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Abstract
Background—Geographical differences in amyotrophic lateral sclerosis (ALS) incidence have
been reported in the literature, but comparisons across previous studies are limited by different
methods in case ascertainment and by the relatively small size of the studied populations. To address
these issues, the authors undertook a pooled-analysis of European population-based ALS registries.

Methods—All new incident ALS cases in subjects 18 years old and older were identified
prospectively in six population-based registries in three European countries (Ireland, United
Kingdom, Italy) in the two year period 1998-1999 with a reference population of almost 24 million.

Results—Based on 1,028 identified incident cases, the crude annual incidence rate of ALS in the
general European population was 2.16 per 100,000 person-years; 95% CI 2.0-2.3), with similar
incidence rates across all registries. The incidence was higher among men (3.0 per 100,000 person-
years; 95% CI = 2.8 to 3.3) than among women (2.4 per 100,000 person-years; 95% CI=2.2 to 2.6).
Spinal onset ALS was more common among men compared to women, particularly in the 70-80 year
age group. Disease occurrence decreases rapidly after 80 years of age.

Conclusions—ALS incidence is homogeneous across Europe. Sex differences in incidence may
be explained by the higher incidence of spinal onset ALS among males and the age-related disease
pattern suggests that ALS occurs within a susceptible group within the population rather than being
a disease of aging.

Introduction
Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease of unknown aetiology
that is characterized by rapidly progressive paralysis leading ultimately to death within three
to five years of symptom onset. The field of ALS epidemiology matured in the early 1990's
when a number of population-based registers were established to prospectively determine the
incidence of ALS in defined geographical regions. In contrast to previous retrospective and
mortality studies, the incidence rates published by these registries were remarkably similar,
ranging from 1.7 to 2.3 cases per 100,000 per year.1-8 This relative homogeneity is due to a
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confluence of factors inherent to registry design: first, each registry utilized prospective
ascertainment of cases (with consequent minimization of loss to follow-up); second, all
registries employed multiple sources of information to ensure complete case ascertainment
within their catchment area; third, each subject was followed over the course of illness to
confirm or refute the diagnosis of ALS and to facilitate collection of detailed clinical data
concerning the natural history of the disease; finally, a consensus diagnostic criteria for ALS
had been established in 1990, which allowed standardization of the diagnosis of ALS across
the different registers.9

Despite the methodological standards employed by each of these prospective, population-based
studies, each individual register is limited by the small size of its catchment population which
restricts the number of newly diagnosed cases ascertained each year, and by the nature of its
healthcare system. For example, the Irish population in 2000 was ∼4 million, meaning that the
Irish ALS register only enrolls ∼70 incident cases per year. Because of these limitations of the
individual registers, several important epidemiological questions remain unanswered: does the
incidence of ALS decrease among the very elderly (suggesting a decrease in the pool of
susceptible persons in the general population) or does the incidence continue to increase with
age (supporting the hypothesis that motor neuron degeneration is part of the aging process of
the CNS)?; is the incidence of ALS in women truly lower than in men, and if so, are gender
differences uniform across ALS subtype and age group?10 A clearer understanding of ALS
epidemiology would undoubtedly provide useful insights into genetic or environmental risk
factors that may be relevant to disease pathogenesis.

To address these important issues and to overcome size limitations of the individual registers,
we combined the epidemiological data collected by six European ALS registers for the two
year period, 1998 – 1999. These registers included the Irish ALS Register (catchment
population of 3.9 million Irish residents), the Scottish MND Register (5.1 million Scottish
residents), the Lancashire register (1.6 million residents in NorthWest England), the Piemonte
register (4.3 million residents in Northern Italy), the Lombardy register (4.9 million residents
in Northern Italy) and the Puglia register (4.1 million residents in Southern Italy). In this paper
we describe the epidemiology of ALS in this large dataset comprising almost 24 million people
collected across Europe.

Methods
ALS Registries

This study was based on data from six prospective, population-based ALS registers (see Table
1 for details). Each registry utilized multiple sources of information to ensure complete case
ascertainment of individuals diagnosed with ALS within their defined geographic area, and
identified cases were prospectively followed over the course of their disease. The provision of
free or heavily subsidized public medicine in Ireland, the United Kingdom and Italy ensured
that the entire population at risk of ALS was likely to visit a neurologist at some stage during
their illness and thus be ascertained by their respective register. Using the six ALS registers,
we identified all residents in the catchment populations in whom ALS was diagnosed during
the two year period from January 1, 1998, to December 31, 1999.

Diagnostic and residency criteria
All patients fulfilling the diagnostic criteria for suspected, possible, probable or definite ALS
according to the original El Escorial criteria were included in the current study.9 Cases of
progressive bulbar palsy, progressive muscular atrophy and primary lateral sclerosis were also
included among the incident cases for this study. All patients underwent neurophysiological
testing on at least one occasion. Patients for this study must have established residency in their
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respective catchment area for at least one year before diagnosis, thus excluding those who
might have migrated into the area for diagnosis or treatment.

Data management
Demographic and clinical data were available for each individual diagnosed with ALS included
in the current study. Site of symptom onset was recorded as either spinal-onset or bulbar-onset
disease. Generalized-onset disease was classified as bulbar-onset disease by convention. Age
at time of symptom onset and age at diagnosis were recorded as whole years. Delay in diagnosis
was the period between symptom onset and establishment of the diagnosis of ALS.
Anonymized data were submitted to a central coordinating office at Mario Negri Institute in
Milan, Italy for data analysis. Statistical analyses were performed using SAS version 9.1 (Cary,
NC). The collection of patient clinical data for each register was approved by the appropriate
local Ethical Committee.

Data analysis
The entire population of each catchment area older than 18 years was considered to be at risk
of developing ALS. The lower age limit was defined by the El Escorial criteria to avoid
diagnostic confusion with juvenile onset motor neuron diseases.9 Age- and gender-specific
incidence rates for the European population were calculated from the observed numbers of
new cases for all six registers combined, divided by the combined age- and gender-specific
person-years of observation estimated from census data for each geographical region. Rates
were also calculated separately for individual catchment regions. To compare the incidence
rates of ALS between these six geographical regions, differences in the demographic structure
between populations were corrected by adjusting the incidence rates of each population to the
2000 European population using the direct method.11 Ninety-five percent confidence intervals
were based on Poisson distribution or on normal approximation to the Poisson.

Results
During the two-year study period from January 1, 1998 to December 31, 1999, 1,028
individuals residing within the six catchment areas were diagnosed as having suspected,
possible, probable or definite ALS. Of these, 154 patients were Irish residents, 231 patients
were Scottish, 54 resided in Lancashire& South Cumbria (UK), and 589 were Italian patients
residing in Piemonte (n = 265), Lombardy (n = 194) and Puglia (n = 130). The combined
catchment population of the six ALS registers was 47.7 million person-years.

Incidence of ALS in Europe
Based on the 1,028 newly diagnosed cases, the average annual crude incidence rate of ALS in
Europe was 2.16 per 100,000 person-years (95% CI=2.0 to 2.3). The average annual crude
incidence rate for the European population 18 years and over was 2.7 per 100,000 person-years
(95% CI=2.5 to 2.9, Table 2).

Male and female incidence of ALS in Europe
There was a predominance of men among the ALS incident cases: 554 versus 474 women. The
male and female annual crude incidence rates in the population 18 years and over were 3.0
(95% CI=2.8 to 3.3) and 2.4 per 100,000 person-years (95% CI=2.2 to 2.6; ratio of male: female
incidence rates = 1.3, Table 2). To explore the possibility that the apparent male/female
differences were due to gender-based variations in demographic structure, we directly adjusted
the male and female incidence rates to the 2000 European population. The rate of ALS remained
higher among men than among women after adjustment, (3.1 and 2.2 per 100,000 person-years
among men and women after adjustment; male:female incidence rate ratio = 1.4).

Logroscino et al. Page 3

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2011 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Table 2 shows the age- and gender-specific incidence rates for the combined European cohort.
Incidence rates generally increased with advancing age in both men and women, increasing
rapidly after the age of 40 years, reaching a peak at 70 to 74 years for men and 65-69 years for
women and declining thereafter. Median age at diagnosis of ALS was 65.2 years (interquartile
range, 56.0 to 72.2 years) for men and 67.0 years (interquartile range, 59.0 to 74.0 years) for
women. The variability of the estimates (i.e. the 95% CI) increased among the elderly due to
the smaller numbers of cases diagnosed among this demographic group: there were 68 patients
over age 80 representing 6.6% of the total cohort and only 22 patients were older than 85 years
of age (1.9% of total cohort).

Clinical features of ALS in Europe
Clinical features of the incident cases for those aged 18 years and over are shown in Table 3.
634 (61.2%) of the 1,028 ALS cases presented with purely limb symptoms, 310 (30.1%) had
bulbar or generalized symptoms at onset and the site of symptom onset was unspecified among
the remaining 84 (8.2%) patients. Age- and gender-specific incidence rates of generalized or
bulbar ALS were similar among men and women with only a slightly higher incidence among
women in the oldest age group (Figure 1). In contrast, the incidence of spinal onset ALS was
significantly higher for men compared to women, particularly between the ages of 65 and 84
years when the incidence of ALS reached its peak (Figure 1).

The overall (male and female) age-adjusted incidence rate for spinal ALS was 1.7 per 100,000
person-years (95% CI, 1.6 to 1.9). Stratified by gender, we observed an age-adjusted incidence
rate for spinal ALS of 2.3 (95% CI, 2.0 to 2.5) for males and 1.3 per 100,000 person-years
(95% CI, 1.2 to 1.5) for females. The overall (male and female) age-adjusted incidence rate
for bulbar and generalized ALS was 0.8 per 100,000 person-years (95% CI, 0.7 to 0.9).
Stratified by gender, we observed an age-adjusted incidence rate for bulbar and generalized
ALS of 0.8 per 100,000 person-years (95% CI, 0.6 to 0.9) and 0.8 per 100,000 person-years
(95% CI, 0.7 to 0.9).

Two thirds of European ALS patients met the El Escorial criteria for probable or definite ALS
at the time of their diagnosis and thus would have been considered eligible for clinical trials
(680 patients, 66.1%). However, the percentage of trial eligible patients varied considerably
across Europe from 37.0% in Lancashire to 82.5% of patients in Ireland. The mean time from
symptom onset to diagnosis across the six ALS registers was 370.9 days (±372.4), while the
median time was 270 days (Interquartile range, IQR, 175-421). We did not observe a significant
difference in median diagnostic delay between patients with bulbar or generalized onset
(median (IQR) = 247 (170.8-388.2) days) compared with those with spinal onset (median (IQR)
=278 (176-450) days, Wilcoxon rank sum p=0.22).

Variation in incidence and clinical characteristics of ALS across Europe
The incidence of ALS in each of the six catchment areas is shown in Table 4. After direct
adjustment to the 2000 European population, the overall incidence rate of ALS was lowest in
Lancashire (1.5 per 100,000 person-years) and highest in Ireland (2.7 per 100,000 person-
years). The reference population for the Lancashire was much smaller than in the other five
registries, which may have contributed to a less precise estimate. This is reflected by the large
95% confidence interval associated with the Lancashire estimate (95% CI, 1.1 to 1.9).

The clinical features of ALS in each of the six catchment areas are reported in Table 3. After
adjustment, the highest incidence rate of spinal ALS was observed in Piemonte (1.7 per 100,000
person-years, 95% CI=1.5 to 2.0), whereas the lowest was observed in England (0.9 per
100,000 person-years, 95% CI=0.6 to 1.2). The adjusted incidence rate of bulbar ALS was the
highest in Ireland compared to its occurrence among those in both Puglia and Scotland. The
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median age at onset was highest in Scotland and Lancashire (68.7 years and 67.9 years,
respectively). Lombardy and Ireland had the lowest median age at onset of all the registries
(62.8 years and 64.7 years, respectively, Table 3). The number of familial cases was higher in
Ireland compared to Piemonte and Puglia, though family history data was limited to these three
regions (Table 3). The mean diagnostic delay was 499.7 days (±359.6) in Lancashire compared
to Ireland, which had a mean diagnostic delay of 466.6 days (±566.0). The lowest mean
diagnostic delay was observed in Lombardy and Piemonte (321.4 ± 290.3 days and 334.1 ±
290.3 days, respectively, Table 3). After adjustment, the lowest incidence for females was
observed in Puglia (1.2 per 100,000 person-years, 95% CI=0.8 to 1.5). Among males, the lowest
incidence rate was observed in Lancashire (1.5 per 100,000 person-years, 95% CI=0.9 to 2.1).
An incidence of 2.8 per 100,000 person-years for males was observed in both Ireland (95%
CI=2.1 to 3.5) and Scotland (95% CI=2.3 to 3.2). The highest incidence among females was
observed in Ireland (2.6, 95% CI=2.0 to 3.2). After adjustment, the male:female incidence rate
ratio was 1.1 in both Lancashire and Ireland. The highest male:female incidence rate ratio (1.8)
was observed in Puglia.

Discussion
This study reports the incidence and clinical features of ALS in Europe based on nearly 50
million person-years of observation collected from six ALS registers that are actively
maintained in Ireland, Scotland, England and Italy. The large number of ALS patients collected
in this study (n = 1,028) allowed the epidemiology of this fatal neurodegenerative disease to
be accurately quantified. Pooling of data was possible because the six European ALS registries
utilized matching study designs including multiple sources of information to ensure complete
case ascertainment within a large catchment area, longitudinal follow-up of patients to ensure
accuracy of the diagnosis of ALS and the application of uniform standard diagnostic criteria.

The current study found the incidence of ALS in Europe to be 2.1 per 100,000 person-years.
This figure is very similar to previous reports of ALS incidence at different time intervals from
these registers1-8 and from other epidemiological studies based on the US population12,
indicating that it is likely to be accurate and representative of the true rate of ALS among white
Caucasian populations. It is worth noting that each register employed slightly different sources
of information (Table 1) within disparate healthcare systems of different countries across
Northern and Southern Europe. This suggests that there was no systematic bias arising from
the manner in which registries collect case data within a population. Furthermore, the uniform
frequency of ALS suggests that the same environmental and/or genetic factors may underlie
disease within the white population.

In previous studies the small number of ALS patients and general population over the age of
80 has hampered accurate measurement of incidence among this age group. Analysis of the 70
cases over the age of 80 reported in the current study clearly demonstrates that the frequency
of motor neuron degeneration decreases among the very elderly, and suggests that the pool of
susceptible individuals in the population is reduced after a certain age. A similar age pattern
has been described in sporadic Alzheimer's disease13 where it is known that the frequency of
ApoE4, the major genetic risk factor for the sporadic form of Alzheimer's disease, is lower
among the elderly compared to the other age groups in the general population.14;15 Although
compelling, the results of the current study should be interpreted cautiously, as case
ascertainment among the elderly may be problematic for a number of reasons: exclusion of
ALS mimic syndromes is more difficult among this age group; the shorter survival interval
associated with disease in the elderly mean that such patients may die before reaching
diagnostic neurological services; finally, physicians may avoid an unfavorable diagnosis such
ALS in subjects with short life expectancy because of their age.16
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The higher incidence of ALS observed among men in our study is consistent with past research,
but the magnitude of the difference was smaller than previously reported. Our data indicates
that these gender-based differences incidence were largely due to the higher occurrence of
limb-onset ALS among men. Limb-onset ALS was two-fold more common among European
men than among women at all ages, particularly in the 70 – 80 age group. In contrast, women
had only a slighter higher incidence of limb-onset compared to bulbar generalized across age
groups. Similar findings have been reported in the Italian and in Irish populations.7;8 Though
a precise etiological interpretation is not possible, we speculate that gender-based differences
in site of disease onset may be due to the involvement of a gender-related environmental risk
factor. For example, repeated traumatic events and strenuous physical activity have been
proposed to be risk factors for ALS and are more common in men because of occupational or
sport activities.

Some limitations of our study should be considered. Individuals with ALS who did not seek
medical attention or who died prior to establishing the diagnosis would not have been enrolled
in the registers. This is particularly a concern among the elderly. In subjects with Parkinson
disease, door to door surveys have shown that almost 40% of patients remain undiagnosed
even in countries with public healthcare systems17, but this method of collecting
epidemiological data is not feasible in ALS epidemiological research because of the relatively
low incidence of the disease. However, the similarity of ALS incidence figures across Europe,
despite the use of different sources of case ascertainment, suggests that the number of
undiagnosed cases is low. Furthermore, capture-recapture studies, which is the most reliable
assessment of case ascertainment, demonstrates a high ascertainment rate for ALS registers.
2;18 Finally, the inclusion of patients diagnosed with progressive muscular atrophy (i.e.
suspected ALS according to the El Escorial criteria9) and primary lateral sclerosis (i.e. possible
ALS) may have falsely inflated incidence rates across the various registries, as there is debate
as to whether these diagnostic entities truly represent ALS. This effect was likely to be minimal,
as longitudinal studies indicate that the majority of such cases progress clinically and ultimately
meet the criteria to be reclassified as probable or definite ALS.19

Minor differences in study design between the registers are unavoidable and are largely driven
by local healthcare infrastructure. The Italian registers utilized a dense network of neurological
departments, neurophysiology units and neurologists working in each health district. In Ireland,
Scotland and England, the number of neurological facilities and neurologists were limited and
the referral patterns were simpler. A family study of ALS is currently underway in Ireland
which may explain the higher number of familial ALS cases observed in this region. Perhaps
the most striking difference between the registers is the higher occurrence of bulbar-onset ALS
in the Irish population compared to the Italian population – this is also reflected in the difference
in gender incidence rate ratio between the two regions. It is possible that the rate of bulbar-
onset is higher in Ireland than on continental Europe as a function of the slightly higher rates
of familial ALS population, though there is no indication that bulbar-onset disease is commoner
among familial cases. It is also possible that there are regional differences in how neurologists
classify patients as bulbar- or limb-onset disease, and it is noteworthy that the El Escorial
diagnostic criteria do not standardize reporting of site of symptom onset.

Finally, our current study reports a similar incidence of ALS among three distinct European
sub-populations, namely from Celtic, Anglo-Saxon and Mediterranean regions. Although these
distinct ethnic groups are representative of European heritage, it remains possible that the
incidence of ALS is different in other European regions such as Central or Eastern Europe,
Scandinavia, or Southwestern Europe. Furthermore, the analysis of ALS epidemiology
reported in the current study may be relevant only to white Caucasians, whereas the pattern of
ALS occurrence among other ethnic groups is largely unknown and requires further
investigation.20,21
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Figure 1.
Age- and gender-specific incidence rates of ALS in Europe during the two-year period
1998-1999 classified according to site of onset†
† Generalized-onset ALS is classified as bulbar-onset ALS by convention
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Table 1

Methodological details of the six ALS Registers used to estimate epidemiology of ALS in Europe.

Sources of case information Population size Year case ascertainment
commenced

Area (km2)

Ireland4,8 ALS specialist clinics, neurologists,
neurophysiologists, neuropathologists,
neurosurgeons, primary care physicians,
and local charitable organizations

3,917,203 (2002 census) 1993 70,273

Lancashire, UK3 ALS specialist clinics, neurologists,
neurophysiologists, hospital discharge
databases

1,623,667 (2001 census) 1986 5,706

Lombardy, Italy7 ALS specialist clinics, neurologists,
neurophysiologists, hospital discharge
databases, and local charitable
organizations

4,947,554 (2001 census) 1998 23,851

Piemonte, Italy5 ALS specialist clinics, neurologists, and
hospital discharge databases

4,341,733 (2006 est.) 1995 28,662

Puglia, Italy6 ALS specialist clinics, neurologists,
hospital discharge database, and local
charitable organizations

4,086,613 (2001 census) 1998 19,357

Scotland1,2 ALS specialist clinics, neurologists,
neurophysiologists, hospital discharge
databases, mortality databases, and local
charitable organizations

5,062,011 (2001 census) 1989 78,772
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