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ABSTRACT

Air pollution has been associated with risk to human health. Recently, an increasing amount of 
studies have found a connection between air pollution and a decline in cognitive function, specifically 
dementia. The purpose of this review is to evaluate existing literature to investigate if air pollution 
is truly a risk factor of dementia. The analysis explores the classification of particulate matter and its 
entryways into the brain, specifically detailing transport across the blood-brain barrier and translocation 
via the olfactory bulb. A systematic review of 20 relevant studies was conducted using MEDLINE, 
ScienceDirect, and Google Scholar to evaluate the link between particulate matter and cognitive decline. 
Studies were selected based on their focus on PM-induced neuroinflammation (cytokine levels), impaired 
neurogenesis (neuronal density), and altered neural activity (EEG data). While the majority of data stems 
from rodent models, human epidemiological findings are also analyzed to investigate the correlation 
between exposure levels with clinical diagnoses. The consolidated evidence suggests that PM heightens 
dementia risk by increasing pro-inflammatory cytokines and reducing neuronal density, though results 
regarding EEG oscillations remain varied, and epidemiological studies supported this conclusion. 
Future research should clarify the mechanistic thresholds of PM exposure and the impact of varying 
particle compositions, and more human studies should be conducted to verify the results of the rodent 
experiments. 
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INTRODUCTION

Dementia is defined as a cognitive disorder involving 
cognitive decline and deterioration of cognitive 
abilities. Dementia is most common among elderly 
individuals with a 7% prevalence among those 65 years 
globally, proving that it is quite a common syndrome. 
It is becoming increasingly relevant as publications on 
dementia on sites like Medline have increased by 5.6 

times from the late 1900s to now (1-2). Therefore, it is 
necessary to characterize risk factors for developing 
dementia to help prevent it.

A recently discovered potential risk factor is 
exposure to air pollution, specifically particulate 
matter. Coming in a range of sizes, common kinds 
of particulate matter are PM 0.1, PM 2.5, and PM 10, 
PM representing particulate matter and the numbers 
following representing the diameters of the particles in 
micrometers (3, 4). Of the different sizes of particulate 
matter are subtypes such as diesel exhaust particles 
(DEPs). The California Air Resources Board states that 
90% of DEPs are less than 1 µm in diameter, meaning 
it is part of the PM 2.5 category (5). 

In recent years, an increasing number of studies 
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are finding a connection between air pollution and 
dementia (6). However, the mechanisms involved are not 
completely known and still under investigation. Also, 
there is a lack of research that investigates different 
results across different variables such as different 
exposure levels or kinds of particulate matter. The 
purpose of this review is to address these discrepancies 
by showing how these pollutants enter the human body 
and analyzing important data regarding the pollutants’ 
effect on cognitive function.

 
LITERATURE REVIEW

Air Pollution
First, small enough particulate matter is able to pass 

through the alveolar-capillary barrier. For instance, 
coarser particles such as PM 10 are usually deposited 
in large airways, whereas particles that are PM 2.5 
or smaller are able to penetrate through the alveolar-
capillary barrier and enter the bloodstream, reaching 
other internal organs such as the brain (7). However, not 
all particles are able to enter the brain as it is protected by 
the blood-brain barrier (BBB). After entering the blood, 
the particles 0.2 µm or smaller are also able to cross the 
BBB, passing into the brain. When there is an abundance 
of particulate matter circulating in the bloodstream, the 
BBB increases in permeability allowing larger particles 
(PM 2.5) to enter the brain as well (8). These two 
pathways are illustrated in Figure 1.

Furthermore, PM 0.1, also known as ultra-fine 
particles (UFP for short) may be able to bypass 
the BBB. Inhaled PM 0.1 deposits in the olfactory 
mucous membrane and is then able to travel along the 
olfactory nerve, reaching the olfactory bulb in the 
brain, highlighting a newly recognized and concerning 
pathway for air pollutant exposure to affect the central 
nervous system. In one study, rats were exposed to 160 
µg/m³ of PM 0.1, with count median diameter being 36 
nm, for 6 hours per day. Results showed measurable 
accumulation in the olfactory bulb, with concentrations 
increasing from 0.35 µg/g on Day 1 to 0.43 µg/g by 
Day 7, indicating persistent buildup.  This study also 
concluded that in the rats, over 50% of inhaled PM 0.1 
is accumulated in the nasopharynx and 20% of PM 0.1 
deposited in the mucous membrane in that region can 
be translocated to the olfactory bulb (9). While it may 
appear minor initially, once particulate matter enters the 
brain, it significantly impacts key dementia risk factors 
including neuroinflammation, neurogenesis, and EEG 
wave patterns.

Neuroinflammation
Cytokines play a key role in regulating immune 

activity in the brain by facilitating communication 
between cells and controlling inflammatory processes. 
In Alzheimer’s disease, disturbances in these 
signaling pathways lead to persistent inflammation, 
which accelerates neuronal injury and drives disease 
progression (10). Depending on their type and 
concentration, cytokines may either amplify or suppress 
inflammation. Inhaled PM 2.5 has been associated with 
increasing secretion of pro-inflammatory cytokines by 
inducing higher levels of oxidative stress, thus causing 
neuroinflammation (9). Therefore, to determine whether 
particulate matter leads to neuroinflammation or not, 
researchers measure the change in the amount of pro-
inflammatory cytokines in the hippocampus after 
exposure to particulate. 

Neurogenesis
Neurogenesis, or the formation of new neurons, occurs 

mainly in the sub-granular zone and sub-ventricular zone 
in the dentate gyrus, a structure in the hippocampus 
that processes information, as well as the olfactory bulb. 
Therefore, studies measuring the change in production 
of neurons in these regions of the brain will provide 
an accurate representation of neurogenesis in general. 
Neurogenesis is important to cognitive function in terms 
of memory because neurons, especially the signaling 

Figure 1. The figure displays the pathway of inhaled 
PM into the brain through translocation through the 
olfactory bulb. It then illustrates a second pathway where 
the PM travels through the airways into the lungs, where 
it passes through the alveolar capillary barrier into the 
bloodstream, and the PM subsequently migrates through to 
the brain where it passes through the blood brain barrier.
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down based on the following criteria: whether they 
specifically measured neuroinflammation through the 
change in cytokines, neurogenesis through change in 
neuronal density in the sub-granular and sub-ventricular 
zones, and neural activity through EEG data. Ultimately, 
27 sources were included in the paper with 25 peer 
reviewed studies and 20 of those studies analyzed in 
depth.

Data Extraction and Synthesis
Data was then sorted to ensure consistency on 

human and animal models. For rodent-based studies, 
information was collected on the specific type of 
pollutant, the concentration of exposure, and the daily 
and total duration of exposure. As for human studies, 
information was collected on sample size, the duration of 
follow-up, and the calculated hazard ratios or risk ratios 
associated with long-term exposure to particulate matter.

between them, are greatly responsible for the ability to 
learn and form memories (11). Therefore, hindrances 
to neurogenesis can lead to cognitive impairment and a 
range of neuronal disorders.

Electrophalenceography (EEG)
Finally, by analyzing EEG data, the trend that 

particulate matter decreases neural activity in the 
hippocampus can be observed. EEG, also known as 
electroencephalography, is a non-invasive technique 
that records the brain’s spontaneous electrical activity 
from the scalp, providing a direct measure of cortical 
neural oscillations. These oscillations are categorized, 
based on frequency, into four groups, delta, theta, alpha, 
beta, which reflect different states of brain arousal and 
processing (12). 

METHODS AND MATERIALS

Search Strategy
To evaluate the relationship between air pollution 

and cognitive function, a systematic literature search 
was conducted across three primary electronic 
databases: MEDLINE via PubMed, Google Scholar, 
and ScienceDirect. MEDLINE and ScienceDirect 
were selected because they contain a wide range of 
reputable journals regarding neurological, biomedical, 
and environmental research, whereas Google Scholar 
was selected to obtain information, such as statistics 
involving particulate matter, published by organizations 
rather than academic journals. The search was limited 
to sources between January 2010 and May 2026 to 
ensure the usage of the most recent data. The search 
was executed using structured Boolean strings related to 
the exposure (“particulate matter”, “PM2.5”, or “PM”) 
which were then combined using the AND operator 
with the following secondary terms: (“dementia”), 
(“neuroinflammation”), (“neurogenesis”), (“EEG”), and 
(“epidemiological” OR“human”).

Study Selection
35 relevant sources were first identified by collecting 

articles that followed the pathway of particulate matter 
into the brain or measured air pollution’s effect on 
neuroinflammation, neurogenesis, or neural activity. 
Finally, epidemiological studies of dementia cases after 
exposure to air pollution were collected. Afterwards, the 
sources used in the paper were selected by first excluding 
research involving pollutants other than particulate 
matter. Then, the rodent studies were further narrowed 

Figure 2. PRISMA flow diagram illustrating the study 
selection process. Records were identified through 
database searches, screened for eligibility, and evaluated 
according to predefined inclusion and exclusion criteria, 
resulting in 20 studies included in the final review.
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RESULTS

A total of 20 peer-reviewed articles were examined 
in this review after applying selection criteria focused 
on particulate matter and cognitive outcomes. Table 1 

indicates the specific pathways through which various 
pollutants exacerbate these neurological markers, 
synthesizing these findings linking environmental 
exposure to clinical indicators of cognitive decline.

Table 1. Summary of experimental and epidemiological studies evaluating the neurological and cognitive effects of particulate 
matter exposure. Abbreviations: DEP, diesel exhaust particles; EEG, electroencephalography; HR, hazard ratio; IL, interleukin; 
nPM, nanoscale particulate matter; PM, particulate matter; TNF-α, tumor necrosis factor alpha.
Model Type of PM Used Dosage Results Reference

Rodent PM 0.1 160 μg/m3 (7 days) Persistent buildup in the olfactory bulb (up to 
0.43 μg/g). 

[9]

Rodent DEPs 300-350 μg/m3 (5 or 7 hrs/day) Increased TNF-α, IL1β, and IL1α mRNA, 
decreased hippocampal neural density. 

[13]

Rodent PM 1 16.38.2 μg/m³ (3 months) Increased hippocampal IL-6 production; brain 
impairment. 

[9]

Rodent Dusty PM 4 Groups: <150, 200–500, 
500–2000, and 2000–8000 μg/m³ 
(30 min, 2x daily, 4 weeks) 

Increased inflammatory cytokines and oxidative 
stress. 

[14]

Rodent nPM 340 μg/m3, 5 hrs/day, 3 days/week 
(Birth to 25 weeks) 

20% decrease in anti-inflammatory cytokines 
(IL-4, 10, 13); 70% decrease in neurogenesis. 

[15]

Rodent DEPs 250-300 μg/m3 Decreased BrDU+ cells in sub-granular zone 
(males) and olfactory bulb. 

[16]

Rodent DEPs 25050 μg/m3 Significant reduction in Tbr2+ neurons by 
postnatal day 60. 

[17]

Rodent nPM 342 μg/m3 25% reduction in neurite density in CA1 (young 
mice); no effect in dentate gyrus or aged mice. 

[18]

Rodent PM 2.5 8 hrs/day (8 weeks) Significant decrease in alpha and beta EEG 
wave activity. 

[19]

Rodent Dusty PM 2000-8000 μg/m3 (60 min/day for 
10 days) 

Decline in electrical activity in the 
hippocampus.

[20]

Rodent PM 1 16.38.2 μg/m³ (3 months and 6 
months)

No significant changes in EEG activity. [9]

Human DEPs 300 μg/m3 Increased beta EEG waves (stress response). [21]
Human DEPs N/A Cognitive impairment and memory loss in 16 

adult men. 
[22]

Human PM 2.5 N/A Positive association with dementia and 
Alzheimer’s Disease. 

[23]

Human PM 2.5 / NO2 N/A Associated with 6.1% of dementia cases (HR 
1.04 for PM 2.5). 

[24]

Human PM 2.5 N/A Hazard ratio of 1.049 for dementia per μg/m3 
annual exposure. 

[25]

Human PM 2.5 N/A 19.3% faster immediate recall decline; 14.8% 
faster learning decline. 

[26]

Human PM 2.5 N/A Correlation between PM 2.5 exposure and 
physical AD brain pathology. 

[27]
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Neuroinflammation
A study exposed mice to 300-350 μg/m3 of DEPs for 

12 days, with different groups experiencing two hours, 
five hours, and seven hours per day. A significant increase 
in TNF-α, IL1β, and IL1α mRNA levels was observed 
after the five- and seven-hour group, while the two-hour 
group stayed relatively close to unexposed levels. Also, 
the five- and seven-hour groups had significantly higher 
IL1α mRNA levels compared to the two-hour groups, 
and TNF-α and IL1β mRNA levels were significantly 
higher in the seven-hour groups and two-hour groups 
(13). Thus, the results suggest that this inflammatory 
response is both dependent on dose and duration. This 
trend is corroborated by longitudinal studies where 
even lower concentrations of PM1 (16.38.2 μg/m³ for 3 
months) produced measurable increases in hippocampal 
IL-6 over a three-month period, notably sparing the 
olfactory bulb from similar inflammatory markers (9). 
Furthermore, four weeks of exposure to dusty PM led 
to an increase in inflammatory cytokines in adult mice 
proving consistency among findings of various kinds of 
PM (14).

Not only do pro-inflammatory cytokines increase in 
number, a study finds the secretion of anti-inflammatory 
cytokines decrease too. It found that after exposing mice 
to 340 μg/m3 of nano-particulate matter (nPM), also 
known as PM 0.2, from birth until 25 weeks of age for 
five hours a day three days per week, their levels of anti-
inflammatory cytokines, specifically IL-4, IL-10, and IL-
13, decreased by 20% (15). Therefore, this suggests that 
PM exposure not only triggers an inflammatory response 
but shifts the brain into a chronic pro-inflammatory 
state by reducing the ability to resolve inflammation. 
Consequently, this imbalance likely accelerates the 
progression of neurodegeneration.

 
Decreased neurogenesis

DEPs, as well as traffic related air pollution, have been 
found to decrease neurogenesis in the hippocampus. For 
example, a study found that after exposing adult mice 
to DEPs with density 250–300 μg/m3 decreased BrDU+ 
cells in the sub-granular zone and olfactory bulb for 
male mice, while female mice experienced a decrease 
in double-labeled NeuN+ and BrdU+ cells only in the 
olfactory bulb (16). This suggests that males may possess 
a higher hippocampal sensitivity to PM-induced damage.

Additionally, the timing of exposure is a critical 
determinant of long-term neurological outcomes. A study 
demonstrated that mice exposed to 250±50 μg/m³ of 
diesel exhaust particles during the first 21 days of life (6 

hours/day, 5 days/week) exhibited a significant reduction 
in Tbr2+ neurons by postnatal day 60, regardless of 
sex  (17). This is supported by another study that finds 
exposure to PM 0.2 traffic related air pollution, 340 µg/
m³ for five hours per day three days a week from the 
second day of gestation until five years old, decreased 
neurogenesis for mice by 70% in the dentate gyrus (15). 
Thus, these studies imply that exposure to particulate 
matter during early, developmental years can lead to 
permanent damages in the hippocampus.

Furthermore, a study discovered that DEP (PM0.1) 
exposure for 300-350 μg/m3 for 5 and 7 hours per day 
led to a decline in neural density in the CA1 and CA3 
regions in the hippocampus as well as dentate gyrus in 
male mice but not for those only exposed for 2 hours 
per day (13). This indicates that an increased length 
of exposure is associated with increased risk of the 
reduction of neurogenesis. Collectively, these findings 
imply that particulate matter hinders cognitive function 
through compromising the brain’s long-term ability to 
learn and repair itself.

Conversely, mice exposed to demonstrated that 
young mice exposed to nanoscale particulate matter 
(PM 0.2) for ten weeks at 342 μg/m3 exhibited a 
25% reduction in neurite density specifically in the 
hippocampal CA1 region, but the same levels were not 
present in the dentate gyrus and older mice (18 months) 
showed minimal further structural decline compared to 
aged controls. This highlights that while PM accelerates 
aging processes in younger brains, the same response 
is not present across all stages in life or hippocampal 
regions. (18). 

 
Electroencephalography (EEG)

Adult mice who were exposed to PM 2.5 for eight 
hours per day for four, six, or eight weeks. The eight-
week group showed a significant decrease in alpha and 
beta waves compared to the four- and six-week group as 
well as the control group. Also, the study noticed that the 
decrease in these waves occurred relatively later, thus 
why the eight-week group showed such notable changes 
(19). Therefore, these findings suggest higher length of 
exposure correlates to greater reductions in EEG activity 
and that there is a potential threshold length of exposure 
for observable alterations in EEG activity. Similarly, 
hippocampal-specific EEG recordings following dusty 
PM exposure (2000 - 8000 μg/m3 for 60 minutes each 
day, 10 consecutive days) and ischemia-reperfusion 
models (4VO I/R) demonstrated a marked decline in 
electrical activity in the hippocampus, a memory critical 
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region (20). Thus, the functionality of this region could 
decline, leading to cognitive impairment.

However, other studies reveal inconsistencies in 
results. When adult mice were exposed to 16.3 ± 8.2 (4.7 
~ 68.8) μg/m3 of PM1, there was no major difference after 
three and six months of exposure. The negligible change 
could be caused by the distance between the pathological 
location and the electrons placed on the animal’s scalp 
(9). Moreover, a study conducted on ten human, male 
volunteers from 18 to 39 years old found that beta waves 
increased after exposure to DEPs (300 μg/m³), which 
indicates a stress response in the brain (21). Therefore, 
although the effect of PM on EEG varies, most results 
prove PM exposure disrupts EEG brainwaves in ways 
which may impact cognitive function.

 
Epidemiological studies

Aside from conclusions that can be drawn using 
rodent models, epidemiological studies have established 
the connection between air pollution and cognitive 
decline as well. For instance, a study on 16 adult men who 
were exposed to DEPs through their work environment 
displayed cognitive impairment, memory loss, and other 
health issues, proving the correlation between particulate 
matter and cognitive impairment on the small-scale (22).

However, large-scale studies yield similar results. 
Researchers observed 18.5 million people across 
the US for dementia and 19.2 million people for 
Alzheimer’s disease and found that the presence of 
PM2.5 had a positive association with dementia and 
Alzheimer’s, notably finding no association with dust 
(23). Additionally, a study on 2.1 million residents of 
Ontario who were initially dementia-free found that 
257,816 individuals were diagnosed with dementia over 
a span of 13 years, with air pollution (PM2.5 and NO2) 
being associated with 6.1% of those cases. PM 2.5 and 
NO2 had hazard ratios for dementia of 1.04 and 1.10 
per interquartile range increase respectively, which are 
significant numbers in a high population (24). A study 
that analyzed 94 million follow-up records for Medicare 
patients found that per each μg/m3 of annual PM 2.5 
exposure, the hazard ratio was 1.049 (25). The massive-
scale studies not only prove particulate matter’s effect on 
the risk for dementia but also establish PM2.5 specifically 
as a main driver of neurodegeneration.

Environmental exposure to particulate matter is 
mainly seen to affect memory and learning. A study 
found that in 998 older women (ages 73 – 87), each 
2.81 μg/m³ increase in long-term PM 2.5 exposure 
was linked to 19.3% faster decline in immediate recall 

and 14.8% faster decline in new learning. Higher PM 
2.5 was also associated with brain changes indicating 
greater Alzheimer’s risk, mediating 22.6% of effects 
on immediate recall and 10.7% of effects on learning 
impairment observed. The results show specifically 
the areas of cognitive function possibly impacted by 
exposure. The associations persisted after adjusting for 
dementia, stroke, and vascular disease, suggesting PM 
2.5 accelerates early Alzheimer’s-related decline, so 
PM 2.5 acts independently as a catalyst for Alzheimer’s 
rather than only exacerbating existing conditions (26).

A critical validation of the particulate-dementia 
link is found in post-mortem data, which provides 
direct anatomical evidence of environmental exposure 
causing neurodegeneration. In a study of 602 autopsy 
cases, higher exposure to PM 2.5 before death was 
linked to more severe Alzheimer’s disease–related brain 
changes. This finding is significant because it moves 
beyond behavioral observation to physical evidence. 
Furthermore, in this study, among 287 individuals with 
cognitive assessments, greater PM 2.5 exposure was 
also associated with worse cognitive and functional 
impairment, and about 63% of this relationship was 
explained by Alzheimer’s disease–relating brain 
pathology (27). Therefore, since this study finds the same 
cognitive assessment results as other studies, the physical 
damage caused by exposure to particulate matter is 
likely the cause of the common observations in cognitive 
decline.
 
DISCUSSION 

This review aimed to evaluate whether air pollution, 
specifically particulate matter, is a risk factor for 
cognitive decline and dementia. Overall, the findings 
support this hypothesis, although results vary across 
study types and methodologies.

The changes in neuroinflammation and neurogenesis 
can increase risk for neurodegenerative diseases such 
as dementia. Increased levels of pro-inflammatory 
cytokines along with decreased levels of anti-
inflammatory cytokines suggests that particulate matter 
may not only cause the brain to experience inflammation 
associated with neurodegenerative diseases but also 
make it difficult for the brain to leave that state (9, 13, 
14). On the other hand, the decline in neurogenesis 
tracked through reductions in neuronal markers could 
indicate another possible method of progression for 
dementia (15-18). However, the differences in results 
displayed among the different brain regions and sexes 
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indicates the need for further research on the specific 
vulnerabilities. Additionally, variability in EEG results 
and differences in experimental conditions indicate that 
the neurological effects of particulate matter are complex 
(9, 19-21). These factors highlight the need to investigate 
effects of methodological differences such as exposure 
duration and measurement techniques.

Epidemiological studies further support the 
association between particulate matter and cognitive 
decline, applying results from rodent models into large-
scale societal observations (22-27). The epidemiological 
evidence suggests that reductions in annual PM 2.5 levels 
could significantly lower the global burden of dementia, 
which showcases the importance of maintaining air 
quality to improve public health.

A primary strength of this review is its multi-
dimensional approach, including from molecular to 
population-level data. However, several limitations 
must be noted. Most mechanistic evidence relies on 
rodent models, which may not perfectly replicate human 
longitudinal exposure. However, conducting more 
mechanistic studies would help clarify and confirm the 
effect of air pollution on the biological markers causing 
dementia. Additionally, further investigation into the 
effects of different particle sizes and compositions may 
help explain inconsistencies observed across current 
studies. Furthermore, there is a need for studies to 
investigate at what specific concentration and duration 
PM exposure becomes irreversible. Finally, more human 
studies aside from epidemiological studies are necessary 
to confirm observations made with rodent studies. 
 
CONCLUSION

        	
This review aimed to examine the correlation 

between air pollution and dementia. Through analyzing 
pollutants’ effects on cytokine production, neuronal 
markers, and EEG waves, studies suggest that 
particulate matter such as PM 2.5 is associated with 
neuroinflammation, disrupted neurogenesis, and changes 
in electrical activity. Consequently, these factors can 
contribute towards the development of dementia, which 
is corroborated by studies on various groups of people 
in environments with differing amounts of pollution. 
Notably, the field still lacks detailed mechanistic insight 
into how particulate matter exerts these effects and 
specifics about the effects of different kinds of particulate 
matter among different variables. Additionally, future 
research should be conducted to establish the specific 
exposure concentrations at which brain damage becomes 

permanent. Addressing these ambiguities is essential for 
designing effective clinical interventions and creating 
targeted environmental policies to protect populations 
worldwide. 
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