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Abstract. This paper elaborates the potential link between PM, s air pollution and Autism
Spectrum Disorder (ASD), exploring mechanisms such as placental transmission, oxidative
stress, signal transduction, and endocrine disruption. Referencing studies from Southwestern
Pennsylvania, Shanghai, and animal experiments, together they reveal a consistent association
between PM,s exposure during prenatal development and an increased risk of ASD.
Mechanistically, PM, s is found to affect placental function, induce oxidative stress, and disrupt
endocrine pathways, providing insights into potential pathways for neurodevelopmental
disorders. The analysis emphasizes the impact on communities of lower socioeconomic status,
where PM, s exposure is higher, emphasizing the need for environmental protection. Hence,
global research efforts are encouraged when considering the current lack of understanding on
ASD prevalence in diverse populations. In the broad scope, this work contributes to the growing
amount of evidence that links environmental factors, particularly air pollution, to
neuropsychiatric development, urging further exploration into the impacts of pollution on human
health.
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1. Introduction
Coined as the “world’s largest environmental threat” by UNECE [1], air pollution is defined as the
contamination of air by particles such as carbon monoxide and lead, and it has already been found to
significantly increase risks in diseases such as cardiovascular diseases and many forms of cancer [2]. In
particular, PM, s pollution, defined as pollution particles less than 2.5 microns, has breathable fine
particles that cause major health concerns to the public. When an individual breathes in PM 5 pollution,
the particles attack the immune system by causing inflammation in the bronchial, making PM s a high-
risk factor for various respiratory illnesses [3]. In addition to lung damage, recent research has found a
correlation between prenatal PM, 5 inhalation and neuroinflammation, which can cause many types of
neuropsychiatric disorders such as autism spectrum disorder (ASD).

Autism Spectrum Disorder, a neurodevelopmental disorder that impedes the social skills of an

individual, is currently suggested to be caused mostly by genetics. Several genetic risk factors include
having a sibling with ASD, having a low birth weight, and having Down Syndrome or Fragile X
Syndrome. Autism can be diagnosed at any age, but symptoms are typically present in an individual at
around the age of two [4]. For children, a diagnosis typically involves the assessment of the child’s
language and cognitive abilities, and an observation of the child’s behavior by professionals.

When diagnosed early enough, modern treatments may prove remarkably effective in
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regulating behavioral symptoms, allowing one to experience a close-to-normal social life. In most
cases, autism is a lifelong disorder. ASD treatment must be personalized for everyone as Autism is a
spectrum disorder, meaning each person’s symptoms can vary in category and intensity [5]. However,
common treatments often include medication and psychotherapy, both of which pose heavy financial
and psychological burdens on the family. According to a study conducted in 2014, the median cost of
ASD treatment was estimated to be USD $31,483 per year for a family regardless of the age of diagnosis

[6].

2. Case Studies
With the increases in ASD diagnosis and PM; s air pollution, more studies are trying to prove PM,s as a
potential cause of Autism. In a case-control study conducted in Southwestern Pennsylvania, PM> s
exposure and Autism diagnosis were analyzed from three months before maternal pregnancy until year
two of the newborn. The levels of exposure were measured from both the residence and workplace,
leading to the conclusion that PM; 5 exposure increases the risk of youth Autism by about 50% [7].

In another study with data from Shanghai, 124 ASD cases and 1240 controls during two to three

years after birth were studied regarding individual exposure to PMi, PM» s, and PMo. According to
the authors, this is the first study in China that was conducted to analyze the relationship between
children’s long-term exposure to air pollution and Autism development. It was discovered that there are
stronger associations between PM and ASD during 2nd and 3rd years after birth, which is the critical
period during child development [8].

Animal studies have also explored the relationship between air pollutants and ASD. One such

study conducted behavioral tests on rodents that were exposed to particulate matter and other gaseous
exposure (PGE), gaseous exposure alone (GE), and Autism-like model rats (ALM). When presented
with novel and familiar rats, ALM and PGE rats alike exhibited their inability to distinguish social
novelty, a trait commonly associated with Autism. Using the Y-maze test decreases in alternation
behaviors and memory defects in PGE, GE, and ALM rats were found. Furthermore, PGE rats buried
more marbles than other groups (GE and control), which is a sign of increased repetitive behavior,
another common symptom of Autism. In addition to the behavioral assessments, the oxytocin receptor
(OXTR) protein, catalase activity (CAT), and Glutathione (GSH) levels were also measured to be lower
in PGE, GE, and ALM rats than those of the control rats. The reduction in OXTR, CAT, and GSH
suggests the presence of multiple mechanisms, precisely signal transduction and oxidative stress, that
enable PM s to penetrate the nervous system and lead to Autism-like symptoms [9].

3. Mechanisms
As more research studies have found a correlation between PM: 5 and the prenatal development of autism,
various mechanisms can be proposed given the ambiguity of Autism causes. The possible pathways can
be categorized into placental transmission, oxidative stress, signal transduction, and endocrine
disruption.

An organ developed during pregnancy that transfers oxygen and nutrients to the fetus [10],

recent studies have found it capable of being affected by PM,s. When Familari et al. exposed
placental cells to PM, cell growth was significantly inhibited compared to the control group with no
exposure to the particles, suggesting that not only can PM2.5 reach the placenta, but it can also cause
placental defects [11]. Placental dysfunction can subsequently lead to higher risks of fetal ASD
development [12, 13]. Exposure to PM» s also led to increased IL-4 cytokine levels in mice according to
Melo et al. When the secretion of inflammatory cytokines is triggered, the cytokines travel from the
peripheral system to the central nervous system through the damaged intestinal barrier, ultimately
causing neuroinflammation, a phenomenon commonly associated with psychiatric disorders such as
ASD.

Oxidative stress occurs when the production and accumulation of reactive oxygen species

(ROS) is imbalanced [14], and several elements connected to oxidative stress have been found to be
affected in Autism patients. A disruption in the equilibrium of ROS was discovered when Bos et al.
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exposed mice to PM»s for five days [15]. This overproduction of ROS can ultimately disrupt cell
signaling pathways, leading to apoptosis and many diseases. In patients with ASD, a reduction in the
Glutathione (GSH) oxidative marker has been observed. GSH is mainly responsible for the removal of
ROS, so a low level of GSH suggests that PM> 5 -induced oxidative stress can possibly be a partial cause
of ASD [16]. In the PM» 5 exposed rats from Emam et al.’s research, a decrease in catalase activity was
also seen. Catalase breaks down hydroxide, forming water and oxygen to protect the cell from oxidative
damage, so a reduction in catalase activity suggests some degree of oxidative damage and its connection
to ASD during children’s developmental years [17].

The oxytocin receptor (OXTR) handles the binding of the oxytocin ligand to start a signal

transduction pathway that affects maternal prosocial behavior [18, 19]. However, the OXTR also
affects the development of the fetal nervous system, which can potentially lead to Autism development
when the OXTR protein is reduced in the PGE rats from Emam et al.’s research.

According to Zhou et al’s study conducted in Hangzhou, PM, 5 from industry sites showed

higher endocrine disruption potential [20]. As a defective endocrine can affect a mother’s
homeostasis, it can be hypothesized that fetal development would likewise be affected, potentially
resulting in an offspring with ASD.

4. Discussion
This analysis has provided recent evidence that possibly links PM» s as a cause of Autism through the
possible pathways of placental transmission, oxidative stress, endocrine disruption, and inflammation.
As communities of lower socioeconomic status (SES) experience more PM,s air pollution,
neurodevelopmental disorders such as ASD could have a detrimental impact on these kinds of societies
as they also lack resources for diagnosis, treatment, and public awareness. Hence, by identifying prenatal
PM, s inhalation as a possible cause of ASD, environmental protection could prove its significance even
in the neuropsychiatry of the future generation.

As mentioned above, families of lower SES are still missing assets for diagnosis, and the current

data on ASD cases are still unable to accurately reflect the demography of children with Autism in
the United States alone. In addition, the lack of Autism case studies conducted in Middle Eastern and
Asian countries illustrates the inability to assume the relationship between PM, s and Autism on a global
scale.

With increasing evidence that suggests the damaging effects of air pollution and PM, s, the

physical and mental health problems PM 5 can cause on humans become clearer. These results shed
light on the possibility for all types of pollution (i.e., water pollution, soil pollution) to have a negative
impact on human neurology and open a new gateway for future research to further link the environment
to our neuropsychiatric development.

5. Conclusion
This paper has explored the burgeoning evidence linking PM2.5 air pollution with the risk of Autism
Spectrum Disorder (ASD), elucidating potential biological pathways such as placental transmission,
oxidative stress, signal transduction, and endocrine disruption. The synthesis of case studies and
experimental research underscores a discernible connection between prenatal exposure to PM2.5 and an
elevated risk of ASD, with mechanistic insights suggesting interference in crucial neurodevelopmental
processes. Notably, the impact of PM2.5 exposure is disproportionately borne by communities of lower
socioeconomic status, amplifying both the environmental justice and public health dimensions of this
issue.

Our investigation reaffirms that environmental factors, specifically airborne particulates smaller

than 2.5 microns, may play a significant role in the etiology of neuropsychiatric conditions, including
ASD. The findings advocate for a heightened emphasis on environmental protection policies, especially
those targeting air quality improvements, to mitigate the neurodevelopmental risks to future generations.
Moreover, the paper highlights a pressing need for global research collaborations to build a more
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comprehensive understanding of ASD prevalence and its environmental determinants across diverse
populations.

As we move forward, it is imperative that public health strategies incorporate the findings of such
research, fostering preventive approaches and interventions aimed at reducing PM2.5 exposure,
particularly among vulnerable pregnant populations. The synthesis of our research contributes to the
imperative dialogue on the nexus between environmental health and neuropsychiatric development,
urging ongoing investigation into the multifaceted impacts of pollution on human health.
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