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Abstract: Air pollution is the world’s largest single environmental health risk, 

contributing to approximately 7 million premature deaths annually. This article 

provides a systematic review of the impact of air pollution on human health, focusing 

on particulate matter (PM2.5 and PM10), nitrogen dioxide (NO2), ozone (O3), and 

other toxic gases. The analysis covers the pathophysiology of exposure, including 

oxidative stress and systemic inflammation, and details the clinical consequences for 

the respiratory, cardiovascular, neurological, metabolic, and reproductive systems. 

Special attention is given to vulnerable populations, including children, the elderly, 

pregnant women, and socioeconomically disadvantaged communities. The article also 

discusses environmental justice issues, recent epidemiological findings, and evidence-

based mitigation strategies. The review concludes that while air pollution remains a 

global health emergency, targeted policy interventions, technological innovation, and 

public health measures can substantially reduce the burden of disease. 
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Аннотация: Загрязнение воздуха является крупнейшим в мире фактором 

риска для здоровья окружающей среды, ежегодно приводящим к примерно 7 

миллионам преждевременных смертей. В данной статье представлен 

систематический обзор влияния загрязнения воздуха на здоровье человека, с 

акцентом на твердые частицы (PM2.5 и PM10), диоксид азота (NO2), озон (O3) и 

другие токсичные газы. Анализ охватывает патофизиологию воздействия, 

включая окислительный стресс и системное воспаление, и подробно описывает 

клинические последствия для дыхательной, сердечно-сосудистой, 

неврологической, метаболической и репродуктивной систем. Особое внимание 

уделяется уязвимым группам населения, включая детей, пожилых людей, 

беременных женщин и социально незащищенные слои населения. В статье также 

обсуждаются вопросы экологической справедливости, последние 

эпидемиологические данные и научно обоснованные стратегии смягчения 
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последствий. В заключение обзора делается вывод о том, что, хотя загрязнение 

воздуха остается глобальной чрезвычайной ситуацией в области 

здравоохранения, целенаправленные политические меры, технологические 

инновации и меры общественного здравоохранения могут существенно снизить 

бремя болезней. 

Ключевые слова: Загрязнение воздуха, твердые частицы (PM2.5), 

сердечно-сосудистые заболевания, здоровье дыхательной системы, 

нейродегенеративные расстройства, экологическая справедливость, 

окислительный стресс, общественное здравоохранение, здоровье матери и 

ребенка, изменение климата. 

Annotatsiya:  Havoning ifloslanishi dunyodagi eng katta ekologik salomatlik 

xavfi bo'lib, har yili taxminan 7 million erta o'limga olib keladi. Ushbu maqolada havo 

ifloslanishining inson salomatligiga ta'siri tizimli ravishda ko'rib chiqiladi, zarrachali 

moddalar (PM2.5 va PM10), azot dioksidi (NO2), ozon (O3) va boshqa zaharli 

gazlarga e'tibor qaratiladi. Tahlil oksidlovchi stress va tizimli yallig'lanishni o'z ichiga 

olgan ta'sirning patofiziologiyasini qamrab oladi va nafas olish, yurak-qon tomir, 

nevrologik, metabolik va reproduktiv tizimlar uchun klinik oqibatlarni batafsil bayon 

qiladi. Bolalar, qariyalar, homilador ayollar va ijtimoiy-iqtisodiy jihatdan nochor 

jamoalar kabi zaif aholiga alohida e'tibor beriladi. Maqolada shuningdek, ekologik 

adolat masalalari, so'nggi epidemiologik topilmalar va dalillarga asoslangan 

yumshatish strategiyalari muhokama qilinadi. Sharhda havo ifloslanishi global 

sog'liqni saqlash favqulodda holati bo'lib qolsa-da, maqsadli siyosat aralashuvlari, 

texnologik innovatsiyalar va jamoat salomatligi choralari kasalliklar yukini sezilarli 

darajada kamaytirishi mumkin degan xulosaga kelish mumkin. 

Kalit so'zlar: Havoning ifloslanishi, zarrachali moddalar (PM2.5), yurak-qon 

tomir kasalliklari, nafas olish salomatligi, neyrodegenerativ kasalliklar, ekologik 

adolat, oksidlovchi stress, jamoat salomatligi, ona va bola salomatligi, iqlim o'zgarishi. 

 

Introduction 

Clean air is a fundamental requirement for human health, yet today, 99% of the 

global population breathes air that exceeds the World Health Organization’s (WHO) 

recommended guideline limits for pollutants. Air pollution is no longer merely an 

environmental nuisance; it has become a silent pandemic, causing an estimated 7 

million premature deaths each year, primarily due to stroke, heart disease, chronic 

obstructive pulmonary disease (COPD), lung cancer, and acute respiratory infections. 

The term “air pollution” encompasses a heterogeneous mixture of solid particles 

and gaseous compounds. The most dangerous components include fine particulate 

matter (PM2.5, diameter ≤2.5 μm), coarse particulate matter (PM10), ground-level 

ozone (O3), nitrogen dioxide (NO2), sulfur dioxide (SO2), and carbon monoxide (CO). 
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Among these, PM2.5 is considered the most harmful because its microscopic size 

allows it to bypass the body’s natural defenses, penetrate deep into the alveoli, cross 

the alveolar-capillary barrier, and enter the systemic circulation. 

The health burden of air pollution is not distributed equally. Low- and middle-

income countries (LMICs) bear the heaviest toll, accounting for over 90% of pollution-

related deaths. Furthermore, within high-income nations, marginalized racial and 

ethnic groups, as well as low-income communities, are disproportionately exposed to 

elevated pollutant levels due to historical housing discrimination, proximity to 

highways, and lack of green space. 

This article aims to provide a comprehensive, evidence-based synthesis of the 

health impacts of air pollution. It is structured as follows: Section 2 describes the 

sources and composition of major air pollutants. Section 3 explains the biological 

mechanisms of harm. Section 4 details the clinical effects on respiratory and 

cardiovascular systems. Section 5 expands the discussion to neurological, metabolic, 

and reproductive harms. Section 6 examines vulnerable populations and environmental 

justice. Section 7 presents mitigation strategies and conclusions. 

Sources, Composition, and Global Burden 

Major Pollutants and Their Sources 

Air pollution originates from both natural and anthropogenic sources. Natural 

sources include volcanic eruptions, dust storms, and wildfires. However, the 

overwhelming majority of harmful air pollution is anthropogenic, stemming from the 

combustion of fossil fuels (coal, oil, gasoline, diesel) for energy, transportation, 

industry, and residential heating. 

Global Burden of Disease 

The Global Burden of Disease Study 2019 ranked air pollution as the fourth 

leading risk factor for global mortality, behind only high blood pressure, tobacco use, 

and dietary risks. In 2019, ambient (outdoor) particulate matter was responsible for 

4.14 million deaths, while household air pollution from solid fuels contributed an 

additional 2.31 million deaths. 

Regionally, South and East Asia have the highest PM2.5 concentrations, with 

annual mean levels exceeding WHO guidelines by a factor of five to ten in many cities. 

In Europe, despite improvements, over 90% of urban residents are exposed to PM2.5 

levels above the WHO annual guideline of 5 μg/m³. 

Biological Mechanisms of Harm 

Understanding the pathophysiology is essential to appreciate the wide range of 

diseases linked to air pollution. The two primary mechanisms are oxidative stress and 

systemic inflammation. 

Oxidative Stress 
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When PM2.5 and other pollutants enter the respiratory tract, they activate 

alveolar macrophages and epithelial cells, leading to the production of reactive oxygen 

species (ROS). ROS overwhelm the body’s antioxidant defenses, causing damage to 

lipids, proteins, and DNA. This oxidative damage is the initiating event in many 

pollution-related diseases, including lung cancer and atherosclerosis. 

Systemic Inflammation 

The local inflammatory response in the lungs triggers the release of pro-

inflammatory cytokines (such as interleukin-6 and tumor necrosis factor-alpha) into 

the bloodstream. These cytokines induce a low-grade, chronic systemic inflammatory 

state that affects blood vessels, the heart, the brain, and metabolic tissues. Chronic 

systemic inflammation is a well-established risk factor for cardiovascular disease, 

insulin resistance, and neurodegeneration. 

Translocation to Distant Organs 

Ultrafine particles (diameter <0.1 μm) are so small that they can translocate from 

the lungs directly into the blood and lymphatic systems. From there, they can reach the 

liver, spleen, kidneys, and even the brain. Furthermore, inhaled particles can travel via 

the olfactory nerve from the nasal epithelium to the olfactory bulb and subsequently to 

the cerebral cortex, bypassing the blood-brain barrier. 

Respiratory and Cardiovascular Consequences 

Respiratory System 

The respiratory tract is the first point of contact for inhaled pollutants. Acute 

exposure exacerbates asthma and COPD, leading to increased emergency department 

visits and hospitalizations. A multi-city study across Europe found that a 10 μg/m³ 

increase in PM10 was associated with a 0.8% increase in asthma-related hospital 

admissions. 

Long-term exposure to PM2.5 reduces lung function growth in children, leading 

to lifelong deficits. It also increases the risk of lung cancer; the International Agency 

for Research on Cancer (IARC) classified PM as a Group 1 human carcinogen in 2013. 

Additionally, air pollution is a significant risk factor for lower respiratory infections, 

including pneumonia, particularly in young children. 

Cardiovascular Syste 

The cardiovascular effects of air pollution are arguably the most lethal. The 

systemic inflammation induced by PM2.5 accelerates atherosclerosis—the buildup of 

plaque in arteries. Over time, this leads to coronary artery disease, myocardial 

infarction (heart attack), and ischemic stroke. 

A landmark study of 380 cities across 24 countries found that a 10 μg/m³ increase 

in PM2.5 was associated with a 0.44% increase in cardiovascular mortality, with the 

effect persisting even at levels below current national standards. Furthermore, short-

term exposure to high pollution levels triggers acute events: within hours of exposure, 
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heart rate variability decreases, blood pressure rises, and the risk of ventricular 

arrhythmias increases.  

Expanding the Horizon: Neurological, Metabolic, and Reproductive Harms 

Neurological and Neurodevelopmental Effects 

One of the most alarming recent discoveries is the link between air pollution and 

neurodegenerative diseases. Epidemiological studies have shown that long-term 

exposure to PM2.5 increases the risk of Alzheimer’s disease and Parkinson’s disease. 

The proposed mechanism is chronic neuroinflammation: systemic inflammatory 

cytokines cross the blood-brain barrier or trigger microglial activation within the brain, 

leading to neuronal loss.  

In children, prenatal and early-life exposure to air pollution is associated with 

reduced cognitive performance, including deficits in executive function, memory, and 

attention. A study of 8,000 children in the Netherlands found that exposure to higher 

levels of NO2 and PM2.5 during pregnancy was associated with lower IQ scores at age 

6. Furthermore, air pollution has been linked to autism spectrum disorder (ASD) and 

attention-deficit/hyperactivity disorder (ADHD), though more research is needed.  

Metabolic Effects: Diabetes and Obesity 

There is now consistent evidence that air pollution contributes to type 2 diabetes 

mellitus (T2DM). PM2.5 induces insulin resistance through systemic inflammation and 

oxidative stress in adipose tissue and the liver. A meta-analysis of 13 cohort studies 

found that a 10 μg/m³ increase in long-term PM2.5 exposure was associated with a 

10% increase in the risk of incident T2DM. Emerging research also suggests links 

between prenatal pollution exposure and childhood obesity. 

Reproductive and Maternal Health 

Air pollution has significant adverse effects on pregnancy outcomes. Maternal 

exposure to PM2.5 and NO2 is associated with preterm birth, low birth weight, and 

intrauterine growth restriction. A study of over 3 million births in the United States 

found that a 5 μg/m³ increase in PM2.5 during pregnancy increased the risk of low birth 

weight by 15% . Alarmingly, PM2.5 particles have been detected in the placenta and 

even in fetal cord blood, indicating direct fetal exposure. Maternal air pollution 

exposure is also linked to preeclampsia, gestational hypertension, and postpartum 

depression. 

Vulnerable Populations and Environmental Justice 

Who Is Most at Risk? 

Health risks from air pollution are not uniform across populations. The following 

groups are particularly vulnerable: 

· Children: Higher breathing rate per body weight, developing lungs and brains, 

and more time spent outdoors. 
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· Elderly (≥65 years): Pre-existing chronic diseases, reduced physiological 

reserve, and often higher cumulative exposure. 

· Pregnant women and fetuses: Pollution crosses the placenta and affects fetal 

development. 

· Individuals with pre-existing conditions: Asthma, COPD, heart disease, and 

diabetes. 

· Low socioeconomic status (SES) populations: Poor housing, lack of air 

conditioning, limited access to healthcare, and often higher exposure. 

Environmental Justice 

Environmental justice research has consistently shown that racial and ethnic 

minorities and low-income communities bear a disproportionate burden of air 

pollution. In the United States, Black and Hispanic populations experience 

significantly higher exposure to PM2.5 and NO2 compared to white populations, even 

when controlling for income. This disparity is largely due to historical redlining and 

zoning policies that placed highways, industrial facilities, and waste treatment plants 

in or near minority neighborhoods. 

Similarly, globally, the poorest communities often live in the most polluted 

areas, lacking access to clean fuels for cooking and heating. Indoor air pollution from 

solid fuels (wood, coal, dung) remains a major killer in rural LMICs, disproportionately 

affecting women and children who spend more time indoors. 

Mitigation Strategies and Conclusions 

Evidence-Based Interventions 

Reducing the health burden of air pollution requires coordinated action at the 

international, national, and local levels. 

· Clean energy transition: Phasing out coal and diesel, promoting electric 

vehicles, and expanding renewable energy (solar, wind). 

· Urban planning: Creating low-emission zones, expanding public 

transportation, planting green spaces, and locating schools and hospitals away from 

major roads. 

· Household interventions: Providing clean cookstoves and transitioning to 

electric or gas cooking in LMICs. 

· Monitoring and warning systems: Low-cost PM sensors and air quality alerts 

help vulnerable populations take protective actions (e.g., staying indoors, using HEPA 

filters). 

· Medical interventions: Clinicians should counsel at-risk patients about air 

pollution risks, similar to smoking cessation advice. 

Conclusion 

Air pollution is a global health emergency that causes millions of premature 

deaths annually and contributes to a wide spectrum of diseases—from lung cancer and 
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heart attacks to Alzheimer’s disease, diabetes, and adverse pregnancy outcomes. The 

biological mechanisms of oxidative stress and systemic inflammation explain how 

inhaled pollutants can damage nearly every organ system. 

Vulnerable populations—children, the elderly, pregnant women, and low-

income communities—suffer disproportionately, and environmental racism 

compounds these disparities. However, the problem is solvable. Stricter air quality 

standards, the transition to clean energy, improved urban design, and targeted public 

health interventions have been shown to reduce pollution levels and save lives. As the 

WHO has stated, “There is no safe level of exposure to PM2.5”, but every reduction in 

pollution yields measurable health benefits. The time for decisive action is now. 
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