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Abstract: Objective: To analyze the rela-
tionship between exposure to air pollution and 
the development of neurodegenerative disea-
ses and other neurological conditions, based 
on recent scientific evidence. Methodology: 
Bibliographic review based on the analysis of 
articles indexed in electronic databases. The 
search terms included “air pollution”, “neuro-
degenerative diseases”, “neuroinflammation” 
and their combinations. Twenty-five studies 
were selected for detailed analysis. Discus-
sion: Evidence indicates that prolonged ex-
posure to particulate matter (PM2.5, PM10), 
nitrogen dioxide (NO₂) and ultrafine particles 
can trigger neuroinflammatory processes, 
oxidative stress and mitochondrial dysfunc-
tion, increasing the risk of diseases such as Al-
zheimer’s, Parkinson’s and multiple sclerosis. 
Studies suggest that nanoparticles can cross 
the blood-brain barrier, favoring the deposi-
tion of neurotoxic proteins and contributing 
to neurodegeneration. In addition, the impact 
of air pollution also extends to other neurolo-
gical conditions, including stroke, neurodeve-
lopmental disorders and depression.  Genetic 
and socioeconomic factors influence vulnera-
bility to the effects of pollution, making higher 
risk populations more susceptible to neurolo-
gical impairment. Final considerations: Air 
pollution is a significant risk factor for neuro-
logical diseases, requiring preventive measu-
res and effective public policies to reduce ex-
posure to pollutants. Future research should 
further identify biomarkers of susceptibility 
and explore interventions that minimize the 
neurotoxic effects of pollution on the nervous 
system.
Keywords: Air pollution, neurodegenerative 
diseases, neuroinflammation, oxidative stress, 
environmental exposure.
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INTRODUCTION
Air pollution is a global environmental 

problem that has a significant impact on hu-
man health and is responsible for millions of 
premature deaths every year. Although the as-
sociation between exposure to air pollutants 
and cardiovascular and respiratory diseases 
is widely documented, recent studies have 
shown a worrying correlation between pollu-
tion and the development of neurological 
and neurodegenerative diseases (Peters et al., 
2024). Prolonged exposure to fine particulate 
matter (PM2.5), nitrogen dioxide (NO₂) and 
ultrafine particles (UFP) has been associa-
ted with structural, metabolic and functional 
changes in the central nervous system (CNS), 
increasing the risk of diseases such as Alzhei-
mer’s, Parkinson’s, multiple sclerosis and cog-
nitive decline (Kim et al., 2024; Mussalo et al., 
2024).

Epidemiological studies show that indivi-
duals chronically exposed to high levels of air 
pollutants have a higher incidence of cogni-
tive deficits, accelerated aging and neuroin-
flammation (Wang et al., 2024). Studies in-
dicate that nanoparticles present in polluted 
air can cross the blood-brain barrier (BBB) 
and deposit in vulnerable regions of the brain, 
such as the hippocampus and cerebral cortex. 
This process can trigger neuroinflammation, 
mitochondrial dysfunction and the accumula-
tion of neurotoxic proteins such as beta-amy-
loid and alpha-synuclein (Dang et al., 2024). 
These findings suggest that air pollution may 
play a crucial role in the pathogenesis of neu-
rodegenerative diseases, potentiating already 
established genetic and environmental factors 
(Ji et al., 2024).

In addition to neurodegenerative dise-
ases, air pollution has also been associated 
with other neurological conditions, including 
stroke, autism spectrum disorder (ASD), at-
tention deficit hyperactivity disorder (ADHD) 
and depression (Chatterjee et al., 2024). Stu-

dies suggest that prenatal and childhood ex-
posure to pollutants can affect neurocogni-
tive development by compromising synaptic 
plasticity and neuronal functioning (Ji et al., 
2024).

The impacts of air pollution are not uni-
form and vary according to environmental, 
genetic and socioeconomic factors. Indivi-
duals living in densely polluted urban areas, 
especially those in vulnerable socioeconomic 
groups, are more exposed to high levels of 
pollutants and consequently at greater risk of 
neurological damage (Peters et al., 2024).

Although the correlation between air 
pollution and neurodegenerative diseases is 
becoming increasingly evident, there are still 
challenges in demonstrating direct causality, 
due to the complexity of the mechanisms in-
volved and the need for more robust longitu-
dinal studies. However, the growing body of 
scientific evidence suggests that preventive 
strategies and public policies aimed at redu-
cing exposure to pollutants may represent an 
effective approach to reducing the incidence 
of neurological diseases and promoting global 
public health (Wang et al., 2024).

Against this backdrop, this review aims 
to critically analyze the relationship between 
air pollution and the development of neuro-
degenerative diseases and other neurological 
conditions, highlighting pathophysiological 
mechanisms, epidemiological evidence, gaps 
in the literature and potential mitigation stra-
tegies.

METHODOLOGY
A literature review developed according to 

the criteria of the PVO strategy, which stands 
for: population or research problem, variables 
and outcome. This strategy was used to de-
velop the research question “What is the re-
lationship between exposure to air pollution 
and the development of neurodegenerative 
diseases and other neurological conditions, 
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according to current scientific evidence?”. 
The searches were carried out using the Pub-
Med - MEDLINE (Medical Literature Analy-
sis and Retrieval System Online) databases. 
The search terms were used in combination 
with the Boolean terms “AND”, “OR”, using 
the following search strategy: ((“Neurodege-
nerative Diseases”) OR (“Neurological Di-
sorders”)) AND ((“Air Pollution”) OR (“Par-
ticulate Matter”) OR (“Traffic-Related Air 
Pollution”)). From this search, 312 articles 
were found, which were then submitted to the 
selection criteria. The inclusion criteria were: 
articles in English; free full text; published 
between 2024 and 2025 and which addressed 
the themes proposed for this research, review-
-type studies, meta-analysis, observational 
studies, experimental studies. The exclusion 
criteria were: duplicate articles, articles avai-
lable in abstract form, articles that did not di-
rectly address the proposal studied and articles 
that did not meet the other inclusion criteria. 
After applying the search strategy to the da-
tabase, a total of 42 articles were found. After 
applying the inclusion and exclusion criteria, 
22 articles were selected from the PubMed da-
tabase to make up this study’s collection.

DISCUSSION
Air pollution is an emerging risk factor for 

neurodegenerative diseases and other neu-
rological conditions, as demonstrated in the 
studies analyzed. Evidence indicates that dif-
ferent types of pollutants - such as particulate 
matter (PM2.5 and PM10), nitrogen dioxide 
(NO₂) and ultrafine particles (PM0.1) - are as-
sociated with neuroinflammatory processes, 
oxidative stress and epigenetic deregulation, 
fundamental mechanisms in the development 
of pathologies such as Alzheimer’s disease 
(AD), Parkinson’s disease (PD) and amyotro-
phic lateral sclerosis (ALS). In addition, recent 
studies suggest that specific pollutants, such 
as coke oven emissions (COE), can directly 

compromise synaptic plasticity and neuronal 
function, amplifying the deleterious effects of 
pollution on the central nervous system (Wu 
et al., 2024).

Chronic exposure to pollutants can trig-
ger cognitive dysfunction through epigenetic 
changes and neuroinflammation. The study 
by Oliver et al. (2024) found that prolonged 
maternal exposure to PM2.5 affects the cog-
nition of offspring differently, showing a gen-
der-dependent impact. Males were found to 
have significant memory deficits, while fema-
les were relatively protected. This protection 
was attributed to the greater expression of the 
histone demethylases Kdm6a and Kdm5c, 
which modulate the transcription of genes 
related to neuroprotection and mitochondrial 
function. These findings reinforce the hypo-
thesis that epigenetic modifications play an 
essential role in susceptibility to the effects of 
pollution, modulating the neuronal response 
to environmental stress (Oliver et al., 2024).

In addition, evidence indicates that chro-
nic exposure to heavy metals, pesticides and 
other environmental contaminants can trig-
ger epigenetic modifications that favor neuro-
degenerative processes. The study by Stoccoro 
and Coppedè (2024) demonstrated that these 
compounds are capable of altering DNA me-
thylation patterns, impacting the regulation of 
genes involved in neuronal homeostasis and 
the response to oxidative stress. Hyperme-
thylation of inflammation suppressor genes 
and hypomethylation of pro-inflammatory 
promoters can intensify microglial activa-
tion, exacerbating neuronal damage induced 
by environmental pollutants. These findings 
reinforce that epigenetic modifications not 
only increase individual vulnerability to air 
pollution, but can also perpetuate neurode-
generative predispositions over generations 
(Stoccoro & Coppedè, 2024).
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The changes induced by atmospheric 
pollution are not restricted to the molecular 
and epigenetic level, but directly affect cellu-
lar function. The study by Sapienza et al. 
(2024) showed that exposure to PM0.1 leads 
to dysfunction of the endoplasmic reticulum 
and deregulation of calcium homeostasis in 
motor neurons. This mechanism is similar 
to that observed in the pathogenesis of ALS, 
and is characterized by alterations in the acti-
vity of the SERCA2 and SERCA3 pumps and 
in calcium influx via SOCE (Store-Operated 
Calcium Entry). These changes compromi-
se neuronal integrity and contribute to pro-
gressive neurodegeneration. Additionally, the 
study by Wu et al. (2024) demonstrated that 
exposure to COE induces significant deficits 
in memory and learning, accompanied by re-
duced expression of miR-145a-5p and increa-
sed expression and phosphorylation of SIK1, 
a kinase involved in the regulation of synaptic 
plasticity. This alteration inhibits the cAMP/
PKA/CREB signaling pathway, which is es-
sential for memory consolidation, resulting in 
a decrease in synaptic proteins such as PSD95 
and synaptophysin (SYP), which reinforces 
the direct impact of pollution on the central 
nervous system (Wu et al., 2024).

In the context of PD, the study by Huang et 
al. (2024) investigated the interaction between 
genetic predisposition and environmental ex-
posure. The results indicated that individuals 
with a high genetic susceptibility to PD have 
a significantly elevated risk when exposed to 
high levels of NO₂ and PM10. This suggests 
that environmental factors can act as triggers 
in genetically predisposed individuals, accele-
rating the onset and progression of the disea-
se. These findings corroborate the need for an 
integrated approach to analyzing risk factors 
for neurodegenerative diseases, considering 
both environmental and genetic aspects.

The Mendelian randomization study con-
ducted by Liu et al. (2024) provides causal su-
pport for the relationship between air pollu-
tion and AD. Using genetic variants as proxies 
for exposure, the authors demonstrated that 
high levels of PM2.5 and PM10 are associa-
ted with a significantly increased risk of AD. 
However, no direct associations were obser-
ved between PM and PD or ALS, suggesting 
that the relationship with these diseases may 
be mediated by other biological or environ-
mental factors that have not yet been fully 
elucidated.

In addition, the study by Jäntti et al. (2024) 
revealed that particles from diesel engines and 
compressed natural gas compromise the func-
tion of microglia, cells that are essential for 
the immune response of the central nervous 
system. This effect can intensify chronic neu-
roinflammatory processes, favoring the depo-
sition of toxic proteins such as beta-amyloid 
and alpha-synuclein, implicated in the patho-
physiology of AD and PD, respectively. These 
findings highlight the need for regulatory me-
asures to minimize exposure to vehicle emis-
sions and, consequently, reduce the burden of 
neurodegenerative diseases in the population.

Another point would be the direct impact 
of pollutants on microglial activation and 
neuroinflammation. Recent studies indicate 
that chronic exposure to urban particulate 
matter (uPM) can induce cellular senescen-
ce, particularly in macrophages, key cells in 
the innate immune response. The study by 
Thomas et al. (2024) showed that macro-
phages exposed to uPM exhibit a senescent 
phenotype characterized by increased IL-1α 
secretion, elevated β-galactosidase activity 
associated with senescence and reduced cell 
proliferation. This finding is relevant becau-
se it suggests that pollutant-induced immune 
cell senescence may compromise the immune 
system’s ability to respond to environmental 
insults, favoring a chronic state of low-grade 
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inflammation. As microglial activation plays a 
central role in neurodegeneration, the contri-
bution of macrophage senescence may ampli-
fy the inflammatory cycle, exacerbating neu-
ronal damage in diseases such as Alzheimer’s, 
Parkinson’s and Amyotrophic Lateral Sclero-
sis (Thomas et al., 2024).

In addition to the direct impacts of pollu-
tants, studies show that air pollution can act 
synergistically with other environmental fac-
tors. The study by Kuntić et al. (2024) analy-
zed the interaction between air pollution and 
urban noise, showing that both contribute 
to increased oxidative stress and neuroin-
flammation. This interaction potentiates the 
deleterious effects on the blood-brain barrier, 
facilitating the entry of toxins into the central 
nervous system and exacerbating the risk of 
neurodegenerative diseases.

The study by Ramírez-Mendoza et al. 
(2024) reinforces this hypothesis by demons-
trating that prolonged exposure to PM2.5 and 
ozone (O₃) induces a state of nitrooxidative 
stress, associated with the formation of neu-
rodegenerative biomarkers. These findings su-
ggest that chronic exposure to pollution can 
promote changes in cellular homeostasis that 
accelerate the process of neurodegeneration.

Vulnerability to air pollution is not homo-
geneous in the population. The study by Aretz 
et al. (2024) showed that elderly people expo-
sed to fine particles over the long term have 
a higher risk of cognitive impairment, media-
ted by inflammatory processes and changes in 
the leukocyte profile. In parallel, the study by 
Mokhtar et al. (2024) identified a relationship 
between high levels of PM2.5 and PM10 and 
a reduction in the density of corneal nerve fi-
bers, suggesting that damage to the peripheral 
nervous system may be an early marker of the 
effects of pollution on the brain.

In addition, socioeconomic disparities play 
a critical role in exposure to pollution. Low-
-income individuals, often living in areas of 
high population density and close to emission 
sources, are at greater risk of prolonged expo-
sure, widening the inequality in the impacts 
of pollution on neurological health (Oliver et 
al., 2024). Studies show that chronic maternal 
exposure to PM2.5 can affect cognitive deve-
lopment in a gender-dependent way, sugges-
ting that biological factors modulate the res-
ponse to environmental pollutants (Oliver et 
al., 2024). As highlighted by Olloquequi et al. 
(2024), prolonged exposure to air pollutants 
is associated with a higher risk of cognitive 
impairment and an increased incidence of Al-
zheimer’s disease, highlighting the influence 
of environmental factors on neurodegenera-
tion.

Evidence indicates that air pollution repre-
sents a significant risk factor for neurodege-
nerative diseases. However, there are still gaps 
to be filled, especially regarding the identifi-
cation of safe exposure thresholds and the 
characterization of specific vulnerability me-
chanisms. Krzyzanowski et al. (2024) showed, 
through a population-based study, that chro-
nic exposure to air pollutants is associated 
with a significant increase in the incidence 
of Parkinson’s disease, reinforcing the hypo-
thesis that environmental particles can act as 
triggers for neuroinflammatory processes and 
mitochondrial dysfunction, which contribu-
te to the progression of the disease (Krzyza-
nowski et al., 2024). In addition, Ruggles and 
Benakis (2024) point out that pollution can 
contribute to cerebrovascular events, such 
as stroke, through the interaction of the gut-
-brain and lung-brain axis, which reinforces 
the need for studies that analyze these vulne-
rability mechanisms in an integrated manner 
(Ruggles; Benakis, 2024).
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FINAL CONSIDERATIONS
Air pollution is a significant risk factor for 

neurological diseases, contributing to neu-
roinflammation, oxidative stress and mito-
chondrial dysfunction. In addition to its as-
sociation with Alzheimer’s, Parkinson’s and 
multiple sclerosis, there is evidence of an im-
pact on cerebrovascular diseases, neurodeve-
lopmental disorders and mental health. Howe-
ver, the definition of safe exposure thresholds 

and individual susceptibility mechanisms are 
still poorly understood. The adoption of strict 
environmental policies and advances in bio-
markers and neuroprotective strategies, such 
as antioxidants and epigenetic modulators, 
are essential to mitigate these impacts. Impro-
ved public health guidelines and collaboration 
between neuroscience, epidemiology and en-
vironmental health could increase knowledge 
about this complex interaction and provide a 
basis for effective preventive strategies.
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