 
Italy
Tesauro 2017 
Scialo 2016 
Ragonese 2012 
Pugliatti 2013 
Piemonte 2001 
Palese 2019 
Nicoletti 2016 
Mandrioli 2014 
Mandrioli 2003 
Logroscino 2005 
Giagheddu 2013 
Georgoulopoulou 2011 
Drigo 2013 
Cima 2009 
Chio 2017 
Chio 2008 
Beghi 2007 
Bandettini di Poggio 2013 
RE model for subgroup (p = 0.00; I2 = 91.5%) 
UK 
Logroscino 2010.2 
Jonnston 2006 
Forbes 2007 
Abhinav 2007 
RE model for subgroup (p = 0.00; I2 = 97.7%) 

RE model for all studies (p = 0.00; I2 = 98.4%) 

2.43% 3.01 [2.22, 4.09]
2.76% 3.29 [3.06, 3.53]
2.17% 2.24 [1 46, 3.44]

3.08 [2.61, 3.63]

2.77% 0.77 [0.72, 0.82]
2.78% 1.65 [1.61, 1.69]
2.63% 0.60 [0.49, 0.73]

0.92 [0.50, 1.67]

2.57% 4.90 [3.88, 6.19]
2.74% 2.53 [2.29, 2.80]
2.73% 3.24 [2.89, 3.64]
2.20% 3.09 [2.04, 4.70]

3.32 [2.50, 4.41]

2.68% 1.80 [1.53, 2.12]
2.75% 2.60 [2.37, 2.86]
2.76% 2.40 [2.23, 2.58]

2.26 [1.84, 2.79]

2.71% 2.10 [1.85, 2.39]
2.72% 1 90 [1.67, 2.16] 
2.68% 1.97 [1.69, 2.31]

1.99 [1.84, 2.15]

2.00% 4.17 [2.51, 6.91]
2.73% 311 [2.78, 3.48]
2.67% 1.95 [1.65, 2.31]
2.61% 2.50 [2.03, 3.08]
2.71% 2.50 [2.19, 2.85]
2.75% 2.81 [2.56, 3.08]
2.66% 2.00 [1.68, 2.38]
2.74% 2.68 [2.41, 2.97]
2.66% 2.16 [1.82, 2.56]
2.66% 1.60 [1.35, 1.90]
2.23% 1.45 [0.97, 2.16]
2.70% 2.90 [2.52, 3.34]
2.72% 2.72 [2.41, 3.07]
2.70% 1.54 [1.33, 1.78]
2.68% 3.50 [3.00, 4.09]
2.74% 2.90 [2.62, 3.20]
2.64% 2.20 [1.82, 2.65]
2.63% 3.22 [2.66, 3.90]

2.45 [2.17, 2.76] 

2.73% 2.13 [1.90, 2.39]
2.52% 1.20 [0.92, 1.56]
2.77% 2.44 [2.31, 2.58]
2.67% 1.06 [0.90, 1.25]

1.62 [1.08, 2.43]

100.00% 2.20 [1.93, 2.52] 

Incidence per 100,000 
86420

Fig. 2. Country-specific incidence forest plot (meta-analysis in R). CI, confidence interval; RE, random effects.
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1.68 [1.57, 1.80] 
0.77 [0.72, 0.82] 
1.65 [1.61, 1.69] 

1.96% 
1.96% 
1.97% 
1.89% 0.60 [0.49, 0.73] 

1.94% 2.13 [1.90, 2.39] 
1.20 [0.92, 1.56] 
2.44 [2.31, 2.58] 
1.06 [0.90, 1.25] 
1.40 [1.22, 1.60] 
2.74 [2.02, 3.72]
2.27 [2.16, 2.39] 
4.17 [2.51, 6.91]
3.11 [2.78, 3.48]
1.95 [1.65, 2.31]
2.50 [2.03, 3.08] 
2.50 [2.19, 2.85] 
2.81 [2.56, 3.08] 
2.00 [1.68, 2.38] 

1.83% 
1.97% 
1.91% 
1.93% 
1.79% 
1.97% 
1.54% 
1.94% 
1.91% 
1.88% 
1.94% 
1.95% 
1.91% 
1.95% 
1.91% 
1.91% 
1.68% 
1.93% 
1.94% 
1.93% 
1.92% 
1.95% 
1.90% 
1.90% 
1.94% 
1.94% 
1.92% 
1.92% 
1.95% 
1.96% 
1.86% 
1.95% 
1.94% 
1.66% 
1.96% 
1.90% 
1.68% 

1.89% 
1.88% 
1.95% 
1.74% 

1.97% 
1.90% 
1.79% 
1.96% 
1.64% 

Author(s) and year Weight and incidence [95% Cl]

Asia
Tsai 2015 
Kim 2018 
Zhou Gian 2018 
Xu 2020 

Europe
Brylev 2020 
Logroscino 2010.2 
Johnston 2906 
Forbes 2007 

Drigo 2013
Cima 2009 
Chio 2017
Chio 2008
Beghi 2007 
Bandettiri di Poggio 2013 
Traynor 1999
Otoole 2008 
Logroscino 2010.1 
Wolf 2014 
Uenal 2014 
Rosenbohm 2017 
Preux 2000 
Masseret 2013 
Marin 2014 
Marin 2009 
Fang 2009

Benjammsen 2018 
Gundersen 2011 

RE model for subgroup (p = 0.00; I2 = 96.0%) 
LATAM
Vaaquez 2008
Zapata 2019 
Dietrich-Neto 2000 
Bettini 2013 
RE model for subgroup (p = 0.00; I2 = 98.7%) 

1.91% 0.54 [0.45, 0.64]

1.66% 1.25 [0.82, 1.90]

1.42 [1.16, 1.74]
1.40 [1.14, 1.73] 
0.40 [0.36, 0.44]
3.17 [2.24, 4.48] 
1.25 [0.54, 2.89] 

Fong 2005 
RE model for subgroup (p = 0.00; I2 = 999.6%) 

Abhinav 2007 
Pradas 2013 
Aragones 2016 
Hutsman 2011 
Tesauro 2017 
Scialo 2016 
Ragorese 2012 
Pugliatti 2013 
Piemonte 2001 
Palese 2019 
Nicoletti 2016 
Mandnoli 2014 
Mandnoli 2003 
Logroscino 2005 
Giagheddu 2013 
Georgoulopoulou 2011

North America
Wagner 2016 
Harper 2015 
Lareau-Trudel 2013 

Bonaparte 2007 
RE model for subgroup (p = 0.00; I2 = 97.4%) 

RE model for all studies (p = 0.00; I2 = 99.0%) 

1.52 [1.47, 1.57] 
2.20 [1.84, 2.64] 
3.01 [2.22, 4.09]

2.24 [1.46, 3.44] 
2.35 [1.75, 3.15] 

100.00% 2.02 [1.76, 2.31] 

Incidence per 100,000 

Golby 2016 3.29 [3.06, 3.53] 

86420

0.93 [0.57, 1.51] 

2.68 [2.41, 2.97] 

1.60 [1.35, 1.90] 
2.16 [1.82, 2.56] 

1.45 [0.97, 2.16] 
2.90 [2.52, 3.34] 
2.72 [2.41, 3.07]
1.54 [1.33, 1.78] 
3.50 [3.00, 4.09] 
2.90 [2.62, 3.20] 
2.20 [1.82, 2.65] 
3.22 [2.66, 3.90] 
2.10 [1.85, 2.39] 
1.90 [1.67, 2.16] 
1.97 [1.69, 2.31] 
1.80 [1.53, 2.12] 
2.60 [2.37, 2.86] 
2.40 [2.23, 2.58] 
4.90 [3.88, 6.19]
2.53 [2.29, 2.80]
3.24 [2.89, 3.64] 
3.09 [2.04. 4.70]
3.73 [3.46, 4.01]
2.13 [1.76, 2.58] 
2.00 [1.34, 2.98] 
2.31 [2.08. 2.55] 

Fig. 3. Region-specific incidence forest plot (meta-analysis in R). CI, confidence interval; RE, random effects.
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Estimated Case Number by Country
The estimated number of cases for each included 

country, from 2019 to 2024, was calculated using coun-
try-specific population estimates. The 4 main data 
sources used for population estimates are the Eurostat 
database, the Centers for Disease Control and Preven-
tion US Census Data population projections accessed 
and downloaded through CDC WONDER Statistics, 
Canada, and the World Population Prospects from the 
Population Division of the United Nations [72–75]. 
The prevalence estimates shown in Table 3 were applied 
directly to the population estimates for each country to 
estimate the total number of cases of ALS within each 
country (see online suppl. Table 2; see www. 
karger.com/doi/10.1159/000516752 for all online sup-
pl. material).

Prevalence of fALS and sALS
The proportion of all fALS cases found by Byrne et al. 

[76] was 5.1%. Online suppl. Table 3 shows the estimated 
number of fALS and sALS cases by country from 2019 to 
2024. We assumed that 5.1% of all cases were familial in 
all countries.

Prevalence of SOD1 and C9orf72 Mutations
Percentage of fALS and sALS cases with SOD1 and 

C9orf72 mutations were taken from the meta-analysis 
conducted by Zou et al. [2]. Asian estimates were used for 
China and Japan, and European estimates were used for 
all other countries (Table 5). Online suppl. Table 3 shows 
the estimated ALS cases due to SOD1, ALS cases due to 
C9orf72, the number of persons living with SOD1 from 
fALS, the number of persons living with C9orf72 from 
fALS, the number of persons living with SOD1 from 
sALS, and the number of persons living with C9orf72 
from sALS.

Pooled prevalence (per 100,000 persons) and inci-
dence rates (per 100,000 person-years) were 6.22 and 2.31 
for Europe, 5.20 and 2.35 for North America, 3.41 and 
1.25 for Latin America, 3.01 and 0.93 for Asian countries 
excluding Japan, and 7.96 and 1.76 for Japan, respective-
ly. Significant heterogeneity in reported incidence and 
prevalence was observed both within and between coun-
tries and geographic regions.

The estimated number of all ALS cases in 2020 across 
the 22 countries is 121,028 prevalent and 41,128 incident 
cases. The total estimated number of prevalent SOD1 cas-
es is 2,876 cases, of which 1,342 (47%) were fALS and 
1,534 (53%) were sALS, and the number of incident SOD1 
cases is 946 (434 [46%] fALS and 512 [54%] sALS). The 
total estimated number of prevalent C9orf72 cases is 
4,545 (1,198 [26%] fALS and 3,347 [74%] sALS), and the 
number of incident C9orf72 cases is 1,706 (450 [26%] 
fALS and 1,256 [74%] sALS).

Discussion

This comprehensive literature review and meta-
analysis were used to estimate the incidence of ALS, the 
prevalence of ALS, and the prevalent and incident cases 
of both fALS and sALS due to SOD1 and C9orf72 muta-
tions in 22 countries. These results provide support for 
regional differences in ALS [1, 77], with generally high-
er prevalence and incidence rates in Europe and North 
America than in Asia and Latin America. Similarly, the 
Global Burden of Disease Study 2016 reports the high-
est estimated prevalence for motor neuron disease 
overall in North America and Western Europe [78]. 
However, substantial heterogeneity was found both 
within regions and within countries, which may be par-
tially explained by differences in the study design and 
inconsistency in ALS case definitions between studies 
[1, 77].

Table 3. Descriptive summary of included prevalence studies

Country Studies, 
n

Median Range of prevalence 
estimates per 100,000

Argentina 1 8.86 NA
Belgium 1 3.20 NA
Brazil 2 3.10 1.20–5.00
Canada 0 – –
China 2 2.99 2.91–3.07
Colombia 1 4.90 NA
France 0 – –
Germany 0 – –
Ireland 3 6.40 4.70–7.20
Italy 7 7.89 4.63–12.26
Japan 1 7.96 NA
Mexico 0 – –
Netherlands 1 8.51 NA
Norway 3 4.05 3.69–7.63
Russia 0 – –
South Korea 1 6.49 NA
Spain 2 6.89 5.40–8.38
Sweden 0 – –
Taiwan 2 2.06 2.04–2.09
UK 2 4.03 3.99–4.06
Uruguay 1 2.01 NA
USA 1 5.20 NA

NA, not applicable.
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Table 4. Prevalence estimates by country

Country Prevalence 95% CI/range* Regional/Country Region Method

Argentina 3.41 1.71–6.82 Regional Latin America Meta-analysis
Belgium 6.23 5.24–7.40 Regional Europe Meta-analysis
Brazil 3.10 1.20–5.00 Country Median
Canada 5.20 5.20–5.20 Country Single country (USA)
China 2.99 2.91–3.07 Country Median
Colombia 3.41 1.71–6.82 Regional Latin America Meta-analysis
France 6.23 5.24–7.40 Regional Europe Meta-analysis
Germany 6.23 5.24–7.40 Regional Europe Meta-analysis
Ireland 6.03 4.70–7.73 Country Meta-analysis
Italy 7.85 6.12–10.07 Country Meta-analysis
Japan 7.96 7.96–7.96 Country Single study
Mexico 3.41 1.71–6.82 Regional Latin America Meta-analysis
Netherlands 6.23 5.24–7.40 Regional Europe Meta-analysis
Norway 5.29 3.19–8.79 Country Meta-analysis
Russia 6.23 5.24–7.40 Regional Europe Meta-analysis
South Korea 3.01 1.99–4.56 Regional East Asia Meta-analysis
Spain 6.89 5.40–8.38 Country Median
Sweden 6.23 5.24–7.40 Regional Europe Meta-analysis
Taiwan 2.06 2.04–2.09 Country Median
UK 4.03 3.99–4.06 Country Median
Uruguay 3.41 1.71–6.82 Regional Latin America Meta-analysis
USA 5.20 5.20–5.20 Country Single country (USA)

CI, confidence interval. *For meta-analysis estimates, the data given are the 95% CIs; for median estimates, 
the data given are the ranges in study estimates.

8.54% 4.70 [4.05, 5.46]
8.61% 6 40 [5.57, 7.35]
8.79% 7.20 [6.46, 8.02]

6.03 [4.70, 7.73]

8.36% 7.85 [6.59, 9.35]
7.97% 10.80 [8.64, 13.50]
8.19% 7.97 [6.54, 9.72]
6.65% 4.63 [3.22, 6.66]
7.78% 5.27 [4.12, 6.73]
8.90% 12.26 [11.28, 13.32]
8.80% 7.89 [7.10, 8.77]

7.85 [6.12, 10.07]

8.83% 7.63 [6.92, 8.42]
4.41% 4.05 [2.18, 7.53]
4.17% 3 69 [1.92, 7.09]

5.29 [3.19, 8.79]

Author(s) and year Weight and prevalence [95% Cl]

Ireland 
Traynor 1999 
Otoole 2008 
Lefter 2017
RE model for subgroup (p = 0.00; I2 = 90.7%) 
Italy
Scialo 2016
Pugliatti 2313
Palese 2019
Mandrioli 2003
Drigo 2013
Chio 2017
Chio 2009
RE model for subgroup (p = 0.00; I2 = 94.0%) 
Norway
Nakken 2018
Gundersen 2011
Benjaminsen 2018
RE model for subgroup (p = 0.02; I2 = 72.3%) 

RE model for all studies (p = 0.00; I2 = 94.2%) 100.00% 6.88 [5.74, 8.25]

Prevalence per 100,000 
151050

Fig. 4. Country-specific prevalence forest plot (meta-analysis in R). CI, confidence interval; RE, random effects.
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These results show that the majority of SOD1 and 
C9orf72 ALS cases may be found among those with sALS 
and further highlight the fact that SOD1 and C9orf72 mu-
tations are found not only in fALS cases but also in sALS 
cases. Although the proportions of SOD1 and C9orf72 
mutations are higher among those with fALS, the higher 
prevalence of sALS cases results in estimates indicating 
that more SOD1 and C9orf72 ALS cases may be found 
among those with sALS (about 52 and 70%, respectively). 
These results suggest that classification of fALS based on 
reported family history does not capture the full picture 
of ALS of genetic origin. Broader genetic testing is needed 
among those both with and without established family 
history to fully understand frequency and distribution of 
genetic mutations leading to ALS. Regional differences 
also appear to exist in the rates of SOD1 and C9orf72 mu-

tations among fALS and sALS cases, with a notably high-
er frequency of C9orf72 mutations in European settings.

This analysis has several limitations. The country-spe-
cific age structure of the population was accounted for by 
using country- or regional-specific estimates. However, 
the age structure could change in the future, resulting in 
less applicable estimates. Second, we do not address any 
changes in survival over time. If survival improves in the 
future, due to changes in supportive care or therapy, the 
prevalence would tend to increase above the current esti-
mates. Third, we found meaningful heterogeneity both 
within countries and between countries. To obtain a single 
estimate, we used the meta-analysis estimate, where there 
were 3 or more published estimates, as a central value. Ad-
ditionally, many countries had no population-based data 
for incidence and/or prevalence; a regional estimate had 

3.62%
3.62%
3.64%
3.64%
3.53%

3.61%
2.76%
2.68%
3.23%
3.56%
3.62%
2.92%
3.64%
3.55%
3.50%
3.53%
3.28%
3.47%
3.62%
3.61%
3.58%
3.59%
3.61%
3.61%

3.47%
3.61%
3.48%
3.64%
2.80%

Author(s) and year Weight and prevalence [95% Cl]

Asia
Tsai 2015 
Hsu 2018 

Fong 2005 
RE model for subgroup (p = 0.00; I2 = 99.7%) 
Europe
Nakken 2018 

Benjaminsen 2018 
Johnston 2006 
Abhinav 2007 
Pradas 2013 
Aragones 2016 
Huisman 2011 
Scialo 2016 
Pugliatti 2013 
Palese 2019 
Mandrioli 2003 
Drigo 2013 
Ohio 2017 
Ohio 2009 
Traynor 1999 

Lefter 2017 
Roy 2015 
RE model for subgroup (p = 0.00; I2 = 96.8%) 

Zapata 2020 
Linden-Junior 2013 
Dietrich-Neto 2000 
Bettini 2013 
RE model for subgroup (p = 0.00; I2 = 99.2%) 

RE model for all studies (p = 0.00; I2 = 99.5%) 

2.09 [1.91, 2.28]
2.04 [1.86, 2.23]

3.07 [2.52, 3.74]
1.01 [1.99, 4.56]

7.63 [6.92, 8.42]

3.69 [1.92, 7.09]
4.06 [2.74, 6.01]
3.99 [3.39, 4.70]
5.40 [4.92, 5.92]
8.38 [4.87, 14.43]
8.51 [8.07, 8.97]
7.85 [6.59, 9.35]

10.80 [8.64, 13.50]
7.97 [6.54, 9.72]
4.63 [3.22, 6.66]
5.27 [4.12, 6.73]

12.26 [11.28, 13.32]
7.89 [7.10, 8.77]
4.70 [4.05, 5.46]

7.20 [6.46, 8.02]
3.20 [2.88, 3.55]
1.22 [5.24, 7.40] 

4.90 [4.39, 5.47]
5.00 [3.96, 6.32]
1.20 [1.15, 1.25]
8.86 [4.87, 16.12] 
1.41 [1.71, 6.82]

100.00% 4.88 [3.96, 6.01]

Prevalence per 100,000 

Kim 2018 
Xu 2020 

6.49 [6.27, 6.72]
2.91 [2.86, 2.96]

Gundersen 2011 4.05 [2.18, 7.53]

Otoole 2008 6.40 [ 5.57, 7.35]

LATAM
Vazquez 2008 2.01 [1.58, 2.56]

20151050

Fig. 5. Region-specific prevalence forest plot (meta-analysis in R). CI, confidence interval; RE, random effects.
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to be used, and these regional estimates may not accurate-
ly reflect underlying country-specific rates, and the pro-
portion of cases that were fALS was assumed constant. 
Furthermore, unrecognized flaws, statistical variation, or 
lack of representativeness of a study could affect summary 
estimates as well. Finally, the overall pooled estimates of 
SOD1 and C9orf72 frequency from the meta-analysis 
study by Zou et al. [2] among Asian and European popu-
lations were applied rather than country-level estimates. 
As SOD1 and C9orf72 frequency estimates at the country 
level are based on a relatively small number of cases and 
estimates were reported for some but not all countries, we 
opted to use the overall, more stable, pooled estimate for 
Asian and European populations.

Despite these cautions, this analysis contributes valu-
able insight into country and regional burden of ALS 
from 22 countries around the world. Future population-
based studies of ALS, from Asia, Latin America, and Cen-
tral America in particular, will aid in improving the esti-
mated total number of ALS cases globally. Increased ge-
netic testing of sALS cases will lend further insight into 
the full genetic landscape of ALS and ultimately could 
support early detection and treatment.
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