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Abstract

Amyotrophic lateral sclerosis (ALS) epidemiology has rap-

idly developed in the last 30 years alongside the evolving 

changes in concepts in the field of clinical ALS and also due 

to the recent proposals of new classification system for mo-

tor neuron diseases. Many of these changes in the clinical 

scenario have been determined through the results of ALS 

population-based studies conducted in the last 20 years 

primarily in Europe. All the evidences converge to show 

that ALS risk is different across continents and ethnicities. 

In a European registry consortium named EURALS, ALS in-

cident cases were drawn from a source population com-

prising almost 24 million people across Europe (ALS cases: 

1028) and the estimated incidence was 2.2 per 100,000 per-

son-years (py) for the general population. In contrast, other 

population-based studies have measured the lowest inci-

dence in East Asia to be 0.89 per 100,000 py and in South 

Asia to be 0.79 per 100,000 py. A large part of Africa, Latin 

America and Asia does not have any population-based 

studies. The origin of geographic difference in ALS inci-

dence is a matter of debate. Probably, this is partly due to 

genes (C9ORF72) and partly due to environmental risk fac-

tors. The rapid disappearance of ALS Foci in Guam, Kii, and 

West Guinea underline the importance of changes in life-

style and environmental factors. The Global Burden of Dis-

ease, a project aiming to describe the burden of all diseases 

and injuries across all the countries of the world with a stan-

dardized protocol, has collected heterogeneous sources of 

data to estimate the burden of motor neuron diseases. The 

demographic changes related to increased expectation of 

life and the growth of the world population indicate that 

the load of motor neuron disease is rapidly moving toward 

400 thousand prevalent cases. The burden is expected to 

shift toward Asia and Africa in the next decades for the rap-

id increase of expectation of life of countries with high de-

mographic impact. © 2019 S. Karger AG, Basel

Amyotrophic lateral sclerosis (ALS) epidemiology has 
rapidly developed in the last 30 years alongside evolving 
changes of concepts in clinical ALS and also due to the 
recent proposals of new classification system for motor 
neuron diseases. 
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ALS is an inevitably fatal neurodegenerative disease 
with dominant clinical features determined by the neuro-
degeneration of the motor neurons system. In the last de-
cade however, an array of studies has clearly shown that 
ALS is a multisystem disease involving other functional 
domains as cognition, behavior, the autonomic system, 
and the extrapyramidal motor system. The new diagnos-
tic challenge is therefore the recognition of different phe-
notypes beyond classical ALS with involvement of only 
first and second motor neurons.

This has led to the development of a hypothesis of a 
new classification system that could be an advanced ver-
sion of El Escorial Criteria (EEC) [1]. EEC have a substan-
tial limitation in missing important clinical features as the 
rate of progression or functional effect or extended and 
multidomain distribution of symptoms and signs. The 
older cases are more likely to present additional clinical 
features. Many of these changes in the clinical scenario 
have been determined by the results of ALS population-
based studies conducted in the last 20 years primarily in 
Europe. All evidences converge to show that ALS risk is 
different across different continents and ethnicities. In 
this review, the focus is on the sources of geographic het-
erogeneity.

Registry: The Instrument for ALS Data Collection

In the ALS epidemiology, the construction in Europe 
of several population-based registries has been the critical 
methodological change in the collection of data.

The first was established in Scotland [2], starting in 
January 1989 with the main goal of studying the clinical 
features of motor neuron disease (MND) in populations 
(not in the clinic). In this registry, all patients were identi-
fied prospectively and were incident cases. 

The key point is that the registry identified a refer-
ence population in a well-defined geographic area 
where all the possible sources of case identification 
were identified and they all became part of a diagnostic 
and follow-up process. Scotland had many of the char-
acteristics needed for the success of being a registry: (a) 
relatively isolated country with a good national health 
system; (b) all people registered with a general practi-
tioner with very few subjects looking for care outside 
the country; (c) accurate determination of numerators 
and denominators for incidence rate and survivorship 
with consequent comparison with the reference general 
population, relatively stable. Interestingly in all of Scot-
land for a population of about 5 million subjects, when 

the Scotland registry was launched, there were only 19 
neurologists and 4 neurophysiologists who could per-
form electromyography, which is the key diagnostic 
exam to identify the neuronal damage of second motor 
neurons.

Similar ALS registries were built in the following years 
in Lancashire, England [3], Ireland [4], and 3 regions in 
Italy (Piemonte and Val D’Aosta; PARALS) [5]; Lombar-
dia (SLALOM) [6] and Puglia (SLAP) [7]. The popula-
tion-based registries in Europe measured a remarkably 
homogeneous incidence ranging from 1.7 to 2.3 cases per 
100,000 person-years (py), much higher than about 1 per 
100,000 py, reported in the most of previous studies. This 
was primarily due to the substantial improvement in the 
methods of data collection. An extensive search for ALS 
cases was provided in the catchment areas with many dif-
ferent approaches. There was the involvement of the pa-
tient associations. The active involvement of patients and 
their organizations in research was important and antici-
pated, many decades before, future initiatives primarily 
driven by patients in recent years as “patient like me” [8]. 
Other systematic improvement was the accurate follow-
up in most registries with at least one visit every 6 months. 
The follow-up that was systematic in each registry deter-
mined the improvement of diagnostic accuracy with the 
exclusion of cases that were not ALS (named mimic syn-
dromes) in the first years after first visit. ALS seems an 
easy diagnosis but needs confirmation. The mimic syn-
dromes were close to 10% of cases in a registry after 
3 years of follow-up [9]; multifocal motor neuropathy was 
the most common condition mistaken for ALS, account-
ing 22% of mimic syndromes in Ireland, while cervical 
spondylotic myelopathy was the most frequent in Scot-
land (19%). The continuous follow-up determined the 
quality of diagnosis through new investigations and, par-
ticularly important, an extended period of observation. 
The assessment of lack of progression was the decisive 
clinical element to change the ALS diagnosis. 

The interval onset diagnosis was another element 
measured systematically in the registries, a composite 
measure of aggressiveness of the course of disease and of 
the characteristics of the referral of the health system of 
the region. In Europe, the interval onset-diagnosis was 
about 1 year across all the registers. As in all neurodegen-
erative diseases, the goal is to have a shorter interval to 
start therapy as soon as possible [10]. 

Complete case ascertainment, improvement of the ac-
curacy of diagnosis, homogenous estimation of numera-
tors and denominators, and multiple sources for referral 
are the major qualities of all these systems. 
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In each European register, however, only 60–100 cases 
were collected each year because of the relatively low in-
cidence of the disease and the limited size of the reference 
population. A larger sample size is required to answer 
complex questions such as the role of aging and the drop 
of the incidence curve at age 75. Similarly, a bigger sample 
size and diverse population are needed to explore the role 
of environmental risk factors, genetic variants, and ances-
tries.

In a meeting in October 2004, a consortium of all Eu-
ropean population-based registries was established in 
Amsterdam; this consortium was named EURALS 
(Fig. 1). The use of the same diagnostic criteria (EEC), 
multiple sources, and the prospective inception of inci-
dent cases in a defined catchment area were the com-
mon characteristics of all European registries in the new 
consortium. The source population ranged from about 
1½ million in Lancashire to 5 million in Scotland. The 
characteristics of care were heterogeneous: the density 

of neurologists was relatively low in Scotland, Lan-
cashire, and Ireland, while it was with a high number of 
neurological department, neurophysiology centers, and 
neurologists in Italy. Regions like Lombardia and Puglia 
count several ALS centers in the same geographic areas 
making paradoxically more challenging building up an 
effective network of participating centers to track the 
cases. 

In the year 1998–99, the largest number of ALS inci-
dent cases were drawn from a source population com-
prising almost 24 million people across Europe (ALS 
cases: 1028) [11]: the estimated incidence was 2.16 per 
100,000 py for the general population and 2.7 per 100,000 
py for the population over 18 years with a ratio male to 
female 1.3. In this study, there was a clear confirmation 
of the drop of incidence after age 75 first for males and 
afterwards for females compared to information from 
the oldest studies. Overall, the incidence was relatively 
similar across some European Ethnicities: Celtic, Anglo-

Fig. 1. Geographical areas covered by EURALS consortium registries. Created with mapchart.net.
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Saxon, and diverse populations around the Mediterra-
nean areas (age-standardized incidence rates of EU-
RALS registries are shown in Table 1).

Successive work in new population-based registers has 
revealed new important features of ALS epidemiology. In 
the registry of Limousin region in France, the use of cap-
ture recapture method has shown that there is the possi-
bility of estimating the number of missing cases and the 
exhaustiveness of case ascertainment in a registry that 
surveys a relatively small area. In a first study, Preux and 
Coll have shown that incidence could be as high as 4.9 per 
100,000 py in Limousin using partial information from 3 
different independent sources [12]. In a successive study 
in the same geographic area, the crude incidence has been 
estimated at 3.2 (2.6 standardized to the European Popu-
lation) per 100,000 py and the completeness of the regis-
ter has been estimated at 98.4% (95% CI 95.6–99.4) by 
capture-recapture analysis.

This work shows that the presence of a registry im-
proves case inception over time. The rates, calculated 
with the support of the capture recapture technique, have 
clearly indicated the changing age patterns of ALS onset 
in ageing populations. 

Another important issue is that ALS in population-
based studies represents the complete spectrum of ALS 
phenotypes. Clinical series are more likely to draw sub-
jects that are younger, less likely to present a bulbar onset, 
with a higher proportion of cases with a positive family 
history and a more benign course [13]. A series of ele-
ments determine the referral pattern to an ALS center in 
a territory including (1) the organization of ALS care at 
the national and local level; (2) the availability of local 
healthcare infrastructure including specific electromyog-
raphy and MRI; (3) specialized care among local neurol-
ogists; (4) knowledge of MND among general practitio-
ner (5) cultural and socioeconomic status of the patients; 
(6) physical independence and ability to go to ALS refer-
ral center; and (7) distance to the center and accessibility. 

Some patients will not be referred to the tertiary mul-
tidisciplinary center and, therefore, will be probably 
missed by the registry. In recent estimates, 5 out of 6 pa-
tients attend the multicenter clinic on Limousin, while 2 
out of 3 visited the clinic in Puglia and Ireland.

The identification of all cases is advantaged by the 
presence of a multidisciplinary ALS center serving a rela-
tively small geographic area with a limited population, 
with free access to care in a national health system. With 
the presence of a registry, the number of patients attend-
ing a multidisciplinary clinic is likely to increase over time 
[13]. 

An important issue is the difference in the course of 
disease between cases attending a clinical tertiary center 
and cases who are part of the real world of population-
based studies. In RCT, subjects who are younger, with 
a spinal form and with a more benign course are more 
likely to be enrolled. This systematic difference in prog-
nosis has been clearly shown comparing subjects in the 
same territory enrolled in RCT and in a population-
based registry [14]. In Piemonte and Val d’Aosta, Italy, 
subjects in RCT had a survival difference of about 1 
year compared to subjects in the population-based reg-
istry in the same territory. This enrolment difference is 
particularly relevant in a disease with short duration 
like ALS. The lack of power of RCT to show positive 
results can be at least partly due to the issue of selective 
participation of patients with better prognosis in clini-
cal trials.

The Geographic Gradient and Ethnic Diversity

A relevant question to understand causation is if ALS 
incidence varies depending on the geographical location. 
Many studies have hypothesized a north-to-south gradi-
ent or even an east-to-west gradient. The answer is diffi-
cult because these differences are due to underlying risk 

Table 1. Incidence rates of ALS in 5 EURALS registries. Incidence rates are standardized on the 45-74 years US 
1990 population. Data from Beghi et al. [6], 2007

Region Years Incidence males
(per 100,000 py)

Incidence females
(per 100,000 py)

Incidence total
(per 100,000 py)

Scotland 1989 6.7 3.8 5.2
Ireland 1995–1997 6.7 5.3 6.0
Piemonte 1995–1996 6.1 4.7 5.4
Lombardy 1998–2002 5.1 3.5 4.2
Puglia 1998–1999 5.5 2.9 4.1
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factors or due to the different characteristics of the health 
system in different regions.

In homogeneous ethnic regions, the oldest studies 
show lower rates with an incidence even lower than 1 per 
100,000 py. In London, the incidence stood at 1.2 per 
100,000 py when using the original EEC and it became 
1.07 per 100,000 py when using the Revised Arlie House 
criteria [15].

Some studies suggested that an element playing a key 
role in the incidence of ALS might be the latitude gradient 
[16]. In Italy, this was described in an ecologic study high-
lighting a higher ALS incidence rate in northern areas 
compared to southern ones adjusting for demographic 
composition [16]. Moreover, the study did not show a 
lower ALS incidence in people emigrated from southern 
regions to the north, but surprisingly, it found the oppo-
site [16]. Likewise, findings of another study conducted 
in London did not detect a significant incidence rates dif-
ference between people with European and African an-
cestries living in the city [17].

A study of ALS mortality over 30 years (1969–1998) in 
the United States involving 105,000 deaths with diagnosis 
based on death certificates, studied incidence difference 
across 12 geographic regions. This study showed a declin-
ing trend from north west to south east in ALS mortality. 
The differences in ethnic structure of the population with 
increasing mixed population going from North West to 
south East may be due to a gradient of ALS genetic risk 
[18]. More recently a clinical study based on a hospital-
based registry [19] conducted in Sweden showed a gradi-
ent with higher risk in the North and lower risk in the 
South. Accordingly, in Spain, a mortality study with 
about 9500 ALS deaths showed a decreasing gradient 
North-South over 15 years [55].

Studies on homogeneous ethnic populations may 
also give important information. In a study in Ireland 
based on spatial Bayesian analyses, there was the de-
scription of 2 areas of high incidence, one in the regions 
North Dublin, Louth, Meath, and Cork, relatively eco-
nomically developed and with higher population den-
sity [20] and another one in the Kerry and Donegan, 
rural areas with an isolated low density population. In-
terestingly, the authors describe the presence of interac-
tion with age by geographic area. Those aged below 55 
have a higher risk in the Kerry and Donegal, while those 
over age 55 have the highest risk in the Dublin and Cork 
areas. Therefore, the youngest ALS with a high genetic 
risk are more likely to be found in the isolated rural ar-
eas, while the older cases are more likely to be found in 
areas characterized by high density. This may be due to 

a founder effect in these isolated areas and the involve-
ment of different environmental factors in urban areas. 

In the United States, a recent study explored ALS het-
erogeneity in incidence in a relatively small area, New 
Jersey, in a 3-year period (2009–2011) [21]. In the geo-
graphic through spatial Bayesian analyses, the risk of 
ALS was significantly higher in the highest income quar-
tile than in the lowest (relative risk [RR] 1.4, 95% CI 
1.02–1.82) and lower among blacks (RR 0.57, 95% CI 
0.39–0.83) and Asians (RR 0.63, 95% CI 0.41–0.97) than 
among whites. This study that was conducted in a coun-
try with large socioeconomic status (SES) diversity, like 
the United States, showed that ALS risk is linked at the 
same time to SES and race. 

An ALS study was conducted in Cuba. This country is 
characterized by an extremely heterogeneous ethnic pop-
ulation and a free national health system with a high stan-
dard; therefore, here, SES will not determine the referral 
to the medical system. The ethnic composition based on 
self-assessment is 65% mixed, 10% black, and 25% white. 
The mortality due to ALS was identified through death 
certificates of the National Statistics Mortality system 
[22] and mortality was considered a surrogate of inci-
dence. ALS mortality was 0.8 per 100,000 py – the lowest 
in the population of mixed ancestry (0.55 per 100,000 py) 
compared to that of whites (0.93 per 100,000 py) and 
blacks (0.87 per 100,000 py). The mortality rate from ALS 
in Cuba is similar to that described in Hispanic popula-
tions in the United States and is much lower than that in 
Northern European population. This may be due to a 
role of ethnicity or ancestry in the ALS etiology.

All these studies indicate that part of the diversity may 
be determined by ancestries and the underlying genetic 
variation. At the same time, ethnicities are also probably 
linked to a different distribution of environmental risk 
factors.

A recent meta-analysis of ALS incidence rates, adjust-
ed by age and sex, pooled studies from 45 geographic ar-
eas [23]. The large majority of the studies were in Europe 
(about 50%) and North America (30%). Some areas had 
no studies (Sub-Saharian Africa) and many large areas 
had one or few studies (Latin America, Asia); the inci-
dence in northern Europe standardized on the US 2010 
population was 1.89 per 100,000 py, while the standard-
ized incidence in the South of Europe was 1.75. However, 
in East Asia, the incidence was much lower at 0.89 and in 
South Asia at 0.79 per 100,000 py. In the Caribbean, the 
incidence was 1.19 per 100,000 py. In New Zealand, in the 
southern hemisphere with an Anglosaxon and Celtic 
population, standardized incidence was particularly high 



Logroscino/PiccininniNeuroepidemiology 2019;52:93–10398
DOI: 10.1159/000493386

(2.29 per 100,000 py). Overall, the pooled ALS standard-
ized incidence for populations of European origin in Eu-
rope, North America, and New Zealand showed an ex-
tremely homogeneous rate (1.81 per 100,000 py). Con-
versely, there was a strong heterogeneity between Asia 
and Europe/ North America for lowest rates in Asian 
countries. In South America, there were intermediate 
rates (1.59 per 100,000 py). If we consider geographic ar-
eas a surrogate, at least partially, of ethnicities, from this 
extremely complex study, there is a clear indication for 
ethnic variation. Most of the previous studies from the 
United States and the United Kingdom indicate a lower 
risk in non-Whites compared to Caucasians [24, 25]. 
Lack of referral may determine under ascertainment of 
minority cases in countries where minorities have a dis-
advantaged status. The consistency of the findings, with 
non-caucasian presenting lower incidence, in different 
countries with different organization of the health system 
make the referral bias less likely.

Some ALS clinical features are strongly influenced by 
the geographic area. The survivorship in published stud-
ies varied from around 25 months in Northern Europe to 
around 30 months in Western/Southern Europe. Survi-
vorship was longer in North America [26] and much lon-
ger in Asia (particularly in Iran where it was 48 months). 
The bulbar onset was much more common in Northern 
Europe (45%) than in Southern Europe (30%). In Asia, it 
was even less common and this difference may explain, at 
least partially, the difference in survivorship across con-
tinents. The proportion of familial cases was on average 
between 4 and 5% but higher in Northern and Western 
Europe compared to the South and this could be related 
to the variability of the genetic risk in Europe [27]. How-
ever, the extreme variability and the disagreement in the 
field about the definition of familial ALS is something 
that is worthwhile to mention [28]. 

Another important element in the direction of study-
ing differences across areas that has been recently and ac-
curately described in a pooled meta-analysis [29] is the 
age of onset. The variation of ALS rates with age in popu-
lations of European origin showed a peak, which was of 7 
and 8.2 per 100,000 py at 71.6 and 77.4 years of age, re-
spectively, in Europe and North America.

The peak of ALS incidence in East Asia was estimated 
to be around 75 years of age, which is in the same age 
range as that in the population of Caucasian origin but it 
was at 2.2 per 100,000 py. This difference represents a re-
duction in risk of more than 3 times in the age range of 
higher risk going from Caucasian to Chinese populations. 
It is important to underline, however, that there is peak 

heterogeneity within areas of North America and North-
ern Europe compared to homogeneity of peaks in West-
ern and South Europe. The difference in the age peak in-
dicates that the distribution of risk factors linked to geo-
graphic areas is uneven across age between Asia and 
Europe and North America. One of the risk factors with 
a well-described age penetrance is C9ORF72 [30] and the 
different prevalence of this gene or other unknown genes 
may be one of the sources of discrepancy in the height of 
incidence peak in different geographic areas. 

C9orf72 and Geographic Spreading of Genetic Risk 

C9ORF72 is the most common known gene that is as-
sociated with ALS, explaining about 40% of familial cases 
and 8% of sporadic [31] in European and North Ameri-
can populations. Similar rates are reported for the asso-
ciation between C9ORF72 and fronto-temporal demen-
tia (FTD), linking to the same gene 2 apparent distinct 
phenotypes. The prevalence of C9ORF72 in ALS cases is 
much lower in East (less than 4% in Japan) [32] and South 
Asia (5.9% among familial and 1.6% among sporadic in 
Iran) [33]. Behavioral clinical features are more common 
in ALS and FTD with C9ORF72 mutation. In a large clin-
ical series in the United Kingdom, 38% of patients with 
mutation had psychosis and 28% were with delusional, 
paranoid thoughts, while only 4% presented these fea-
tures among noncarriers.

C9ORF72 is a common gene but with particular high 
prevalence in Finland [34].

Finland has one of the highest ALS incidences in the 
world [35]. The mutation happened suddenly in Scandi-
navia 1,500 years ago and from there it spread. The Vi-
king migration is the main source of the spreading of 
C9ORF72 in Europe and North America. The belligerent 
attitude and lack of empathy were drivers of Viking con-
quests and were probably partly caused by the presence 
of C9ORF72 mutations.

Pliner et al. [31] speculate that similar features were 
determined in other populations like in the United King-
dom by MAPT mutations then found in British colonies 
like Australia, British Columbia Virginia: this mutation 
probably raised 500 years ago in Wales. Similarly, a dif-
ferent distribution of the C9ORF72 mutation was well de-
scribed in the United States with a highest prevalence in 
Midwest where there is presence of numerous individuals 
of Scandinavian descent [36]. C9ORF72 is the strongest 
hint that part of the geographic distribution across geo-
graphic areas may be of genetic origin. 
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ALS Foci in the World

On the island of Guam, in the early fifties of the last 
century, that is, in the 1950s, the ALS incidence was close 
to 100 per 100,000 py and was the highest in the world 
[37]. Starting in the 1960s, the incidence of ALS dropped 
dramatically to incidence (3 per 100,000 py) similar to 
that of Europe and North America. 

A second phenotype, Parkinsonism-dementia com-
plex (PDC) of Guam cluster peaked to 60 per 100,000 py 
in the early sixties and declined afterwards reaching 10 
per 100,000 py in the eighties. The other foci were in the 
Kiji peninsula in Japan where, as in Guam [38], both phe-
notypes were present. The incidence has decreased sub-
stantially in Kii in the 1980s and 1990s with PDC becom-
ing more prevalent.

The incidence and prevalence of both ALS and PDC 
have decreased but is still high in New Guinea, the third 
foci [39], probably a prevalence of at least around 73 per 
100,000 for pure ALS and 53 for PDC [40]. It is worth-
while to mention that at the time of the peak of incidence, 
the estimated incidence in Papua, New Guinea was 30 
times that in Guam and Kii and 100 times that in the rest 
of the world [41].

Thus, ALS/PDC both in Guam and in the Kii Penin-
sula is probably a single disease characterized neuro-
pathologically by a multiple proteinopathy due to TDP43, 
synuclein, and tau deposition. The clinical features are 
linked to the predominant protein: TDP43 with motor 
neuron, tau, and alphasynuclein with PDC. The genes in-
volved in ALS and PDC in Guam are at least partially the 
same as in Western countries [42] but neither C9ORF72 
nor LRKK2 are involved in ALS and PDC among Cham-
orros [43].

There were several isolated ethnicities involved in 
these foci: Chamorros of Guam, Rota, Japanese residents 
of Kii Peninsula, and Honshu, Auyu and Jaqai linguistic 
groups in West Papua, Indonesia [44]. The involvement 
of selected ethnicities may indicate that a common ge-
netic predisposition is present and that it is a driving part 
of the risk. 

The fast and constant decrease in ALS incidence, and 
partially PDC incidence, over 60 years is not due to the 
genetic factors that need many generations to manifest. 
Instead, environmental, life style linked to the rapid west-
ernization of Guam and of the other territories is likely to 
be the basis of the change. Incidence fall is perhaps re-
lated to the removal of an unknown exposure. One of the 
most debated hypotheses has been the dietary intake of a 
cyanobacterial toxin present in the traditional Chamorro 

diet, β-N-methylamino-l-alanine. There are basic labora-
tory and animal evidences that this compound promotes 
both NFT and β-amyloid deposits [45, 46], similar to the 
deposit found in the brain of Chamorros affected indi-
viduals. 

Recently a case of a 76-year old Japanese man migrat-
ing from Kii when he was 3 years old and manifesting 
PDC 70 years later was reported [47]. This case under-
lines the importance of both genetics and early life envi-
ronmental factors. In this case, the possible exposure to 
an environmental factor was extremely short.

The Global Burden of Disease: ALS in the World in 

the Future Decades

The Global Burden of Disease (GBD) is a project aim-
ing at describing the burden of all diseases and injuries 
across all the countries of the world, with a standardized 
protocol and same instruments of measurements. Infor-
mation on epidemiology, social effects, and risk factors 
distribution is essential to plan health interventions and 
support health decision processes at the global and na-
tional level. 

GBD also introduced a new measure aiming at sum-
marizing the overall burden of a disease: the Disability 
Adjusted Life Year (DALY). This measure is the sum of 
the number of years lived with disability and the num-
ber of years lost due to death compared to life expecta-
tion.

In order to summarize valid information, the GBD 
takes into account all available data on specific diseases, 
from national mortality registries to published epidemio-
logical studies. Advanced statistical techniques are used 
to account for inconsistencies and lack of data.

In GBD, ALS is included in the MND category with 
other very rare motor neuron pathologies.

According to new GBD data, in 2016, there were around 
331 (300–367) thousand prevalent cases and 58 (52–63) 
thousand incident cases of MND across the world [48]. In 
2015, this neurodegenerative disease caused about 910 
(872–959) thousands of DALYs around the world [49]. 
This high burden of MND is the result of a sharp increase 
in prevalent cases over the last years. Globally, the number 
of MND prevalent cases increased by 72.4% (69.2–75.2) 
from 1990 to 2015, while the number of deaths due to 
MND increased by 97.3% (73.9–103.6) in the same period 
[49]. In absolute terms, this increase appears to be massive 
if we consider that from 1990 to 2015, the world popula-
tion “only” increased by around 40%. 
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As for the cause of this MND prevalence increase, 
another important GBD result needs to be mentioned: 
the age-standardized prevalence of MND increased only 
by 3.1% from 1990 to 2015 [49]. This change  explains a 
small part of the observed prevalence increase.

It is well known that ALS has been recording an in-
creasing incidence over the years, with a peak around the 
age of 75 [23]. In the next future, ageing of the world pop-
ulation will drive the ALS burden. A recent study tried to 
estimate future changes using data from 10 geographical 
regions covering 34% of the world population (China, Eu-
rope, Iran, Japan, Libya, New Zealand, Serbia, Taiwan, US 

and Uruguay). First, expected prevalent cases in the 10 
selected regions were estimated (Table 2). Then, by apply-
ing incidence data from these countries to their respective 
continents, 222,801 cases of ALS were estimated in 2015. 
The projections for the future indicate an estimated num-
ber of 376,674 ALS prevalent cases in 2040, with an in-
crease of 69% in only 25 years [50]. This increase will be 
mainly due to worldwide population ageing and growth 
that occurs not homogeneously. It has been estimated that 
the 80% of the elderly population worldwide will reside in 
developing countries by 2050 [51]. Indeed, the proportion 
of older people in developing countries will increase from 
9 to 16% in the period from 2015 to 2040 [51]. China, In-
dia, Brazil, Indonesia, Pakistan, Nigeria, Bangladesh, and 
Ethiopia are countries with high demographic impact and 
rapidly increasing expectation of life. For this reason, the 
increase in ALS prevalent cases is estimated to be higher 
in developing countries than in developed countries, con-
sidering the fact that life expectancy at birth in developing 
countries is quickly reaching the values characterizing 
high-income countries (Fig. 2).

Over the next 25 years, the highest change in ALS cas-
es will be in Africa, with an increase of 116%, followed by 
Asia and South America with an increase of 81 and 73% 
[50]. The natural consequence of differential ageing and 
differential increase in the population size is the gradual 
shift of the ALS burden from developed to developing 
countries in the next few decades. This scenario requires 
the implementation of health interventions and a new re-
sources allocation at the global level.

Table 2. Number of estimated prevalent cases in 2015 and 2040 
(expected) in ten geographical regions. Data from Arthur et al. 
[50], 2016

Country 2015 2040 Change in prevalent
cases number, %

Libya 293 635 116.7
United States 21,835 29,306 34.2
Uruguay 207 269 30.0
China 20,329 29,734 46.3
Iran 1,409 2,992 112.3
Japan 5,866 6,431 9.6
Taiwan 622 796 28.0
EU 28 29,208 35,024 19.9
Serbia 126 117 –7.1
New Zealand 265 391 47.5
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Conclusions

The analyses of geographic variations in the preva-
lence and incidence of several chronic conditions, such as 
hypertension, diabetes, obesity, cerebrovascular and car-
diovascular diseases are a critical tool to identify area of 
unusual frequency. This has been done in the past both to 
promote public health intervention and to better under-
stand the causes of disease. An example of this has been 
the health program in Karelia, Finland, after the discov-
ery of a high rate of cardiovascular disease [52, 53].

The targeted health promotion campaigns, yet still 
rarely performed, are an experimented approach in com-
mon chronic diseases. This is a possible approach already 
done in common chronic neurodegenerative diseases as 
dementia, at least in research.

This type of geographic approach could be useful also 
in rare neurodegenerative diseases as ALS. The compari-
son of differences may help to discover better under-
standing of causes of these diseases. In this scenario, the 
approach of GBD and registries are different and at the 
same time complementary for better analytic epidemiol-
ogy and to allocate resources for these diseases. The most 
difficult challenge of epidemiological research is that is 
not possible in general to separate the role of ancestry/
ethnicity origin from risk factors depending on lifestyle 
or environment because they are closely associated. In the 
future, the most useful studies will be in mixed popula-
tions, but they are very difficult to design because of the 
possible role of socio-economic status that needs to be 

taken into consideration. In this perspective, LAENALS, 
the new project to study ALS epidemiology in South 
America, studying diverse ethnicities in the same terri-
tory could be a further step. In contrast, the analyses of 
highly homogeneous communities as Albanians in the 
NDAL project in Albania and Kosovo, with the same 
methodology could complete the diversity of informa-
tion, using the same registry methodology [54]. All these 
new initiatives from neglected areas may improve the 
quality of estimation of descriptive measures (incidence 
and prevalence) and consequence of disease (DALYs) in 
more general initiatives like the GBD project. The projec-
tions indicate that the future burden of ALS cases will 
shift towards Asia and Africa because of the demograph-
ic trend. Public health consequences and the need for a 
different allocation of resources are evident.
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