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Commentary:
Amyotrophic lateral sclerosis (ALS) is a devastating neurodegenerative disease. It has been in the public awareness recently because of the Ice Bucket Challenge phenomenon and the multi-award winning film, The Theory of Everything, which tells the story of the renowned physicist Stephen Hawking, focussing on the time around his diagnosis. ALS kills one in every 300 people 1 and does so over a period of a few months to a few years through a slow paralysis that eventually affects the diaphragmatic muscles and therefore prevents breathing.2 Although it was first described nearly 150 years ago, the causes remain largely unknown.3 The heritability of ALS is about 60%,4 which implies 40% of the phenotypic variance is explained by environmental factors – although this does not mean that environmental factors contribute to only 40% of cases, as many cases may occur due to a combination of genetic and environmental factors.5 While great progress is being made in identifying the genetic component of risk, the environmental aspect has been far more challenging, in part because the lack of an apparent disease mechanism makes it difficult to determine which environmental exposures to focus on. Furthermore, although the most promising ideas about the possible causes of other diseases such as cancer and asthma have often come from population comparisons 6 there is limited valid global data on ALS incidence or prevalence outside European populations.7,8

A number of possible occupational or environmental causes have been suggested, but there is little definitive evidence to date.9 In this edition of Epidemiology, two papers try to address this issue by examining the evidence for risk factors that have been previously reported for ALS: military service and exposure to electric shock or electromagnetic fields.

Military service is an attractive subject for epidemiological studies of ALS. The study cohort is relatively clearly defined and documented, and the potential risk factors include several candidates for ALS, including athleticism, high exercise or fitness levels, exposure to toxins or vaccines, and traumatic injury. 

Sport and fitness have been considered important in ALS because the motor system is key to sporting success, and the motor pathways are the primary system affected in ALS. Furthermore, it is a frequent anecdotal report of neurologists specialising in ALS that their patients are very fit. A typical presenting complaint is, “I was at the gym when I realized I could no longer do X”. High levels of sporting activity also sit well with the excitotoxic hypothesis of ALS in which overstimulation of motor nerves by glutamate during extreme exercise results in cell death. Evidence apparently supporting the idea that exercise increases risk comes from a study of Italian professional footballers in which a six fold increase in risk of ALS was reported based on estimating the expected number affected using age adjusted incidence.10 Analysis based on lifetime risk however suggests there may be no increase in risk.3 If sport is a risk factor for ALS, the implication is that physical activity, through military training or deployment might be a cause of neurodegeneration, but it is also possible that genetic or developmental factors predisposing someone to athletic ability might be the underlying risk factor, and there are other possible explanations for such associations including a possible role of head trauma.11,12 Deployment increases exposure to toxins from exploded munitions, destroyed buildings, vehicles and landscape. Lead poisoning can cause a motor neuropathy, and other toxins such as pesticides have been proposed to play a role. Physical trauma has been explored as a risk factor, but there is no suggestion in the work on military service that ALS was more frequent in those with physical injuries. Furthermore, studies of military service are notoriously difficult because of the difficulties of finding an appropriate comparison group; in particular, there may be major ‘baseline’ differences between members of the military who are deployed or who are not deployed in a particular conflict, as well as differences between military personnel and the general population. 

The study reported here suggests that military service in World War II is a risk factor for ALS. As the authors point out, military service in other wars may also be a risk factor, but if the effect is small, large numbers need to be studied, and any increased risk may not manifest itself until older ages, i.e. several decades after military service has ended. This is true for WWII but not for other more recent conflicts. It may therefore be that military service in general is a risk factor. For example, deployment in the second Gulf War has been considered a strong risk factor for ALS in some studies.13 

The finding that military service is associated with ALS risk highlights many of the problems in epidemiological research in a late onset, relatively low prevalence disease. The association could indicate that exercise is a risk factor, or predisposition to high athletic skill, or high developmental levels of testosterone, or something related to military service, or exposure to a factor resulting from deployment. In other words, while the finding is intriguing, it cannot easily be put in context without further information. We need other environmental risk factors, or a robust gene x environment interaction that can guide interpretation of the association.

In contrast to studies of the military, studies of the general workforce have many advantages particularly because of the very low levels of confounding when different groups of workers are compared.14 Exposure to electric shock is an appealing candidate risk factor for ALS because on a very simplistic level, nerves work by electricity, and too much could be thought of as likely to damage them. The problem is that while large electric shocks are known to damage the nervous system, they do so to all modalities, and any motor impairment caused is fixed rather than progressive.15 In contrast, ALS is confined largely to motor neurons, and is progressive, not a static disability. The authors show a non-significant increase in risk of ALS in those whose job left them at risk of electric shock and electromagnetic fields. This might mean that such exposure is a risk factor and the study was underpowered, or that there really is no such association.

Recently, ALS was shown to be a multistep process, like cancer.16 On average, six steps appear to be needed for ALS to develop. While one or two might result from genetic factors, it is likely that many are the consequence of environmental exposures. However, since there is considerable genetic heterogeneity in ALS, there is also likely to be considerable environmental heterogeneity. Identifying the multiple steps in a heterogeneous condition will be particularly challenging.

What both these papers show is the difficulties in establishing or definitively refuting any occupation, exposure or geographical link to ALS. This problem leads directly to two related questions: Should we bother with epidemiological studies of ALS? If so, what could we do to improve the chances of success?

Genetic studies have so far identified about 40 genes for ALS (http://alsod.iop.kcl.ac.uk). Even with so many components of the disease pathway, it is not clear why ALS occurs. To have achieved even this modest level of success has taken massive levels of funding, extraordinary technological advances, huge international consortia, new statistical methods, and a system of analysis in which parallels between different discoveries can be found. For epidemiological studies of ALS, the technology needed is available in the form of networked, web-based systems and databases, but it is not possible to assay environmental risk factors in an individual with as much certainty as for a genetic study, and larger numbers and more valid exposure data would therefore be needed to achieve the same statistical power. Mendelian randomization (i.e. using measured variation in genes of known function to examine the causal effect of a modifiable exposure on disease in non-experimental studies) has considerable advantages in theory,17 but its application in practice requires the existence of appropriate genetic polymorphisms, as well as at least some prior knowledge as to what the relevant environmental exposures might be. Epigenetics may offer a way forward, in which methylation and microRNA changes resulting from environmental exposures earlier in life remain imprinted and assayable from blood or tissue samples. A combination of epigenetic and Mendelian randomization approaches, known as ‘two-step epigenetic Mendelian randomization’ may be particularly fruitful.18 The international consortia exist, but funding for organised data collection is not as readily available, in part because questionnaires are regarded as mundane compared with expensive technology. It is also easy to collect case samples, but controls are more challenging. The Wellcome Trust Case Control Consortium galvanised the genetics community by providing universal control data, and now the 1000 Genomes Project, Genomics England, and Genome of the Netherlands are taking this further.19 While there are some equivalent projects with regards to possible environmental causes, they are not on an international level, and do not necessarily have questions compatible with those needed for a particular disease. Furthermore, there is no equivalent of the Human Genome for epidemiology, i.e. there is no ‘human exposome’ to correspond to the ‘human genome’.20 A global map of ALS, as has been done for other diseases such as asthma and cancer, in which a particular environmental factor or variation can be examined to explore its relationship with others and with the corresponding prevalence patterns of ALS would be a powerful tool for epidemiological studies worldwide.

Environmental studies of ALS are essential for a full understanding of the disease process, development of treatment strategies, and the possibility of prevention in susceptible groups. Without a concerted effort and radical action to take things to a new level, it will be difficult to understand and prevent this devastating disease.
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