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Amyotrophic lateral sclerosis (ALS) is a fatal adult-onset neurodegenerative disorder of unknown
etiology and no preventive treatment. It is characterized by degeneration of both upper motoneurons
in the primary motor cortex and lower motoneurons in the brainstem and spinal cord. It results
in progressive muscular weakness and atrophy, leading eventually to respiratory insufficiency
and death. Approximately 50% of patients with ALS die within 30 months of symptom onset (1).
Although ALS is considered a rare disease (incidence between 0.6 and 2.6 new cases per year per
100,000, prevalence 3-8 per 100,000), it is in fact more common than generally recognized, with an
adult lifetime risk of 1 in 400 (2). Approximately 10% of all ALS cases are familial (fALS), and the
remaining 90% are sporadic (SALS). Genetic factors are involved in the pathogenesis of fALS and
up to 15% of sALS (3, 4).

Nowadays, the only established risk factors for ALS are advanced age, male gender, and certain
genetic mutations (1). Given that no more than 25% of all ALS diagnosis has genetic basis, for the
remaining percentage of cases gene—environmental interaction may be responsible.

In the recent years, a vast number of studies addressing ALS risks related to the exposure to
environmental factors have been published [for a recent review, see Ref. (5)]. Their analysis is dif-
ficult, since they applied various methods of data collection and analysis, from studying of toxicants’
content in tissue samples, through case-control studies and analysis of death certificates, to reviews
and meta-analyses. Original studies were usually performed on small local patient cohorts, and their
results are ambiguous and often contradictory. Virtually all so far published reviews on ALS risk
factors were inconclusive and called for further investigations.

Nevertheless, as mentioned earlier, at least 75% of ALS cases do not have established genetic
basis, so the search for modifiable environmental factors continues. The research in this field is
important, since it may lead to formulation of measures, which could prevent this fatal disease or
at least delay its development. Therefore, we decided to put forward some thoughts that arose from
studying published literature, hoping that they could help to design future successful studies on ALS
risk factors.

THE SIZE OF AN INDIVIDUAL TRIAL

Systematic reviews and meta-analyses are often viewed as tools which may overcome weaknesses
of small trials. However, as stated by Bartolucci and Hillegass (6), “... one should keep in mind that
meta-analyses should neither be a replacement for well-designed large-scale randomized studies nor
a justification for conducting small underpowered studies” Moreover, it has been pointed out that
individual small trials are more prone to biases, which will affect final conclusions of meta-analyses
(7). That is actually one of the main drawbacks of so far reported research on ALS risk factors. Even
in the most exhaustive review recently published (5), the meta-analyses were based on many studies
with small sample size (see Table 1). Evidently, the authors were not able to find sufficient number
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TABLE 1 | Exposure to environmental factors: results of meta-analyses (5).

Risk factor Papers  Publication dates Patients Controls Significance P OR (95% CI)
No.
No. Range n? No. Range n?
Heavy metals (lead) 11(7) 1981-2009 1,469  56-518 1 1,887 66-518 3 <0.00001 1.71(1.38, 2.11)
Agricultural chemicals (pesticides) 12 (10) 1993-2013 2,144  41-661 2 99,612  64-84,698 6 0.0001 1.57 (1.43-6.3)
Organic solvents 7 1991-2010 701 36-174 O 1,286 92-348 3 0.007 1.43 (1.10-1.86)
Previous trauma 17 1981-2012 2,955 25-518 5 3,763 50-518 6 <0.00001 1.73 (1.43-2.09)
Electric shock 6 1983-1999 961 25-518 1 1,154 50-518 2 <0.0001 3.27 (1.87-5.83)
Professional sports 4 1998-2012 824 61-377 2 1,082 112-377 3 Significant 1.35(1.11-1.65)

aNumber of studies with >200 participants.

of papers with acceptable homogeneity and eventually concluded:
“...as the number of studies included in most meta-analyses in
this study was small, caution should be used when interpreting
the findings” Summing up, if future meta-analyses are to produce
reliable results, they should be based on the properly designed
original studies of sufficiently large size. The description of meth-
ods to calculate a sufficient size of the study, which aims toward
determination of the effect of a given factor on the ALS risk, can
be found in Ref. (8). The author provided an example of such
calculation for a study aiming at the detection of an informational
odds ratio of at least 2.0 at the o = 0.05 level of statistical signifi-
cance when the proportion of non-diseased individuals, who are
exposed to a given environmental risk, equals 0.10. In such a case,
to obtain a sufficient power (>80%), the study needs 200 diseased
and 200 non-diseased participants. As can be seen in Table 1, this
number of patients was exceeded only in few studies included in
meta-analyses of Wang et al.

As ALS is a rare disease, large studies can be performed only in
international cooperation. An effort to create the big ALS data-
base was undertaken in the ongoing project “OnWebDUALS,”
aiming toward collection and subsequent analysis of standardized
questionnaires from several hundreds of patients (http://www.
neurodegenerationresearch.eu/wp-content/uploads/2015/02/
ONWebDUALS.pdf). The statistical analysis applying modern
methodology will take into account patients’ genetic and pheno-
typic diversity and hopefully will come with novel associations
between individual factors and ALS risk. USA National ALS
Registry (9) and Australian Web database (10) should also be
mentioned. The need for big data was acknowledged by European
Commission who recently issued a call SCI-DTH-08-2018:
Prototyping a European interoperable Electronic Health Record
exchange, aiming to merge together individual patient databases
existing in different European countries for increasing their sta-
tistical power. It is worth trying to use big data to conduct studies
on those risk factors, which have been shown to relate to known
mechanisms responsible for ALS development, in particular fac-
tors collected in Table 1.

AGE FACTOR

The incidence of ALS increases with age and peaks in mid seven-
ties, with very few new cases below 25 and above 90 years old
(11, 12). There is an “age-related cascade of neurodegeneration”
(13), whereby accumulative oxidative damage provokes metabolic

deficiencies, protein aggregation, decline in mitochondrial
function, and inflammation (14-16). There is also evidence of
heavy metals accumulation with age in spinal interneurons and
in motoneurons (17). Exposure to these and other environmental
pathogens will accelerate neurodegeneration cascade, which
will be accompanied by telomere shortening, a widely known
determinant of cell senescence. Indeed, accelerated telomere
shortening was observed in ALS mice (18) and in leukocytes from
sporadic ALS patients (19). Telomere shortening in ALS certainly
deserves more attention, since it may be modified by a healthy
lifestyle (20). Summing up, susceptibility to the environmental
risks would increase with age that is in line with abovementioned
age dependency of ALS incidence. The future studies might be
presumably more conclusive if the analysis was carried on in
distinct age groups.

DIETARY HABITS

The studies on possible influences of diet on ALS are rather scarce.
A higher ALS risk was associated with increased dietary uptake
of fat and glutamate (21, 22). A decreased risk was observed in
individuals whose diet was rich in fiber (21) or green-yellow
vegetables (23). Higher intake of antioxidants and carotenes
from fruit and vegetables was associated with better patient’s
condition [higher ALSFRS-R scores (24)]. In several studies,
a long-term vitamin E supplementation was associated with
lower ALS rates (25, 26), although in some other studies such a
relationship was not observed [e.g., Ref. (21, 27)]. An interest-
ing observation was made by Felmus et al. (28, 29). They found
that ALS patients drank more milk than control subjects. To the
best of our knowledge, milk was not considered a potential ALS
risk factor in any other study. However, diary consumption was
shown to be associated with increased risk of Parkinson’s disease
(30). Summing up, we think that more attention should be paid
to the effects of diet, especially in context of its antioxidant
capacity. Diary consumption should also be taken into account
as the potential risk factor.

GUT MICROBIOME

The interest in the role of gut microbiome in health and dis-
ease is recently growing (31, 32). The importance of healthy
gut microbiome has been shown in three most recent articles
published in Science, reporting that the patients with low levels
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of the bacterium Akkermansia muciniphila poorly responded
to antitumor treatment (33-35). Moreover, a few papers have
recently highlighted a potential link of gut dysbiosis and neuro-
degenerative diseases (35-38). Fang et al. (39) found significantly
increased population of harmful microorganisms (genus Dorea)
and significantly reduced population of beneficial microorgan-
isms (genus Oscillibacter, Anaerostipes, Lachnospiraceae) in ALS
patients and suggested that the imbalance in intestinal microflora
constitution has a strong association with ALS pathogenesis.
Recent studies revealed signs of leaky intestine in G93A ALS
mouse model (40, 41), which were associated with reduced
levels of Butyrivibrio fibrisolvens, Escherichia coli, and Fermicus,
as compared with wild-type mice. The leaking intestine might
be at least partially responsible for the observed discordance
between increased presymptomatic total daily energy intake and
decreased presymptomatic body mass index in ALS patients (22).
These aspects are worth considering in future studies.

PSYCHOLOGICAL STRESS

The studies investigating association of ALS with psychological
stress are very rare. The study of Okamoto et al. (23), who observed
increased ALS risk in patients reporting “type A behavior” and
high or moderate level of stress, was the only one directly address-
ing this issue, which we were able to find. Type A behavior was
not defined in this study and the self-reported stress intensity was
based on 4-point scale (never/hardly, light, moderate, and high).
Nevertheless, psychological stress is significantly associated with
higher oxidative stress, lower telomerase activity, and shorter tel-
omere length (42), all involved in ALS. It should also be noted that
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