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Epidemiology of Amyotrophic Lateral Sclerosis
Amyotrofik Lateral Skleroz Epidemiyolojisi
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There has been an increase in studies on amyotrophic lateral sclerosis (ALS) in the last thirty years. These studies show an ALS incidence rate that varies between 0.6 
and 3.8 per 100,000 person-years. The incidence rate is significantly lower in Asia than in Europe and North America. ALS prevalence rates vary between 4.1 and 
8.4 per 100,000. It is more common in men, and the male-to-female ratio is between 1 and 2. The mean age of ALS onset is between 51 and 66 years. Patients with 
familial ALS tend to have an earlier age of onset compared with patients with sporadic ALS. Some 58-82% of the cases have a spinal onset. The studies show age, 
male sex, and family history as risk factors. Other than these, lifestyle and exposure to environmental factors may have an effect. The period from the first symptoms 
to either invasive ventilatory support or death is between 24 and 50 months. ALS foci with high prevalence have been recorded in Guam, The Kii Peninsula, and 
New Guinea. Underdeveloped or developing countries show a speedy aging tendency, which points to an increased burden due to ALS in their future. Further 
epidemiologic studies with higher case numbers in different regions are needed to be able to enlighten causative associations of the disease.
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Amyotrofik lateral skleroz (ALS) konusunda yapılan çalışmalar son 30 yıl içerisinde hız kazanmıştır. Bu çalışmalarda ALS insidansı yüz binde 0,6 ile 3,8 (kişi-yıl) 
arasında değişen oranlarda bulunmuştur. İnsidans Asya ülkelerinde Avrupa ve Kuzey Amerika’ya göre belirgin olarak düşüktür. Hastalık prevalansı yüz binde 4,1 
ile 8,4 arasında değişmektedir. Erkeklerde daha sık görülmekte olup erkek/kadın oranı 1 ile 2 arasında yer almaktadır. Ortalama başlangıç yaşı 51 ile 66 arasındadır. 
Ailesel ALS olgularında hastalık, sporadik ALS olgularına göre daha erken yaşta başlama eğilimindedir. Olguların %58-82’si spinal başlangıçlıdır. Yaş, erkek, 
cinsiyet ve aile öyküsü gösterilebilmiş risk faktörleridir. Bunun yanında yaşam tarzı ve çevresel maruziyetlerin etkisi söz konusu olabilir. Belirtilerin başlangıcından 
ölüme veya invazif solunum desteğine kadar geçen süre 24 ile 50 ay arasındadır. Dünyada Guam, Kii yarımadası ve Yeni Gine’de yüksek prevalanslarla karakterize 
hastalık odaklarına rastlanılmıştır. Az gelişmiş ve gelişmekte olan ülkelerde nüfusun hızlı bir yaşlanma eğilimine girmesi gelecek yıllarda ALS’nin oluşturduğu 
hastalık yükünün giderek artacağını düşündürmektedir. Hastalığın nedensel ilişkilerinin aydınlatılabilmesi için değişik bölgelerde, yüksek olgu sayılarına sahip 
epidemiyolojik çalışmalara gereksinim vardır.
Anahtar Kelimeler: ALS, nadir hastalıklar, epidemiyoloji, motor nöron hastalıkları
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Introduction
Amyotrophic lateral sclerosis (ALS) is a progressive 

neurodegenerative disease affecting the cortical, brainstem, and 
spinal cord motor neurons of the central nervous system. As a part 
of the motor neuron disease group, it is known as an adult age 
group disease with clinical signs of upper and lower motor neurons, 
poor prognosis and no treatment. Although the first descriptions 

of the disease go back to 1824 and Charles Bell (1774-1842), 
the links between disease symptoms and underlying causes were 
first described by Jean-Martin Charcot (1825-1893), who is often 
described as the father of neurology. It has been called ALS since 
1874 (1). Charcot included this definition in his book “Oeuvres 
Completes”, published in 1874. In discussing the developments in 
the disease, it would be unfair not to mention Charcot’s colleagues 
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Jean Cruveilhier (1791-1874), Alix Joffroy (1844-1908), and later 
William Richard Gowers (1845-1915) for their great contribution 
to understanding motor neuron disease. ALS is also referred to as 
Lou Gehrig’s disease, following the diagnosis of Lou Gehrig, the 
famous player of the New York Yankees baseball team in 1939. 
Lou Gehrig was one of the most famous baseball players of his era. 
It was observed that his strike power gradually decreased, despite 
the perfect timing during the hit. A definitive diagnosis could 
not be made in preliminary examinations in New York. He was 
then hospitalized and examined for a week at the Mayo Clinic in 
Minnesota. A diagnosis of ALS was made by Dr. Harold Habein. 
Lou Gehrig was aged 36 years at the time. The Mayo Clinic 
included the following statements in the epicrisis given to him on 
his birthday: “Following a careful and thorough examination, Mr. 
Gehrig was found to be suffering from ALS. This disease involves 
motor tracts and central nervous system cells and is known as a 
form of chronic poliomyelitis (infantile paralysis)”. In the middle 
of May 1941, Gehrig’s respiratory distress reached its final stage. 
He lost consciousness on June 2 and died at the age of 37 on the 
same night (2).

Incidence
Recent studies have shown that the incidence of ALS varies 

between 0.6 and 3.8 per 100,000 using the person-year calculation 
method (3,4,5,6,7,8,9,10,11). Longinetti emphasized that the 
incidence of ALS in the European continent ranged from 2.1 to 
3.8 per 100,000 (person-year) (3,4,5,9,11), whereas Logroscino 
showed that the incidence according to the results of population-
based studies for the same region ranged from 1.7 to 2.3 per 
100,000 (person-year) (12). The incidence rates of ALS in some 
countries are listed in Table 1. The highest incidence rates were 
obtained in Swedish and Scottish studies. 

In general, it is observed that the incidence of ALS is lower 
in Asian countries compared with Europe and North America. 
The reason for this may be demographic factors: ALS is mostly a 
middle and old-age disease and the density of the population at 
risk varies in countries. However, a controversial claim is that the 
prevalence of known ALS genes in Asian countries is low (13,14). 
In addition to geographic differences, many studies examining the 
change of ALS incidence over the years drew attention to the fact 
that the incidence had increased gradually (5,7,9). 

On the other hand, for example, registry centers in Europe 
can catch around 60-100 new cases every year due to the rarity of 

the disease. Larger sample sizes are needed to answer some of the 
complex questions about the disease, for example, to explain the 
changes caused by aging or why the incidence begins to decline 
from the age of 75 years. Similarly, it is necessary to work with 
a large number of patients from different regions to determine 
the environmental risk factors associated with the disease and to 
analyze genetic differences.

In a study in which data addressing a 24 million population 
in Europe in 1998-1999 were combined, the incidence of ALS 
was found as 2.2 per 100,000 (person-year), and 2.7 for the 
population aged over 18 years in 1028 patients (15). In this study, 
it was determined that the male/female ratio was 1.3, and it was 
more clearly shown than in previous studies that the incidence 
decreased after the age of 75 years, especially in men, and then 
in women (15).

To overcome the problems arising from the lack of patients, 
community-based data producing registry centers in Amsterdam 
were gathered under a union in 2004 and took the name European 
Amyotrophic Lateral Sclerosis (EURALS). These regions using 
the same diagnostic criteria (El Escorial Criteria, EEC) were 
predominantly in Italy, Scotland, and Ireland. According to these 
data, the EURALS records of five regions showed that the ALS 
incidence between the ages of 45-74 years was 5.2 in Scotland, 6.0 
in Ireland, 5.4 in Piemonte (Italy), 4.2 in Lombardy (Italy), and 
4.1 in Puglia (Italy) (16). 

There have been meta-analyses on ALS in recent years. The 
results of the meta-analysis conducted by Marin et al. (17) covering 
45 geographic regions are presented in Table 2. Fifty percent of 
the countries included in the meta-analysis were performed in 
Europe and 30% in North America. Latin America and Asia were 
represented by one or more studies. There were no data for Sub-
Saharan Africa.

Prevalence
Recent studies show that the prevalence of ALS varies between 

4.1 and 8.4/100,000 (3,4,5,6,7,9,18). These studies suggest that 
the prevalence of ALS is slightly increased. This increase may be 
due to demographic changes, as well as to an increase in diagnostic 
opportunities and prolonging life expectancy due to improved 
quality of care. Nelson et al. (18) reported the prevalence of ALS 
as 3.7/100,000 in 2002, 4.4/100,000 in 2003, and 4.8/100,000 in 
2004. On the other hand, Mehta et al. (19), using the American 
National ALS records, reported the ALS prevalence as 5.0/100,000 
in 2014 and 5.2/100,000 in 2015. Unlike population-based studies, 

Table 1. Amyotrophic lateral sclerosis incidence rates 
detected in different regions

Region Year ALS incidence 
(100,000 person-years)

Stockholm (3) 2014 3.8

Scotland (9) 2015-2017 3.8

Norway (5) 2000-2015 2.1

Italy (4) 2002-2014 2.8

South Korea (6) 2011-2015 1.2

China (8) 2010-2015 0.8

Thrace (7) 2006-2010 1.9
ALS: Amyotrophic lateral sclerosis

Table 2. Meta-analysis results of amyotrophic lateral 
sclerosis incidence* (17)

Region Incidence (100,000 person-years)
Northern Europe 1.89

Southern Europe 1.75

East Asia 0.89

South Asia 0.79

Caribbean 1.19

New Zeland 2.29

South America 1.59
*Data are standardized according to the 2010 population of the United States
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in a sample representing the United States in 2011, Bhattacharya 
et al. (20) found the prevalence of ALS to be 11.8/100,000 
with data based on the Medicare Advantage prescription drug 
plan within the healthcare advantage package of the American 
healthcare system. The reason why this prevalence was higher than 
the others might be that there was a greater proportion of elderly 
participants among the people included in the advantage package. 
Again, a study based on the data of the National ALS Registry 
system showed that the prevalence of ALS disease in people of 
European-American origin was more than twice that of African 
American patients (5.4 and 2.3/100,000 respectively) (19).

When the prevalence of patients with motor neuron disease 
is examined globally, it is seen that North America, Northern 
Europe, Australia, and New Zealand stand out compared with 
other regions (21).

Figure 1 shows the global distribution of age-standardized 
prevalence rates (per hundred thousand) of motor neuron diseases 
(21).

Sex
Male sex has been considered as a risk factor for a long 

time ALS (22). The male/female ratio is generally reported as 
between 1 and 2 in recent studies (4,5,6,7,8,9,18,20,22,23,
24,25). However, a report from Africa indicates that this rate 
is as high as 2.9 (26). According to the EURALS records, the 
distribution of ALS incidence rates in five regions of Europe by 
sex is given in Table 3 (16). Because these data were standardized 
for the population of the 45-74 age group, where the disease 
was more common in the 1990 United States population, the 
incidence rates seemed to be higher, although the male/female 
ratio was observed to vary between 1.26 and 1.90. Most recently, 
a study based on the Swedish Motor Neuron Disease Registry in 
Stockholm reported a male/female ratio of around 1 (3). It is not 
yet possible to claim that the male/female ratio has decreased in 
favor of men just by looking at these and similar results. To show 
the change in the ratio of men/women over time, it is necessary to 

Table 3. Amyotrophic lateral sclerosis incidence rates in the five European ALS regions by sex* (16)

Region Years Incidence in males 
(100,000 person- years)

Incidence in females 
(100,000 person-years) Male/female ratio

Scotland 1989 6.7 3.8 1.76

Ireland 1995-1997 6.7 5.3 1.26

Italy - - -

Piemonte 1995-1996 6.1 4.7 1.30

Lombardia 1998-2002 5.1 3.5 1.46

Puglia 1998-1999 5.5 2.9 1.90
*Incidence rates are standardized for the population of the 45-74 age group in 1990 in the United States. ALS: Amyotrophic lateral sclerosis

Figure 1. Global distribution of age-standardized prevalence rates (per hundred thousand) of motor neuron diseases, 2016 (21)
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evaluate the results of many future studies in different countries 
in the coming years.

Age of Onset
Recent studies suggest that the average age of onset of ALS 

varies between 51 and 66 (3,5,6,7,8,9,25,27,28,29,30). When the 
age of onset is examined globally, it is noteworthy that there are 
differences between regions. For example, in patients of European 
descent, the age of onset is later than those reported in China, 
Cuba, and Uruguay. The median age of onset of ALS in China was 
reported as 51 years (25). On the other hand, the age of onset in 
German patients was approximately 10 years later (25). Another 
study found the average age of onset of ALS in patients in Cuba 
and Uruguay as 4-9 years earlier than patients in Ireland (30). 
When the reasons for this situation are examined, we come across 
several possible reasons. One is the difference between patient 
characteristics found in population-based studies and patient 
characteristics found in clinical-based studies. It is possible for 
patients to be diagnosed at an earlier age and the higher rate of 
such patients in the patient pool could reduce the mean age of 
onset because the immediate surroundings of a patient identified 
in clinical-based studies are examined due to their risk. In addition, 
since these patients are recognized at an early age, they may have 
a longer and milder progression in terms of clinical features. This 
leads to some differences in clinical features compared with the 
data obtained from population-based patients (31). European data 
are generally based on studies with population-based designs. 
Therefore, one of the reasons why the age of onset is high in 
European studies is that the data are population-based. Another 
claim is that genetic factors are effective in the early onset of ALS. 
Patients with familial ALS tend to have an early onset of about 
ten years, more than patients with sporadic disease (32,33). This 
finding may be due, in part, to the early diagnosis of ALS patients’ 
disease, as symptomless relatives of ALS patients are also examined 
and diagnosed (34). Nevertheless, the findings of Mehta et al. (35) 
showed that a reason for early-onset in patients with familial ALS 
could be attributed to pathologic genetic variations. Although the 
ratio of familial patients among all patients with ALS is considered 
to be around 5%, it is known that the number of familial patients 
is much higher in Northern and Western Europe (36).

Various theories and approaches have been proposed to 
explain the differences in the age of disease onset according to 
the geographic regions. According to the results of a new meta-
analysis (37), the incidence of ALS reaches its highest value at 
the age of 71.6 years with 7.0/100,000 (person-year) in Europe. 
In North America, this value is between 8.2 and 77.4 years per 
hundred thousand. Although the age peak of the disease is 75 years 
in East Asia, unlike Europe and North America, the incidence 
rate is only 2.2/100,000. This difference indicates that the risk of 
disease is three-times higher in the age groups with the highest 
risk in the Caucasian race compared with the Chinese. One of the 
reasons for these geographic differences is the C9ORF72 gene, 
which explains the genetic differences that we have partially 
mentioned above (38). C9ORF72 is the best-known gene to be 
associated with ALS and accounts for 40% of familial patients 
and 8% of sporadic patients in European and North American 
societies (39). On the other hand, the prevalence of the C9ORF72 
gene mutation in patients with ALS is less than 4% (40) in the 
East (Japan), 5.9% in familial patients in South Asia (Iran), and 

1.6% in sporadic patients (41). In Asian countries, it is accepted 
that this gene is not one of the major causes of ALS. By contrast, 
the prevalence of C9ORF72 mutations was found to be very high 
in Finland. Finland is also one of the countries with the highest 
incidence of ALS in the world (42). It was predicted that the gene 
mutation emerged in Scandinavia 1500 years ago, it spread from 
Scandinavia to Europe and North America with Viking migration, 
and countries such as Australia and New Zealand, mainly through 
economic migration from those regions in the last few centuries. 
The frequency and age distribution map of the disease and this 
migration scheme, including the gene, match each other (21).

Delay in Diagnosis and Age of Diagnosis
ALS is easy to diagnose but needs to be confirmed. The 

precursor symptoms of ALS are generally not specific to this 
disease and may mimic other neuromuscular diseases. These 
diseases are often called mimic syndromes. Diagnostic errors in 
the early period may delay the diagnosis of ALS. In addition, 
valid diagnostic biomarkers are not sufficient (43). The diagnosis 
of ALS is made clinically and it takes time to demonstrate that 
its symptoms spread progressively (44). Recent studies show that 
the delay in diagnosis varies between 9 and 24 months in terms 
of average or median (3,4,5,6,7,8,9,26,27,45). The familial form 
of the disease (35), initial involvement site, and sex can be listed 
among the factors that cause a delay in diagnosis. For example; 
as far as determined in patients residing in Beijing; it may be 
possible to diagnose earlier in bulbar-onset patients than in spinal-
onset patients, and in males than in females (8).

When the latest studies are evaluated, the mean 
or median age at diagnosis ranges between 54 and 69 
(3,4,5,6,7,8,9,23,27,28,30,45). Age at diagnosis varies according 
to the presence of cognitive impairment and sex. The mean age 
at diagnosis is eight years higher in patients with cognitive 
impairment compared with others (23). Again, in a study 
conducted in North-East Italy, the average age of diagnosis in 
women was found to be slightly higher than in men (4). When 
the Far-East was examined, a similar result appeared in Japan 
(46), but no difference was found between men and women in a 
clinical study conducted in Beijing (8).

Site of Onset
ALS usually occurs with weakness in the extremities, i.e. 

spinal onset, or with difficulty speaking and swallowing, i.e. 
bulbar onset. In various studies, it has been shown that patients 
have spinal onset at rates varying between 58% and 82% 
(3,4,7,8,9,25,26,27,30,45,46). It is seen that these rates are quite 
consistent when different countries are examined. In various 
studies, it has been found that the spinal onset rates of the disease 
are at similar levels, with no statistically significant difference, for 
example between the Chinese and German populations (25), or 
between Cuba, Uruguay, and Ireland (30). Although spinal onset 
is more common worldwide, bulbar-onset ALS can be seen at 
different frequencies among patients with different characteristics. 
For example, bulbar onset rates are higher in female patients with 
ALS (3,4,8), patients with ALS and cognitive impairment (23) and 
elderly patients (8) compared with male patients, patients without 
cognitive impairment, and younger patients. A study conducted 
in South-East England found a significant relationship between 
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onset of symptoms at advanced ages, female sex and bulbar onset 
(47). Again, for example, when patients over the age of 70 are 
examined, it is seen that the rate of bulbar onset reaches 43%, but 
this rate is only around 15% in patients under 30 years (16,48,49). 
On the other hand, bulbar onset rate was found to be similar with 
27% and 28% among European-American and African-American 
patients (50). Recent studies have shown that in addition to spinal 
or bulbar onset, there may be some different forms of onset at rates 
varying between 8% and 23% (3,4,9,51,52). These are spinal 
and bulbar mixed onset (4,9), thoracic onset (52), onset with 
respiratory system symptoms and respiratory weakness (9,53,54) 
or cognitive changes (9) or a combination thereof (3,45). 

Risk Factors
Risk factors that have been confirmed to date are age, male 

sex, and family history. A growing body of evidence suggests that 
smoking should also be considered as a risk factor. Nevertheless, 
it has not been shown that many of the risk factors claimed to 
be related to ALS have a causal nature. Statistical relationships 
have been determined between many factors and ALS, and some 
were found to conflict with each other when causality criteria 
were taken into account. For this reason, while evaluating the 
risk factors of ALS, research results should be approached with 
caution, and it should be kept in mind that research with more 
patients, with secure patterns and common recording systems 
are needed to determine the real relationships. In this sense, the 
“possible” risk factors identified in the studies so far, which will 
be listed below, should be evaluated with this understanding.

Most epidemiologic studies have focused on various possible 
risk factors such as lifestyle, body mass index (BMI), education 
level, exposure to toxic substances, viral infections and comorbid 
conditions (22,55,56,57,58,59,60,61). In addition to tobacco 
use, alleged causal relationships between some of these risk 
factors and the disease have been identified. Examples of these 
include blood lipid levels (58,62), physical activity (58), and 
education level (58). Military service, agriculture, jobs requiring 
heavy bodily effort, forestry, fishing, hunting, construction 
work, plastic industry, welding and soldering works, athletics, 
American football as an occupation; and pesticides, mercury, 
lead, aluminum, trauma, electric shocks, exhaust gases, sodium 
silicate, organic dust, air pollution and low-frequency magnetic 
fields as exposure have been found to be associated with ALS in 
various studies (11). Another issue of interest is dietary habits. 
Pupillo et al. (45) found evidence that certain nutrients and 
food molecules increased the risk of ALS. These were red and 
processed meat and meat products, animal proteins, sodium, 
zinc, and glutamic acid. The same study, however, suggested that 
certain foods, such as coffee, tea, whole wheat bread, raw and 
unprocessed vegetables, and citrus fruits, were likely to reduce 
the risk of ALS. To date, no relationship has been found between 
alcohol consumption and ALS (45,52).

Concerning physical activity, a large cohort study of Swedish 
men found that low muscle strength, low BMI, and low erythrocyte 
volume fraction increased the risk of ALS (63). One unit increase 
in BMI and erythrocyte volume fraction led to a lower risk of ALS. 
Again, low muscle strength increased the risk of ALS 1.4 times in 
the later periods of life when compared with high muscle strength 
(63).

Genetic Factors
Although it has been reported that an increasing number of 

genes affect the formation of ALS (64), the role of genetic factors in 
the formation of disease is now considered limited (65,66). Known 
or suspected mutated familial ALS genes are SOD1, TARDBP, 
C9ORF72, FUS, ANG, OPTN, SETX, and SQSTM1 (64). Other 
mutated genes not associated with familial ALS are listed as TBK1 
(67), ATXN2 (68), C21ORF2 (69), ITPR2 (70), NEK1 (71), and 
duplicated SMN1 (72).

According to the results of a meta-analysis conducted in 2017 
that evaluated 111 studies, mutated genes associated with ALS 
were found at a rate of 47.7% in patients with familial ALS and 
5.2% in patients with sporadic ALS (73). The frequency of major 
ALS gene mutations is significantly different between European 
and Asian patients. The most common gene mutation in Europe, 
C9ORF72, is found in 33.7% of patients with familial ALS, 
whereas it is found in 5.1% of patients with sporadic ALS. This 
mutation is followed by SOD1 (14.8% of familial patients, 1.2% 
of sporadic patients), TARDBP (4.2% of familial patients, 0.8% of 
sporadic patients), and FUS mutations (2.8% of familial patients, 
and 0.3% of sporadic patients). In contrast, the most common 
gene mutation in Asia is SOD1 (30% of familial patients, 1.5% 
of sporadic patients), followed by FUS (6.4% of familial patients, 
0.9% of sporadic patients), and C9ORF72 (2% of familial patients, 
0.3% of sporadic patients) and TARDBP mutations (1.5% of 
familial patients, 0.2% of sporadic patients). In this regard, in a 
study conducted in Turkey (Figure 2), C9ORF72 was found in 
18.0% of familial patients, SOD1 gene mutation in 12.2%, FUS 
in 5.0%, TARDBP in 3.7%, and UBQLN2 in 2.4%, and no gene 
mutation was found in approximately 40% of familial patients 
in total (74). On the other hand, C9ORF72 is found in 3.1% 
of sporadic patients, and with the addition of others, there is a 
mutation rate of 3.7% in total in sporadic patients (74).

At this point, it is worth mentioning that 5% to 10% of 
patients with ALS are familial and the rest are sporadic (idiopathic) 
patients.

Life Expectancy and Prognosis
Life expectancy in ALS varies depending on the presence of 

different parameters. Up to 10% of patients with ALS have a slow 
course and live ten years or more. However, the majority of patients 
have a much more limited life expectancy after diagnosis. Recent 
studies reported that the mean or median life expectancy ranged 

Figure 2. Gene mutation frequency in patients with familial ALS in 
Europe and Turkey (73,74).
ALS: Amyotrophic lateral sclerosis
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between 24 and 50 months, beginning from the onset of symptoms 
to death or invasive respiratory support (3,5,6,23,25,26,28,29,30,
46,50). This period is around 24 months in Northern Europe and 
30 months in Western and Southern Europe (75). Life expectancy 
is longer in North America, but the longest reports have come 
from Asia. Especially in Iran, this period extends up to 48 months 
(75). In addition to death, tracheostomy is also considered an 
endpoint in calculations. Performing tracheostomy significantly 
prolongs the life span of patients with ALS. A study conducted 
in Norway showed that the average life span from the onset of 
symptoms to death in patients who underwent tracheostomy was 5 
years longer than patients who did not undergo tracheostomy (5).

Many factors can be mentioned that prolong life, one of which 
is male sex (9). Another is the site of onset of the disease. Patients 
with spinal-onset have a longer life expectancy than those with 
bulbar-onset (3,5,7,9,25,76). The time to death is later in patients 
who are diagnosed at a younger age and whose symptoms begin 
at an early age (25,51). Another influencing factor is the score 
obtained from the ALS Functional Rating scale. If this score is 
high, the life expectancy is longer (76). Again, gaining weight 
after diagnosis is a factor that prolongs the life span (46). However, 
a decrease of two units or more in BMI within six months after 
diagnosis decreases the life span (77).

Analysis of data from community-based prospective registries 
shows that mortality rates vary between 22.0% and 34.1% within 
one year after diagnosis (77,78). Causes of death in the first year 
are generally respiratory failure, pneumonia, cardiovascular causes, 
cachexia, and marasmus (77).

The presence of concomitant diseases involving the respiratory 
system and the genitourinary system (20), the presence of 
cognitive impairment or depression (23), and the presence of high-
density organic contaminants (polybrominated diphenyl ethers, 
polychlorinated biphenyls, and the like) in plasma (27) are factors 
that negatively affect life expectancy.

Mortality
When deaths caused by motor neuron diseases are examined, 

it is seen that more than half of all deaths globally originate 
from three regions. These regions are North America, Western 
Europe, and Australasia (Australia, New Zealand, New Guinea 
and nearby islands) (21). All deaths in the rest of the world 
are fewer than in these three regions. According to estimates 
made by the Global Burden of Disease, Motor Neuron Disease 
Collaborators Group, using the Bayesian meta-regression model, 
there were 330,918 patients with motor neuron disease in 2016 
(prevalence, 4.5 per hundred thousand), and the number of new 
patients was estimated as 57,452 (incidence, 0.78/100,000 
person-year), and 34,325 deaths were detected (mortality rate, 
0.46/100,000 person-year) (21). Worldwide, age-standardized 
ALS mortality rates increased by around 8% between 1990 and 
2016 (21). This increase was statistically significant in all other 
groups except those with low socioeconomic index. In a study 
covering the years 2011-2014 in the USA, the ALS mortality 
rate standardized by age based on the USA 2000 population 
structure was found as 1.7/100,000 [95% confidence interval 
(CI): 1.68-1.72] (79). This rate was 2.09 (95% CI: 2.05-2.12) in 
men and 1.37 (95% CI: 1.35-1.40) in women (79). The situation 
against male sex in the disease rates continues similarly in the 
mortality rates.

Some studies conducted in different countries suggested that 
mortality rates tended to decrease from the north and west regions 
to the south and east regions. For example, a study examining 
105,000 ALS deaths, in which the diagnoses were made based 
on death certificates in 30 years (1969-1998) in the USA found 
a decreasing trend in ALS deaths from the north-west regions to 
the south-east (80). It has been suggested that this change may 
be due to the genetic risks of ALS due to the changing ethnic 
differentiation from the north-west to the south-east and the spread 
of mixed population structure. On the other hand, a clinical-based 
study based on hospital records conducted in Sweden in recent 
years mentioned a statistically insignificant reduction trend in 
ALS risk from north to south (81). Related with this, a 15-year 
study examining 9,500 ALS deaths in Spain found a reduction 
in mortality from north to south (82). This decreasing trend in 
both incidence and mortality rates from north to south in different 
geographic areas is also seen when the global data of the disease 
are examined. As mentioned earlier, the disease is significantly 
more common and causes death in North and West Europe, North 
America, compared with South and East Asia. To enlighten this 
issue, which is generally tried to be explained by genetic reasons, 
further studies involving different geographic regions are required.

Geographical Foci of ALS in the World
The West Pacific form of ALS, which has a geographic feature, 

has been reported as 50-100 times higher than the different 
geographic regions of the world (83). However, the reasons for 
this focus have not been clearly explained. In the last century, in 
the early 1950s, the incidence of ALS in Guam Island reached the 
highest level in the world, approaching 100/100,000 thousand 
(person-year) (84). Since the 1960s, the incidence of ALS dropped 
dramatically (3 person-years/100,000), approaching the rates of 
Europe or North America (83,84). The incidence of parkinsonism-
dementia complex (PDC), which was another disease phenotype, 
reached 60/100,000 (person-years) in this region in the early 
1960s, and then decreased to 10/100,000 in the 1980s.

Another focus of the disease is the Kii Peninsula in Japan 
(85). Both forms of the disease are present in this region and are 
closely related and are referred to as ALS-PDC (86). Although 
the incidence of both phenotypes in Kii decreased significantly, 
similar to Guam, the incidence of PDC increased slightly in the 
1980s and 1990s (87).

New Guinea, another focus of the disease, still has high 
prevalence and incidence rates of ALS and PDC, despite declining 
over time (88). In this region, it is estimated that the prevalence 
of ALS is at least 73/100,000 and the prevalence of PDC is around 
53/100,000 (89).

The reason for the high disease incidence and prevalence in 
these regions is still not fully understood. The disparity was 
initially explained genetically due to ethnic groups living in 
these areas and having the disease (Chamorros in Guam and 
Rota, Japanese residents in the Kii peninsula and Honshu, Auyu 
and Jakai-speaking tribes on New Guinea Island in West Papua). 
Although they were studied (90,91), rapid decreases in incidence 
in a short time suggested that genetic explanations alone would 
be insufficient and some characteristics such as environmental 
or lifestyle and dietary habits would be more prominent in 
these isolated groups (92). This sudden decline in incidence 
may be due to the disappearance of an unknown and disease-
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related exposure, especially in Guam and neighboring regions, 
which are undergoing a rapid Westernization process in terms of 
lifestyle. According to the most discussed hypothesis, the seeds 
of the plant called cycas circinalis (cycad), which grew only in 
this region, were widely used in the traditional Chamorro diet in 
the 1950s and 1960s (93). These seeds contain a cyanobacterial 
neurotoxin (β-N-methylamino-L-alanine). It is suggested that 
the effect of this toxin, which is thought to affect nerve cells, has 
disappeared and the incidence of disease has decreased, especially 
with the rapid change of traditional dietary habits in Guam. 
Another theory is that the people of the region consume a local 
species of bat (Flying Fox) as food. This bat feeds on cycad and 
contains high doses of neurotoxin. This hypothesis is supported 
by the decrease in the incidence of ALS-PDC in Guam in parallel 
with the rapid disappearance of the bat population in the region 
(94).

The currently agreed view is that both genetic and 
environmental factors play a role in the Western Pacific foci.

Global Disease Burden and Reflection to the 
Future

The Global Burden of Disease Project aims to determine the 
burden of diseases and injuries globally and in individual countries 
using a standardized protocol and the same measurement methods. 
While evaluating the total burden of the disease, besides deaths, 
the limitations caused by the disability of the disease are also 
taken into consideration. One criterion used for this assessment is 
Disability Adjusted Life Year (DALY). DALY is the sum of years 
lived with disability caused by illness and the resultant of the 
years that death due to disease takes from the average expected 
life expectancy. While calculating the Global Disease Burden, 
all data belonging to the countries are collected and the missing 
data are attempted to be completed and estimated with advanced 
statistical methods (95). 

In the Global Disease Burden, ALS is examined in the category 
of motor neuron diseases and other rare motor neuron disorders. 
According to the latest Global Burden of Disease data, there were 
331,000 prevalent cases and 58,000 new incident cases worldwide 
in 2016 (95). The number of years lost or experienced with 
disability (DALY) caused by this disease group in 2015 was around 
910,000 years (96).

When we evaluate the disease and death rates observed so far, 
it is seen that 0.6 to 3.8 patients/100,000 population are added to 
the disease pool every year. The prevalence of the disease is between 
4.1 and 8.4/100,000. The increasing incidence and prolonging 
lifespan over the years will further increase the prevalence 
burden. In addition, the prediction of the mortality rate as 0.46-
1.7/100,000 and the fact that the incidence rates are above the 
mortality rates suggest that the prevalence pool will gradually rise 
and the disease burden will increase for an unpredictable period.

Age-specific ALS incidences increase with age, reaching the 
highest value in the 65-75 age range, and it tends to decrease from 
the age of 75 first in men and then in women (17). When the 
life expectancy is examined, the life expectancy in many regions 
with high population density (South and East Asia, Africa, South 
America) has not reached these ages as of now, but there is a rapid 
aging process in societies. In the near future, the age distribution 
of the population in these regions will develop in a similar 
direction to the countries of Northern Europe and North America. 
This will mean a significant population increase in the age group 
with a high risk of developing ALS and will cause an increase in 
the crude incidence and prevalence rates of ALS. A recent study 
of ten regions (China, Europe, Iran, Japan, Libya, New Zealand, 
Serbia, Taiwan, the USA, and Uruguay) and data covering 34% of 
the world’s population predicted future changes in ALS prevalence 
(97). These estimates are presented in Table 4.

When the incidence rates in these countries are reflected in 
the continental populations where they are located, it is predicted 
that the 222,801 patients present in 2015 will reach 376,674 in 
2040 (97). This increase will be largely due to the aging of the 
world population. As of today, the population at risk of ALS in 
underdeveloped and developing countries is proportionally lower 
than in developed countries. When the age structure of the world 
population was examined by years, the proportion of the population 
aged over 60 years was 8% in 1950, and reached 12% in 2013. 
Estimates for 2050 show that this ratio will reach 21%. In the 
underdeveloped and developing countries that accommodated the 
majority of the world’s population, the rate of the population over 
60 years old was 6% in 1950, and reached 9% in 2013. In 2050, 
this ratio will reach 19% (98). These countries have the lowest 
incidence of ALS today, and the population at risk of disease will 
increase significantly by 2050.

Table 4. Current number of patients with amyotrophic lateral sclerosis in 2015 and 2040 (expected) across ten geographic 
regions

Region Year-2015 Year-2040 Increase in the number of patients %
Libya 293 635 116.7

USA 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

Europe 29.208 35.024 19.9

Serbia 126 117 -7.1

New Zealand 265 391 47.5
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This increase is expected to be reflected in the ALS disease 
burden. Therefore, the increase in the number of current patients 
with ALS will be much faster in the developing world than in the 
developed world. In the next 25 years, the largest increase in the 
number of patients with ALS will occur in Africa with an increase 
of 116%. This continent will be followed by Asia with 81% and 
South America with 73% (97). Initially, it can be predicted that 
the increase in incidence in developing countries is higher than the 
prevalence, with the expectation that adequate care opportunities 
in health services are limited and early deaths are frequent. 
However, over time, with increasing care opportunities and life 
expectancy, the prevalence of the disease will increase significantly.

Situation in Turkey
ALS has entered as a new interest in  research area in Turkey. 

There was a study performed in Thrace on this subject that was 
completed and published (7). A new study has just been completed 
by Uysal et al. (99) in Antalya and is in the process of being 
published. According to the research conducted in Thrace, the 
incidence of ALS was found as 1.9/100,000 and the point prevalence 
was found as 7.3. The rates were located at a level between East 
Asia and North Europe-America worldwide. Although the data 
of the study conducted in Antalya were similar to these findings, 
the incidence (1.4/100,000) was lower than in Thrace. A declining 
trend in incidence and mortality rates was detected in different 
regions from north to south (80,81,82), yet despite the data being 
very early and insufficient, they are interesting for Turkey (7,99). 
Also in the Thrace study, the mean age at diagnosis was 57 years, 
the male/female ratio was 1.8, 22.1% of the patients had bulbar 
onset, and 77.9% of the patients had spinal onset (7). The average 
age at diagnosis in Antalya was 58.2 years, the male/female ratio 
was 2.0, the bulbar onset rate was 18.3%, and the spinal onset rate 
was 81.7% (99). The average delay in diagnosis from the beginning 
was 12 months. These findings demonstrate compliance with the 
links established between ALS and Turkey’s geographic location, 
socio-economic status, and population structure. 

Turkey is a developing country. According to the results of the 
Address-Based Population Registration System, the population 
over the age of 60 years was around 10,595,000 in 2018, making 
up 12.9% of the total population. In the reflections of the same 
data for 2060, it is estimated that the population aged over 60 
years will reach around 30,722,000 and its ratio in the total 
population will be 28.6% (100). This increase indicates that there 
will be a significant increase in the number of people at risk of 
ALS and that there will be a significant increase in the number of 
patients with ALS in Turkey in the coming years.

Conclusion
Although ALS is included in the group of rare diseases, it is 

a disease that puts both patients and their relatives in difficult 
situations due to the severity of the disability and obstacles 
caused by the disease, its continuous progression, the difficulty of 
patient care, and the resulting death. Despite the large number of 
studies on ALS, its rarity restricts studies on causal analysis. The 
low number of patients is the greatest problem. Most studies are 
focused on Europe and North America. Healthy data on this issue 
cannot be obtained from many settlements in the world. If we 
compare our epidemiologic knowledge of the disease with the life 

of a human being, ALS is like a newly talking child. For this reason, 
there is a need to conduct epidemiologic studies in regions of the 
world that are in the dark in terms of information about ALS with 
standardized diagnostic applications based on the same criteria, 
and to create an infrastructure that will allow data to be gathered in 
regions such as Europe and North America, to establish recording 
systems, and to conduct analytical-causal analyses. Reflecting 
the world population to the future shows that underdeveloped 
and developed countries will age rapidly, and parallel to this, the 
burden of chronic and degenerative diseases including ALS will 
increase significantly. It is vital to produce information that will 
prepare the ground for the necessary planning in order to alleviate 
this burden.
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