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time resulting in an apparent reversal of its beneficial effect 
after 6 months of therapy.  Conclusions:  We report incidence 
and prevalence estimates that are on the upper end of the 
wide range discussed in literature. Riluzole seems to exert a 
beneficial effect only in the first 6 months of therapy. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Large population-based databases and disease regis-
tries can be helpful in many different ways. They provide 
data on epidemiological aspects and can thus guide the 
rational allocation of health resources. In addition, epide-
miological studies comprise patients with the full clinical 
spectrum of a disease and are therefore a better ‘real-
world’ representation of a disease in comparison to clini-
cal studies where phenotypes are often narrowly defined. 
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 Abstract 

  Objectives:  To assess the epidemiology of ALS in Austria and 
to evaluate the long-term effect of riluzole treatment on sur-
vival.  Methods:  Hospital discharge and riluzole prescription 
databases were used to identify ALS cases from January 
2008 to June 2012. Using the capture-recapture method we 
evaluated the incidence and prevalence of ALS and patients’ 
survival in dependence of age, gender and riluzole treat-
ment.  Results:  The corrected incidence and prevalence of 
ALS were 3.13/100,000 person-years (95% CI, 2.77 to 3.50) 
and 9.14/100,000 persons (95% CI, 8.53 to 9.79), respectively. 
Median survival from diagnosis was 676 days (95% CI, 591 to 
761). A younger age at diagnosis was associated with a lon-
ger survival. Gender did not appear to affect survival time. 
Riluzole therapy was associated with a survival advantage 
only for the initial treatment period. The adjusted hazard ra-
tio of mortality for using riluzole increased continually over 
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In clinical studies on ALS a significant proportion of pa-
tients is excluded due to strict research criteria and the 
time horizon of patient follow-up is usually limited  [1, 2] . 
Another advantage of large databases is that their analysis 
can sometimes reveal clues to underlying pathophysio-
logical mechanisms, which might otherwise not be de-
tectable  [3, 4] .

  Drawing on figures from a large Austrian hospital dis-
charge and prescription database we performed the first 
epidemiological study on ALS in Austria for the period 
from January 1, 2008 to June 30, 2012. We evaluated the 
incidence and prevalence of the disease, and to address 
the above-mentioned points we assessed the influence of 
several prognostic factors on the survival of ALS patients.

  Methods 

 Data Sources 
 The data of this study are based on registries with invoice data 

of the nine regional sickness funds of Austria (Gebietskrankenkas-
sen, GKK), which together capture 77.7% of the total Austrian 
population aged 20 years or older (i.e., 5,194,837 out of 6,685,432 
residents; according to the register-based census held on October 
31, 2011, the total population of Austria was 8,401,940 as down-
loaded from http://www.statistik.at). Individuals younger than 20 
years were excluded from the study population to avoid misclas-
sification with juvenile onset motor neuron diseases.

  The registries comprise each insurant’s demographic details, all 
hospital discharge diagnoses and all prescription data. To identify 
patients with ALS during the study period (January 1, 2008 to June 
30, 2012) we searched the registries for (i) all patients who were 
discharged from a hospital with a main diagnosis of ALS (code 
G12.2 according to the International Classification of Disease, 
10th revision) or (ii) who were prescribed riluzole during the study 
period. This included privately insured patients. However, outpa-
tients with ALS who had never been hospitalised or prescribed 
riluzole during the study period would have not been captured. 
Since ALS is the only diagnosis for which riluzole is approved and 
for which the costs are covered by the sickness funds, the diagnoses 
of ALS could reliably be deduced from riluzole prescriptions.

  After identifying ALS patients by this method several demo-
graphic parameters were extracted from the GKK database: gen-
der, date of birth, time of death, date and number of riluzole pre-
scriptions, dates of inpatient stays. Any information about disease 
severity including (non-invasive) ventilation and gastrostomy 
were not included by the database. Individual patients were pseud-
onymised with a thirty-two digit number before being analysed 
further. The study was approved by the ethical committees of Bur-
genland and of the Medical University of Vienna.

  Incidence and Prevalence of ALS 
 The time point of ALS diagnosis was assumed to be either (i) 

the day of the first hospital discharge during the study period (pro-
vided the main discharge diagnosis was ICD-10 G12.2), or (ii) the 
day of the first riluzole prescription, whichever was earlier.

  The incidence rates (IR) and prevalence ratios (PR) for the 
years 2009, 2010 and 2011 were determined and age-standardised 
to the total Austrian population, and for comparison with other 
studies, also to the US 1990 and US 2010 Census populations. We 
did not determine the IR and PR for the year 2008 because without 
knowledge of previous years any hospitalisation or riluzole pre-
scription would have wrongly been attributed as first-ever occur-
rences to the year 2008. Thus, any hospitalisation or riluzole pre-
scription was accepted as a first-ever occurrence just after the ex-
clusion of any such event for the same individual in at least one 
preceding year.

  Prognostic Parameters and Riluzole Effect 
 To evaluate potential prognostic factors we performed sur-

vival analyses, for which patients were stratified by gender, age at 
diagnosis (dichotomised with the median age at diagnosis as a cut 
off) and riluzole use. To evaluate a possible time-dependent effect 
of riluzole therapy we classified patients into five groups accord-
ing to their therapy ratio, which was defined as the duration of 
riluzole therapy in days divided by the survival time from diag-
nosis in days. The duration of riluzole therapy was calculated as 
the total dosage of prescribed pills divided by the defined daily 
dose for riluzole (i.e., 100 mg). Survival analyses were then per-
formed for each of the five groups. An evaluation of survival 
times solely in dependence of the duration of riluzole treatment 
(without considering therapy ratio) would have biased the results 
since patients with longer therapy durations will have lived nec-
essarily longer.

  Regarding the analysis of riluzole’s effect on survival we further 
accounted for a possible bias due to a delay in the start of riluzole 
treatment after diagnosis by adjusting for the immortal time bias. 
Immortal time refers to a span of time in the observation period of 
a cohort during which the outcome under study could not have 
occurred. In our study a patient, eventually receiving riluzole, was 
inevitably immortal before the start of riluzole treatment. Not ac-
counting for this factor would have introduced a survival benefit 
for exposed patients. To correct for this bias we used a time-vary-
ing covariate for riluzole exposure in order to avoid misclassifica-
tion of exposed patients’ survival time before the first prescription 
as the exposed follow-up time  [5] . Other potential confounding 
factors we adjusted for were gender, age at diagnosis, the total du-
ration of all inpatient stays during the study period and comor-
bidities. To adjust for comorbidities we applied the Chronic Dis-
ease Score (CDS), a validated statistical tool which serves as a proxy 
for the existence of chronic diseases  [6] . A summary weight is cal-
culated representing an individual’s burden of chronic disease and 
predicting mortality  [7, 8] .

  Correcting for Misclassified and Unobserved Cases 
 The capture-recapture method is commonly used in wildlife 

surveys but has also become an important tool in human epide-
miological studies. Individuals of interest are captured in at least 
two data sources and the degree of overlap between the data sourc-
es is noted. Then, the ratio of individuals recaptured in the second 
data source to those uniquely captured in the first data source ap-
proximates the ratio of those in the second data source to the total 
population of interest. Such an analysis requires source indepen-
dence, which means that capturing one individual in the first data 
source will not affect its capture in the second data source. Any 
positive interdependence of sources will lead to an underestima-
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tion and any negative interdependence of sources to an overesti-
mation of not captured individuals and, thus, the total population 
of interest.

  To account for unobserved cases neither being detected by the 
hospital discharge database (HDD) or the prescription database 
(PD) the two-source capture-recapture method was performed  [9, 
10] . This refers to outpatients never having been hospitalised or 
prescribed riluzole during the study period. To overcome any pos-
sible difference in case ascertainment it was applied separately for 
different age and gender groups. IR and PR were consequently cor-
rected for this factor.

  To estimate the ratio of wrongly coded discharge diagnoses in 
Austria (misclassification ratio) we evaluated the records of pa-
tients discharged from two tertiary referral centres and from four 
non-tertiary hospitals with an ICD-10 code of G12.2. Cases not 
fulfilling the El Escorial criteria for definite, probable, possible or 
suspected ALS were considered being wrongly coded. The coding 
quality between tertiary and nontertiary hospitals was compared, 
and, finally, IR and PR were corrected for this ratio.

  Statistical Analysis 
 All variables were analysed using descriptive statistics includ-

ing mean, median, 95% confidence interval (CI) and interquartile 
range (IQR). Comparisons between medians were made with the 
Mann-Whitney U test and between categorical variables with a  χ  2  
test. For IR and PR 95% CI were calculated assuming a Poisson 
distribution. Kaplan-Meier analysis and log-rank test were used to 
assess survival. For the Kaplan-Meier analysis in dependence of 
riluzole use, the Gehan-Breslow-Wilcoxon test was performed ad-
ditionally, which emphasises the information at the beginning of 
the survival curves. A multivariate Cox regression model for non-
proportional hazards was used to study the effect of riluzole on 
ALS survival  [11] . Riluzole exposure was expressed as a categorical 
variable (riluzole use = 1, no riluzole = 0). We adjusted for the fol-
lowing potential confounding factors: gender, age at diagnosis, the 
total duration of all inpatient stays during the study period and 
comorbidities (quantified in the CDS). To adjust for immortal 
time we also used a time-varying covariate for the exposure to rilu-
zole. To further assess whether the effect of riluzole therapy on 
survival was dependent on the treatment duration we employed 
Kaplan-Meier analyses for five groups with increasing therapy ra-
tios (group 1:  ≤ 0.2, group 2: 0.21–0.4, group 3: 0.41–0.6, group 
4: 0.61–0.8, group 5:  ≥ 0.81). To adjust for the above-mentioned 
potential confounding factors we performed the Cox proportional 
hazard regression model using the riluzole therapy ratio as a con-
tinuous variable. The Pearson’s correlation coefficient was calcu-
lated to assess the correlation between riluzole therapy ratios and 
the duration of riluzole therapy. A  p  value <0.05 was considered 
significant (two-sided). Data processing was performed using the 
statistical package SPSS v20 (IBM Corp. Released 2011).

  Results 

 Incidence and Prevalence of ALS 
 During the study period 911 individual ALS patients 

were identified by the two data sources (362 patients cap-
tured by the PD and 549 patients captured by the HDD). 

There were 167, 215 and 175 incident and 441, 534 and 
588 prevalent ALS cases in the years 2009, 2010 and 2011. 
By the capture-recapture method the number of unob-
served cases were identified, which resulted in a total of 
621 incident and 1,817 prevalent cases in all three years 
( table 1 ). After age-standardisation to the corresponding 
Austrian population (excluding the population below 20 
years of age) the average annual incidence was calculated 
to be 4.20/100,000 person-years (95% CI, 3.72 to 4.70) 
and the average annual prevalence to be 12.26/100,000 
persons (95% CI, 11.44 to 13.14) (online suppl. table 1; for 
all online suppl. material, see www.karger.com/doi/ 
10.1159/000369813).

  To allow a better comparison with previous studies we 
also performed age-standardisations to the correspond-
ing US Census population. Adjusted to the US 1990 
 Census population the IR was calculated as 3.48/100,000 
person-years (95% CI, 3.39 to 3.56) and the PR as 
10.18/100,000 persons (95% CI, 10.03 to 10.33), respec-
tively. Adjusted to the US 2010 Census population the IR 
was 3.87/100,000 person-years (95% CI, 3.79 to 3.95) and 
the PR was 11.39/100,000 persons (95% CI, 11.25 to 
11.53), respectively (online suppl. table 1).

  To correct the HDD for misclassified other neurologi-
cal disorders we evaluated the inpatient records of 585 
patients from six different neurological departments in 
Austria (395 patients from two tertiary referral centres 
and 190 patients from four non-tertiary hospitals). In 77 
cases (13.2%) the discharge diagnosis of ICD-10 G12.2 
(ALS) was considered incorrect after reviewing the med-
ical charts (32 misclassified cases (16.8%) in non-tertiary 
hospitals and 45 misclassifications (11.4%) in tertiary re-
ferral centres). There was no significant difference of the 
misclassification ratio between tertiary and non-tertiary 
centres (p = 0.07;  χ  2  test). None of the misclassified cases 
was prescribed riluzole. Taking the misclassification ratio 
for the identification of ALS cases by the HDD (but not 
by the PD) into account the IR and PR may have been 
overestimated by 5.9%. Applying this correction the IR 

Table 1.  Estimation of the number of unobserved cases by the 
two-way capture-recapture analysis

Observed cases  Capture-recapture analysis
HDD PD both 

sources
unob served estimated 

total
95% CI

Incidence 187 91 279 64 621 592–649
Prevalence 433 398 732 254 1,817 1,736–1,903
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was calculated as 3.95/100,000 person-years (95% CI, 3.50 
to 4.42) and the PR as 11.54/100,000 persons (95% CI, 
10.77 to 12.36), respectively. After including the popula-
tion below 20 years of age (20.8% of the total Austrian 
population in the years 2009, 2010 and 2011) the IR was 
calculated as 3.13/100,000 person-years (95% CI, 2.77 to 
3.50) and the PR as 9.14/100,000 persons (95% CI, 8.53 to 
9.79).

  Gender Distribution in ALS 
 In both sexes IR and PR increased with age reaching 

their maximum in the seventh decade and decreasing 
again thereafter ( fig. 1;  online suppl. table 2a and b). The 
median age at diagnosis was significantly higher in wom-
en than in men (68.0 and 64.1 years, respectively). The IR 
and PR were higher for men than for women in all but the 
last decade. Over all decades, the male-to-female crude IR 
ratio was 1.31 and the male-to-female crude PR ratio was 
1.50. Although there was the impression of a continuous 
decline of the male-to-female IR ratios with rising age 
( fig. 2 ), this difference was not significant.

  Survival Time and Prognostic Factors in ALS 
 Of the 911 individually identified ALS patients 473 

(51.9%) deceased during the study period ( table 2 ). Me-
dian overall survival from diagnosis was 676 days (95% 
CI, 591 to 761). Twenty-five patients captured by the 
HDD died during their initial inpatient stay and, thus, 

were excluded from the survival analysis. A younger age 
at diagnosis ( ≤ 65 years) was clearly associated with a lon-
ger survival (with a 17 and 25% higher cumulative sur-
vival in the younger age group at 12 and 24 months after 
diagnosis, respectively). With the survival curves of men 
and women not being significantly different we could 
find no evidence for an influence of gender on survival 
( fig. 3 a;  table 3 ). Although women were significantly old-
er than men at the time of death (71.0 and 68.0, respec-
tively) this corresponded to women’s higher age at diag-
nosis.

  Survival in dependence of riluzole therapy showed a 
more complex relationship. As can be seen in the Kaplan-
Meier curves there was a beneficial effect of riluzole treat-
ment on survival for about 6 months after diagnosis with 
a gradual reversal of its effect thereafter ( fig. 3 c). At 540 
days after diagnosis the survival curves crossed each oth-
er with the riluzole-naive group showing a better progno-
sis in the following time period. Survival was 15% higher 
in the riluzole group than in the riluzole-naive group at 
6 months after diagnosis but 14% lower at 48 months after 
diagnosis (online suppl. table 3).

  Correspondingly, the unadjusted hazard ratio (HR) of 
mortality for riluzole therapy increased over time sug-
gesting a beneficial effect just until 230 days after diagno-
sis (HR <1) and a detrimental effect thereafter (HR >1) 
( fig. 4 a). After adjusting for potentially confounding fac-
tors the overall picture did not change. Riluzole therapy 

  Fig. 1.  Age- and gender-specific incidence rates (a) and prevalence ratios (b). 
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  Fig. 2.  Incidence rate ratios of men and 
women. The IR ratios show a continuous 
decline with increasing age. Because of the 
low case numbers in the second/third and 
eighth/ninth age decade, respectively, ALS 
patients of those age groups were put to-
gether. 

Table 2.  Characteristics of 911 ALS patients in Austria

Overall PD HDD p value

Number of ALS patients (%) 911 362 (39.7) 549 (60.3)
Age at the time of diagnosis, years

Median (IQR) 66.0 (56.8–73.2) 65.1 (56.0–71.9) 67.0 (57.2–74.8) 0.07
Mean (95% CI) 64.5 (63.7–65.3) 63.9 (62.6–65.1) 64.9 (63.8–66.0)

Deceased patients (%) 473 (51.9) 185 (51.1) 288 (52.5) 0.69
Age at time of death, years

Median (IQR) 69.0 (62.0–76.0) 68.0 (62.0–75.0) 70.0 (62.0–78.0) 0.13
Mean (95% CI) 68.2 (67.2–69.3) 67.6 (66.0–69.2) 68.6 (67.2–70.0)

Duration of riluzole use, days
Median (IQR) 297 (140–588) 364 (141–672) 252 (140–448) 0.001
Mean (95% CI) 398 (370–427) 463 (418–509) 325 (295–355)

Median delay of riluzole start from diagnosis, days
Median (IQR) 0.0 (0.0–3.0) 0.00 (0.00–0.00) 4.0 (1.0–21.0) <0.001
Mean (95% CI) 16.4 (9.9–22.9) 0.00 (0.00–0.00) 34.9 (21.4–48.4)

Median riluzole therapy ratio
Median (IQR) 0.34 (0.00–0.91) 0.70 (0.08–0.97) 0.00 (0.00–0.79) <0.001
Mean (95% CI) 0.42 (0.40–0.45) 0.57 (0.53–0.61) 0.33 (0.29–0.36)

Duration of inpatient stays, days
Median (IQR) 9.0 (1.0–23.0) 0.0 (0.0–10.0) 15.0 (7.0–30.0) <0.001
Mean (95% CI) 17.8 (16.1–19.5) 8.8 (6.8–10.7) 23.7 (21.4–26.1)

CDS
Median (IQR) 0.0 (0.0–3.0) 1.0 (0.0–4.0) 0.0 (0.0–2.0) <0.001
Mean (95% CI) 1.9 (1.7–2.1) 2.5 (2.2–2.8) 1.4 (1.2–1.7)

Survival time (days)
Median (IQR) 676 (591–761) 756 (608–904) 646 (538–754) 0.10
Mean (95% CI) 843 (797–889) 886 (815–956) 816 (755–876)
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was associated with a better survival for about 180 days 
after diagnosis (HR <1) and a poorer survival thereafter 
(HR >1) ( fig. 4 b).

  We next wondered whether the effect of riluzole treat-
ment might in some way be time-dependent (i.e. change 
with the duration of treatment). To evaluate this possibil-

ity we stratified patients into five groups defined by their 
therapy ratios (i.e., duration of riluzole therapy divided 
by the survival time). Patients without any riluzole treat-
ment were given a therapy ratio of 0 and assigned to a 
sixth group. There was a significant correlation between 
therapy ratios and the duration of riluzole therapy (p < 

  Fig. 3.  Kaplan-Meier (KM) survival curves of patients with amyo-
trophic lateral sclerosis.  a  KM curve according to gender.  b  KM 
curve according to age at diagnosis (with the median age at diag-
nosis as the cut off).  c  KM curve according to riluzole use. There 
was no significant difference using the log-rank test (p = 0.61) but 
using the Gehan-Breslow-Wilcoxon test (p = 0.006).  d  KM curve 
according to five groups of increasing riluzole therapy ratios: 

group 1:  ≤ 0.2, group 2: 0.21–0.4, group 3: 0.41–0.6, group 4: 0.61–
0.8, group 5:  ≥ 0.81. Survival improved with shorter riluzole thera-
py ratios (survival was significantly longer in group 1 and signifi-
cantly shorter in group 5 compared to ALS patients without rilu-
zole). Twenty-five patients died during their initial hospitalisation 
and, thus, were excluded from the survival analyses (n = 886). 
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c

  Fig. 4.  Multivariate Cox regression analysis for non-proportional 
hazards comparing ALS patients with and without riluzole. A 
time-varying covariate for riluzole exposure was used to adjust 
for immortal time (defining exposed patients’ survival time be-
fore the first riluzole prescription as the unexposed follow-up 
time).  a  Unadjusted time-dependent HR increasing over time 
with values <1 until 230 days after diagnosis and reaching its peak 

of 3.07 at 980 days after diagnosis.  b  Time-dependent hazard ra-
tio adjusted for gender, age at diagnosis, total duration of inpa-
tient stays and the chronic disease score. The HR increased over 
time passing the threshold of 1 at 180 days after diagnosis and 
reaching its peak of 3.44 at 1,070 days after diagnosis.          c Time-
dependent unadjusted and adjusted hazard ratios corresponding 
to plot a and b.

Table 3.  Kaplan-Meier analysis of survival times (days)

By age at diagnosis Ratio
≤65/>65 years

 Survival time, days p value

≤65 years (95 % CI) >65 years (95% CI)

Overall 436/450 1,015 (868–1162) 495 (425–565) <0.0001
Men 265/208 1,065 (907–1223) 489 (399–579) <0.0001
Women 171/242 1,003 (890–1,116)a 719 (635–802)a <0.0001

By gender Male/female Male (95% CI) Female (95% CI) p value

Overall 473/413 860 (691–1,029) 641 (563–719) 0.14
Riluzole 280/248 815 (637–993) 636 (564–708) 0.34

≤65 years 159/107 1,004 (881–1,127) 760 (415–1,105) 0.99
>65 years 121/141 479 (377–581) 530 (452–608) 0.94

No riluzole 193/165 1,142 (711–1573) 786 (439–1,133) 0.16
≤65 years 106/64 1,050 (922–1,179)a 1,027 (837–1,216)a 0.46
>65 years 87/101 564 (389–739) 403 (248–558) 0.68

By riluzole prescription User/non-user User (95% CI) Non-user (95% CI) p value

Overall 528/358 666 (578–754) 829 (449–1,209) 0.61
0.006b

Riluzole therapy ratio groups
Group 1 (≤0.2) 41/358 1,255 (1,105–1,404)a 908 (829–987)a 0.010
Group 2 (0.21–0.4) 50/358 1,089 (910–1,268)a 908 (829–987)a 0.09
Group 3 (0.41–0.6) 67/358 794 (240–1,348) 829 (449–1,209) 0.77
Group 4 (0.61–0.8) 82/358 582 (433–731) 829 (449–1,209) 0.28
Group 5 (≥0.81) 288/358 601 (518–684) 829 (449–1,209) 0.026

 a Mean was used (instead of median), because cumulative survival was >0.5 during the study period.
b Gehan-Breslow-Wilcoxon test was used (instead of the log-rank test), which gives more weight to deaths at early time points.
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0.0001; R = 0.36). Interestingly, this analysis clearly dem-
onstrated that lower therapy ratios and thus shorter rilu-
zole treatment periods were associated with longer sur-
vival times than longer treatment periods ( fig. 3 d and on-
line suppl. table  4). After adjusting for potential 
confounding factors, as above, higher therapy ratios were 
still associated with poorer survival (HR 2.98, 95% CI 
1.96–4.55; p < 0.0001).

  Discussion 

 This is the first epidemiological study on ALS in 
 Austria using a comprehensive hospital discharge and 
prescription registry of more than 5 million people. The 
registry covers the majority of the total Austrian popula-
tion and can thus be taken as representative for the whole 
country.

  The incidence and prevalence of ALS in this study are 
on the upper end of the wide range discussed in the lit-
erature and comparable to other recent reports  [12–14] . 
Data from previous studies are heterogeneous with a vari-
ation of the IR between 0.3 and 3.6/100,000 person-years 
and of the PR between 1.0 and 11.3/100,000 population 
 [15–18] . Methodological differences of the studies as well 
as a true variation of ALS frequency have been discussed 
to contribute to the disparity of the rates  [15, 19] .

  The application of the capture-recapture method, 
which corrects for an incomplete case ascertainment by 
estimating the number of unobserved cases, has contrib-
uted to the high IR and PR reported in our study. The 
proportion of unobserved cases in epidemiological stud-
ies on ALS has previously been estimated to be as high as 
28%  [14, 20] . Not accounting for such an important bias 
is therefore likely to lead to a substantial underestimation 
of the true IR and PR  [10, 21] . In our study 10.3% of the 
incident and 14.0% of the prevalent cases from 2009 to 
2011 were determined by the use of the capture-recapture 
method. This approach will, to a large extent, have cap-
tured ALS patients without any hospitalisation or riluzole 
therapy, who would have otherwise been missed. Anoth-
er reason for our high IR and PR could be seen in the in-
clusion of suspected or possible ALS cases.

  In accordance with previous studies, IR and PR in-
creased with age reaching their maximum in the eight 
decade and decreased again thereafter  [12–14] . The de-
cline of IR and PR after the age of 80 years could theo-
retically be attributed to problems with case ascertain-
ment  [22] . Difficult access to medical care centres, co-
morbidities and a more severe disease course leading to 

earlier death would result in more unobserved cases in the 
very old age groups. We corrected for this potential error 
by applying the capture-recapture method separately for 
each age and gender group. Therefore, we are confident 
that the susceptibility to ALS indeed declines after the 
peak age as suggested before  [14, 22] .

  The use of automated hospital discharge and prescrip-
tion databases harbours a number of potential risks and 
pitfalls  [23] . (i) The data in our study were maintained 
primarily for administrative and financial purposes and 
lacked clinical details. The data from the hospital dis-
charge registry were affected by errors due to diagnostic 
misclassification. We ascertained a false positive coding 
rate of 13.2% by evaluating discharge diagnoses in sev-
eral tertiary and non-tertiary medical centres in Austria 
and were thus able to correct the IR and PR for positive 
misclassifications. Negative misclassifications (patients 
with ALS not being given the correct ICD-code) are not 
likely to bias our epidemiological data substantially, since 
we also used riluzole prescription data and applied the 
capture-recapture method correcting for false negative 
cases from the HDD. (ii) Another potential bias resulting 
from the use of the HDD and PD is that our analysis was 
not strictly population-based as not all patients were re-
corded in these databases, for example, – ALS patients 
managed exclusively as outpatients and not receiving 
riluzole due to mild symptoms or due to a too advanced 
disease stage. This could have introduced a selection bias 
affecting our survival analyses. (iii) Due to the lack of 
clinical data in the registries we could not completely 
eliminate another potential selection bias associated with 
the HDD. Preferential admissions of patients with ad-
vanced disease or due to complications would presum-
ably be associated with a shorter survival time, whereas 
diagnostic admissions at early stages should be associat-
ed with a longer survival. To increase the likelihood that 
any hospitalisation with a main discharge diagnosis for 
ALS was the first-ever occurrence (and thus for diagnos-
tic reasons) every patient was required to have had at 
least a 12 months event-free observation period without 
any prior riluzole prescription or ALS-discharge diagno-
sis. Those 25 patients who died during their first inpa-
tient stay (presumably due to complications) were ex-
cluded from the survival analyses. Additionally, we ad-
justed the survival analyses for the total duration of all 
hospitalisations in order to mitigate this selection bias. 
(iv) The correct identification of patients exposed to a 
risk modifying medication (riluzole) is arguably another 
problematic issue in survival analyses when using ad-
ministrative databases. The used prescription registry 
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lacked information on the use of over-the-counter drugs. 
However, since riluzole is available only on prescription 
in Austria, which invariably involves the insurance sys-
tem, we are confident to have captured all patients on 
riluzole.

  We observed higher IR and PR in men than in women. 
The reason for the well-known higher susceptibility of 
men to ALS is still a matter of contention. Based on some 
studies, a beneficial effect of endogenous female repro-
ductive hormones has been proposed though this has 
been contradicted by other results  [24–26] . If female sex 
hormones really exerted a protective influence one might 
expect to find a higher susceptibility to ALS in women 
after menopause. Yet, we could not find a significant dif-
ference in the male-to-female IR ratios between the pre- 
and post-menopausal age range. Our analysis does there-
fore not support a role of female sex hormones to ALS 
susceptibility or survival. This is in accordance with one 
other recent observational study  [14] . Another explana-
tion for the higher IR and PR in men could be that testos-
terone is a risk factor. This is possible, although testoster-
one is usually discussed as having a beneficial and not 
detrimental effect on motor neurons  [27] . Alternatively, 
our data could be the consequence of differences in case 
ascertainment between men and women as previously 
discussed in the literature. This view is supported by re-
cent findings of a trend towards more equal gender ratios 
 [22, 28] . 

 Analysing survival in dependence of riluzole treat-
ment revealed a beneficial effect of the drug for the initial 
6 months of therapy only, with a 15% reduction in mor-
tality at 6 months. At approximately 18 months after di-
agnosis (and start of therapy) the survival curves of rilu-
zole-treated and untreated patients crossed with untreat-
ed patients showing an apparently better survival 
thereafter. This observation is supported and more clear-
ly illustrated by an analysis of how the hazard ratio of 
mortality in riluzole users changes over time. After ad-
justment for potential confounding factors a beneficial 
effect of riluzole therapy lasted only 180 days with an in-
crease in the hazard ratio thereafter. To illuminate this 
apparent time-dependent effect of riluzole on survival 
further we analysed survival in dependence of riluzole 
therapy ratios as a measure for the treatment duration. 
We used this ratio instead of simply the duration of rilu-
zole therapy because the latter could have introduced a 
bias with longer surviving patients resulting in longer 
treatment periods. This analysis was not influenced by 
patients without riluzole and was therefore not affected 
by a hidden selection bias between riluzole users and non-

users. Confirming the above observations we detected a 
significant association of shorter riluzole treatment peri-
ods with longer survival times.

  Interestingly, this effect does not seem to be a specific 
peculiarity of our survey as similar crossings of Kaplan-
Meier curves at similar time points (ranging from 11 to 
26 months) were published (though not commented on) 
by several other retrospective and prospective observa-
tional studies with well phenotyped ALS patients  [4, 29–
31] . An underlying true biology must, therefore, be con-
sidered. A reasonable interpretation of the data could be 
that, at least on a population level, riluzole’s effect on sur-
vival diminishes over time and is lost approximately 
6 months after starting treatment. Thus, it could be spec-
ulated that riluzole is more effective in rapidly worsening 
patients or just in certain stages of the disease. Further 
studies are needed to evaluate the long-term effect of rilu-
zole in ALS patients.
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