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Abstract

Streszczenie

Amyotrophic lateral sclerosis, also referred to as sclerosis lateralis amyotrophica, motor neuron disease, or Lou Gehrig’s
disease, is a rare neurodegenerative disorder that causes progressive degeneration of both upper and lower motor neurons.
It is a terminal condition and the most common form of motor neuron disease. Its global prevalence is estimated as 1.68 per
100,000 persons. Although its exact causes remain unclear, numerous probable risk factors have been identified. This paper
aims to expand knowledge about these potentially modifiable factors. The most common theories postulate an association
between the disorder and exposure to toxins and alcohol use, smoking, traumatic brain injuries, a history of electric shock,
and viral infections (for example, those caused by enteroviruses). Moreover, a lower body mass index is considered a factor
worsening the course of amyotrophic lateral sclerosis due to decreased fat deposits in underweight individuals, which cannot
compensate for lower energy intake and higher energy expenditure in individuals with this disorder. Conversely, appropriate
control of systolic hypertension, as well as the use of antihypertensive drugs, such as perindopril, may be regarded as
protective factors. A better understanding of these factors could help implement more effective preventive measures, which
could potentially lower the incidence of amyotrophic lateral sclerosis.
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Stwardnienie zanikowe boczne, okreslane réwniez jako sclerosis lateralis amyotrophica, choroba neuronu ruchowego czy tez
choroba Lou Gebhriga, jest rzadka choroba neurodegeneracyjna powodujaca postepujaca utrate neuronéw ruchowych.
Dotyczy ona zaréwno goérnych, jak i dolnych neuronéw ruchowych. Jest to émiertelne schorzenie, a jednoczesnie najczestsza
postaé choroby neuronu ruchowego. Na $wiecie czesto$¢ jej wystepowania szacuje si¢ na 1,68 na 100 000 oséb. Chociaz
doktadne przyczyny pozostaja niejednoznaczne, to zidentyfikowano liczne prawdopodobne jej czynniki ryzyka. Celem pracy
bylo poszerzenie wiedzy na temat potencjalnie modyfikowalnych czynnikéw ryzyka stwardnienia zanikowego bocznego.
Najczesciej przywolywane teorie sugerujg zwiazek choroby z ekspozycja na toksyny i uzywaniem alkoholu, paleniem tytoniu,
urazami czaszkowo-mozgowymi, przebytymi porazeniami pradem i infekcjami wirusowymi (na przyktad wywolanymi przez
enterowirusy). Co wigcej, niski wskaznik masy ciala jest uznawany za czynnik pogarszajacy przebieg stwardnienia zanikowego
bocznego, ze wzgledu na wystepujace u 0sob z niedowaga zmniejszone zapasy thuszczu, ktdre u chorych nie moga stanowié
rezerwy energetycznej przy obnizonej podazy energii i jednoczesnie jej zwigkszonym wydatkowaniu. Z kolei odpowiednia
kontrola nadci$nienia skurczowego i stosowanie lekéw przeciwnadci$nieniowych, takich jak peryndopryl, moga by¢ uznane
za czynniki ochronne. Lepsze zrozumienie tych czynnikéw moze pomdc we wdrazaniu skuteczniejszych dziatan
profilaktycznych, co mogtoby obnizy¢ czesto$¢ wystepowania stwardnienia zanikowego bocznego.

Stowa kluczowe: otylos¢, urazowe uszkodzenie mézgu, stwardnienie zanikowe boczne, enterowirusy

© 2026 Medical Communication Sp. z 0.0. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License
(CC BY-NC-ND). Reproduction is permitted for personal, educational, non-commercial use, provided that the original article is in whole, unmodified, and properly cited.
Authors: Sowa PB, Lipska J, Lewtak J. Proofreading by ENSKA Agnieszka Kosarzycka.




Analysis of potentially modifiable risk factors for amyotrophic lateral sclerosis

INTRODUCTION

myotrophic lateral sclerosis (ALS) is a progressive
Aneurodegenerative disorder and the most common

form of motor neuron disease (MND). It is charac-
terised by the selective and relentless degeneration of upper
and lower motor neurons in the motor cortex, brainstem,
and spinal cord, leading to progressive muscle weakness,
atrophy, and profound motor impairment (Tolochko et al.,
2025; Zhu et al., 2023). MNDs are classified into four major
subtypes based on symptom distribution: ALS, progressive
muscular atrophy (PMA), progressive bulbar palsy (PBP),
and primary lateral sclerosis (PLS). Although these subtypes
may initially differ in clinical presentation, disease progres-
sion often leads PMA, PBP, and PLS to evolve into ALS,
underscoring its central role within the MND spectrum.
Clinically, ALS presents with a gradual yet rapid accumu-
lation of motor deficits that typically evolve over weeks to
months. Virtually any voluntary muscle may become affect-
ed, giving rise to a broad spectrum of symptoms, including
speech and swallowing disturbances as well as distal limb
weakness such as foot drop. Importantly, certain motor
neuron populations, including those within the oculomotor
nuclei and Onuf’s nucleus, are relatively spared, accounting
for the preservation of eye movements and sphincter con-
trol throughout much of the disease course. Neurological
examination typically reveals concurrent signs of upper and
lower motor neuron involvement. Although symptom onset
is generally localised to a single body region, disease pro-
gression is marked by predictable spread to adjacent mus-
cles and to neuroanatomically connected regions, following
both local and trans-regional (contralateral or rostral-cau-
dal) patterns. Ultimately, degeneration of bulbar and re-
spiratory motor neurons leads to respiratory insufficiency,
which remains the principal cause of mortality, with death
most commonly occurring within 2-5 years of initial symp-
tom onset (van Es et al., 2017; Tolochko et al., 2025).
Current understanding suggests that ALS is a multifacto-
rial disorder arising from a complex interplay of genetic,
epigenetic, and environmental factors. To date, more than
50 genes have been implicated in ALS pathogenesis, ac-
counting for approximately 50% of familial cases and 7.5%
of sporadic cases. The most common genetic abnormalities
include the hexanucleotide (GGGGCC) repeat expansion in
the chromosome 9 open reading frame 72 (C90rf72) gene
and point mutations in the Cu/Zn superoxide dismutase 1
(SOD1) gene, both of which lead to toxic protein aggre-
gation and neuronal damage. These findings highlight
the complex molecular landscape of ALS, in which genet-
ic susceptibility may be modulated by epigenetic mecha-
nisms and environmental exposures (van Es et al., 2017).
In recent years, increasing attention has been directed to-
ward environmental risk factors potentially contributing to
ALS development. Proposed factors include head and spi-
nal trauma, exposure to heavy metals and pesticides, high-
intensity electromagnetic radiation, and infectious agents
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such as enteroviruses, retroviruses, and polioviruses. Given
the severe and debilitating course of ALS, identifying mod-
ifiable risk factors is of critical importance for improving
epidemiological understanding and informing strategies
for disease prevention and management. Several studies
have suggested associations between ALS risk and factors
such as advanced age, smoking, physical activity, diabetes
mellitus, and alcohol consumption (Tolochko et al., 2025;
Zhu et al., 2023).

Despite extensive research, the aetiology and pathogenesis
of ALS remain incompletely understood, and no curative
treatment is currently available. To date, the only drug ap-
proved by the U.S. Food and Drug Administration is rilu-
zole, a glutamatergic neurotransmission inhibitor, which
provides only a modest survival benefit, further emphasis-
ing the urgent need for improved understanding and novel
therapeutic approaches (Jaiswal, 2019; Zhu et al., 2023).
The aim of this study was to analyse potentially modifiable
risk factors associated with ALS by systematically reviewing
and synthesising data from published studies. By identifying
environmental and lifestyle-related factors that may influ-
ence ALS risk, this work seeks to contribute to a better un-
derstanding of disease epidemiology and to support the de-
velopment of preventive strategies and future risk-reduction
interventions.

MATERIALS AND METHODS

In late 2025, a literature search was conducted for this sys-
tematic review, using the PubMed and Google Scholar elec-
tronic databases. Only these two sources were used, as the
aim was to focus on the most accessible journals and search
engines. No article types were excluded. No specific lan-
guage filter was applied, although the final set of includ-
ed works consisted only of English language publications.
A time filter on PubMed was set to search for studies pub-
lished within the past 10 years. The keywords used were:
“amyotrophic lateral sclerosis + epidemiology” OR “amy-
otrophic lateral sclerosis + pathophysiology” OR “amyo-
trophic lateral sclerosis + statistics” OR “amyotrophic later-
al sclerosis + risk factors” OR “amyotrophic lateral sclerosis
+ toxins” OR “amyotrophic lateral sclerosis + alcohol” OR
“amyotrophic lateral sclerosis + injuries” OR “amyotrophic
lateral sclerosis + head trauma” OR “amyotrophic lateral
sclerosis + electric shock” OR “amyotrophic lateral sclero-
sis + virus” OR “amyotrophic lateral sclerosis + infection”
OR “amyotrophic lateral sclerosis + BMI” OR “amyotrophic
lateral sclerosis + diabetes” OR “amyotrophic lateral sclero-
sis + blood pressure” OR “amyotrophic lateral sclerosis +
smoking” OR “amyotrophic lateral sclerosis + epidemiolo-
gy~ OR “amyotrophic lateral sclerosis + pathophysiology”
On Google Scholar, no language restrictions were applied,
results were sorted by relevance, and no specific type of pub-
lication was selected. The keywords used were the same as
in the PubMed search. The included works were published
between 2015 and 2025.
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Search results were sorted by relevance to focus on the most

adequate findings. Articles were first screened by title, then

by the abstracts, and finally, if found suitable for this review,

were read in full and included in the review.

Inclusion criterion:

1. Studies analysing the influence of environmental risk
factors on ALS onset.

Exclusion criteria:

1. Studies focused on ALS without mentioning any risk
factors;

2. Studies focused on the impact of environmental risk
factors on disorders other than ALS.

No restrictions for age, sex, ethnicity etc. of individuals

described in the included studies were applied.

RESULTS

A total of 30 articles were identified and synthesised in this
review.

Epidemiology and pathophysiology

ALS is a rare neurodegenerative disease characterised by
significant heterogeneity in its incidence and prevalence,
influenced by age, sex, ancestry, and geographical location
(Yuan et al., 2024). While some longitudinal data suggest
that incidence rates remained stable over the past three
decades, other studies indicate a potential increase, which
may be attributed to improved diagnostic methods, evolv-
ing reporting standards, and the establishment of robust
population-based registries (Rizea et al., 2024; Yuan et al,,
2024).

The standardised global annual incidence of ALS is ap-
proximately 1.68 per 100,000 persons (Yuan et al., 2024).
In populations of predominantly European origin, preva-
lence rates range from 1.71 to 1.89 per 100,000 (Yuan et al.,
2024). Specifically, Europe reports an estimated incidence of
1.75-3 per 100,000, with a prevalence of 10-12 per 100,000
(Masrori and Van Damme, 2020). Significant intra-conti-
nental variation exists, with the lowest crude incidence re-
ported in Serbia (1.11 per 100,000) and the highest in Den-
mark (5.55 per 100,000) (Yuan et al., 2024). These regional
disparities, including extreme outliers in Japan (Kii Penin-
sula) and Papua, Indonesia, where prevalence may reach
133 per 100,000, strongly suggest that local environmental
exposures and lifestyle factors may significantly modulate
disease risk (Rizea et al., 2024; Yuan et al., 2024).

Age remains a key determinant, with incidence peaking be-
tween 60 and 79 years (Rizea et al., 2024). The mean age
at symptom onset is 58-63 years for sporadic ALS (sALS)
and 40-60 years for familial ALS (Masrori and Van Damme,
2020). Biological sex also affects distribution, with a global
male-to-female ratio of 1.2-1.5 (Rizea et al., 2024). While
the disease burden is projected to rise due to population
aging, the identification of modifiable risk factors remains
crucial for developing preventive strategies.
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The pathogenesis of ALS is a complex, multi-step process
requiring the convergence of genetic susceptibility, epigen-
etic changes, and environmental triggers (van den Bos et al.,
2019). Central to this process is the profound disruption of
proteostasis and RNA metabolism. Mutations in genes such
as TARDBP, FUS, and C9ORF72 promote the formation of
pathological cytoplasmic aggregates, most notably those
containing TDP-43 (Lépez-Pingarron et al., 2023; Rizea
etal,, 2024). These inclusions accumulate when the ubiqui-
tin-proteasome system and autophagy fail to maintain neu-
ronal homeostasis (Rizea et al., 2024).

Metabolic and ionic imbalances further accelerate neuro-
degeneration. Oxidative stress is a key driver, particularly
in cases involving SOD1 mutations, where increased pro-
duction of reactive oxygen species leads to lipid peroxi-
dation and impaired DNA repair (Lopez-Pingarrén et al.,
2023). This pathway is highly susceptible to external modi-
fiers such as smoking or heavy-metal exposure, which may
exacerbate mitochondrial dysfunction and ATP synthesis
failure. In addition, glutamate excitotoxicity results in ex-
cessive calcium (Ca?*) influx, promoting sustained neuro-
nal hyperexcitability and apoptotic signalling (van den Bos
etal,, 2019; Lopez-Pingarron et al., 2023).

The neurodegenerative microenvironment is further com-
promised by neuroinflammation and structural failures.
Reactive astrocytes and microglia amplify damage by se-
creting pro-inflammatory cytokines (e.g. TNFa and IL-1B),
shifting from a protective to a neurotoxic state (Rizea et al.,
2024). At the same time, axonal transport defects linked to
mutations in genes such as PEN1 or dynactin complexes
impair the delivery of essential organelles, leading to axo-
nal retraction and the loss of neuromuscular connectivity
(Lopez-Pingarrén et al., 2023).

Risk factors

Toxins and alcohol consumption

Several observational and cohort studies have reported no
association — or even an inverse relationship — between al-
cohol intake and ALS risk (D’Ovidio et al., 2019), where-
as Mendelian randomisation analyses (Yu et al., 2020) sug-
gest that genetically predicted higher alcohol consumption
may be associated with an increased risk of ALS. Biologi-
cally, chronic or heavy alcohol use may promote oxidative
stress, mitochondrial dysfunction, and neuroinflammation,
all of which are implicated in motor neuron degeneration.
Experimental data also indicate that dose-dependent or
context-specific effects may exist. Overall, due to contra-
dictory findings, heterogeneous exposure definitions, and
potential confounding, alcohol consumption should be re-
garded as a possible but unresolved modifiable factor in
ALS risk, warranting further large-scale prospective and
genetic studies.

Similarly, exposure to chemical agents has not been consis-
tently identified as an independent risk factor for ALS (Zhu
et al., 2023). A review of available studies indicates that the
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chemicals most frequently investigated include neurotox-
ic substances, particularly aromatic and organochlorinat-
ed solvents. Although no clear association between gener-
al chemical exposure and ALS risk has been established,
chronic exposure to such agents may induce heterogeneous
metabolic and detoxification responses.

Head injuries

Traumatic brain injury (TBI) has been proposed as a poten-
tial environmental and modifiable risk factor for ALS. Large
population-based studies indicate an increased risk of ALS
among individuals with a history of head injury (Zhu et al.,
2025). However, this association is primarily confined to the
first two years following the injury. The absence of a sustained
risk increase over longer latency periods suggests that reverse
causation may contribute to this relationship, with early,
subclinical motor symptoms of ALS potentially predisposing
individuals to falls and subsequent head trauma.
Nevertheless, biological plausibility exists for a contributo-
ry role of TBI in ALS pathogenesis. Head injury may trig-
ger persistent neuroinflammatory responses, oxidative stress,
blood-brain barrier disruption, and abnormal protein aggre-
gation — processes that overlap with known mechanisms of
motor neuron degeneration. Despite this, evidence remains
inconsistent, and methodological limitations, including ret-
rospective study designs and heterogeneous definitions of
TBI, preclude definitive causal conclusions. Therefore, while
TBI may be considered a potential modifiable risk factor for
ALS, further prospective and mechanistic studies are needed
to clarify its role (Zhu Q et al., 2023; Zhu X et al., 2025).

Electric shock

Exposure to electric shocks, particularly in occupational
settings, has been investigated as a potential environmen-
tal and modifiable risk factor for ALS. Large case-control
studies, including the Euro-MOTOR project (Peters et al.,
2019), reported a modestly increased risk of ALS among
individuals with a history of electric-shock exposure,
independent of exposure to extremely low-frequency mag-
netic fields. However, the absence of a clear dose-response
relationship and inconsistencies across studies limit causal
interpretation.

Several biological mechanisms have been proposed to explain
how electric shocks might contribute to motor-neuron vul-
nerability. Electric injury may cause direct neuronal mem-
brane depolarisation and axonal damage, leading to cal-
cium influx, excitotoxicity, and disruption of intracellular
ion homeostasis. These processes can trigger mitochondri-
al dysfunction, oxidative stress, and activation of neuroin-
flammatory pathways, all of which are implicated in ALS
pathogenesis. In addition, repeated exposure to electric
shocks may compromise blood-brain barrier integrity and
facilitate abnormal protein aggregation, potentially accel-
erating neurodegenerative processes in genetically suscep-
tible individuals. Overall, while epidemiological and mech-
anistic data provide biological plausibility for an association
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between electric-shock exposure and ALS, current evidence
remains insufficient to establish a direct causal relationship.
Further prospective studies with refined exposure assess-
ment are required to clarify the independent contribution
of electric shocks to ALS risk (Fischer et al., 2015; Peters
etal, 2019; Zhu et al., 2023).

Viral infections

TSome studies suggest that viral infections, particularly
those caused by neurotropic viruses, may play a role in the
pathogenesis of ALS. Members of the enterovirus (EV) fam-
ily, such as poliovirus or coxsackieviruses, have been pro-
posed as potential contributors because they can infect mo-
tor neurons and persist in the central nervous system, and
because experimental EV infection induces cellular changes
resembling those seen in ALS (e.g. disrupted RNA process-
ing, nucleocytoplasmic-transport defects, neuroinflamma-
tion, and impaired protein quality control) (Xue et al., 2018).
Moreover, reactivation of endogenous retroviruses, in par-
ticular HERV-K (subtype HML-2), has also been report-
ed in some patients with ALS. Expression of the HERV-K
envelope protein has been shown to be neurotoxic in cell
cultures and mouse models, inducing neuronal death and
degeneration reminiscent of ALS pathology (Steiner et al.,
2022). In addition, immune-mediated responses to HERV-K
(elevated antibodies, altered cytokine production) have
been observed in ALS patients compared with controls
(Arru et al., 2021). However, the evidence remains incon-
sistent and inconclusive. Some studies have failed to con-
firm elevated HERV-K RNA expression in post-mortem
brain tissue from ALS patients (Garson et al., 2019). Also,
although biological plausibility exists, a firm causal link be-
tween previous viral infection (or endogenous retrovirus
activation) and ALS onset has not been established (Xue
etal,, 2018). Thus, viral infection, either by exogenous neu-
rotropic viruses (e.g. enteroviruses) or by reactivation of
endogenous retroviruses (like HERV-K), should be con-
sidered a plausible but unproven contributor to ALS (Liu
et al., 2025; Xue et al., 2018). Given the potential mecha-
nistic overlap (neuroinflammation, RNA-metabolism dis-
turbances, proteostasis dysfunction), this hypothesis merits
further investigation, ideally through prospective epidemio-
logical studies and rigorous molecular research.

Body mass index and diabetes mellitus

Interestingly, obesity and type 2 diabetes mellitus (DM)
may be associated with a reduced risk of ALS compared
with the general population (Skajaa et al., 2023; Vasta
etal., 2021). Obesity seems to exert a more substantial pro-
tective effect on ALS onset than being overweight (Duan
etal,, 2023). Conversely, lower body mass index (BMI) may
both increase ALS risk and reduce survival (Duan et al.,
2023; Goutman et al., 2023). It is worth noting that lower
energy intake due to dysphagia, as well as higher energy ex-
penditure caused by hypermetabolism, altered glucose and
lipid metabolism, and mitochondrial dysfunction, are the
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reasons why ALS individuals lose weight (Goutman et al.,
2023). For this reason, the protective effect of obesity is of-
ten attributed to increased fat deposits in obese individuals
that can be used as an energy buffer, as these deposits are
reduced in individuals with ALS. At the same time, some
authors argue that the protective effect should be restrict-
ed to DM only, and not to obesity itself, as many patients
may simply be pre-symptomatic for ALS, and thus remain
undiagnosed, at the time of obesity diagnosis (Skajaa et al.,
2023). Still, type 2 DM appears to delay ALS onset, regard-
less of the age of DM onset, although some authors high-
light the fact that DM does not affect ALS prognosis. Also,
type 1 DM does not seem to have a significant impact on
ALS onset (Vasta et al., 2021).

Blood pressure

Another potentially modifiable risk factor for ALS is ele-
vated systolic blood pressure (Li et al., 2025). Interestingly,
increased diastolic blood pressure (DBP) may have a pro-
tective effect (Xia et al., 2022). Authors agree that while hy-
pertension is the most common comorbidity present before
ALS onset, there is no evidence indicating that ALS itself
induces changes in blood pressure (BP) (Li et al., 2025; Xia
et al., 2022). At the same time, the use of angiotensin-con-
verting enzyme inhibitors (ACEIs) (a group of antihyper-
tensive drugs) may exert a protective effect against ALS (Li
et al., 2025). According to Li et al. (2025), possible reasons
for this protection include reductions of two key factors in
ALS pathology - neuroinflammation and oxidative stress.
Also, one of the ACEISs, perindopril, possibly suppresses ac-
tivation of hippocampal microglia and astrocytes, both of
which are neuropathological hallmarks of ALS. Similar-
ly, calcium-channel blockers, beta-blockers, and diuretics
may be a promising option in BP management (Hu and Ji,
2022; Xia et al., 2022). All these antihypertensive medica-
tions show inverse associations with ALS risk, with risk de-
creasing as the duration of medication use increases (Abdel
etal., 2023).

Smoking

Most authors agree that there is a significant association be-
tween smoking and an increased risk of ALS, particularly
among females (Kim et al., 2024; Menounos et al., 2021).
Other authors reject this theory (Zhu et al., 2023), but in
studies that include cigarette smoking as a risk factor for
ALS, the age of ALS onset tends to be lower in current smo-
kers than in non-smokers (Kim et al., 2024). Menounos
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et al. (2021) highlighted possible direct and indirect path-
ways through which cigarette smoking may induce ALS pa-
thogenesis, including oxidative stress, neuroinflammation,
immunometabolic alterations, or blood-spinal cord bar-
rier dysfunction. At the same time, individuals with ALS
who smoked face increased mortality (Wahbeh et al., 2024).
As discontinuation of smoking can be beneficial for redu-
cing the risk of ALS, smoking can be considered a modifia-
ble risk factor (Kim et al., 2024).

CONCLUSIONS

Potentially modifiable risk factors for ALS include:

« toxins and alcohol consumption;

« head injuries;

o electric shock;

« viral infections;

« low BM[;

« systolic hypertension;

« smoking.

Interestingly, higher BMI and the presence of type 2 DM
may act as protective factors. Still, it is necessary to remem-
ber that overweight and obesity are associated with nu-
merous health complications, and their potential positive
influence on ALS onset remains inconclusive. Similarly, in-
creased DBP possibly has a protective effect on ALS, not
unlike antihypertensive medications. Unfortunately, all of
the above risk factors should be regarded as possible, not
confirmed, contributors, and their actual impact requires
further investigations. More research is needed to establish
more precise ways of preventing ALS. All in all, the unde-
niable fact remains that toxins, alcohol intake, as well as
smoking, have a degenerative effect on human health, and
are associated with numerous negative consequences. They
are thus clear and modifiable risk factors. Refraining from
substance abuse, hypertension prevention, as well as pro-
tective measures against viral infections, electric shock, or
TBI, can all be implemented to potentially lower ALS risk.
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