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Abstract The objective of this study is to determine the

current distribution of clinical phenotypes and to estimate

future trends of ALS incidence in Western societies. We

report on a clinical-epidemiological registry with a cap-

ture–recapture rate of[80% and population-based case–

control study in ALS patients in South Western Germany.

1163 incidents of ALS were registered. Clinical and neu-

ropsychological data were prospectively collected from

699 cases. The mean age at onset was 66.6 (SD = 11.6)

years in prospective cases (N = 699). The site of onset was

more frequently bulbar (34.1%) than lumbosacral (30.7%),

cervical (27.0%), or thoracic (3.1%). Cognitive deficits

(ranging from 27.5 to 42.1%, depending on the screening

instrument) and behavioral changes (29%) were frequently

detected. The incidence rate dropped markedly after

79 years of age, and bulbar onset as well as cognitive

impairment were more frequent in ALS cases[75 years.

The mean survival time of ALS cases from first paresis was

31 months. The age-standardized incidence rate (ASR) of

ALS in 2012/2013 was found to be 2.4 (95% CI 2.2–2.7)

per 100,000 person-years (resulting in an ASR of 3.1/

100,000 with 100% coverage). Based on the predicted age

distribution of the German population, the incidence of

ALS was estimated to be 4.5/100,000 for men and 3.3/

100,000 for women in the year 2050. ALS prevalence will

rise to about 9.2–9.8/100,000 person-years in Germany in

2050. An increased proportion of patients with bulbar onset

and/or cognitive deficits can be used as basic epidemio-

logic data on ALS for future health care decisions.
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Introduction

ALS is the most frequent adult-onset motor neuron disease,

with a typical onset after 60 years of age, and disease

progression leading to death, mostly by respiratory insuf-

ficiency within 3–5 years after onset. Thus, ALS is char-

acterized by a high morbidity and high case-fatality rate, an

urgent need of palliative care management, and intensive

use of medical services [1]. Due to severity of symptoms,

the lack of an efficient treatment, and relentless progres-

sion, ALS has a devastating impact on patients, their

families, caretakers, and the society.

Over the past years, our understanding of the ALS

pathomechanisms has greatly increased, with the identifi-

cation of a number of causative mutations and the recog-

nition of the sequential spreading pattern of clinical

symptoms which is thought to mirror the patho-anatomical

spreading of pTDP43 protein pathology [2, 3]. This new

understanding resulted in revised classification criteria [4].

ALS is characterized by heterogeneous clinical pheno-

types, including varying age and sites of onset, rates of

progression of motor symptoms, as well as an occurrence

of cognitive impairment related to the dysfunction of the
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frontal cortex. Importantly, this clinical heterogeneity

appears to influence prognosis, with older age or a bulbar

site of onset associated with a worse prognosis. Symptoms

of frontal dysfunction may also be risk factors for rapid

progression, since ALS registries in USA and Europe have

reported cognitive changes to predict ALS progression

[5, 6]. However, the screening of cognitive profiles is a

time-consuming task. Despite it has a potential high

prognostic and clinical value, it remains scarcely reported.

In Western societies, characterized by progressive aging

of the population, the incidence of ALS is expected to

consecutively increase. Furthermore, the aging of the

population might alter the pattern of clinical and cognitive

phenotypes of ALS patients towards phenotypes associated

with older age. In 2010, we initiated the ALS Registry

Swabia in South Western Germany [7], which is now

among the largest European ALS registries [8]. A capture–

recapture rate of 81.1% indicates a high level of com-

pleteness, mandatory for predicting reliable future inci-

dence rates [9]. The objective of this study was to

characterize the core epidemiologic and clinical data of

ALS in Southern Germany and to predict how the epi-

demiology of ALS will be altered by 2050, if current

demographic trends are maintained.

Methods

The ALS Registry Swabia has been described previously

[7, 9]. From 01.10.2010 to 31.12.2014, the ALS data

(N = 699) were collected prospectively (Fig. 1) in the

catchment area of 36,386 km2 with 8,478,200 inhabitants

(in 2009 according to the Federal Statistical Office). In

2012, about 12% of the population was made up of

immigrants in Southwest Germany, of which about 40%

came from other European countries (Statistics Baden

Württemberg http://www.baden-wuerttemberg.de/de/

unser-land/land-und-leute/bevoelkerung, accessed 11 Jan

2017). Regional collaboration partners (neurologists at

currently 41 inpatient and outpatient clinics) identified

ALS patients, obtained written informed consent, and then

notified the ALS registry at Ulm University. Duplications

of records were excluded within the database. Complete-

ness is estimated to be 81.1% in the catchment area in a

capture–recapture analysis without any statutory reporting

requirement. To deal with the double reporting of ALS

cases, ascertainment was estimated by five data sources

(registry, university clinics, clinical centers, small hospi-

tals, and private neurological practice doctors) and esti-

mated with log-linear model approach. The percentage of

missing ALS cases in the target population was estimated

to be 18.9% [9]. All participants underwent full neuro-

logical and neurophysiological examination performed by

the collaborating neurologists. A standardized data col-

lection sheet was used to record the patients’ demographic

data, clinical history, date of onset (first paresis), date of

diagnosis, site of onset, disease phenotype, and results of

the diagnostic assessment (electromyography, laboratory

values, MRI). If possible, interviews were conducted dur-

ing individual home visits.

We reviewed the medical records of all prospective ALS

cases aged 18 years and older; the diagnosis was verified

and classified according to the original El Escorial diag-

nostic criteria (EEC) [10, 11]. Clinical phenotypes of motor

neuron diseases were defined as lower motor neuron pre-

dominant (PLMD) (second motor neuron involvement in at

Fig. 1 Overview of ALS cases

in the ALS registry Swabia

diagnosed between 10/2008 and

12/2014 and the embedded

population-based case–control

study
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least two body regions) and upper motor neuron predom-

inant (PUMN) (primary lateral sclerosis cases with only

minor signs of second motor neuron involvement). Patients

with PUMN and PLMN were also prospectively included

in the registry. ALS mimic syndromes like spinal muscular

atrophy, spinobulbar muscular atrophy (Kennedýs disease),

cervical myelopathy, inclusion body myositis, and multi-

focal motor neuropathy were excluded.

Based on the prospective registry, a case–control study

(N = 405 ALS cases) has been implemented [12]. All

living patients in the target population had the chance to

participate in the case–control design and were included if

they wished. Two age- and sex-matched controls for each

patient were randomly sampled from the same geographic

area. In this study, we focus on data of ALS patients

prospectively recruited in the registry and ALS patients

with comprehensive neuropsychological testing recruited

in the case–control study.

In addition, prospectively registered ALS patients were

actively followed-up by interview on an annual basis. For

all cases, vital status was checked annually by record

linkage with the state of Baden-Wuerrtemberg central

registration database and requests in the regional registra-

tion offices. Censoring date for the survival analyses was

June 18, 2015.

Full ethical approvals of the Ethical Committee of the

University of Ulm (No. 11/10), the Medical Association of

the state of Baden-Wuerttemberg (Landesaerztekammer,

No. B-F-2010-062), and the Medical Association of the

state of Bayern (No. 7/11300) were obtained.

Neuropsychological screening

N = 348 ALS patients (of the 405 patients included in the

embedded case–control study) underwent cognitive

screening (N = 57 were physically incapable to perform

neuropsychological tests or had to be excluded due to

incomplete tests). N = 214 were screened with the Mon-

treal Cognitive Assessment (MOCA) and the Frontal

Assessment Battery (FAB). The Edinburgh Cognitive and

Behavioral ALS Screen (ECAS) was established in 2013,

and thereafter, this ALS-specific neuropsychological

screening tool was used in N = 138 ALS cases; 4 cases

involved in MOCA, FAB, and ECAS. Cognitive impair-

ment was defined as total scores below the standardized

cut-off scores (for MOCA\26 points [13]; for FAB B12

points [14]; for ECAS, age- and education-adjusted scores

were used according to Lulé et al. [15]). For FAB and

MOCA, patients with motor impairment received an

adjusted total score (total score achieved divided by total

score possible to achieve). As ECAS is adapted to motor

impairments, no such adjusted score had to be provided. In

addition, behavioral data were acquired for N = 110

patients with ECAS interviews of caregivers (all first-de-

gree relatives).

Statistical analysis

Crude and age-standardized incidence rates (ASR) were

calculated using the European standard population for the

year 2013. We calculated rates for the complete years 2012

and 2014 only. Corresponding confidence intervals were

based on normal approximation. The prevalence rate was

estimated as product of the incidence rate and mean sur-

vival. Forecasts of age-standardized incidence rates by

2050 were based on population projections for the Federal

Republic of Germany [16] and the observed cumulated

case count within the ALS Registry Swabia, from 2012 to

2013. Prediction models were calculated for two scenarios

of demographic aging, one with high increase (scenario 1)

and the other with moderate increase of the older popula-

tion (scenario 2).

Statistical analyses were performed using SAS 9.4 (SAS

Institute Inc., Cary, NC, USA) and IBM� SPSS Version

21.0. Categorical data are described as absolute frequencies

and ratios. The Kaplan–Meier method was used to calcu-

late survival probabilities. All statistical tests were two-

sided and the significance level was set at p = 0.05.

Results

Clinical phenotype

We analyzed data from 699 registered ALS patients after

the first 6 years of observation in the study region (Fig. 1).

As expected, ALS was more prevalent in men than in

women over the whole observation period (ratio 1.24:1), in

the prospective arm of the registry (ratio 1.33:1) as well as

in the subpopulation included in the case–control study

(ratio 1.35:1). Information on the onset and the diagnosis

during the prospective phase could be collected in N = 648

patients. Bulbar (N = 221; 34.1%) was more common than

lumbosacral (N = 199; 30.7%), cervical (N = 175,

27.0%), or thoracic (N = 20; 3.1%) onset (Table 1) with

similar distribution in the case–control sample. In the

remaining patients (5.1%), onset could not be clearly

defined retrospectively. The mean duration from onset to

diagnosis was 6.8 (SD = 6.1) months. 15.2% had pre-

dominant lower motor neuron disease and 2.7% primary

lateral sclerosis (data not shown).

Neuropsychological screening

In the cognitive screening tests performed in the case–

control study (N = 347), 27.5% were cognitively impaired
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when applying cutoffs of ECAS, 42.1% with MOCA, and

12.4% with FAB.

According to the diagnostic evaluation of the corre-

sponding neurologists, 3.1% of prospectively observed

ALS patients fulfilled the criteria of behavioral fronto-

temporal lobar degeneration (bvFTD) and an additional

1.6% was diagnosed with suspected FTD. For those with

behavioral data (N = 110), 32 patients (29%) exhibited

behavioral changes. Ten patients (9%) were abnormal in

more than three domains and, therefore, fulfilled the cri-

teria of a behavioral variant of FTD. Apathy was the most

common behavioral change (N = 19), followed by loss of

compassion (N = 14), stereotyped behavior (N = 8),

hyperorality (N = 7), and loss of empathy (N = 5).

During the median follow-up (from date of onset) of

37.0 months of 646 patients, 392 (61%) died. Overall, the

1-year case-fatality rate from diagnosis was 28% (95% CI

25–32%). Concerning the case-fatality by site of onset,

bulbar onset showed a worse prognosis than cervical onset

(p value 0.0002, log rank test) (Fig. 2). Prognosis of

patients with criteria defining higher levels of certainty

(definite or probable ALS) was worse compared to lower

levels of certainty (suspected or possible)

(p value\0.0001). Patients with cognitive impairment also

had a worse prognosis than cognitively normal individuals

(p value 0.0065).

Epidemiology

During the prospective phase, mean onset age of ALS was

66.6 (±11.6) years, with a peak of the age-adjusted inci-

dence between 75 and 79 years (Fig. 3, panel A,

Table 1 Characteristics of ALS

cases in the prospective part of

the ALS registry Swabia, in

Southwest Germany (10/

2010–12/2014) and the

embedded case–control study

Prospective registry Case–control study

N 663a 405

Age at onset (years), mean (std) 66.6 (±11.6) 64.9 (±11.0)

Male (N = 379) 66.0 (±12.1) 64.2 (±11.3)

Female (N = 284) 67.5 (±10.8) 66.0 (±10.4)

Cognitively impaired (N = 133)b 68.1 (±10.3)

Male (N = 83) 67.3 (±10.9)

Female (N = 50) 69.5 (±9.0)

Without cognitive impairment (N = 215)b 63.0 (±10.4)

Male (N = 125) 62.7 (±11.1)

Female (N = 90) 63.4 (±9.6)

Onset site, N (%) 648 401

Bulbar 221 (34.1) 126 (31.4)

Cervical 175 (27.0) 113 (28.2)

Thoracic 20 (3.1) 15 (3.7)

Lumbar 199 (30.7) 129 (32.2)

Uncertain 33 (5.1) 18 (4.5)

Revised El Escorial criteria, N (%) 661 405

Clinically suspected 123 (18.6) 69 (17.0)

Clinically possible 87 (13.2) 48 (11.9)

Clinically probable 211 (31.9) 140 (34.6)

Clinically probable—lab.-supported 149 (22.5) 101 (24.9)

Clinically definite 91 (13.8) 47 (11.6)

Diagnostic delay (months), mean (std) 6.8 (±6.1) 6.5 (±5.9)

Survival from diagnosis (months), mean (std) 25.1 (±0.77) 27.7 (±0.94)

Survival from onset (months), mean (std) 31.0 (±0.72) 33.5 (±0.88)

ALSFRS score, mean (std) 37.2 (±7.4)

Male (N = 232) 37.8 (±7.5)

Female (N = 169) 36.4 (±7.2)

Family history of ALS/FTLD, N (%) 28 (4.2) 17 (4.2)

Sum may not always add up to total because of missing values for items
a Of 699 prospective cases, information on onset and diagnosis was available for 663
b Neuropsychological screening was available for 348 patients within the case–control study
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supplemental Table 2). The mean age of onset was similar

in men (66.0 years) and women (67.5 years). Incidence

rates markedly decreased in the age groups over 79 years.

Bulbar onset has its peak in the older age groups[75 years

and showed a more pronounced age-related pattern than

spinal onset (Fig. 3, panel B). The percentage of cognitive

impairment also rose after 70 years (Fig. 3, panel C).

The ASR was 2.5 (95% CI 2.3–2.8) in the period

2009/10 and 2.4 (95% CI 2.2–2.7) per 100,000 person-

years (PY) in the period 2012/2013. The comparison of

ASRs at county level revealed two areas with an incidence

of over 4 per 100,000 PY in 2012/2013 (supplemental

Fig. 5). Considering the coverage of 81.1% of our registry,

this results in an expected age-adjusted incidence rate in

Swabia of 3.1/100,000. With a mean survival of

31.0 months (from date of onset), the prevalence of ALS is

about 8 per 100,000 person-years, meaning that about 6400

patients with ALS are currently living in Germany.

Based on extrapolation algorithms for the year 2050

[16], the predicted incidence rate for moderate demo-

graphic change (scenario 1) was estimated with 3.7 (95%

Fig. 2 Kaplan–Meier curves to depict prognosis of ALS after

diagnosis in the prospective part of the ALS registry Swabia by

common onset sites (N = 605) and diagnostic certainty (N = 645) as

well as cognitive impairment (N = 348) in screening tests

Fig. 3 Observed ALS incidence by age at diagnosis in the prospec-

tive part (2012/2013, N = 399) of the ALS registry Swabia. Panel

a by sex, panel b by onset type of ALS, and panel c proportion of

cognitive impaired by age
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CI 3.1–4.2) for men and 2.7 per 100,000 PY (95% CI

2.3–3.1) for women (Fig. 4) without extrapolation of the

coverage rate. With extrapolation to a 100% coverage rate,

the predicted incidence rate rises to 4.5 for men and 3.3 for

women with a 100% coverage. For more accelerated

demographic change (scenario 2), the numbers were 4.0

(95% CI 3.4–4.7) and 3.7 (95% CI 3.1–4.2) per 100,000

PY, respectively. This would results in an estimated inci-

dence rate of 4.9 for males and 4.6 for females and a

prevalence of 9.2–9.8 per 100,000 if we assume 100%

coverage.

Discussion

In this population-based registry study that followed 699

prospective ALS cases, we observed age-adjusted inci-

dence rates within the reported range of other European

countries. The highest age-specific rates were found in

older age. Our projections for the year 2050, based on

expected demographic changes, indicate a considerable

increase of both the incidence and the prevalence of cases

with bulbar onset and cognitive impairment. This will

result in a meaningful impact of the ALS-related burden of

disease, both for the individual as well as for society.

The ALS registry in Swabia has registered more than

1100 ALS cases since 2008. Clinical characteristics like the

age of onset and the gender ratio in South Western Ger-

many were consistent with German data from Rhineland-

Palatinate [17, 18] and other European data from Piemont,

Scotland, France, The Netherlands, and Ireland [19–23]. In

addition, the incidence rate of ALS with 3.1 estimated

cases per 100,000 person-years (PY) in the ALS registry

Swabia was within the upper range of other European

registries [8, 24, 25]. As we applied the same methods for

retrospective and prospective data collection, a comparable

capture-recapture-rate of 81% (estimated for retrospective

data only) can be assumed for the prospective data [9].

Compared to other industrialized countries, we estimated

higher incidence rates compared to reports from Olmsted,

USA (Mayo clinic: incidence 1.7/100,000 N = 77) [26]. In

some Western countries, such as France, Sweden, and

Finland, a so far unexplained rise in incidence has been

reported [27–29]. However, the registry in Olmsted

reported no increase in incidence over an observation

period of 73 years (1925–1998).

Consistent with our results, age-adjusted incidence in

Europe is reported to be the highest in the age group of

70–74 year-old individuals [8, 21, 30]. This is also a

characteristic pattern for many cancer types with the inci-

dence increasing up to a maximum at about age 75? years

followed by a decline or a leveling off at the oldest ages

[31]. Whether the leveling off for the oldest-old is real or

an artifact caused by selection and less accurate diagnosis

can only be addressed in registries with high coverage and

access to old patients under neurological care. The ratio of

males to females has been reported to be as high as 2.6:1

[24], but due to the demographic changes, gender ratio

seems to be converging as described in recent studies

[32, 33].

The demographic change in industrialized countries will

inevitably lead to an increasing incidence of all age-related

diseases, including ALS. The predicted incidence rates by

2050 build on two assumptions: a stable diagnostic

approach to ALS and the available predictive models for

the German population. Both scenarios revealed increasing

incidence rates for coming decades. Until now, the burden

regarding ALS patients, caregivers, health care systems,

Fig. 4 Predicted ALS incidence till 2050 by sex using the observed

ALS cases in the years 2012/2013 (N = 399) based on two population

projections. Scenario 1 younger population: high birth rate (1.6

children/woman), low life expectancy (when born in 2060: boys

84.8/girls 88.8 years), and high migration balance (200,000/year).

Scenario 2 older population: low birth rate (1.4 children/woman),

high life expectancy (when born in 2060: boys 86.7/girls 90.4 years),

and low migration balance (100,000/year)
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and society has scarcely been investigated. Valid risk factor

assessments and epidemiologic estimations for the future

are highly important for both individual prognosis and the

national health care system. In case of ALS, an increase in

bulbar onset variants and cognitively impaired patients can

be expected, since a trend towards older onset in cogni-

tively impaired status and bulbar onset is already

detectable now.

The diagnostic delay in our study was in the range of half a

year and lower than in many previous studies (8–15 months)

[19–21, 26, 34], possibly indicating improvement in the

diagnostic process and the awareness of ALS within well-

established registries and networks for ALS.

In our registry, the 1-year case-fatality rate from diag-

nosis was 28%, which is comparable with studies finding

34% in another German region [17], 22% in Europe [32],

18% in Italy [35], and 34% in Washington State (USA)

[36]. As expected, in all mentioned studies, bulbar onset

was associated with the worst prognosis, compared to

spinal onset. These observations are consistent with our

findings. Our observation, that high prognostic certainty is

a negative prognostic factor in ALS, is also consistent with

other studies [17, 35].

There were no substantial differences between the

patients selected in the case–control study and the entire

prospective group. A potential bias could be that only

patients in better health conditions consented to an inter-

view/home visit. However, due to lack of differences in

core epidemiologic and clinical features, we assume that

case–control data can represent the whole prospective part

of the registry.

The three neuropsychological screening tools used in

this study provided different results as they measure dif-

ferent cognitive domains. The FAB is designed to check for

frontal cortical deficits, whereas the MoCA is designed to

detect signs of Alzheimeŕs disease. Only the ECAS is

specific for cognitive domains known to be involved in

ALS and adjusted to motor impairments in patients. Out-

come measures of the cognitive performance in ECAS

were comparable to previous studies [13]. We see a higher

frequency of FTD when neuropsychological screening tests

are rigorously applied. Therefore, we recommend early

and, if possible, longitudinal testing for fronto-temporal

deficits. The exact estimation of the expected degree of

behavioral deficits and number of FTD cases is important

for prognostic estimates, especially bearing in mind the

heavy impact on the burden of care [37].

Another study also reported a more aggressive disease

phenotype in cognitively impaired patients with faster

motor and cognitive decline [5]. This observation is con-

sistent with our mortality data.

Among the strengths of our study are the prospective

design and the standardized data collection with a capture–

recapture rate of 81.1% in the target population which

makes selection bias less likely [9]. A weakness could be

the restriction to neurologists as referring cooperation

partners and, therefore, a lack of patients that are diagnosed

and treated otherwise.

In conclusion, the basic clinical characteristics in our

data are consistent with other European studies, confirming

an incidence of[3/100,000 and a prevalence of[6.2/

100,000. Standardized neuropsychological screening is

warranted for correct evaluation of accompanying cogni-

tive, in particular frontal deficits, since cognitive impair-

ment is a risk factor for faster motor decline and mortality.

Epidemiological core data allowed the forecast of an

increasing ALS incidence by 2050. The expectation of

increasing ALS incidence may guide future public health

decisions concerning palliative care, and forms a basis for

informative estimation of ALS-related costs within the

aging society. This is in accordance with a recently pub-

lished study on the projected increase of global ALS

incidence by Arthur et al. [38] proposing an increase of

ALS patients by 20% in Europe by 2040. An increase in

age-dependent bulbar onset variants and cognitively

impaired patients can be expected. Thus, accompanying

fronto-temporal dementia cannot longer be an exclusion

criterion for ALS as suggested by the revision of El

Escorial criteria 2015.
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