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1. Introduction 

1.1 Amyotrophic Lateral Sclerosis 
 

Definition and Origin 

Amyotrophic lateral sclerosis (ALS) is the most common motor neuron disease in adults. 

ALS was first described in 1873 by Jean-Martin Charcot and initially named after him. In 

ALS, there is a progressive destruction of the 1st and the 2nd motor neuron (Ludolph et al. 

1998). While a small number of patients such as Stephen Hawking lived for decades, most 

patients die after several years (Ludolph, Brettschneider, and Weishaupt 2012). 

The term amyotrophic lateral sclerosis derives from Greek and refers to the atrophy of 

the muscles (“amyo-“) due to a lack of nourishment (“-trophein“) with hardening at the 

side (“lateral sclerosis“) of the spinal cord (Pera and Schmiedebach 2007). 

 

Etiology 

ALS is a multifactorial disease with a complex interaction between environmental 

(chapter 1.2), molecular and genetic influences (Kiernan et al. 2011a). Analysis of whole-

genome-sequenced patients with ALS provides evidence that ALS is a complex genetic 

trait with a polygenic architecture (van Rheenen et al. 2016). Findings of mutations in 

superoxide dismutase 1 (SOD1), TAR DNA binding protein, fused in sarcoma, ubiquilin2 

and open reading frame 72 on chromosome 9 (C9ORF72) explain many formerly 

idiopathic cases of ALS and underline the relation of ALS to frontotemporal dementia 

(Ludolph, Brettschneider, and Weishaupt 2012). 

Familial ALS (fALS) and sporadic ALS have many mutations in common. The main 

difference is that fALS is hereditary and more commonly linked to mutations in SOD1. 5-

10% of ALS cases are due to hereditary mutations. Having a close relative with ALS, 

increases ALS risk fivefold (Hemminki et al. 2009). 

 

Epidemiology 

Based on data of the ALS-registry Swabia, the mean age at the onset of ALS is 66.6 years 

with a standard deviation of 11.6 years in southern Germany (Rosenbohm, Peter, et al. 

2017). The disease starts with either bulbar symptoms, lumbosacral, cervical and or 

thoracic symptoms. Cognitive deficits and behavioral changes can be detected in about 
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one third of patients and are more pronounced in the elderly. In Germany, an increase in 

ALS prevalence from 2.4 in 2015 to 9.6 in 100,000 persons in 2050 is expected due to 

demographical changes in the Western world. The latency of diagnosis is 10.6 to 17.5 

months (Ludolph and Anneser, J. 2011a). Mean survival time amounts to 31 months 

(Rosenbohm, Peter, et al. 2017). Merely 4% of ALS patients live longer than 10 years. The 

prevalence is distributed homogenously across Europe (Bobowick and Brody 1973); 

(Logroscino et al. 2010). 

 

Symptoms 

45% of patients start developing symptoms of the upper extremities, 25% of the lower 

extremities and 25% start developing bulbar symptoms. The affection the second motor 

neuron induces lingual fibrillations, nocturnal spasms, atrophic pareses and reduced 

monosynaptic spinal segmental reflexes. An involvement of cortical motor neurons 

increases muscle tonus, leads to spastical pareses and pathological pyramidal signs 

(Gehlen, Walter and Delank, Heinz-Walter 2010). Symptoms tend to start asymmetrically. 

When the lower extremities are primarily affected, patients stumble, exhaust faster and 

have problems to equilibrate their body. When the upper limbs are affected at the onset, 

patients complain about letting objects fall and being clumsy. Bulbar symptoms comprise 

pathological yawning, laughing and crying. They are due to an increased emotional 

suggestibility which can be triggered by mood-incongruent stimuli and derives from a 

reduced inhibitory activity of the frontal cortex (Hübers et al. 2016). Cranial nerves IX-XII 

are usually hit hardest, in rarer cases cranial nerves V and VII are affected. Dysphagia and 

dysarthria develop progressively with danger of pneumonia due to aspiration (Bender, 

Rémi, and Feddersen 2013). 

The spinal Nucleus Onufrowicz, which controls the sphincters of the anus as well as the 

urinal bladder, the nucleus of cranial nerve III, the posterior column and the postcentral 

gyrus are not affected. Therefore, incontinency, sensory deficits and qualitative or 

quantitative reduction of consciousness rarely develop (Ludolph and Anneser, J. 2011b). 

On the other hand, the autonomic nervous system, the spinocerebellar tracts, the 

striatum and the substantia nigra are regularly co-involved (Brownell, Oppenheimer, and 

Hughes 1970). 
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Diagnosis 

ALS can often only be diagnosed after progression of the disease and by excluding all 

differential diagnoses such as spinal cord tumors, multiple sclerosis, a herniated disk in 

the neck, syringomyelia or cervical spondylosis that could cause similar symptoms (Patel 

and Maragakis 2002). This necessitates many neurological examinations such as cranial 

magnetic resonance imaging (MRI), liquor examination, nervous conductance velocity and 

electromyography. The diagnosis ALS can be subclassified into groups according to age of 

manifestation, affected body part, etiological factors, progression and the involvement of 

other systems (Ludolph and Anneser, J. 2011b). 

 

Comorbidities 

Depression, lymphoma and frontotemporal dementia (overlap in causes to ALS via FUS 

and TDP-43) are common comorbidities. Prognosis is not altered by the treatment of the 

comorbidities (Ludolph and Anneser, J. 2011b). 

 

Therapy 

ALS was thought to be pharmacologically untreatable for a long time. However, 

antiglutamatergic strategies influence its pathogenesis (Steinacker et al. 2017). Riluzol is 

an antagonist of the glutamatergic NMDA-channel (Chéramy et al. 1992). Four 

independent studies showed a slower progression under the treatment with Riluzol. It 

prolongs survival in patients with a life expectancy of 12 months to 16 months. An early 

administration slows down the progression more effectively than in late stages of ALS. 

Since a long pre-clinical period seems to precede clinical ALS, an early diagnosis and 

treatment is important to gain full advantage of neuroprotective drugs (Ludolph and 

Knirsch 1999). 

 

Prognosis 

The following factors are correlated with rapid progression and a lower survival time 

(Ingre et al. 2015): nutritional status, comorbidities, genetic factors, no supportive care, 

smoking (M.-D. Wang et al. 2016),  high age at diagnosis, short latency between the onset 

of symptoms and diagnosis (the velocity of progression may correlate with the 

aggressiveness of the disease), initially bulbar symptoms and a low BMI (Ludolph, 

Brettschneider, and Weishaupt 2012). 

https://en.wikipedia.org/wiki/Multiple_sclerosis
https://en.wikipedia.org/wiki/Hernia
https://en.wikipedia.org/wiki/Syringomyelia
https://en.wikipedia.org/wiki/Spondylosis
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Many patients are content with life. This is a fact that is strongly misjudged by relatives, 

non-professionals or non-experienced neurologist. Most patients decide to pass away at 

home. 90% of patients decease painlessly at night in a coma caused by carbon dioxide 

through respiratory global insufficiency (Ludolph and Anneser, J. 2011b).   

1.2 Risk factors 

The Risk for ALS in the Context of Drug History  

Risk factors for ALS are factors which increase the risk of developing ALS. Several drugs 

have been implicated as risk factors in the context of ALS, but relatively little is known 

about long-term medication and its potential association with ALS. A meta-analysis of two 

case-control studies and one cohort study calculated an OR of 0.89 (95% confidence 

interval 0.55 to 1.42) for statin use prior to the onset of ALS which led the authors to 

conclude that data about statins and ALS risk was still inconclusive (Zheng, Sheng, and 

Shang 2013). Neither could Sørensen establish any significant association between statins 

and ALS in a case-control study with 556 ALS cases and 5560 matches (H. Toft Sørensen 

and Lash 2009). 

Metformin may exert a protective effect against neurodegenerative diseases. A 

retrospective study found a significant reduction of neurodegenerative diseases after two 

years of exposition to metformin in 6046 patients followed for 5.25 years (Tucker 2016). 

Another cohort study with more than 6000 patients detected an incidence of 0.49 cases 

of neurodegenerative diseases in patients treated with metformin compared to 2.47 

cases per 100 person-years not treated with metformin (Brunk 2016). 

Nonsteroidal anti-inflammatory drugs (NSAIDs) were examined in five cohort studies. 

Although inflammation can lead to neurodegeneration, the pooled result of these five 

studies yields an OR of 0.96 (95% confidence interval (CI) 0.76-1.22) (Fondell et al. 2012). 

Whereas, another North American case-control study with 111 cases and 251 controls 

found an inconsistent increase of risk in men (significant odds ratio 2.0 (95% CI 1.0-3.9)) 

and a decreased risk in women (odds ratio 0.5 (95% CI 0.2-1.2)) respectively (Popat et al. 

2007). It is a well-established fact that many ALS patients suffer from depression which 

can also precede ALS as has been shown in 83 ALS patients in a 1:1 matched case-control 

study (Radakovic et al. 2015). The connection between the treatment with 

antidepressants and ALS was significant after the diagnosis, but there were also hints at 

an increased intake before the manifestation of symptoms of ALS in an Italian case-
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control study with 261 patients and a Swedish case-control study with 1752 patients and 

8760 controls (Pisa et al. 2015); (Roos et al. 2016).  

Ilzecka J et al. examined the association between thyroid hormone levels and ALS, but 

could not establish an association between the intake of thyroid hormones and ALS risk, 

since in their study, there was no difference between hormone levels between cases and 

controls (Iłzecka and Stelmasiak 2003). Zheng et al. compared the TSH level of patients to 

controls, but could not find any significant association after correction for onset age and 

onset form in 278 patients (Zheng et al. 2014). 

Tsai et al. investigated into the association between the use of acetylsalicylic acid, 

angiotensin-converting enzyme (ACE) inhibitors, nitrates and antihistamines and the risk 

for ALS in a 1:10 matched case-control study with 729 patients in Taiwan. In their study, 

they discovered an inverse association of these four drugs/groups of drugs after 

controlling for steroid use. Especially Aspirin seems to be protective in all age classes but 

primarily in persons above 55 years of age (Tsai et al. 2015). The same study detected a 

dose-dependent inverse correlation of ACE inhibitors intake and ALS and a 57% reduction 

of risk in patients treated with ACE inhibitors in 729 patients in comparison with 14580 

controls (Lin et al. 2015).  

There is only one study about proton-pump inhibitors (PPIs) and ALS. An Austrian 

cohort study with data of prescription databases of more than 5 million people delved 

into the association between the 15 most frequent drugs and ALS and could find an OR of 

1.34 (95% CI 1.04-1.73) for PPI use (Cetin et al. 2015). 

 The examination of dietary factors and ALS showed an inverse correlation between 

higher and longer intake of vitamin E and a lower risk of ALS in a cohort study from the 

United Kingdom conducted in more than one million persons of which 805 developed 

ALS, but previous findings had been inconclusive (H. Wang et al. 2011). 

 

Other Risk Factors  

Many factors have been implicated in the context of ALS.  However, according to a 2015 

review by Ingre et al., the only established risk factors are older age, male sex and a 

family history of ALS. In addition, smoking is the only probable risk factor, but there have 

clues to an association with many other factors such as lifestyle, socioeconomic, 

occupational and environmental factors (Ingre et al. 2015). 
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The Association with Life Style 

Doyle followed 1,300,000 women in the United Kingdom and found no significant 

correlation between “region of residence, socio-economic status, education, height, 

alcohol use, parity, use of oral contraceptives or hormone replacement therapy”, but an 

increased risk in smokers and a significant risk reduction of 20% for motor neuron 

diseases in obese women (Doyle et al. 2012). Gallo detected a two-fold increased risk for 

ALS in smokers compared to never-smokers in a cohort study following more than 

500,000 persons for 9 years. These results support the hypothesis of a role of cigarette 

smoking in the pathogenesis of ALS (Gallo et al. 2009). Gallo also discovered a significant 

interaction between BMI and ALS mortality in the same study of more than 500,000 

persons in an analysis after 13 years of follow-up on average. In men, BMI and risk of ALS 

were inversely correlated. In women, underweight showed a threefold increased risk for 

the development of ALS, while an elevated hip-to waist ratio seems to lower ALS risk 

(Gallo et al. 2013).  

Alcohol is considered as potentially neuroprotective. A meta-analysis of five 

observational studies with more than 400,000 participants indicates a significant OR of 

0.57 (95% 0.51-0.62) for ALS risk (E et al. 2016). Even a heavy alcohol consumption seems 

inversely correlated with ALS risk with an OR of 0.54 and a 95% CI from 0.45 to 0.63 (Ji, 

Sundquist, and Sundquist 2016). 

 

The Association with Social Classes & Education 

Education and social classes seem associated with ALS risk. Sutedja found a link between 

low education (only elementary school), profession (women working in crafts), smoking 

and ALS even after adjusting for relevant confounders in 364 patients in a 1:1 matched 

case-control study (Sutedja et al. 2007). Education and average fertility were negatively 

correlated. Persons with high education had 25% fewer children which means that 

children of lower social classes have more siblings. Low and high maternal age as well as 

exposure to younger siblings were associated with increased risk for ALS in a 1:5 matched 

case-control study with 768 cases in Sweden, which is possibly due to more infections 

during childhood (Fang et al. 2008). Possible risk factors such as smoking were also 

associated with socioeconomic status (Hiscock et al. 2012). 
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The Association with Comorbidities 

Mariosa et al. discovered an overall protective association (OR 0.79 (95% CI 0.68-0.91)) of 

type 2 diabetes independent of insulin application in a study consisting of 224 cases and 

1437 controls. According to this study a longer use of insulin increased risk of ALS 

(Mariosa et al. 2015).  It is interesting that type 1 diabetes seems a risk factor for ALS, 

while type 2 diabetes might be protective in a Danish nationwide case-control study 

including 3650 cases. This study found a protective association between ALS and type 2 

diabetes (a disease of the elderly) with an OR of 0.52 (95% CI 0.39-0.70), but not between 

ALS and type 1 diabetes (usually before the age of 40) with an OR of 1.66 (95% 0.85-3.21) 

(Kioumourtzoglou et al. 2015) (Lekoubou et al. 2014). A new study with 650 patients did 

not find a significant association between the comorbidities arterial hypertension, type 2 

diabetes and ALS after multivariate analysis (Moglia et al. 2017). 

 In a recent case-control study with 289 cases and 506 controls in Swabia, levels of 

serum retinol-binding protein 4 (RBP4), a protein that is involved in the metabolism of the 

lipophilic vitamin A, were inversely correlated with risk of ALS. In addition, a dose-

response relationship and a prognostic association of RBP4  were found (Rosenbohm, 

Nagel, et al. 2017). 

 

The Association with Occupational and Environmental Factors 

Professional risk factors such as intensive sport or physical exertion have been identified 

(Harwood, McDermott, and Shaw 2009). Specifically, the risk of soccer players for ALS 

seems to be increased. A retrospective study of soccer players from Italy found increased 

morbidity ratios and in particularly onset diseases at a younger age. The number of 

initially bulbar symptoms was significantly increased. The years of active soccer playing 

are also correlated with ALS risk (Chiò et al. 2005). A study in England discovered a cluster 

of three ALS cases in befriended amateur football players (Wicks et al. 2007).  A meta-

analysis indicates an increased incidence of ALS in soccer players, but not in other sports 

professions (Bozzoni et al. 2016). Andrew found an OR of 2.89 (95% CI 2.04-8.30) for  the 

hobby “waterskiing” (Andrew et al. 2017). 

Exposition to pesticides, lead and mercury seems to increase risk for ALS (Yu et al. 

2014); (Kamel et al. 2002). Su et al. discovered an association of cumulative pesticide 

exposure and ALS in 156 patients and 128 controls (F.-C. Su et al. 2016). Another study 

about 621 American war veterans and 958 controls hints at a positive association 



8 
 

between exposure to herbicides, radium and pesticides (Beard et al. 2016). A meta-

analysis of 3 observational studies investigating lead shows robust evidence for chronic 

exposure to lead with an OR of 1.90 (95% CI 1.14-3.17) (Belbasis, Bellou, and Evangelou 

2016). 

 

1.3 Objectives of this Work 
 

To date, little is known about the association between habitual medication and the risk of 

ALS. Some drugs such as ACE inhibitors, beta blockers and glucocorticoids have not been 

sufficiently examined in the context of ALS. Others drugs such as statins and metformin 

have been examined several times, but predominantly in the context of experimental and 

clinical studies with contradictory results and not by means of a population-based study. 

The objective of this doctoral thesis is to investigate the association of habitual drug 

intake and ALS in 330 cases and 660 controls of a 1:2 matched case-control study based 

on the ALS registry Swabia.  An explorative analysis on habitual drug use was performed. 

Drugs involved in lipid (statins) or glucose metabolism (metformin and insulin) are 

discussed more thoroughly based on the literature review indication existing evidence of 

an association with ALS (see chapter 1.2). 

An exploration of the association between drugs and the risk of ALS in human beings is 

of importance for further research on ALS. A better therapeutic approach seems unlikely 

without a more profound knowledge about the etiology of ALS. The investigation of 

medication may lead to new ideas about the pathomechanisms of ALS.  

Conclusively, this dissertation will investigate systematically the association between 

self-reported drug intake and the onset of ALS and generate hypotheses on potential 

pathomechanisms.  
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2. Material and Methods 

2.1 Study Population 
  

ALS Registry Swabia and Case-control Study. 

The ALS registry aims at collecting all newly diagnosed cases of ALS in Swabia, thus 

determining incidence, prevalence and mortality of ALS. A 1:2 matched case-control study 

was implemented based on the registry with a number of 330 cases and 660 controls in 

order to explore possible risk factors such as comorbidities, physical exercise or 

exposition to different drugs before the onset of ALS. Participants were matched for sex, 

age (range of five years) and region (especially urban vs. countryside). 

The registry was established in October 2010 by the Department of Neurology 

(directed by Prof. Albert Ludolph) and by the Institute of Epidemiology and Medical 

Biometry (directed by Prof. Dietrich Rothenbacher) and is supposed to be running at least 

for 15 years (Nagel et al. 2013). Retrospective (01.10.2008 - 30.09.2010) and prospective 

(from 01.10.2010) data of ALS patients were collected. The acquired data will 

complement the data of the Europeans ALS-MND (motor neuron disease) group (EURALS) 

to enlarge the international dataset about ALS (Nagel et al. 2012). The vital status of the 

ALS-cases is obtained annually via the registration offices, recorded when a patient 

deceases and added to the data store of the registry.  

The registry comprises an area from the northeast of the state of Baden-

Wuerttemberg to the Lake Constance and from Heilbronn to Augsburg in Bavaria. The size 

of the population in the area Swabia (38,815 km²) amounts to 8.4 million in about 35 

counties (Uenal et al. 2014). ALS Patients are reported from about 40 different hospitals 

and practices. Therefore, the later implemented case-control study corresponds to the 

criteria of a multicenter-design study, which increases external validity and study power 

in a shorter period of time (Nagel et al. 2012). A power calculation yielded the result that 

315 ALS patients in a case-control study would be a sufficient study size to find relevant 

drugs in the context of ALS with a power of about 80%. This calculation is based on the 

assumption of an incidence of 2-3 per year in 100,000 people in the area Swabia, which 

would annually yield about 168-252 patients. Sufficient cases were gathered in 2 years 

because of a participation rate of approximately 70% of ALS patients (Nagel et al. 2013). 
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Based on data of the registry, the incidence of ALS in Swabia amounts to 2.6 per 

100,000 person years. It is estimated that 81.1% of the patients are registered, which 

speaks in favor of a high capture-recapture rate and therefore for a high level of 

representativeness (Uenal et al. 2014).  

Cases for the case-control study are recruited according to the following inclusion 

parameters: Diagnosis (according to El Escorial and the International Classification of 

Diseases (ICD 10), which is Code G12.2 for ALS), residence in Swabia, age at diagnosis 

equal to or above 18, date of diagnosis within the time of retro- and prospective date 

collection, ability to speak, write and read German (only a prerequisite for the case-

control study, not for the registry) and the possibility to give willful consent. Regional 

cooperation partners reported new cases of ALS to the “Vertrauensstelle” of the 

Department of Neurology, which contacted the patients. 65% of the patients reported by 

40 hospitals and practices assented to participate in the case-control study, 20% declined 

and 15% could not be contacted. The time of inclusion is the date when one of the 

centers reports a patient and censoring date is either death of the patients or their wish 

to leave the study or the end of observation, whatever came first. Patients agree both to 

the participation in the case-control study and to give a blood sample for biological and 

genetic examinations for scientific research. All ALS cases are verified by an experienced 

neurologist (“Studienarzt”) and visited by a study nurse after the transmission of their 

data from the co-operative hospitals for blood samples and neuropsychological tests. 

Cases underwent a follow-up one year after inclusion in the study and are regularly 

followed-up (Nagel et al. 2013). 

Based on the registry data a 1:2 matched-pair case-control study with more than 440 

patients in total has been implemented. Suitable controls were chosen by means of data 

of the residents’ registration office and contacted by means of an e-mail or a letter and 

thoroughly informed about the study after consent (Nagel et al. 2013). Only 19% of the 

contacted controls consented to participation, 39% declined, 42% could not be contacted. 

The data of both cases and controls according to the questionnaire was inserted in the 

ALS registry. The questionnaire has been altered and shortened (phase 2) to increase the 

rate of participation. 

The acquisition of data for the case-control study is primarily centered on a 

standardized, disease-specific questionnaire that was based on the questionnaire of the 
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European ALS Consortium (EURALS) which was translated into German and modified 

according to need (e.g. physical activity). The data of the questionnaire of phase 1 

(October 2010 until December 2013) and the shortened and improved questionnaire of 

phase 2 (from January 2014) were incorporated in a single dataset. The study data was 

stored in the ALS-registry data center in the Institute of Epidemiology and Medical 

Biometry. This separation facilitates the anonymity of patients and helps fulfill judicial 

necessities. Data was checked, made anonymous and incorporated in the existent set of 

data. Details about the onset, symptoms, treatment and progression of ALS were 

extracted from the clinical documentation and summarized on an extra questionnaire 

where the master data of every patient was gathered. The questionnaires collected 

information about the exact symptoms and their progression, the certainty of the 

diagnosis of ALS according to the revised criteria of El Escorial, the medication (the 

exposure of this dissertation) according to patient files, current treatment and prevalent 

disabilities. The patient, a doctor and a study nurse filled in the questionnaire to attain a 

high quality of data. The responsible medical staff is regularly trained in order to obtain 

sufficient standardization (Nagel et al. 2013).   

The independent ethical commission of Ulm University (file number B-F-2010-062), the 

“Landesärztekammer Baden-Württemberg” and the “Landesärztekammer Bayern” have 

approved the study.  
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2.2 Instruments 

Questionnaires & Description of the Study Sample 

Our data derives from two questionnaires, one of phase 1 (from 2010) and one of phase 2 

(from 2012). The second questionnaire is an amendment of the first in order to increase 

participation mainly by means of shortening. The result is a questionnaire of 30 pages and 

823 variables. While the general part of the questionnaires about sociodemographic 

information, familial causes of death, comorbidities, medication, intake of vitamin and 

micronutrient supplements as well as size, weight, height, smoking, alcohol consumption, 

education, habitual diet and psychological condition did not change significantly, the 

more specific parts about medication, physical activities and comorbidities were altered. 

In phase 2, the preformed drug categories of phase 1 disappeared and two more free-text 

fields appeared for medication to make up a total of 7 free-text fields.  

Phase 1 consisted of a total number of 651 participants with 216 cases, 435 controls, 

132 male cases and 84 female cases. The cases were matched 1:2 to controls according to 

sex, age and region. The acquired data of phase 1 was incorporated in phase 2, 

harmonized and joined by 339 more observations to make a total of 990 which is reduced 

to 871 after adjusting for the possible confounders education, regular alcohol 

consumption, smoking status, familial ALS, marital status and BMI at 20 years as can be 

seen in flow chart 1. The disease-specific part of the questionnaires are based on the 

questionnaire of the European ALS Consortium (EURALS), but modified and translated 

into German. It takes about an hour to fill in the questionnaire. A check of outliers and 

the implementation of random samples that are checked manually ensure a high quality 

of data. 
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Figure 1 Flow-Chart: Description of the Study Sample of the ALS Case-control Study in the Registry Swabia, 
ALS=Amyotrophic Lateral Sclerosis, BMI=Body Mass Index, ASS=Acetylsalicylic Acid, NSAID=Nonsteroidal 
Anti-inflammatory Drugs, ACE=Angiotensin-converting-enzyme, PPIS= Proton-pump inhibitors 

Phase 1 (P1) 

Total number=651 

216 cases    432 controls 

132 male cases     264 male controls 

84 female cases      168 female controls  

 

Adjusted for: 

education, regular 

alcohol consumption, 

smoking status, familial 

ALS, marital status, BMI 

at 20 years 

- 5 free-text fields about ongoing 

medication 

- 15 groups of drugs about past 
medication:  NSAIDs, ASS, ibuprofen & 
naproxen, diclofenac & indometacin, 
analgesics, hypnotics, anabolics, muscle 
relaxants, virostatics, antimycotics, 
caffeine tablets, stimulants, 
antidepressants, antipsychotics, 
antiepileptics 

Removed due to 

low numbers: 

analgesics, 

anabolics, 

muscle relaxants, 

virostatics, 

antimycotics, 

caffeine tablets, 

antipsychotics, 

antiepileptics 

Phase 2 (P2) 

Total number=990 

330 cases    660 controls 

194 male cases     388 male controls 

136 Female cases      272 female controls  

 

Elaboration and description of free-text fields: ASS, 

NSAIDs, glucocorticoids, ACE inhibitors, beta blockers, 

statins, PPIs, thyroxine, antidepressants, allopurinol, 

insulin, metformin 

 

 

Integration of P1, elaboration and description 

of free-text fields 

Groups of drugs of P1 elaborated from free-

text fields 

871 observations  remain 

291 cases    580 controls 

171 male cases     340 male controls 

120 Female cases      240 female controls  

 

- 7 free-text fields about ongoing 

medication 
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2.3 Exposure, Confounders and Outcome ALS 

Exposure 

As shown in figure 2, habitual medication is the exposure that is examined in our study. 

15 groups of drugs were proposed in phase 1: NSAIDs, ASS, ibuprofen and naproxen, 

diclofenac and indometacin, analgesics, sleeping pills, anabolics, muscle relaxants, 

virostatics, antimycotics, caffeine tablets, stimulants, antidepressants, neuroleptics and 

anticonvulsants. Regular drug intake for these 15 groups was defined as daily intake for 

more than one week or of 5 doses in a regular interval in the past. According to the 

interval of administration, three categories were formed: intake for less than one year, 

for one to five years or for more than five years. While we did not pursue the 15 

preformed groups for this doctoral thesis due to low numbers, we pursued the following 

groups of drugs from the free-text fields: ASS, (non-ASS) NSAIDs, glucocorticoids, ACE 

inhibitors, beta blockers, statins, proton-pump inhibitors, thyroxine, antidepressants, 

allopurinol, insulin and metformin. For the free-text fields, regular intake was defined as 

daily intake during at least 6 consecutive weeks in the past. The duration of intake was 

given on a ratio scale in the questionnaire, but we categorized it into the same three 

groups as before: intake for less than one year, for one to five years or for more than five 

years. 

For this doctoral thesis, the choice of the examined drugs is either based on the 

literature of medication in the context of ALS (statins, metformin, ASS, insulin,…), on the 

frequencies of drugs (ACE inhibitors, beta blockers,…) in the dataset  or on plausibility 

(e.g. antidepressants because of the associated comorbidity “depression"). Therefore, we 

pursue an explorative approach. 

 

 

 

 

 

 

Figure 2 Exposure, Confounders and Outcome in the Study Design of the ALS Case-control Study in the 

Registry Swabia, NSAIDs=Nonsteroidal Anti-inflammatory Drugs, BMI=Body Mass Index, ALS=Amyotrophic 

Lateral Sclerosis  

Exposure: statins, metformin, 

NSAIDs, other drugs 
Outcome: ALS 

Confounders: age, sex, education, profession, 
familial ALS, smoking, dyslipidaemia, BMI, diabetes 
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The response “I do not know” in the preformed groups of drugs in phase 1 was 

equaled to “missing value”. No entries of drugs in the free-text fields were considered to 

be a negation of taking drugs. According to this definition, there are no missing values in 

the free-text fields. The drugs were summarized in groups with the objective of having 

more than 10 hits per variable. A wide range of heterogeneous orthography had to be 

considered by means of renaming specific roots of names (e.g. “-insu-” to “Insulin” or “-

pril” for ACE inhibitors). This can be viewed in greater detail in table 1. 

The calculated odds ratio compare the exposition “taking of drug x” of cases to 

controls and allow the proposition of a hypothesis on the drug being a risk factor or not. 
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Table 1 Agents and Trade Names in the Dataset of the Case-control Study of the Registry Swabia in 
Southern Germany. ACE=Angiotensin-converting-enzyme, ASS=Acetylsalicylic Acid, NPH=Neutral 
Protamine Hagedorn, NSAIDs=Nonsteroidal Anti-inflammatory Drugs 

 

 

 

 

Drugs Agents Trade names 

ASS acetylsalicylic acid, ASS Herzass, Aspirin, Miniasal, 
Eudorlin, Godamed 

NSAIDs ibuprofen, flurbiprofen, 
naproxen, ketoprofen, 
diclofenac, indometacin 
flufenamin, piroxicam 

Voltaren, Indomet, Felden, 
Celebrex 

Glucocorticoids 
 

cortison, cortisol, prednisolon, 
deflazacort, triamcinolon, 
betamethason 

Cortison, Hydrocortison Hoechst, 
Decortilen, Prednison, Calcort, 
Decortin, Volon, Delphicort, 
Celestan, Fortecortin 

ACE Inhibitors 
 

ramipril, quinapril, captopril, 
enalapril, fosinopril, lisinopril  

Coronorm, Lopirin, Enadura, 
Xaned, Corvo, Benalapril, 
Fosinorm, Ramilich, Delix, Aprovel, 
Enahexal 
 

Beta Blockers 
 

propranolol, pindolol, sotalol, 
atenolol, celiprolol, bisoprolol, 
metoprolol, nebivolol, 
carvedilol, esmolol, 

Inderal, Visken, Sotalex Tenormin, 
Bisoprolol, Beloc Zoc 

Statins 
 

atorvastatin, cerivastatin, 
fluvastatin, rosuvastatin, 
simvastatin 

Sortis, Pravasin, Gerosim, Zocor 

Proton-pump 
Inhibitors 
 

(es-)omeprazol, lansoprazol, 
rabeprazol, pantoprazol 
 

Nexium, Agopton, Lansogamma, 
Omegamma, Pantozol, Pariet, 
Rifun 

Thyroxine 
 

levothyroxin Levothyroxin, L-Thyrox, Euthyrox 

Insulin 
 

insulin, humaninsulin, NPH-
insulin, insulin glargine, insulin 
lispro, insulin aspart 

Humalog,Liprolog, Novo Rapid, 
Apidra, Actrapid,Insuman Rapid, 
Huminsulin Normal, Berlinsulin H 
Normal, Protaphane, Insuman 
Basal, Lantus, Levemir, Actraphane 

https://de.wikipedia.org/wiki/Ibuprofen
https://de.wikipedia.org/wiki/Flurbiprofen
https://de.wikipedia.org/wiki/Naproxen
https://de.wikipedia.org/wiki/Ketoprofen
https://de.wikipedia.org/wiki/Indometacin
https://de.wikipedia.org/wiki/Flufenamins%C3%A4ure
https://de.wikipedia.org/wiki/Piroxicam
http://www.dr-gumpert.de/html/voltaren.html
http://www.pharmawiki.ch/wiki/index.php?wiki=Propranolol
http://www.pharmawiki.ch/wiki/index.php?wiki=Pindolol
http://www.pharmawiki.ch/wiki/index.php?wiki=Celiprolol
http://www.pharmawiki.ch/wiki/index.php?wiki=Bisoprolol
https://de.wikipedia.org/wiki/Atorvastatin
https://de.wikipedia.org/wiki/Cerivastatin
https://de.wikipedia.org/wiki/Fluvastatin
https://de.wikipedia.org/wiki/Rosuvastatin
https://de.wikipedia.org/wiki/Simvastatin
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(ROTE LISTE® 2017 Buchausgabe - Einzelausgabe: Arzneimittelverzeichnis Für Deutschland 2017) 
 

Outcome 

The diagnosis ALS is the outcome of the present study. The diagnosis ALS was defined 

according to the revised criteria of El Escorial in order to achieve standardization and 

comparability (Nagel et al. 2013).  These criteria consist of the following conditions: 

1. Signs of an affection of the lower motor neuron shown by clinical, electrophysiological 

or neuropathological evidence 

2. Signs of the affection of the upper motor neuron 

3. A progression of the aforementioned signs 

4. Lack of electrophysiological findings holding for a different disease of the motor neuron 

5. Absence of evidence in the imaging physics supporting any different causality. All 

registered cases were reviewed by an experienced neurologist. 

According to these criteria, a probability was allotted to every diagnosis (see table 2): 

signs of the first or second motor neuron in one region of four (bulbar, cervical, thoracical 

and lumbosacral) raises suspicion of ALS, signs of the first and second neuron in one 

region leads to the diagnosis “ALS possible”; if an acute denervation occurs, a laboratory-

supported diagnosis of ALS can be proposed, with signs in two regions ALS is likely, while 

signs in at least three regions make the diagnosis ALS definite (Brooks et al. 2000). If the 

diagnosis ALS was not certain at registration, the progression of the disease decided 

about the inclusion in the study. 

 

 

Metformin metformin Janumet, Glucophage, 
Diabetase 

Antidepressants 
 

(es-)citalopram, fluoxetin, fluvoxamin, 
paroxetin, sertralin, clomipramin, 
doxepin, imipramin, maprotilin, 
mianserin, nortriptylin, mirtazapin 

Cipralex, Sepram, 
Seropram, Cipram, 
Seropram, Citalopram 
Fluctin, Zoloft 
 

Allopurinol  
 

allopurinol Allopurinol, Bleminol, 
Purinol, Zyloric 
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The outcome ALS has been categorized into familial and sporadic ALS. Familial ALS is 

defined as at least one case of ALS in the family, otherwise the case is considered as 

sporadic ALS. 

 

Table 2 Number and Frequency of the Certainty of the Diagnosis ALS According to El 
Escorial Criteria in the ALS Case-control Study Swabia by Sex, ALS=Amyotrophic Lateral 
Sclerosis, n=Number 

 

 ALS cases (n=330) 

 Male Female 

El Escorial n % n % 

Clinically sure 14 7.2 12 8.8 

Clinically probable 60 30.9 50 36.8 

Lab-supported ALS 51 26.3 31 22.8 

Clinically possible 15 7.7 17 12.9 

Suspicion of ALS 45 23.2 15 11.0 

Unknown 9 4.6 12 8.1 
 

In the case-control study, 64.4% of male cases and 68.4% of female cases had a clinically 

sure, probable or lab-supported ALS diagnosis, which means that one third of patients 

have only clinically possible or suspected ALS or that the diagnosis is unknown in a small 

subpart of patients. 

 

Confounders 

ALS is a multifactorial disease. Based on literature reviews, we considered age, sex, 

region, alcohol consumption, education, smoking, BMI and familial ALS as potential 

confounders (Ingre et al. 2015). We controlled for confounders by stratification (age, sex 

and region) or by adjustment. Age classes were formed ranging from younger than 55 to 

older than 75 due to the mean age of diagnosis, which usually is between 60 and 70 

(Kiernan et al. 2011). Educational classes were summarized into three categories: low (no 

graduation at all), medium (completion of either “Hauptschule” or “Realschule”) and high 

(graduation from “Fachhochschule” or “Gymnasium”) to simplify matters and to increase 

power on comparing the educational groups. We compared the body mass index (weight 

divided by the square of the body height(Hall and Cole 2006)) at the age of 20 and the 

current BMI of cases and controls. Everyone who consumed alcohol at least once a week 
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was considered as a regular consumer of alcohol. The entry zero days of alcohol 

consumption per week in the questionnaire of our case-control study was thus equated 

with non-alcohol consumption. Smoking or having smoked was defined as at least one 

cigarette per day for at least one year. The subjects who did not smoke more than 100 

cigarettes in their lives were categorized as non-smokers, the remaining subjects as 

smokers. The median of pack years was calculated. Pack years is an index which derives 

from packets per day multiplied by years of smoking (Bellamy and Booker 2004). These 

variables can be found in the general description of the study population in chapter 3.1. 
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2.4 Statistical Methods 

 

The present analysis follows a systematic, explorative approach in order to generate 

hypotheses about habitual medication and ALS risk. The presented results are based on 

descriptive and multivariate statistics of a 1:2 matched (age, sex, region) case-control 

study implemented in the ALS registry Swabia with 330 patients and 660 controls. 

Analyses were executed with SAS, Version 9.3 (Statistical Analysis System, Version 9.3 by 

the SAS Institute in Cary, North Carolina, USA) on Windows 8.1 and incorporated in Word 

2013. 

We used the operation „proc freq” in SAS to describe frequencies in our data. Data is 

presented in tables showing numbers (=n) and relative frequencies in percent (%). The 

percentage facilitates comparison of the cases to their two matches and gives an 

overview about prevalence of drug intake. Average values and medians for variables such 

as age, smoking and BMI were calculated via “proc means”. 

 The multivariate analyses were performed applying conditional logistical regression 

models in order to calculate odds ratios which can be interpreted as risk ratio (Diaz-

Quijano 2012).  The SAS procedure “proc logistic” was applied to calculate Odds ratios 

(ORs) and 95% confidence intervals (CIs) for ALS risk. ORs represent “the odds that an 

outcome will occur given a particular exposure, compared to the odds of the outcome 

occurring in the absence of that exposure” (Szumilas 2010). ORs were calculated with the 

cases in the denominator. Hence, a value smaller than one indicates a protective effect, a 

value greater than one indicates a risk factor. The data was analyzed overall and for men 

and women separately. We decided to use the level of significance p<0.05 which is in 

common usage. After calculating crude models, we adjusted for the possible confounders 

education, familial ALS, smoking, regular alcohol consumption and BMI. We decided on a 

cut-off of at least 30% (ORs less than 0.7 or more than 1.3) and consistency in both sexes 

(no difference greater than 30% between them) if not to be explained otherwise and at 

least 20 observations per drug (cases plus controls). If ORs fulfill these criteria, we state 

that the examined drug is associated with ALS according to our data. We conducted a 

sensitivity analysis on the four drugs that meet these criteria restricting the dataset to ALS 

cases with at least lab-supported ALS. 
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3. Results 

3.1 Description of the Study Sample 
 

General Description 

The case-control study based on the ALS registry comprises 330 cases with 194 men 

(58.7%) and 136 women (41.3%) as well as 660 controls with 388 men and 272 women. 

Mean age of cases is 65.3 (SD 10.5) years and of 65.5 years in controls, with age range 

from 36 to 90 years in cases and 35 to 90 years in controls. There is a higher prevalence of 

smoking in cases than in controls (49% vs. 48%) with a consistency in both sexes (58% vs. 

56% in men and 40% vs. 38% in women) and a lower alcohol consumption in cases (67%) 

than in controls (79%) which is also consistent in both sexes (83% compared to 87% in 

men and 57% vs.71% in women). 57% of cases have low educational levels compared to 

45% in controls, a proportion that can be found in both sexes (58% vs. 46% in men and 

56% vs. 43% in women). Cases had a mean BMI of 22.8 kg/m2 at the age of 20 years (SD 

2.8 kg/m2), while controls had a BMI of 22.3 kg/m2 (SD 2.9 kg/m2), a proportion which is 

consistent in both sexes (BMI of 23.6 kg/m2 (SD 2.7 kg/m2) in male cases vs. 22.8 kg/m2  

(SD 2.8 kg/m2) in male controls and 21.7 kg/m2  (SD 2.8 kg/m2) vs.  21.3 kg/m2 (SD 2.9 

kg/m2) in women). Cases also have a higher BMI (27.2 kg/m2 (SD 3.8 kg/m2)) at 

recruitment than controls (24.5 kg/m2, SD 3.7 kg/m2). This is consistent in both sexes: 28.3 

kg/m2 (SD 3.9 kg/m2) vs. 24.9 kg/m2 (SD 3.8 kg/m2) in men and 25.7 kg/m2 (SD 4.3 kg/m2) 

vs. 23.9 kg/m2 (SD 4.2 kg/m2) in women). Both groups have a comparative number of 

children and about the same frequencies in marital status with the exceptions of male 

controls who are more often married than female controls (88% to 73%). 
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Table 3 Characteristics of the Study Sample of the ALS Case-control Study in the Registry Swabia by 
Sex. Data from October 2010 to June 2015. BMI20= Body Mass Index [kg/m2 = kilogram per square 
meter] at the age of 20, BMI Current= Body Mass Index [kg/m2] at the age of disease onset, 
cig.=cigarettes, n=number, SD=standard deviation, y=years 

 

 

  

 

Male Female 

 Cases Controls Cases Controls 
 

n 
 

n 
 

n 
 

n 
 

Total number n=990 194 
 

388 
 

136 
 

272 
 

Mean Age [y], SD 65.5 ±10.7 66.0 ±10.3 64.9 ±10.1 65.0 ±10.4 

Age class  %  %  %  % 

    <55 30 15.46 47 12.11 23 16.91 42 15.44 

    56-60 24 12.37 31 7.99 19 13.97 37 13.06 

    61-65 27 13.92 63 16.24 18 13.24 37 13.06 

    66-70 38 19.59 67 17.27 27 19.85 53 19.49 

    >70 75 38.66 170 43.81 49 36.03 103 37.87 

BMI20 (n=837); n 160 SD 372 SD 120 SD 266 SD 

    Mean [kg/m2], SD 23.6 ±2.7 22.8 ± 2.8 21.7 ± 3.0 21.3 SD ± 2.9 

BMI current; n 194  388  135  272  
    Mean [kg/m2], SD 24.9 ± 3.6 28.3 ± 3.9 23.9 ± 4.6 25.7 SD ± 4.4 

Marital status; n 193 % 386 % 136 % 272 % 

    Single 17 8.81 17 4.40 6 4.41 15 5.51 

    Married/co-habitating 155 80.31 339 87.82 100 73.53 198 72.79 

    Divorced/widowed 21 10.88 32 8.29 30 22.06 59 21.69 

Children; n 193  386  135  268  

    Yes 156 80.83 328 84.97 114 84.44 223 83.21 

Education; n 194  387  136  272  

    Low 113 58.25 176 45.48 76 55.88 118 43.38 

    Medium 44 22.68 97 25.06 38 27.94 83 30.51 

    High 37 19.07 114 29.46 22 16.18 71 26.10 

Smoking status; n 190  388  134  271  

    Ever (≥100 cigarettes) 110 57.89 217 55.93 53 39.55 102 37.64 
    Pack years; n 102  218  51  101  

        Median 22.5  20.2  12.5  15  

Alcohol intake; n 182  379  122  258  
    Regular  151 82.97 336 88.65 69 56.56 183 70.93 



23 
 

 3.2 Description of Drug and Vitamin Supplement Intake 

 

Table 4 shows data on the prevalence of drug and vitamin intake in cases and controls 

and the duration of drug intake.  

ASS intake is more common in cases compared to controls (15.6% to 13.2%), which is 

consistent in both sexes (18.6% vs. 15.2% in men and 11% vs. 10.7% in women). NSAIDs 

are almost equally distributed in cases (3.1%) and controls (3.3%) as well as in sexes (2.6% 

to 2.85 in men and 3.7 to 4% in women). There are small differences between subgroups 

in ACE inhibitors: Controls administer them more often (27%) than cases (23%) overall 

and in both sexes (29% to 25.7% in men and 24% to 19% in women), while other drugs 

such as beta blockers are less frequent in cases (14.6%) than in controls (18.5%) with 

15.5% in male cases to 20% in male controls and 13.2% to 16.2% in female cases to 

female controls. Proton-Pump inhibitors are more frequently found in cases (11%) than in 

controls (7%) with the same percentages in both sexes. Yet, statins are more common in 

controls (14.9%) than in cases (7.5%) with 18% in male cases to 8.2% in male controls and 

10.3% in female cases to 6.5% in female controls. 

There are only 9 cases and 4 controls who reported the application of insulin, but 

insulin seems less frequent in controls (0.6%) than in cases (2.7%) with consistency in 

both sexes (0.5% to 2.6% in men and 0.7% to 2.9% in women). A different oral 

antidiabetic, metformin, is taken by 3.9% of cases compared to 5.8% of controls (4.5% in 

male cases to 7.2% in male controls and 2.9% in female cases to 3.7% in female controls). 

Antidepressants are more frequent in cases (11.2%) than in controls (2.6%), which is 

consistent in sexes (8.8% vs 1.8% in men and 14.7% to 3.7% in women). Allopurinol is 

taken more commonly by controls (4.5%) than by cases (3%) with the same tendency in 

men (4.6% to 7%), but an equal distribution in women (0.74% for both). 

The exploration of vitamin supplements yields small differences in “vitamins without 

minerals” in cases (4.2%) and controls (3.7%) with a contrary ratio in men (4.5% of cases 

vs. 3.5% of controls) and in women (3.7% of cases vs.  4.1% of controls). 9.2% of cases and 

7.7% of controls take “vitamins with minerals” (12.6% in female cases compared to 9.9% 

in female controls and 6.9% in male cases to 6.3% in male controls).  
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Table 4 Part 1 Past Medication and Duration of Habitual Drug Intake in the ALS Case-control Study 
Swabia by Sex, ASS= Acetylsalicylic Acid, NSAID= Nonsteroidal Anti-inflammatory Drugs, ACE = 
Angiotensin-converting-enzyme, n= Number, y= Years 

  

 Male Female 
 Cases Controls Cases Controls 

 n % n % n % n % 

ASS         

Yes 36 18.56 59 15.21 15 11.03 29 10.66 
    <1y 4 11.11 3 5.08 1 6.67 2 6.90 
    1-5y 4 11.11 9 15.25 5 33.33 13 44.83 
    >5y 14 38.89 33 55.93 3 20.00 15 51.72 
         

NSAIDs         

Yes 5 2.58 11 2.84 5 3.68 11 4.04 
    <1y 1 20.00 2 18.18 1 20.00 2 18.18 
    1-5y 0 0 1 9.09 1 20.00 1 9.09 
    >5y 2 40.00 2 18.18 0 0.00 2 18.18 

 

Glucocorticoids         

Yes 3 1.55 8 2.06 3 2.21 1 0.37 
    <1y 2 66.67 3 37.50 1 33.33 0 0.00 
    1-5y 1 33.33 1 12.50 1 33.33 0 0.00 
    >5y  0 0 2 25.00 0 0.00 1 100.00 

ACE inhibitors         

Yes 50 25.77 114 29.38 26 19.12 66 24.26 
    <1y 3 6.00 7 6.14 5 3.68 3 4.55 
    1-5y 11 22.00 21 18.42 5 3.68 16 24.24 
    >5y 
 

19 38.00 54 47.37 7 5.15 30 45.45 

Beta blockers         

Yes 30 15.46 78 20.10 18 13.24 44 16.18 
    <1y 2 6.67 2 2.56 2 11.11 3 6.82 
    1-5y 8 26.67 11 14.10 1 5.56 7 15.91 
    >5y 10 33.33 40 51.28 9 50.00 20 45.45 
         

Statins         

Yes 16 8.25 70 18.04 9 6.62 28 10.29 
    <1y 3 18.75 6 8.57 0 0.00 1 3.57 
    1-5y 4 25.00 6 8.57 2 22.22 7 25.00 
    >5y 7 43.75 32 45.71 2 22.22 14 50.00 
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Table 4 Part 2 Past Medication and Duration of Habitual Drug Intake in the ALS Case-control Study 
Swabia by Sex, n= Number, PPIs= Proton-pump Inhibitors, y= Years 

 

 

  

 Male Female 

 Cases Controls Cases Controls 
  n 

 
% n % n % n % 

PPIs 
Yes 

 
22 

 
11.34 

 
31 

 
7.99 

 
15 

 
11.03 

 
21 

 
7.72 

    <1y 4 18.18 3 9.68 5 33.33 4 19.05 

    1-5y 3 13.64 7 22.58 2 13.33 7 33.33 

    >5y 2 9.09 10 32.26 2 13.33 9 42.86 

         

Thyroxine         

Yes 10 5.15 39 10.05 31 22.79 64 23.53 
    <1y 0 0.00 2 0.52 2 6.45 4 6.25 

    1-5y 2 20.00 5 1.29 3 9.68 7 10.94 

    >5y 6 60.00 21 5.41 15 48.39 45 70.31 

         

Insulin         

Yes 5 2.58 2 0.52 4 2.94 2 0.74 

    <1y 2 40.00 1 50.00 0 0.00 0 0.00 

    1-5y 0 0.00 0 0.00 1 25.00 0 0.00 

    >5y 1 20.00 1 50.00 2 50.00 2 100.00 

         

Metformin         

Yes 9 4.64 28 7.22 4 2.94 10 3.68 

    <1y 0 0.00 0 0.00 1 25.00 0 0.00 

    1-5y 1 11.11 8 28.57 1 25.00 2 20.00 
    >5y 4 44.44 14 50.00 0 0.00 5 50.00 
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Table 4 Part 3 Past Medication and Duration of Habitual Drug Intake in the ALS Case-control Study 
Swabia by Sex, n= Number, y= Years 

 

  

 Male Female 
 Cases Controls Cases Controls 
 n % n % n % n % 

         

Antidepressants         

Yes 17 8.76 7 1.80 20 14.71 10 3.68 

     <1y 6 35.29 2 28.57 6 30.00 1 10.00 

    1-5y 3 17.65 2 28.57 2 10.00 3 30.00 

    >5y 3 17.65 3 42.86 3 15.00 6 60.00 

         

Allopurinol         

Yes 9 4.64 27 6.96 1 0.74 2 0.74 

    <1y 0 0.00 2 7.41 0 0.00 0 0.00 

    1-5y 1 11.11 6 22.22 0 0.00 0 0.00 

    >5y 5 55.56 14 51.85 1 100.00 2 100.00 

         

Vitamin 
supplements 
without  minerals 

157  347  109  242  

Yes 7 4.46 12 3.46 4 3.67 10 4.13 

    <1y 3 42.86 5 41.67 2 50.00 3 30.00 

    1-5y 3 42.86 3 25.00 2 50.00 3 30.00 

    >5y  1 14.29 4 33.33 0 0.00 3 30.00 

Vitamin 
supplements with  
minerals 

159  346  111  242  

Yes 11 6.92 22 6.36 14 12.61 24 9.92 

    <1y 4 36.36 7 31.82 4 28.57 10 41.67 

    1-5y 3 27.27 8 36.36 7 50.00 8 33.33 
    >5y 4 36.36 6 27.27 2 14.29 6 25.00 
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3.3 Multivariate Analyses about the Association of Medication and 

Vitamins with ALS  
 

Figure 3 depicts the crude ORs and the 95%-confidence intervals of drug intake for the 

entire study sample. As can be seen by comparison to table 5, there are only minor 

differences between the crude and adjusted estimates and 95% confidence intervals. 

Only for allopurinol differences occurred.  

Table 5 shows the adjusted ORs and the 95%-confidence intervals of ALS risk for 

medication overall and by sex. The multivariate logistic regression models were adjusted 

for education, familial ALS, smoking, BMI classes and regular alcohol consumption. No 

associations with ALS risk were observed for ASS (OR 1.12 (95% CI 0.72-1.74)), ACE 

inhibitors (OR 0.87 (95% CI 0.61-1.24)), beta blockers (OR 0.84 (95% CI 0.56-1.27)), 

thyroxine (OR 0.78 (95% CI 0.50 to 1.21)) and allopurinol (OR 0.81 (95% CI 0.37-1.77). It 

should be remembered that allopurinol is mainly administered in the context of gout and 

was only taken by one female case. There is consistency in both sexes except for ASS and 

thyroxine. ASS yields an OR of 1.23 (95% CI 0.51-2.66) in men and of 0.89 (95% CI 0.40-

2.01) in women with a wide CI. ORs of thyroxine were 0.55 (95% CI 0.25-1.17)) in men and 

0.96 (95% CI 0.55-1.65) in women. 

The OR of insulin is 4.67 with a vast 95% CI of 1.39 to 15.73 due to low numbers, but it 

is consistent in both sexes (4.79 in men (95% CI  0.86-26.63) and 4.56 (95% CI 0.81-25.38) 

in women). On the other hand, metformin has a rather low OR of 0.59 overall (95% CI 

0.28-1.23), 0.55 (95% CI 0.23-1.33) in men and 0.69 (95% CI 0.18-2.60) in women. Statins 

were statistically significantly inversely associated with ALS risk (OR of 0.38 (95% CI 0.22-

0.67)) which is consistent with the finding in sexes: OR 0.43 (95% CI 0.22-0.81) in men and 

OR 0.27 (95% CI 0.08-0.93) in women. The CI of PPIs includes the null value (OR 1.54 (95% 

CI 0.94-2.51), while the point estimate is consistent in both sexes: 1.71 (95% CI 0.91-3.22) 

in men and 1.31 (95% CI 0.60-2.85) in women. Antidepressants have an OR of 3.70 (95 % 

CI 1.97-6.94) in our study population, of 4.35 in men (95% CI 1.69-11.20) and 3.23 (95% CI 

1.38-7.54) in women. They are therefore significant, but suffer from a wide range of CI. 

. 
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 Figure 3 Unadjusted Odds Ratios (ORs) and 95% Confidence Intervals (=CI) of ALS Risk for Selected Drug Intake in the ALS Case-control Study Swabia for 
330 Cases and 660 Controls, ASS=Acetylsalicylic Acid, NSAID=Nonsteroidal Anti-inflammatory Drugs, ACE=Angiotensin-converting Enzyme, PPIs=Proton-
pump Inhibitors (Graph generated by DistillerSR Forest Plot Generator from Evidence Partners, Users of the Generator retain their own copyright) 

  

 

  

Drugs 
ASS 

NSAIDS 

Glucocorticoids 

ACE inhibitors 

Beta blockers 

Statins 

PPIs 

Thyroxine 

Antidedpressants 

Allopurinol 
Insulin 

Metformin 

95% CI 

0.85-1.84 

0.42-1.96 

0.49-3.96 

0.60-1.13 

0.53-1.10 

0.29-0.75 

0.97-2.36 

0.51-1.13 

2.50-8.18 

0.30-1.35 

1.31-14.15 

0.31-1.16 
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Table 5 Odds Ratios and 95% Confidence Interval for Selected Drug Intake in the ALS Case-control Study Swabia Overall and by Sex, Adjusted for 

Education, Familial ALS, Smoking, BMI Classes and Regular Alcohol Consumption, n=Number of Cases and Controls (Cases/Controls), OR=Odds 

Ratio, CI=Confidence Interval, ASS=Acetylsalicylic Acid, NSAID=Nonsteroidal Anti-inflammatory Drugs, ACE=Angiotensin-converting Enzyme, 

PPI=Proton-pump Inhibitors, significant values are fat 

 

 all cases/ all controls 
n=291/580 

male cases/ male controls 
n=171/340 

female cases / female controls 
n=120/240 

Drugs n OR CI (95%) n OR CI (95%) n OR CI (95%) 

ASS 49/88 1.12 0.72 1.74 36/59 1.23 0.73 2.09 13/29 0.89 0.40 2.01 

NSAIDs 10/18 1.17 0.51 2.66 5/7 1.47 0.47 4.58 5/11 0.93 0.28 3.05 

Glucocorticoids 6/9 1.43 0.47 4.35 3/8 0.96 0.25 3.67 3/1 5.30 0.47 59.40 

ACE inhibitors 76/180 0.87 0.61 1.24 50/114 0.91 0.59 1.42 26/66 0.80 0.45 1.44 

Beta blockers 48/122 0.84 0.56 1.27 30/78 0.88 0.52 1.48 18/44 0.79 0.41 1.54 

Statins 25/98 0.38 0.22 0.67 16/70 0.43 0.22 0.81 9/28 0.27 0.08 0.93 

PPIs 37/52 1.54 0.94 2.51 22/31 1.71 0.91 3.22 15/21 1.31 0.60 2.85 

Thyroxine 41/103 0.78 0.50 1.21 10/39 0.55 0.25 1.17 31/64 0.96 0.55 1.65 

Antidepressants 37/17 3.70 1.97 6.94 17/7 4.35 1.69 11.20 20/10 3.23 1.38 7.54 

Allopurinol 10/29 0.81 0.37 1.77 9/27 0.76 0.33 1.76 1/2 1.35 0.12 15.07 

Insulin 9/4 4.67 1.39 15.73 5/2 4.79 0.86 26.63 4/2 4.56 0.81 25.38 

Metformin 13/38 0.59 0.28 1.23 9/28 0.55 0.23 1.33 4/10 0.69 0.18 2.60 
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Table 6 Odds ratios with 95% confidence intervals (CIs) of ALS risk for the intake of vitamins in the ALS Case-control Study Swabia Overall and by 

Sex, Adjusted for Education, Familial ALS, Smoking, BMI Classes and Regular Alcohol Consumption, n=Number of Cases and Controls 

(Cases/Controls), OR=Odds Ratio, CI=Confidence Interval 

 

 

 

 

 

 All cases/ all controls 
n=266/569 

Male cases/ male controls 
n=157/347 

Female cases / female controls 
n=109/242 

Vitamins n OR CI (95%) n OR CI (95%) n OR CI (95%) 

Multivitamins 
without minerals 

11/22 1.05 0.48 2.29 7/12 1.27 0.45 3.53 4/10 0.83 0.25 2.74 

Multivitamins 
with minerals 

25/46 1.13 0.66 1.92 11/22 1.11 0.51 2.42 14/24 1.15 0.56 2.37 

Table 6 shows the adjusted odds ratios with 95% CI for ALS risk for multivitamin supplements with and without minerals. Compared to no 

intake, we found overall an OR of 1.05 in the category multivitamin supplements without minerals. In men, the OR (1.27 (95% 0.45-3.53)) 

was higher than in women (OR 0.83 (95% CI 0.25-2.74)).  For multivitamin supplements with minerals the ORs were 1.13 (95% CI 0.66-1.92) 

overall, 1.11 (95% CI 0.51-2.42) in men and 1.15 (95% CI 0.56-2.37) in women, respectively. 
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Table 7 Odds Ratios (ORs) and 95% Confidence Intervals (CIs) for ALS Risk for Statins, PPIs, Antidepressants and Metformin in the ALS Case-control 
Study Swabia  after Adjustment for Education, Familial ALS, Smoking, BMI Classes and Regular Alcohol Consumption, Restricted to the ALS Cases 
with at Least Lab-supported ALS n=Number of Cases and Controls (Cases/Controls), OR=Odds Ratio, CI=confidence Interval, n=Number of Cases and 
Controls (Cases/Controls), PPI=Proton-pump Inhibitors, significant values are fat 

 

 All cases/all controls 
n=291/580 

Male cases/male controls 
n=171/340 

Female cases/female controls 
n=120/240 

Drugs n OR CI (95%) n OR CI (95%) n OR CI (95%) 

PPIs 21/42 1.02 0.56 1.88 14/27 1.13 0.53 2.40 7/17 0.86 0.30 2.43 

Antidepressants 11/17 1.39 0.83 2.33 5/7 1.20 0.41 3.48 6/10 1.18 0.41 3.43 

Metformin 10/38 0.46 0.23 0.92 7/28 0.47 0.21 1.05 3/10 0.45 0.12 1.65 

Statins 23/98 0.71 0.42 1.20 15/70 0.69 0.37 1.27 8/28 0.79 0.29 2.11 

 

Table 7 shows the ORs for the risk of ALS for the cases with at least lab-supported ALS. PPIs have a lower OR of about 1 after sensitivity analysis, 

which means that more patients with a less certain diagnosis had taken PPIs. The same is true for antidepressants with a decrease from 3.70 to 

1.39.  Metformin becomes significant after sensitivity analysis (OR 0.71 (95% CI 0.42-1.20), statins still show a tendency of a 29% risk reduction 

(OR 0.71 (95% CI 0.42-1.20) which is not significant any more. 
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Table 8 Odds ratios (ORs) and 95% Confidence intervals (CI) for ALS Risk for Statins, PPIs, Antidepressants and Metformin in the ALS Case-control 
Study Swabia after Adjustment for Education, Familial ALS, Smoking, BMI Classes, Regular Alcohol Consumption and Duration of Intake, 
CI=Confidence Interval, n=Number of Cases and Controls (Cases/Controls), PPI=Proton-pump Inhibitor, significant values are fat 

 

 All cases/all controls 
n=291/580 

Male cases/male controls 
n=171/340 

Female cases/female controls 
n=120/240 

Drugs n OR CI (95%) n OR CI (95%) n OR CI (95%) 

PPIs 14/39 0.72 0.52 1.14 7/20 0.69 0.45 1.28 7/19 0.75 0.08 1.45 

Antidepressants 15/17 1.96 0.73 5.25 5/7 1.39 0.34 5.74 10/10 2.56 0.65 10.13 

Metformin 7/28 0.47 0.19 1.17 5/21 0.41 0.14 1.24 2/7 0.65 0.13 3.22 

Statins 13/62 0.49 0.26 0.91 11/43 0.60 0.30 1.21 2/19 0.24 0.06 1.06 

Table 8 shows the ORs and CIs for PPIs, antidepressants, metformin and statins. These values were also adjusted for the duration of intake. While 

PPIs show an OR of 0.72 (95% 0.52-1.14), the OR of antidepressants suggests a positive association with ALS risk (OR 1.96 (95% CI 0.73-5.25)) 

although the 95% CI is wide and includes the null-effect value. Metformin showed an OR of 0.47 (95% CI 0.19-11.7), however, the 95% also 

included the null value. Statins continue to reduce the risk for ALS by about 50%. The association with statins is even statistically significant after 

adjustment with an OR of 0.49 (95% 0.26-0.91). All four drugs show the same tendency in both sexes. 



33 
 

4. Discussion 

4.1 Short Summary 

For the present analyses data was used from a population-based case-control study 

implemented in the ALS registry Swabia. The dataset comprised data of 330 ALS cases and 

660 matched (1:2 for age, sex and region) controls. 

Overall, a statistically significant decreased risk for ALS was found for the habitual drug 

intake of statins. Our results suggest a decreased risk for ALS for the intake of metformin 

(although the null value is included) as well as an increased risk of ALS for PPIs and 

antidepressants. We also detected differences between men and women for ASS and 

thyroxine consistent with an effect modification by sex. No association with ALS was found 

for ASS, NSAIDs, ACE inhibitors, beta blockers, glucocorticoids, thyroxine, allopurinol, insulin 

and multivitamin pills. 

 

4.2 Limitations and Strengths  

Every study has its limitations and an error of measurement. There are general limitations 

concerning all case-control studies such as recall bias (a bias due to problems in recollection 

by both controls and cases), selection bias (controls may differ from cases) and the 

inefficiency in identifying rare expositions (LaMorte 2016). Before any conclusions are 

drawn, it might be helpful to outline specific strengths and shortcomings of the data and our 

approach to put the results into perspective. 

 The present analyses were based on a thorough 1:2 matched case-control study with a 

relatively large group of patients (more than 300). Yet, cohort studies are the best means of 

identifying risk factors for a disease, but they are expensive and huge cohorts are needed in 

the context of rare diseases. Even if we assumed a relatively high incidence of 3 ALS cases in 

100,000 persons, we would need to follow a cohort of 11,000,000 persons to finally achieve 

a study size of 330 cases. This would be an extremely expensive and time-consuming task. 

Therefore, a case-control study is an appropriate tool for rare diseases and it has been 

shown that ORs are a relatively good approximation of the relative risk (Breslow et al. 1978), 

especially in the context of matched case-control studies (Greenland and Thomas 1982). 

The study design was slightly changed in 2012 which led to two phases. The data of phase 

1 was incongruent in some details, e.g. some persons checked the category ASS but not 



34 
 

NSAIDs (a classification which mirrors the idea that ASS and non-ASS NSAIDs have different 

indications). In addition, cortisone was listed as an anabolic drug in phase 1, although it is 

more commonly catabolic in long-term use in standard doses (Braun and Marks 2015).  This 

was amended by the implementation of the questionnaire of phase 2. The data of phase 1 

was incorporated and harmonized in the dataset of phase 2. There are only slight differences 

in the parts of the questionnaire about medication, possible confounders such as 

comorbidities and none of our results is based on the incongruities described in this 

paragraph because we summarized and analyzed the free-text fields and not the preformed 

categories of phase 1. Therefore, it is unlikely that the existence of two phases interferes 

with our results.  

We formed the drug categories ASS and non-ASS NSAIDS from the free-text fields, but we 

lack the direct indication for the intake of drugs, although this can be inferred from the 

comorbidities in most cases. ASS for example is taken in different doses dependent on 

indication (Karl-Heinz Graefe, Werner Lutz, and Heinz Bönisch 2011). Besides, we also lack 

the data to run reliable calculations on dose-dependency relationships. Furthermore, only 

long-term administrations of drugs play a role for this dissertation. Therefore, shorter 

intervals of intake might distort the results, but there are many missing values for the 

duration of intake to rule out a recent addition of some drugs to a patient’s therapy plan. 

Naturally, we only chose drugs with a long duration of intake since they fight chronic 

diseases such as hypertension or diabetes and the existent data suggests a long duration of 

intake for the examined drugs. In addition, these diluters should be randomly distributed 

between cases and controls and not alter the association.  

After pointing out a few potential shortcomings, it should be countered that patients and 

controls filled in a comprehensive and understandable questionnaire and were additionally 

interviewed by study nurses to ensure a high quality of data. In our study, missing values 

were rare (except for doses of drugs) and homogenously distributed between cases and 

controls, e.g. only 1 case and 2 controls failed to indicate their marital status to make up a 

total of less than 1%. In the setting of a population-based study, we contacted and 

communicated with eligible persons instead of only using indirect information or 

prescription databases where it is unknown if drugs are really taken and where additional 

information about confounders misses. 
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While only two thirds of patients have at least lab-supported ALS, we merely failed to 

retrace the EL Escorial criteria of 4.6% of male patients and 8.1% of female cases (see table 

4). The diagnosis was verified and classified according to the revised El Escorial criteria 

(brooks et al. 2000) by an experienced neurologist from the Department of Neurology in Ulm 

who checked all files to ensure data quality by standardization. We also conducted a 

sensitivity analysis for PPIs, statins, metformin and antidepressants with only the 184 cases 

that have at least lab-supported ALS to dismiss the confounding effect of potential 

misclassification. This calculation also showed diluting effects for antidepressant which only 

increase risk of ALS for 39% instead of 270% before sensitivity analysis. This means that 

many cases whose diagnosis ALS was on a higher level of certainty took antidepressants than 

patients whose diagnosis was less certain. This might be due to the fact that patients with a 

more certain diagnosis were possibly diagnosed at a later stage of ALS which could ensue 

depression, but it might also be due to misdiagnoses and underlying psychosomatic diseases. 

PPIs also lose their association and have an OR of approximately 1, while statins and 

metformin remain protective by tendency; the OR of metformin even becomes significant 

after sensitivity analysis. Those two findings strengthen the association between metformin, 

statins and ALS. 

As can be seen in the general description of the study sample, cases and controls differ in 

some characteristics such as education (and therefore social class). We calculated significant 

ORs for the variable education (0.46 (95% CI 0.32-0.66) “medium to low”, 0.68 (95% CI 0.50-

0.95) “high to low”). This might be explained by the eagerness to participate of different 

socioeconomic statuses or the different lifestyles (possible confounders) that go along with 

this indicator of social class which might influence ALS risk. It has been shown that 

willingness to participate of controls correlates with the social indicator income and the 

education of the subjects through an increased understanding of the study (Brown and 

Topcu 2003; Shavers, Lynch, and Burmeister 2000; Moorcraft et al. 2016). This means that 

some differences in prevalence and of “lifestyle features” such as smoking and alcohol 

consumption might be traced back to different levels of education. These lifestyle features 

can interfere with medication. Alcohol interacts with drug metabolism in the liver by 

inducing enzymes of the cytochrome system (Heit et al. 2013, 1); smoking can lead to 

systemic arteriosclerosis which is treated by antihypertensives (Erhardt 2009; Wu et al. 

2018).  For this doctoral thesis, the consideration seems important that people of a lower 
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socio-economical class frequent doctors more often (Kedward 1962; Wyke et al. 2003) and 

might therefore take drugs such as antihypertensives, statins or antidiabetics more 

frequently. Since our calculated ORs rather suggest more preventive medication in the 

controls, this effect does not distort our results.  In addition, the ORs of metformin (0.59) 

and statins (0.38) are much lower than those of other preventive medication such as ASS 

(1.12), beta blockers (0.84) or ACE inhibitors (0.87). 

 It is an important consideration that most drugs counteract their indication. In other 

words: Are statins inversely correlated to ALS risk because they are given when 

cholesterol/triglyceride levels are elevated or because they reduce these levels?  This makes 

the generation of hypotheses for an association even more difficult due to the cross-

sectional design of the case-control study. 

Residual confounding means that some confounders cannot be entirely excluded because 

they are always associated with the examined exposure or the data has not been collected 

(“Residual Confounding, Confounding by Indication, & Reverse Causality” n.d.). In the 

present study, it is difficult to differ between comorbidities and medication since there are 

no subjects taking e.g. metformin without having diabetes or allopurinol without the 

indication gout. 

Furthermore, we did not collect data on lead which is a risk factor (see chapter 1.2), but 

the matching for regions and a supposedly low number of occupational farmers should 

evade distorting the results. Yet, it would have been interesting to reproduce or contradict 

the results that are outlined in chapter 1.2. 

Finally, it is hard to make statements about the interactions of co-medication and of the 

effects of latencies between the beginning or the termination of a therapy and ALS risk in 

the context of stopped treatments because this is either unclear (drug interactions) or we 

did not collect this data (latencies). Since we mainly examine medication that is given for a 

life-time, this should not play a major role, but it has to be pointed out that a drug only 

taken during childhood or young adulthood might have a different influence in the long run. 
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4.2 Discussion of the Results 

 

In the present study, there was no association between ASS, non-ASS NSAIDs and ALS risk. 

This is not in line with discoveries in a population based case-control study with 729 patients 

in Taiwan by Tsai who found a protective association of ASS and ALS, but they had to 

consider a “false discovery rate” because the outcome ALS was not standardized and verified 

as it is the case in our study and the associations appeared only after adjustment for steroid 

use (Tsai et al. 2015). Another case-control study with 111 cases and 258 controls discovered 

an increase of risk in men and a decrease in women in Northern California for ASS but not 

for non-ASS NSAIDs (Popat et al. 2007) which mirrors the difference in sex subgroups of ASS 

and non-ASS NSAIDs in our study of an OR smaller than one in women and above one in 

men. It is known that ASS acts differently in women and men:  It reduces risk for stroke in 

women but not in men and for myocardial infarction in men but not in women in a cohort 

study with approximately 40,000 persons (Sofer 2005). A confounder explaining this 

inconsistency might be stroke that a risk factor in our case-control study. Furthermore, 

neurodegeneration in ALS coincides with a neuroinflammatory reactions in the CNS (Philips 

and Robberecht 2011). An experimental study showed a diminution of free radicals in mice 

after treatment with an ASS derivate as a promising approach against neurodegeneration in 

ALS (Shin et al. 2012). There is some evidence from experiments in transgenic mouse models 

that have discovered a protective effect of NSAIDs against ALS (Drachman et al. 2002).  

We found a not significant risk reduction of 13% for ACE-inhibitor use and ALS risk. This 

tendency is in line with another formerly mentioned epidemiological study which found a 

57% risk reduction for the intake of ACE inhibitors in 729 Taiwanese patients compared to 

14,580 controls (Lin et al. 2015). ACE inhibitors improve dementia, Parkinson, diabetic 

neuropathies by interacting with free radicals and a neurodegeneration caused by 

angiotensin II (Kaur, Muthuraman, and Kaur 2015). There has been evidence of a protective 

effect on neurons in experiments (Kaur, Muthuraman, and Kaur 2015).  

We observed no association between beta blockers and ALS. To our knowledge, there is 

no epidemiological work on beta blockers in the context of ALS. Since they are very common 

drugs for a variety of indications, mostly heart failure and hypertension (Karow and Lang-

Roth 2010), it is helpful to have established some information about these common agents 

in the context of ALS. 
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There is no significant association between intake of glucocorticoids and ALS. Because of 

small numbers, the results may be instable. However, there is experimental evidence on 

their influence on the central nervous system. They have influence on the hippocampus, the 

amygdala and the frontal lobe (Cahill and McGaugh 1998). As has been pointed out, other 

studies had to control for steroid use before seeing an association of NSAIDs and ALS (e.g. 

Tsai et al. 2015). 

The OR of 0.81 (95% CI 0.37-1.77) for allopurinol suffers from very low numbers (9 cases) 

and inconsistency (risk factor in women (only one case), protective in men). Epidemiological 

literature does not mention allopurinol in the context of ALS, but e.g. Terro and colleagues 

discovered a decrease of neurotoxicity in cell cultures taken from rats inoculated with 

allopurinol (Terro et al. 1996). ALS mice treated with allopurinol derivates also lived 

longer(Kato et al. 2016). 

Our finding of an OR of 0.78 (95% CI 0.50-1.21) for thyroxine might be a tendency that is 

consistent in both sexes, but our results are not significant.  According to existent literature, 

no association would be expected because the few sources found no association between 

thyroid hormone levels and ALS (Iłzecka and Stelmasiak 2003, Zheng et al. 2014). Even 

experiments do not yield evidence for an association (Li et al. 2012). 

We observed a statistically significant fourfold risk increase for ALS in patients taking 

antidepressants. Epidemiological literature strongly supports a relationship between 

depression, antidepressants and ALS. Depression can precede ALS for many years which is 

probably due to pathological changes in the brain and not only due to the psychological 

effect of  the diagnosis (Radakovic et al. 2015). The association between antidepressants and 

ALS was clear after the diagnosis, but there was already a tendency before diagnosis (Pisa et 

al. 2015), (Roos et al. 2016). Antidepressants are a variety of different active agents (Karow 

and Lang-Roth 2010). Therefore, no hypothesis to the biological mechanisms of this 

interaction can be proposed. It should be pointed out that we only found a risk increase of 

39% after sensitivity analysis for the cases that were at least lab-supported.  This means that 

misclassification might play a role in our dataset in the context of antidepressants. 

We found a risk increase for ALS of approximately 50% for PPI intake. This is in line with 

the results of a cohort study with 552 patients, that calculated an OR of 1.34 (95% CI 1.04-

1.73) for PPI use (Cetin et al. 2015). It is an interesting feature of PPI that they are 

metabolized via CYP2C19 in the liver. Therefore, metabolism of other toxic products is 
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diminished by PPIs (Alonso-Navarro, Jiménez-Jiménez, and García-Agúndez 2006, 2). This 

might also explain the finding that there are 74% of slow-metabolizers of the 

aforementioned enzyme in ALS patients compared to 60% in normal population (T et al. 

1990). Sensitivity analysis and adjusting for the duration of intake eliminated this 

association. 

 It should be distinguished between drugs such as metformin and statins that are often 

given in the context of asymptomatic alterations in metabolism to reduce cardiovascular 

mortality (prevention) and drugs such as antidepressants and PPIs which are given for 

symptomatic diseases (depression and pyrosis) that are not necessarily chronic diseases 

(Thomas Karow and Ruth Lang-Roth 2010). This means PPIs and antidepressants might have 

been lately added to the drug list of cases (recumbency is obviously a risk factor for pyrosis 

and a lethal disease such as ALS a risk factor for depression). Therefore, we conducted a 

further calculation of the ORs and added the duration of intake to the adjusted covariates. 

As has been mentioned above, this calculation diminishes the OR of antidepressants to twice 

the risk for ALS and even does away with the association of PPIs with ALS, but metformin 

and statin keep their protective tendency and statins continue to be significant which 

strengthens our analysis regarding metformin and statins.  

 Statin use and ALS risk are inversely associated in our study. Statin use reduced the risk of 

ALS statistically significantly by 62%. Our observation is in line with evidence from 

epidemiological and clinical studies showing that statins play a role in the development of 

ALS: A meta-analysis about two case-control and one cohort study found a statistically not 

significant inverse association (OR 0.89 (95% CI 0.55-1.44))  between statin use and ALS 

(Zheng, Sheng, and Shang 2013). A 1:10 matched case control study with 556 cases in 

Denmark showed a small risk decrease of 4% (Henrik Toft Sørensen et al. 2010) which 

contradicted results of smaller case-control studies by Golomb (10 cases) and Edwards (40 

cases) at that time (Golomb et al. 2009; Edwards, Star, and Kiuru 2007). There is also 

evidence from experimental studies, showing that statins are potential adjuvants in the 

treatment of inflammatory diseases (Forero-Peña and Gutierrez 2013). Dorst even proposed 

a reevaluation of the indication of statins (Dorst et al. 2011). Results from mice models with 

SOD1 (superoxide dismutase 1) mutants showed an acceleration of ALS after treatment with 

Simvastatin (X. W. Su et al. 2016). 
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Our finding of a 41% risk reduction for ALS (significant after sensitivity analysis) for 

metformin intake is in line with a case-control study including 6046 patients in the US which 

revealed a statistically significant inverse association for neurodegenerative diseases after 

two years of exposition to metformin (Tucker 2016). Another study discovered a decreased 

incidence of 80% for neurodegenerative diseases in patients treated with metformin 

(Asadbegi et al. 2016). The small change in the OR of metformin of 0.55 (95% CI 0.23-1.33) in 

men to 0.69 (95% CI 0.18-2.60) in women is not sufficient to reproduce findings of Kaneb 

and colleagues in animal experiments proving a different effect of metformin on males and 

females through inhibition of estrogen in females. Kaneb et al. continued to examine 

metformin in the context of animal models, but could not establish an effect in mice (Kaneb 

et al. 2011). 

While metformin has shown favorable effects in Huntington’s disease and multiple 

sclerosis, neither delay of disease onset nor prolonged survival in ALS mice could be found 

(Kaneb et al. 2011). Otherwise, metformin enhances spatial memory, a skill which is related 

to neurogenesis in the hippocampus and seems to be improved by metformin. Other 

mechanisms such as increased glucose uptake by neurons might also contribute (Potts and 

Lim 2012). Metformin stimulates proliferation, renewal and differentiation of neural 

precursors, for example by activating a pathway which is involved in glucose metabolism 

(Fatt et al. 2015). Metformin has already shown favorable effects in Huntington’s disease 

and multiple sclerosis (Kuan et al. 2017). 

As for insulin, we found a significant risk increase for its application by more than fourfold 

which hints at a positive correlation to ALS in contrast to metformin. Literature yields 

evidence for a contrary correlation between type 1 (main indication for insulin) and type 2 

(main indication for metformin) diabetes and ALS risk. While type 1 diabetes seems to be a 

risk factor for ALS, type 2 diabetes seems to be protective in a large case-control study 

analyzing 3650 patient and 365,000 controls (Kioumourtzoglou et al. 2015). 

 The role of metabolism in ALS emphasizes the possible role of statins and metformin in 

ALS. In recent years, many papers about impaired glucose and lipid metabolism in the 

context of ALS have been published (Luc Dupuis et al. 2011; L. Dupuis et al. 2008; Luc Dupuis 

et al. 2004). A recent investigation of weight loss and body mass index (BMI), which is the 

weight divided by the square of the height in meters and gives a good approximation of 

body fat (Bouchard 2007), before the onset of ALS showed by means of a case-control study 
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with 393 ALS cases and 791 controls implemented in the same ALS registry Swabia that 

different BMIs are associated with ALS risk and survival time. Decades before the onset of 

ALS, BMI was higher in patients than in controls. Compared to controls, higher BMI 40 years 

before diagnosis was associated with a statistically significant 5% increase of risk for ALS, 

whereas time and severity of weight loss correlate inversely with survival time (Peter et al. 

2017). Two cohort studies that examined BMI and ALS rather found a protective effect of a 

high BMI. O’Reilly found a significant OR of 0.75 and 0.73 for overweight and obesity 

compared to a normal BMI in about 1,000,000 individuals for the risk for ALS (O’Reilly et al. 

2013)). 

The formerly mentioned case-control study in the ALS registry Swabia also analyzed the 

levels of leptin, adiponectin and hs-CRP (high-sensitive C-reactive protein). They found an 

inverse association of leptin, a hormone which is produced by adipose tissue cells and 

inhibits hunger in the hypothalamus (Brennan and Mantzoros 2006), with ALS risk, a positive 

effect of leptin levels on survival, a negative correlation of adiponectin, another hormone 

produced by adipose tissue cells to regulate blood glucose levels and fatty acid breakdown 

(Maeda et al. 1996), with ALS risk, but no association of adiponectin with ALS survival. No 

association between CRP and ALS was observed (Nagel et al. 2017). 

Statins are involved in lipid metabolism and many recent studies indicate a difference in 

lipid metabolism and body fat between ALS patients and healthy controls. Lindauer e.g. 

discovered by means of MRI scans in a 1:1 matched case-control study of 62 ALS cases that 

total body fat of ALS patients is comparable to healthy subjects, but ALS patients display 

more visceral fat and a higher ratio of visceral to subcutaneous fat. Subcutaneous fat 

correlates with functional deficits and disease progression. Therefore, adipose tissue 

distribution seems to predict survival in ALS (Lindauer et al. 2013). Patients with elevated 

triglyceride and cholesterol serum levels have a prolonged survival of 14 months in a study 

of 488 patients with ALS (Dorst et al. 2011). Lipolytic processes also seem to promote 

survival in ALS. An enhanced ratio of  low-density lipoprotein to high-density lipoprotein is 

correlated with longer survival in ALS (L. Dupuis et al. 2008). The composition of structural 

lipids in the CNS is modified in ALS patients with repercussions on membrane fluidity and on 

cell signaling mediated by bioactive lipids (Schmitt et al. 2014). Hepatic steatosis seems to 

occur frequently in ALS (L. Dupuis et al. 2008). In addition, abnormal IGF-1 (insulin-like 
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growth factor-1) and lipid distribution in transgenic SOD1 mice (Finkelstein et al. 2011) and 

lipid dysregulation after genetic ablation of TDP-43 in mice were found (Chiang et al. 2010).  

 Intake of multivitamins with or without supplements and ALS is neither significantly 

associated in our study nor can a tendency be seen. The scope of existing literature about 

vitamins in the context of ALS is meagre. The few studies we could identify focus on vitamin 

E and D. Only one cohort study found a not significant inverse dose-response for the 

duration and the dosage of vitamin E intake. Overall, the findings were inconclusive (H. 

Wang et al. 2011), which corresponds to our results. 

 

4.3 Conclusion 

 

In our population-based case-control control study with 330 patients and 660 matches study 

implemented in the ALS registry Swabia, the risk for ALS is 54% higher in persons taking 

proton-pump inhibitors and almost increased fourfold in persons administering 

antidepressants, but two thirds lower in persons administering statins and 41% lower on the 

intake of metformin. 

We could find a tendency for both the drugs about which the most evidence in the 

context of ALS existed beforehand: Statins and metformin are protective in our dataset. 

After comparison to other studies and after considering the pathophysiology of ALS, 

metformin and statins may be associated with ALS in the general population as well. 

Whether this is due to the underlying dyslipidemia and alterations in glucose metabolism or 

the drugs themselves, remains unknown. Conclusively, an association between lipid 

metabolism and ALS and therefore between statins and ALS seems probable. The same is 

true for glucose metabolism, metformin and ALS. Therefore, further research into lipid and 

glucose metabolism and ALS is justified.  
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5. Summary 
 

Amyotrophic lateral sclerosis (ALS) is the most common motor neuron disease. In ALS, there 

is a progressive destruction of the 1st and the 2nd motor neuron that on average leads to 

death within 2-5 years. The mean age at onset of ALS is 66.6 years in Southern Germany with 

a homogenous distribution across Europe and an average incidence of 2-3 per 100,000 

persons. If the second motor neuron is primarily affected, patients suffer from lingual 

fibrillations, nocturnal spasms and atrophic paresis. A pronounced involvement of the 

cortical motor neurons increases muscle tonus. ALS can only be diagnosed by excluding 

other possible causes. Therefore, a wide range of diagnostic procedures is necessary.  

The etiology of ALS is still largely unknown. It has been shown that low education, low 

social class, body mass index, diabetes and smoking, and exposure to pesticides, lead, and 

mercury, may be associated with ALS risk. As to drugs, evidence is sparse. Statins, 

metformin, nonsteroidal anti-inflammatory drugs (NSAIDs), acetylsalicylic acid (ASS), 

antidepressants, thyroid hormones, angiotensin-converting enzyme (ACE) inhibitors and 

proton-pump inhibitors (PPIs) have been examined in the context of ALS with inconclusive 

results. Other drugs such as beta blockers and allopurinol have not been examined by 

epidemiological studies in the context of ALS to our knowledge.  It was our aim to investigate 

the association between habitual medication (regular intake for more than 6 weeks) and ALS 

risk in order to generate hypotheses on potential pathomechanisms.  

 Data about ALS patients for this dissertation has been collected 2010 to 2015 in the ALS 

registry Swabia which recruited patients from a population of 8.4 million people which 

helped establish prevalence and incidence of ALS in this population. About 81% of patients in 

the target population were included in the registry. Inclusion criteria for the case-control 

study that was implemented in the ALS registry were: diagnosis (according to El Escorial and 

International Classification of Diseases 10), residence in Swabia, age at diagnosis equal to or 

above 18, date of diagnosis, and ability to speak and write German. Matching criteria were: 

sex, age and region. The dataset this dissertation is based on comprises data of 330 patients 

and 660 matches (1:2 matched) retrospectively according to a comprehensive questionnaire 

that enquired about sociodemographic information such as marital status, children, 

profession as well as weight, height, smoking, alcohol consumption, education, habitual diet, 

psychological condition, familial causes of death, comorbidities, medication and intake of 
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vitamin and micronutrient supplements. The outcome has been defined according to the 

revised El Escorial criteria. 64.4% of male cases and 68.4% of female cases had a clinically 

sure, probable or lab-supported ALS diagnosis. Less than one third of patients had a less 

certain diagnostic category according to El Escorial. We formed groups of drugs based on 

seven free-text fields, described and analyzed the data with the program SAS in an 

explorative approach. After calculating raw models, we adjusted for the possible 

confounders education, familial ALS, smoking, regular alcohol consumption and BMI in a 

multivariate analysis. If ORs are significant in the adjusted models or after sensitivity 

analysis, we state that the examined drug is associated with ALS according to our data. 

In the present study, there was no association between ALS risk  and either ASS, NSAIDs, 

ACE inhibitors, beta blockers, glucocorticoids, thyroxine, allopurinol, insulin and multivitamin 

pills with or without minerals, but we found a positive association between PPIs, 

antidepressants and ALS risk as well as an inverse association of statin and metformin intake 

with ALS. The association of PPIs with ALS has been called into question by a sensitivity 

analysis and a calculation adjusted for duration of intake, which diminished the association. 

Both the sensitivity analysis and the calculation adjusted for duration of intake could 

reproduce the tendencies for metformin, statins and antidepressants. The association 

between antidepressants and ALS would be in line with literature, but needs further 

evaluation, since sensitivity analysis showed a strongly decreased association compared to 

covariate models. Conclusively, our results concerning statins and metformin give rise to the 

hypothesis that metabolic factors are involved in the onset of ALS.   
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Appendices 

Tables and Excerpts of the Questionnaire 

Comorbidities 

 

Table 9 depicts the prevalence of comorbidities in cases and controls. No differences 

between cases and controls were found for arterial hypertension, heart failure, diabetes 

mellitus, gout and cancer, but there are differences for myocardial infarction, stroke, 

depression, thyroid function and elevated blood lipids.  

Myocardial infarction is less frequent in cases (3.8%) than in controls (4.9%) with the 

same tendency in men (4.8% of male cases vs.  6.7% of male controls), but with an equal 

distribution in women (2.2% of cases and controls respectively). Cases have a higher 

prevalence of stroke (8.7%) than controls (3%), which is also represented in the prevalence 

of strokes in men (9.2% vs. 4%) and women (8% vs. 1.5%). Depression is more common in 

cases (16.6% vs. 9.7%) with a preponderance in women (22% of female cases to 11.4% of 

female controls and 13% of male cases vs. 8.5% of female controls). Thyroid function is 

abnormal in 16.8% of cases and in 23.4%. Controls suffer from thyroid dysfunction more 

frequently: prevalence in men is (8.7% of cases vs. 15.1% of controls) and in women it is 29% 

in cases vs. 36% in controls. Elevated blood lipids are rarer in cases (35%) than in controls 

(37%) with a slight excess in male cases (39% of male cases vs. 38% of male controls) and an 

inverse tendency in women (28% of female cases vs. 36% of female controls). 
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Table 9 Relevant Comorbidities of the Study Population in the Case-control Study Swabia by 
Sex, n=Number 

 

 

  

 Male Female 
 Case Control Case Control 
 n % n % n % n % 

Hypertension, n 186  384  134  266  

    Yes 91 48.92 175 45.57 56 41.79 112 42.11 

         

Myocardial 
infarction, n 

188  386  134  269  

    Yes 9 4.79 26 6.74 3 2.24 6 2.23 

         
Heart failure, n 187  381  131  263  

    Yes 
 

12 6.42 21 5.51 6 4.58 11 4.18 

         

Stroke, n 185  383  135  268  

    Yes 17 9.19 14 3.66 12 8.89 4 1.49 

         

Diabetes mellitus, 
n 

187  384  133  265  

    Yes 24 12.83 48 12.50 8 6.02 19 7.17 

         

Elevated blood 
lipids, n 

180  377  129  260  

    Yes 70 38.89 142 37.67 37 28.68 95 36.54 

         

Hyper- or 
Hypothyreosis, n 183  383  124  263  

    Yes 16 8.74 58 15.14 36 29.03 94 36.41 

         

Depression, n 168  376  123  263  

    Yes 22 13.10 32 8.51 27 21.95 30 11.41 

         

Gout, n 174  371  124  253  

    Yes 17 9.77 30 8.09 3 2.42 7 2.77 

         

Cancer, n 174  373  126  255  

    Yes 26 14.94 45 12.06 17 13.49 36 14.12 
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Table 10 Possible Confounding Comorbidities of the Examined drugs in the ALS Case-Control 
Study Swabia, ACE= Angiotensin-converting-enzyme, ASS=Acetylsalicylic Acid, NSAIDs=Non-
steroidal Anti-inflammatory Drugs 

Comorbidity Reason for Listing 

Hypertension Indication for ACE inhibitors or beta blockers 

Myocardial infarction Indication for ASS and Statins 

Heart failure Indication for ACE inhibitors or beta blockers 

Stroke Indication for ASS 

Diabetes mellitus Indication for metformin or insulin 

Elevated blood lipids Indication for statins 

Hypo- or hyperthyreosis Indication for thyroxine 

Depression Indication for antidepressants 

Gout Indication for allopurinol 

Cancer Systemic inflammatory effect, indication for 

NSAIDs in pain therapy 

 

The comorbidities in table 10 are listed because they are indications for many drugs we 

examine in this dissertation. Therefore, they might have a confounding effect which we 

cannot exclude by calculation since there are not sufficient cases that take e.g. ACE 

inhibitors, statins or metformin without having hypertension, elevated blood cholesterol or 

type 2 diabetes mellitus. We always examine the influence of a comorbidity and of its drug 

at the same time without being able so differ between their respective impact on the 

outcome. 
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Tables 11 and 12 illustrate the association of the adjusted variables education, familial ALS, smoking, marital status, BMI classes and regular 

alcohol consumption with ALS. There is a consistent negative correlation of education in both sexes, overall and in the subgroups “medium to 

low” education and “high to low education”. ORs are between 0.43 and 0.69. Therefore, low education is associated with ALS and high education 

is inversely correlated to ALS. Familial ALS was 4.58 times higher in patients than in controls, but only twice higher in women and 12 times in men. 

Smoking does not seem to be an associated variable in our population (OR range 1.05, 1.06 and 1.07 in the three categories.) According to our 

data, an extremely low BMI of less than 20 at the age of 20 seems to be linked to lower incidence (OR 0.8), but BMIs of 25-30 or 30-35 have an 

increased incidence of ALS in both sexes and overall compared to a “normal” BMI of 20-25. Regular alcohol consumption appears to be inversely 

correlated to ALS in all of the three categories (ranging from 0.48 in women to 0.69 in men).  There is an inverse correlation of a relationship 

compared to being single in men (0.68) which contrasts with a higher risk in women (1.39).  

Differences in ethnicity are not included in tables 9 and 10 due to very low numbers for different ethnicities.  

Table 11 Odds Ratios of Adjusted Variables in the ALS Case-Control Study Swabia, OR=odds ratio, CI= confidence interval, n=number 

 All cases/ 
all controls 

Male cases/ 
male controls 

Female cases/ 
female controls 

Adjusted variables n OR CI (95%) n OR CI (95%) n OR CI (95%) 

Education  989        408    
   medium to Low  0.46 0.32 0.66 581 0.69 0.45 1.07  0.67 0.41 1.10 

   high to Low  0.68 
 

0.50 
 

0.95 
 

 0.48 0.31 0.76  0.43 0.24 0.77 

Familial ALS 988 4.58 1.40 15.00 580 11.97 1.42 100.57 408 2.10 0.42 10.51 

Smoking 983 1.06 0.80 1.40 578 1.07 0.75 1.53 405 1.05 0.68 1.61 
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Table 12 Odds Ratios of Adjusted Variables: Marital status, BMI classes and Alcohol Consumption, BMI = Body Mass Index, n=Number, 
CI=confidence interval, OR=odds ratios 

 

 

 All cases / 
all controls 

Male cases / 
male control 

Female cases / 
female controls 

Adjusted variables n OR CI (95%) n OR CI (95%) n OR CI (95%) 

Marital status 987    579    408    

   married to single  0.68 
 

0.38 1.21  0.43 
 

0.20 0.91  1.39 
 

0.52 3.71 

BMI classes 922    536    386    

   BMI 15-20 to 20-25  0.80 0.53 1.19  0.48 0.22 1.06  0.99 0.61 1.63 

   BMI 25-30 to 20-25  1.83 1.20 2.79  1.80 1.09 2.97  1.85 0.84 4.08 

   BMI 30-35 to 20-25  1.48 0.47 4.62  1.56 0.36 6.66  1.38 0.22 8.59 

Regular alcohol 
consumption 

943    561    382    

  0.58 0.3       0.99  0.69 0.345        1.38  0.48 0.19     1.22 
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Excerpts from the Questionnaire of  Phases 1& 2 

 

Due to possible copyright issues, this page of the questionnaire is concealed in this version. 
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