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ABSTRACT:  

Introduction: Rapid urbanization in the 21st century has substantially increased air pollution levels, with more 

than 55% of the global population now residing in urban areas. Emerging evidence suggests that chronic 

exposure to urban air pollutants may contribute to neurodegeneration, particularly among older adults. 

However, limited data are available from developing countries such as India, where urban air pollution remains 

a major public health concern. 

Objectives: To investigate the association between chronic exposure to urban air pollution and cognitive 

decline among adults aged 45 years and above in selected urban centers of India. 

Methods: A mixed-methods study design was employed. Air quality data and health records were collected 

from three major urban centers in India. Cognitive performance was assessed using standardized cognitive 

assessment tools, and in-depth interviews were conducted among 300 participants aged ≥45 years. Quantitative 

data were analyzed using correlation and regression analyses to determine the relationship between air 

pollutant exposure and cognitive performance. 

Results: Findings revealed a significant inverse correlation between chronic exposure to urban air pollution 

and cognitive performance. Participants residing in high-pollution areas demonstrated significantly lower 

cognitive scores compared to those in lower-pollution areas. A moderate negative correlation was observed 

between PM2.5 concentrations and cognitive performance. Regression analysis identified PM2.5 and NO₂ as 

significant predictors of cognitive decline among older adults. 

Conclusions: The study demonstrates that chronic exposure to urban air pollution is significantly associated 

with cognitive decline and may contribute to the development of neurodegenerative conditions in older adults. 

These findings underscore the urgent need for policymakers, urban planners, and environmental regulators to 

implement effective air quality control measures to protect brain health, particularly among vulnerable 

populations such as the elderly and low-income communities. 

 

1. Introduction 

During the 21st century, there has been a significant 

change in global demographics, as over 55% of the 

world’s population now lives in urban areas—a number 

that is expected to increase to 68% by 2050 (United 

Nations, 2018). This swift urban development is 

frequently linked with heightened industrial activities, 

vehicle emissions, construction work, and energy use. 

These factors play a major role in environmental 

contamination, especially with regard to air pollution. 

Air pollution has become a worldwide environmental 

and public health emergency, resulting in an estimated 

seven million premature deaths annually (WHO, 2021). 

Although its damaging effects on the respiratory and 

cardiovascular systems are well-documented, recent 

studies have started to clarify its subtle impacts on the 

central nervous system (CNS), prompting worries about 

its possible involvement in the development of 

neurodegenerative diseases. Although the blood–brain 

barrier (BBB) serves to protect it, the brain is still quite 

susceptible to harm from the environment. Airborne 

pollutants, particularly ultrafine particles (UFPs) and 

particulate matter with a diameter of less than 2.5 

micrometers (PM2.5), can circumvent the blood-brain 

barrier via olfactory pathways or systemic circulation, 

leading to neuroinflammation, oxidative stress, and 

neuronal damage (Block & Calderón-Garcidueñas, 2009; 

Levesque et al., 2011). Research has shown that long-

term exposure to these pollutants is linked to cognitive 

impairments, decreased brain volume, alterations in 

brain structure, and a heightened risk of conditions such 
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as Alzheimer’s, Parkinson’s, and other types of dementia 

(Peters et al., 2019; Chen et al., 2017). Due to heightened 

physiological susceptibility and longer exposure times, 

children, seniors, and those with existing health issues 

are affected more than others (Guxens & Sunyer, 2012). 

In children, air pollution has been associated with 

hindered cognitive development, attention deficits, and 

subpar academic performance (Calderón-Garcidueñas et 

al., 2008). In older adults, it can speed up brain aging and 

the accumulation of pathological markers like beta-

amyloid plaques and tau proteins, which are crucial 

indicators of Alzheimer’s disease (Power et al., 2016). 

Unique challenges arise in urban environments. Urban 

centers characterized by high population density 

frequently demonstrate increased traffic-related air 

pollution, industrial emissions, and household waste 

burning. This results in heightened levels of PM2.5, 

PM10, NO₂, CO, and volatile organic compounds 

(VOCs) (Manisalidis et al., 2020). These pollutants not 

only add to the burdens of physical health but also 

contribute to psychological stress, sleep disturbances, 

and neurobehavioral disorders, which may exacerbate 

the effects of direct neurotoxicity (Clougherty, 2010). In 

addition, the convergence of environmental science and 

neurology creates a complex domain that includes 

biological as well as sociopolitical aspects. Air pollution 

exposure often varies along socioeconomic lines; due to 

industrial zoning, lower housing costs, and systemic 

inequities, marginalized communities often live in more 

polluted areas. This environmental injustice exacerbates 

health disparities and mirrors a wider societal neglect of 

vulnerable populations (O'Neill et al., 2003). Grasping 

the role of urban air pollution in neurodegenerative 

outcomes is an urgent public health priority. A 

multidisciplinary approach is necessary, incorporating 

environmental monitoring, epidemiological surveillance, 

neuroscience, and health policy. Recent developments in 

neuroimaging, biomarker research, and air quality 

modeling provide new opportunities to assess the impact 

of pollutants on brain health and identify populations at 

greatest risk. The aim of this thesis is to examine how 

chronic exposure to air pollution in urban environments 

relates to neurodegeneration. This research will 

investigate how pollutants impact brain function, review 

epidemiological data connecting air pollution to 

neurological disorders, and consider the implications for 

public health policy, urban planning, and environmental 

regulation. 

2. Objectives 

The objective of this study was to examine the 

relationship between chronic exposure to urban air 

pollution and cognitive decline among adults aged 45 

years and above in selected urban areas of India. The 

study aimed to assess levels of major air pollutants and 

evaluate cognitive performance using standardized tools, 

compare cognitive outcomes between individuals living 

in high- and low-pollution areas, and identify key 

pollutants associated with neurodegenerative changes. In 

addition, the study sought to explore expert perspectives 

on the neurological effects of air pollution and highlight 

implications for public health policy and urban planning. 

3. Methods 

This research utilized a mixed-methods approach, 

combining quantitative data analysis with qualitative 

insights to investigate the connection between urban air 

pollution and neurodegenerative effects. The study took 

place in chosen urban centers recognized for elevated air 

pollution indices. The study consisted of two main 

elements: analysis of environmental data and clinical 

correlation. For the quantitative aspect, secondary air 

quality data were gathered from the Central Pollution 

Control Board (CPCB) and other dependable 

environmental monitoring agencies over a 5-year span 

(2020–2024). The pollutants taken into account were 

PM2.5, PM10, NO₂, SO₂, and O₃. Pollutant concentration 

data were geo-mapped and subjected to statistical 

analysis to pinpoint patterns and peak exposure zones in 

urban environments. At the same time, health data were 

collected from public health records, hospital databases, 

and neurological outpatient departments, concentrating 

on the incidence and prevalence of neurodegenerative 

conditions like Alzheimer’s disease, Parkinson’s disease, 

and mild cognitive impairment (MCI). Using stratified 

random sampling, a sample of 300 individuals aged 45 

and older from both high- and low-pollution urban areas 

was selected. Participants were evaluated cognitively 

through structured assessments employing standardized 

instruments like the Mini-Mental State Examination 

(MMSE) and Montreal Cognitive Assessment (MoCA). 

Furthermore, to obtain qualitative insights into clinical 

patterns, pollutant exposure risks, and public health gaps, 

semi-structured interviews were carried out with 20 
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neurologists and environmental health experts. The data 

were examined with SPSS (version 26.0). To investigate 

the relationships between pollutant exposure levels and 

cognitive decline scores, correlation and regression 

analyses were performed. Qualitative data were analyzed 

thematically to identify recurring themes related to 

perceived environmental risk and clinical observations. 

All participants provided informed consent, and ethical 

clearance was obtained from the Institutional Ethics 

Committee. Throughout the study, confidentiality and 

anonymity were upheld. This integrated approach 

facilitated a thorough comprehension of the contribution 

of long-term exposure to urban air pollution to 

neurodegenerative changes, as well as the identification 

of possible policy-level interventions. 

4. Results 

The analysis uncovered a consistent pattern of increased 

air pollution levels in the three selected urban areas of 

Chennai over the five-year period from 2020 to 2024. 

Delhi, among these, registered the highest annual mean 

concentrations of PM2.5 and PM10, with average values 

of 113.5 µg/m³ and 210 µg/m³ respectively, which are 

well above the limits recommended by the World Health 

Organization. Mumbai exhibited levels that were 

moderate to high, and while Chennai was better in 

comparison, it still surpassed safe limits for nitrogen 

dioxide and particulate matter. All three cities exhibited 

pollutant concentrations that were well above global 

health guidelines, thereby confirming the ongoing risk of 

environmental exposure for urban populations. 

Table 1: Average Annual Air Pollutant Levels (µg/m³) 

in Selected Cities (2020–2024) 

City PM2.5 PM10 NO₂ SO₂ O₃ 

Delhi 113.5 210 67.2 22.1 39.8 

Mumbai 82.3 165 54.6 19.7 42.3 

Chennai 58.4 120 39.2 17.4 35.6 

WHO Limit 5 15 10 20 100 

 

Cognitive assessments of the 300 study participants 

indicated a significant difference in scores between those 

living in areas of high pollution and those in areas of low 

pollution. Individuals from areas with high exposure, like 

central Delhi and northern Chennai, achieved markedly 

lower scores on the Mini-Mental State Examination 

(MMSE) and the Montreal Cognitive Assessment 

(MoCA). In areas with high pollution, the average 

MMSE score was 21.3 (±3.2), while in areas with low 

pollution, it was 26.4 (±2.8). In the same vein, the 

average MoCA score was 20.1 (±3.5) in regions of high 

pollution, compared to 25.8 (±2.9) in regions where 

pollutant levels were lower. With p-values below 0.01, 

statistical analysis affirmed the significance of these 

differences, indicating a robust inverse connection 

between pollution exposure and cognitive performance. 

Table 2: Average Cognitive Scores by Pollution 

Exposure 

Exposure 

Zone 
N 

MMSE Mean 

Score 

MoCA 

Mean 

Score 

High-Pollution 150 21.3 ± 3.2 20.1 ± 3.5 

Low-Pollution 150 26.4 ± 2.8 25.8 ± 2.9 

p-value -- < 0.01 < 0.01 

 

Additionally, a scatter plot analysis showed a moderate 

negative correlation between PM2.5 concentration and 

cognitive performance, indicated by a Pearson 

correlation coefficient of -0.62. This implies that there 

was a decline in cognitive test scores as PM2.5 levels 

rose. These findings were corroborated by multiple linear 

regression analysis, which identified PM2.5 and NO₂ as 

significant predictors of cognitive decline. The model 

accounted for about 48% of the variance in MMSE 

scores, with PM2.5 demonstrating the highest predictive 

value (β = -0.41, p < 0.001), followed by NO₂ (β = -0.35, 

p < 0.01). 
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To summarize, the findings clearly indicate that 

individuals residing in regions with elevated air pollution 

levels displayed significantly worse cognitive 

performance and a greater likelihood of exhibiting early 

signs of neurodegeneration. The results highlight the 

urgent necessity of prioritizing air quality in cities for 

public health reasons, especially when it comes to 

safeguarding at-risk groups like senior citizens. 

Discussion 

The results of this research highlight the increasing 

worry regarding the neurological impacts of air pollution 

in areas that are urbanizing quickly. The findings 

unambiguously demonstrate that among urban dwellers, 

cognitive performance is inversely correlated with long-

term exposure to elevated concentrations of pollutants, 

especially NO₂ and PM2.5. These findings align with 

earlier research (Block & Calderón-Garcidueñas, 2009; 

Power et al. (2016) have recognized comparable trends 

of cognitive decline in groups exposed to air pollution 

from traffic and industrial emissions. The markedly 

reduced MMSE and MoCA scores in people residing in 

areas with elevated pollution levels indicate the potential 

neurodegenerative consequences of chronic exposure to 

particulate matter and other airborne toxins through 

inhalation. 

Mechanistically, the correlation can be explained by the 

ability of ultrafine pollutants to enter the central nervous 

system through the olfactory pathway or by breaching 

the blood-brain barrier. Once in the brain, these particles 

induce oxidative stress, activate microglia, and trigger 

chronic inflammation—processes known to damage 

neurons and contribute to neurodegenerative diseases 

such as Alzheimer’s and Parkinson’s (Genc et al., 2012). 

The regression analysis further validated that PM2.5 is a 

strong predictor of cognitive impairment, highlighting 

the critical role of fine particulate pollution in brain 

health deterioration. The data also indicate that 

environmental exposure varies according to urban 

geography and socioeconomic status. Residents of 

neighbourhoods characterized by high density and low 

income were more prone to experience increased 

exposure to pollutants, owing to their closeness to 

industrial zones and areas with heavy traffic. This 

strengthens the idea of environmental injustice, in which 

marginalized communities face an unequal share of 

environmental health risks (Clougherty, 2010). This 

study, while presenting robust evidence of the 

connection between air pollution and cognitive decline, 

has its limitations. Nevertheless, the strength of 

association and alignment with global literature suggest 

that the findings are robust and indicative of a real public 

health concern. 
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