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Abstract
Amyotrophic lateral sclerosis  (ALS) is a neurodegenerative disease characterized by progressive muscular paralysis re-
flecting degeneration of motor neurons. In recent years, in addition to several studies about genetic mechanisms leading 
to motor neurons damage, various epigenetic theories have been developed, involving the study of the patients’ work and 
lifestyle. The work aims at focusing the role of occupational exposure related to ALS by literature data analysis. Articles, 
selected on the basis of keywords, year of publication and topics, are related to occupational exposure, suggesting an impact 
on ALS onset. The literature review shows that there are still a lot of biases in the studies design, which actually do not allow 
to draw unequivocal conclusions.
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INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a rare and severe 
human motor system disease due to motor neurons de-
generation. The ALS definition’s criteria were established 
by El Escorial in 1998 and recently revised by the Awaji 
Commission proposing a  modification of the  electrodi-
agnostic criteria for  ALS  [1]. A  pathophysiological hy-
pothesis elaborated to explain neurodegeneration that 
leads to the ALS is not yet fully defined: recent research 
has focused on genetic and epigenetic alterations asso-
ciated with environmental and occupational factors. In 
a small percentage of patients (6–10%) ALS is a familial 

form, transmitted as an autosomal recessive or dominant 
form  [2]. In  25%  of  these patients there is a  detectable 
point mutation of the  gene coding for superoxide dis-
mutase (SOD) 1, located on chromosome 21 [3,4].
Growing scientific evidence has supported the  new hy-
pothesis of ALS as a multisystem disease that affects exec-
utive and behavioral functions, language and other various 
cognitive domains, functionally associated with temporal 
and frontal lobes [5].
Amyotrophic lateral sclerosis has a poor prognosis, with 
the  incidence rate  of 0.4–2.5  cases per  100  000  people 
per year, and a  mortality rate of  0.8–2.1  cases per 

Nofer Institute of Occupational Medicine, Łódź, Poland

http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://dx.doi.org/10.13075/ijomeh.1896.00368


R E V I E W  P A P E R         E.M. GARZILLO ET AL.

IJOMEH 2016;29(3)356

Subsequently, the  authors made a  selection of the  col-
lected articles by outlining selection/exclusion criteria. 
The  used selection criteria were: range of years  1991–
2014; databases such as Pubmed/Medline and the  Co-
chrane Database of Systematic Reviews. In order to 
identify efficient search strategies regarding occupational 
health research, the search for relevant articles was per-
formed using the  following keywords  “ALS/occupational 
exposure,”  “ALS/occupational disease,” “environmental/
ALS,” “heavy metals/ALS” [13].
The following exclusion criteria were adopted: articles re-
lating exclusively to environmental exposure, without any 
occupational exposure assessment; articles concerning 
occupational therapy. An  important exclusion criterion 
during the manual selection of articles was also to select 
papers concerning very specific themes in relation to 
the hypothetical occupational exposure. Another scientific 
commitment made by the authors was to include the se-
lected articles in specific areas, by article types, in order 
to configure the current areas of interest. The results are 
summarized in Table 1.
The work was based on a revision of the selected articles, 
highlighting the relationship between the risk agents, em-
ployment sectors and the onset of ALS.

RESULTS
Considering the  inclusion criteria and research query, 
the total number of papers to be included in the study was 
about  200. However, this number was reduced to  80  ac-
cording to the exclusion criteria. The authors analyzed the 
selected articles based on the above mentioned criteria (the 
detailed data and statements in this paragraph are shown 
in Table 2). The  strong presence of articles that relate to 
the agricultural sector should be noted – those were mostly 
epidemiological studies. Other research works have focused 
on pesticides, in terms of toxicological effect. In the case of 
other occupational sectors  (e.g.,  industrial sector) there 
were mainly epidemiological papers or meta-analyses.

100 000 people per year. It is a typical adulthood disease, 
with the  apparent increased incidence among those in 
a more advanced age [6].
In the  epidemiological works, analyses show a  consider-
able range of variation in the incidence rate, which can be 
largely explained by different methods used for identifica-
tion of cases and the size of the used sample [7]. The prev-
alence of ALS is approximately 6–8 cases per 100 000 in-
habitants, or about 4500 people living with ALS in Italy. 
The average onset age is about 65 years, with a peak inci-
dence between 64 and 75 years in both sexes. Relatively 
frequent cases with the  early age of onset  (<  40  years) 
have a more benign clinical course than the classic onset 
in adulthood  [8]. The  increase of ALS diagnoses can be 
probably attributed both to an improvement in the accu-
racy of death certificates and understanding of the patho-
physiological mechanisms related to risk factors, includ-
ing, occupational and environmental exposures (such as 
electromagnetic fields exposure, polychlorinated biphe-
nyls, metals and pesticides, smoking, head trauma and 
professions that require heavy physical exertion) [8,9].
In particular, in the recent years the study of the role of 
occupational factors in the  context of the  onset of  ALS 
has acquired increasing interest. Even considering “un-
conventional” risk factors, such as, e.g., ultrafine particles 
associated with the genesis of accumulation and likely to 
damage neuronal cells [10,11] or some metals that could 
be involved in the mechanisms of neuronal injury (such as 
aluminium) [12].

MATERIAL AND METHODS
The literature review has been divided into  2  phases. 
The 1st phase was carried out through collection of ar-
ticles related to the  topic under the  study, in terms of 
the  pathophysiology of  ALS and epidemiological data, 
focusing on environmental/occupational exposure to 
neurodegenerative risk factors, with particular tropism 
for motor neurons.
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the  pathophysiological mechanisms that underlie mo-
tor neuron degeneration. Other works related to metals 
have also been included, nevertheless we have to clarify 
that those were only few occupational medicine studies, 
most of them aiming at construction of experimental mod-
els useful in understanding the mechanisms of neuronal 
injury.

DISCUSSION
From the  late  1980s to the  present, knowledge about 
pathophysiological mechanisms of neurodegenerative dis-
eases have led to the development of epigenetic hypothesis 
about the onset and progression of motor neuron degen-
eration. Since then, international scientific literature has 
developed, especially studies regarding epidemiological 

Some evidence suggests a  possible association between 
a neuro-disease and specific work activities. Workers in-
volved in the  production of power plants, athletes, mili-
tary workers, those exposed to electromagnetic fields and 
those involved in the production of nickel cadmium bat-
teries appear to be at an increased risk of ALS onset.
It has also been observed that attention of the  interna-
tional scientific community in the  field of occupational 
exposure to metals is also increasing. Recently there have 
been many studies concerning heavy metals and other 
chemicals that may be involved in the  onset of the  dis-
ease. Lead is one of the metals the neurotoxic potential 
of which is best known, as it has been widely studied 
for years. These studies have allowed to correlate expo-
sure to this metal to ALS cases and also to hypothesize 

Table 1. Main study designs in the literature about the relationship between amyotrophic lateral sclerosis (ALS) 
and occupational exposure

Article type Years of publication Reference
Original articles about familial ALS 1993–1999 2, 4
Original articles about pathogenetic mechanism 2003–2013 3, 5, 76, 80–82, 84, 87, 88
Epidemiological studies 1991–2014 6–8, 13–17, 23, 24, 39, 40, 42, 43, 45, 46, 48, 

50, 51, 54–62, 66–68
Epidemiological studies related to occupational exposure 1991–2014 9, 18–22, 25–28, 31, 32, 36–38, 41, 47, 65, 74
Case reports 1992–2012 33–35, 75, 78, 79, 85, 86
Critical research aspects and new methodological proposals 2009–2014 69, 70–72, 77, 80, 83, 89–91

Table 2. Key scientific articles about the relationship between amyotrophic lateral sclerosis (ALS) and occupational exposure

ALS and occupational exposure in articles Years of publication Reference

Epidemiological studies on the correlation between 
environmental and occupational exposures 
and the onset of ALS

1991–2013 7, 9, 13–26, 28, 36

Pesticides exposure 2001–2012 29–38
Research carried out in industrial workers 1997–2014 41–47
Studies in the military work sector 2002–2009 48–51
Exposure to intense sports activities, trauma, hypoxia 1997–2014 40–41, 52–60
Exposure to electromagnetic fields 2002–2012 61–69
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In the literature there are some articles based on the study 
of exposure to particular substances the action of which 
could trigger mechanisms of neuronal damage, such 
as: 2,4-dichlorophenoxyacetic acid [36], pyrethroid insec-
ticides  [37], or other metabolites of organophosphorus 
compounds [38]. Currently, it has been suggested that not 
only the use of fertilizers and pesticides, but also the in-
tense physical activity characteristics of the  agricultural 
work – with a strong cardio-metabolic tasks and frequent 
anaerobic periods – might be considered as a risk factor 
in ALS [14].
A  recent meta-analysis  (2012) evaluating correlation 
studies between exposure to chemicals in agriculture and 
the ALS development, has supported the close relation-
ship: the weight of evidence showing a strong connection 
to pesticides exposure [35]. In summary, scientific litera-
ture relating occupational exposure to ALS is character-
ized by epidemiological studies aimed at the  evaluation 
of known exposures. For example, all of the studies con-
ducted by Malek  et  al. are constructed with this regard, 
with a  specific focus on the  pesticides action, which ap-
pears to play a crucial role in the development and pro-
gression of this neurodegenerative disease [34,39].
Exposure to xenobiotics from vehicular traffic or spinal 
microtrauma related to the  whole-body vibrations while 
driving may represent factors that contribute to the  an-
ticipated onset [40]. Some studies have tested the hypoth-
esis that ALS develops when physical activity is very in-
tense and particular exposure to various risk factors are 
combined with a genetic makeup that prevents a normal 
response to hypoxia. It has been shown, e.g., that a pro-
fession such as fireman, that precisely combines an in-
tense physical activity with episodes of hypoxia, results in 
a double risk of developing ALS compared to the rest of 
the population [41].
In the  industrial sector, heterogeneity of risk factors to 
which workers may potentially be exposed does not lead to 
a clear conclusion about the identification of a particular 

and environmental/occupational exposure in order to in-
vestigate the risk factors associated with ALS [14–21].
Sutedja  et  al.  [22] have criticized all the  work produced 
until  2006, outlining heterogeneity and different meth-
odological bias in collecting information and outlining 
the  need for well-designed studies carried out through 
careful standardized assessment of the occupations inves-
tigated so as to provide a more definitive answer concern-
ing exogenous risk factors of ALS. In addition, the authors 
have outlined, among the first, some jobs or work areas 
in the case of which the studies have shown a strong cor-
relation with ALS cases, i.e., athletes, hairdressers, electri-
cians and military personnel.
The main papers published during the past 15 years have 
analyzed, by the use of epidemiological studies, possible 
environmental and occupational exposures, and employ-
ment sectors related to these exposures in order to search 
for plausible risk factors correlated with the  ALS onset 
[23–25]. Retrospective epidemiological studies have been 
performed over years, starting in the early 1990s [26,27]. 
Cases of pathology within specific working sectors have 
been described, such as those involved in the  clothing 
industry, industry in which exposure to formaldehyde oc-
curs  [28], and in the  case of exposure to diesel exhaust, 
described by Pamphlett et al. [29].
Agricultural working sector has been widely studied be-
cause of occurring in it exposure to several risk factors, 
such as, e.g., pesticides [30].
Although ALS is considered a systemic disease [31], pes-
ticides, in general, have long been suspected as important 
risk factors in the pathogenesis of ALS due to their toxico-
kinetic and toxicodynamic characteristics likely to induce 
damage to the peripheral motor neurons. Epidemiological 
work about exposure to this risk factor, has been conduct-
ed recently on the Italian territory [32,33].
Risk factors supposedly involved in the genesis of neuro-
degeneration might include specific chemicals, including 
fertilizers, herbicides, fungicides, insecticides, etc. [34,35]. 
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the possible correlation between pathology onset in pro-
fessional football players. From those studies, a new hy-
pothesis emerged, proposing an explanation of the excess 
mortality for ALS among football players, in the case of 
who the  following risk factors occur: trauma or micro-
trauma specific vigorous physical activity; the use of toxic 
or abuse of illegal drugs (most often anti-inflammatory 
drugs) and dietary supplements and, finally, pesticides ex-
posure used on the  fields of play  [53–59]. Other papers 
have suggested that hypoxia related to aerobic exercise 
and anaerobic high-grade (such as that seen in profes-
sional athletes) could have a link to ALS development in 
susceptible individuals [41,60]. Recent work also shows an 
increased ALS risk in relation to higher levels of amateur 
physical activity. In this study, the lack of association be-
tween occupational physical activity and the  absence of 
a dose-response relationship supports the hypothesis that 
increasing ALS susceptibility is not increased exclusively 
by physical activity but rather also by genetic profile or life 
habits [61].
Exposure to electromagnetic fields has been studied in 
epidemiological  [62–66], observational  [67] and labora-
tory works [68]. A recent meta-analysis suggests a slightly 
but significantly  increased risk of ALS among workers 
exposed to an extremely low frequency electromagnetic 
field (ELF-EMF), but does not deny the possibility of bias 
in the data analysis [69]. However, in the case of electro-
magnetic fields, there are many problems: at present, no 
apparent correlation between the  exposure assessment 
and the observed associations is possible. In order to bet-
ter assess exogenous risk factors of ALS, a  job exposure 
matrix (JEM) may have to be used, with a detailed expo-
sure index to electric fields and magnetic fields [70].
Metals have been studied for a long time in order to un-
derstand pathogenic mechanisms underlying development 
of neurodegenerative disease better, and to date there are 
prospects of study for this topic [71]. Although numerous 
conclusions have emerged from epidemiological evidence, 

risk factor or a  specific work activity correlated with 
the  disease. According to epidemiological studies  [42], 
risk factors very common in the  industry are mixed ex-
posures to a number of substances, such as metals (lead, 
arsenic and thallium) or acrylamide, hexane, trichlorethyl-
ene, etc. Evaluating data literature, it can be assumed that 
a variety of physical and chemical xenobiotics, as well as 
hard work in shifts, may contribute to the development of 
motor neuron degeneration [14,41]. Several studies have 
shown a slight disease prevalence and an increased ALS 
risk in some specific industrial sectors such as e.g., electri-
cal industry in professions such as: electricians, installers 
and repairers of electrical energy, power plant operators, 
electrical and electronic equipment repairers, machinists, 
telephone installers and repairers, and workers involved in 
the maintenance of electrical equipment [43,44]. Among 
these jobs, specific evidence has been shown in the case of 
employees of plants producing electrical capacitors: epi-
demiological studies have shown an increase in mortality 
rates for cancer and neurodegenerative diseases, includ-
ing ALS, probably correlated with polychlorinated biphe-
nyls exposure [45,46].
Other data derived from the study of subjects exposed to 
electric shock at work [47], but those data have been re-
cently refuted by a systematic review [48], in which a re-
analysis of all the  evidence has not supported a  causal 
relationship between ALS and electrical shocks exposure 
adequately.
Other specific activities or work sectors have been exam-
ined over the years. Epidemiological studies have evalu-
ated working sectors where there is a multiplicity of xeno-
biotics exposure or traumatic events, often unrecognized, 
which can be correlated with the development of neuronal 
damage associated with ALS. Among them, there is a mili-
tary activity, but often assessment of complex exposures 
in military services is difficult [49–52].
Another peculiar activity that has been examined is pro-
fessional sport. This review showed a focus of interest on 
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As for cadmium, apart from recent evidence of a  high 
metal concentration in the cerebrospinal fluid of ALS pa-
tients [85], there are some works focusing on occupational 
exposures in certain employment sectors, such as produc-
tion of nickel-cadmium batteries  [86,87]. Some evidence 
in experimental models concerning neurotoxicity of other 
metals such as zinc and copper [88,89] is also present in 
scientific literature, but there is no strong evidence con-
cerning relationship with ALS. Little evidence about oc-
cupational exposure to aluminum and the onset of neu-
rological disorders compatible with degenerative motor 
neuron disease is present in scientific literature: Sińczuk-
Walczak [90] has examined aluminium effects on the func-
tions of the nervous system in people occupationally ex-
posed to dust and fumes containing this metal. The author 
has mostly found neuro-behavioral and bioelectric cere-
bral disorders, and less frequently neurological symptoms 
correlated with a motor neuron disease.
In Table 3 the  authors summarized the  most important 
evidence in the literature, selecting only the most recent 
observations (including range period 2011–2014) from the 
exposed workers. In conclusion, the  data in Table  3 are 
intended to outline the  state of  ALS and occupational 
medicine, outlining the areas of research and observations 
that may be starting points for the development of future 
issues.

CONCLUSIONS
Etiology of ALS, as well as the onset mechanisms are 
not yet fully understood. However, recent evidence in-
creasingly shows a strong correlation between ALS and 
occupational and environmental hazards, including ex-
posure to various xenobiotics, such as heavy metals and 
solvents.
This revision focused on occupational exposure studies, 
in order to outline the most current research themes and 
the most recent evidence regarding ALS onset and work-
ing activities (Table 3). The recent discovery that genetic 

there is still no consensus about the unique involvement 
of metals in the etiology of ALS .
New research projects will be needed for various purpos-
es,  i.e., a better setting of therapeutic protocols, preven-
tion programs promotion and improvement of patients’ 
quality of life  [72]. Some studies published in  2014 are 
investigating the  role of environmental/occupational ex-
posure in progression of neurodegenerative diseases in 
the context of prenatal and postnatal life, explaining how 
molecular mechanisms that mediate epigenetic changes 
can lead to neurological disorders [73].
Association between  ALS and occupational exposure to 
lead (Pb) has been studied for a long time: an important 
work has been carried out by Gresham  et  al.  [74], and 
then it has been later followed by other epidemiological 
works [75]. In addition, there are case reports that evalu-
ate the onset of ALS associated with a specific work activ-
ity characterized by Pb exposure [76].
Scientific evidence has shown metals presence in the cere-
brospinal fluid, suggesting fascinating perspectives for fu-
ture research. In particular, Hozumi et al. have described 
different patterns of metals concentrations specific for 
different types of neurodegenerative diseases [77].
Some metals investigated as implicated in ALS are cor-
related to the mercury (Hg) and cadmium. Mercury may 
be implicated as a risk factor for development of the pa-
thology [78]. Clinical ALS symptoms in patients acciden-
tally exposed to Hg  [79] have been observed in a work 
published by Schwarz et al. [79]. Some hypotheses have 
suggested that chronic respiratory exposure, in a  low 
dose, to certain metals, such as  Hg, might contribute 
to neurodegenerative diseases genesis, including motor 
neuron disease  [80]. Several laboratory  [81], epidemio-
logical studies [82], and case reports [83] have confirmed 
the  possible implication of  Hg. Observing the  conflict-
ing evidence in the  literature regarding the  role of  Hg 
in the etiology of ALS, is hoped to bring about a greater 
interest in this topic [84].
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orient future research towards the study of environmental 
risk factors and working conditions capable of producing 
such mutations. Epigenetic mechanisms, playing a crucial 

mutations, such as those relating to the SOD-1 in patients 
suffering from  ALS, could hypothetically be due to epi-
genetic mechanisms and makes it particularly desirable to 

Table 3. Recent main findings about the relationship between amyotrophic lateral sclerosis (ALS) and occupational exposure 

Reference Study design Main finding
Bettini et al. (2011) [25] register based cohort epidemiology of ALS in Buenos Aires: 40% were employed in elementary 

occupations, 19 technicians and 8 handicraftsmen
Pinkerton et al. (2012) [28] register based cohort the results of the study do not suggest that ALS is associated with 

formaldehyde exposure
Pamphlett et al. (2013) [29] case-controls the exposure to diesel exhaust may underlie some of the occupations 

involved in ALS development
Das et al. (2012) [14] case-controls insecticides and pesticides exposures, electrical injury as associated factors 

in ALS development
Hargreaves et al. (2012) [31] review organo-phosphorus compounds exposure could lead to several neural 

damage involved in ALS onset
Kanavouras et al. (2011) [36] case-report an evidence based case of combined exposure to organo-chlorine (DDTs), 

organophosphate pesticides (OPs) and organic solvents, linked 
to ALS onset

Malek et al. (2014) [37] case-controls occupational exposure to metals and pesticides was related to 
increased ALS risk; no associations were found for occupational exposure 
to organic or aromatic solvents

Lehman et al. (2012) [55] register based cohort an increased risk of neurodegenerative disease (and ALS) among football 
players

Huisman et al. (2013) [61] case-controls not increased physical activity per se but rather a genetic profile or lifestyle 
promoting physical fitness increases ALS susceptibility

Kamel et al. (2012) [39] meta-analysis amyotrophic lateral sclerosis risk is associated with use of pesticides 
as a group, organo-chlorine insecticides use in particular

Vinceti et al. (2012) [23] review evidence for an association between ALS and heavy metals, selenium and 
pesticides exposure; the relation with mercury, cadmium, and lead appears 
weaker

Parlett et al. (2011) [65] register based cohort no evidence for an association between magnetic field exposure 
and ALS mortality

Bastos et al. (2011) [72] review some evidence about ALS onset and some occupational exposure, but 
there’s still no consensus on specific etiology

Zhou et al. (2012) [69] meta-analysis slight but significant ALS risk increase among job titles related 
to ELF-EMF exposure

Pupillo et al. (2014) [59] register based cohort physical activity (measured in METs) cannot be not a risk factor for ALS 
and may eventually be a protective agent against the disease

Callaghan et al. (2011) [78] review some evidence leads to the hypothesis that an interaction between heavy 
metal exposure and an individual’s genetic makeup is required to produce 
epigenetic changes that ultimately lead to ALS

DDT – dichlorodiphenyltrichloroethane; ELF-EMF – extremely low-frequency electromagnetic field; MET – metabolic equivalent.
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sclerosis  (ALS). Amyotroph Lateral Scler.  2006;7:173–82, 
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review. Amyotroph Lateral Scler. 2008;8:1–20, http://dx.doi.
org/10.3109/17482960802455416.

10.	Pedata P, Garzillo EM, Sannolo N. [Ultrafine particles and 
effects on the body: Review of the  literature]. G  Ital Med 
Lav Ergon. 2010 Jan–Mar;32(1):23–31. Italian.

11.	Sannolo N, Lamberti M, Pedata  P.  [Human health effects 
of ultrafine particles]. G  Ital Med Lav Ergon.  2010 Oct–
Dec;32(4 Suppl):348–51. Italian.

12.	Garzillo EM, Lamberti M, Genovese  G, Pedata  P, Fe-
ola  D, Sannolo  N,  et  al. Blood lead, manganese, and alu-
minum levels in a  regional Italian cohort of ALS patients: 
Does aluminum have an influence? J  Occup Environ 
Med.  2014 Oct;56(10):1062–6, http://dx.doi.org/10.1097/
JOM.0000000000000266.

13.	Mattioli S, Zanardi F, Baldasseroni  A, Schaafsma  F, 
Cooke RM, Mancini G, et al. Search strings for the study of 
putative occupational determinants of disease. Occup En-
viron Med. 2010 Jul;67(7):436–43, http://dx.doi.org/10.1136/
oem.2008.044727.

14.	Das K, Nag C, Ghosh M. Familial, environmental and occu-
pational risk factors in development of amyotrophic lateral 
sclerosis. N  Am  J  Med Sci.  2012;4(8):350–5, http://dx.doi.
org/10.4103/1947-2714.99517.

15.	Armon C, Kurland LT, Daube JR, O’Brien PC. Epidemio-
logic correlates of sporadic amyotrophic lateral sclerosis.  
Neurology. 1991 Jul;41(7):1077–84, http://dx.doi.org/10.1212/ 
WNL.41.7.1077.

role in the  gene expression control, may be involved 
in the  complexity of the  disease in its phenotypes and 
progression [91–93].
The review shows that although a number of scientific data 
in the evaluation of non-genetic causes of ALS onset has 
increased, yet well-documented works concerning the study 
of work activities, and the  inferences that would confirm 
the possible connection between occupational exposure to 
risk factors and the onset of ALS, are still lacking.
New research projects would be needed for various pur-
poses,  i.e.,  for better setting of therapeutic protocols for 
the promotion of prevention programs and for improve-
ment of the quality of life of such patients [71].
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