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Abstract 1 

 2 

In January 2025, a devastating wildfire in Los Angeles, California, caused massive economic damage 3 

and posed a significant threat to public respiratory health. As climate change accelerates, the frequency 4 

and intensity of wildfires have raised significant global concern due to their profound impact on 5 

respiratory health. 6 

Wildfire smoke contains high concentrations of ambient air pollutants, particularly particulate matter 7 

(PM2.5, PM10), carbon monoxide (CO), nitrogen oxides (NOx), ozone (O3) and various toxic compounds. 8 

Among these, wildfire-related PM is particularly harmful due to its ability to penetrate deep into the 9 

lower respiratory tract and alveoli, triggering more oxidative and inflammatory response, and contribute 10 

to the onset and exacerbation of respiratory diseases such as asthma and chronic obstructive pulmonary 11 

disease (COPD). 12 

Studies show that short-term exposure to wildfire smoke has been associated with acute exacerbations 13 

of asthma, COPD, and pneumonia, resulting in increased mortality and healthcare utilization. Long-14 

term exposure may contribute to the development and progression of COPD and is potentially 15 

associated with an increased risk of lung cancer and mortality. These findings highlight the serious 16 

threat it poses to both individual and public health, contributing to increased morbidity, mortality, and 17 

associated socio-economic costs. 18 

This review provides a comprehensive synthesis of recent research on the respiratory health effects 19 

associated with wildfire smoke exposure. By presenting these findings, this review aims to inform 20 

healthcare professionals and public health policymakers, facilitating evidence-based strategies for 21 

clinical care, public health education, and disaster preparedness in the light of growing threat posed by 22 

wildfires. 23 

Keywords: wildfire, wildfire smoke, PM2.5, healthcare utilization, respiratory health, 24 

asthma, COPD   25 
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Introduction 26 

In early January 2025, a series of large-scale wildfires erupted across the greater Los Angeles region, 27 

driven by unusually strong Santa Ana winds and prolonged drought conditions(1). (Figure 1.) The initial 28 

ignition occurred around January 7, and multiple fires remained active throughout the month. Among 29 

the most destructive (16,000 structure damage, 40,000 acre burned area estimated) were the Palisades 30 

Fire, which affected areas in Pacific Palisades and Malibu, and the Eaton Fire, which burned through 31 

Altadena and Pasadena(2). These two incidents accounted for the majority of burned acreage and 32 

structural damage across the county(3).  33 

Santa Ana winds are strong, seasonally recurring winds that predominantly occur between October 34 

and January, moving from inland high-pressure systems located in western Utah and eastern Nevada 35 

toward the coastal areas of Southern California(4, 5). As these air masses descend along the leeward 36 

slopes of the Sierra Nevada, they experience adiabatic warming and drying, leading to a marked increase 37 

in temperature and a sharp decline in relative humidity(6). This transformation results in hot, desiccating 38 

winds that significantly elevate the risk of wildfire ignition and spread, particularly in coastal regions 39 

where vegetation is already moisture-stressed(7). Such meteorological phenomena are of considerable 40 

concern in environmental health, as they contribute not only to increased wildfire activity but also to 41 

subsequent air quality degradation and respiratory health risks in affected populations(8). 42 

Multiple climatic and meteorological factors have been proposed to explain the unprecedented 43 

severity of the 2025 Los Angeles wildfires, including the compounding effects of strong seasonal winds 44 

and broader climate variability. One notable contributor is the influence of the El Niño–La Niña 45 

transition. During the 2023–2024 El Niño phase, increased rainfall led to rapid vegetation growth across 46 

California, especially in the southern regions, providing abundant fuel for future fire ignition(9). 47 

However, beginning in mid-2024, a prolonged dry period—marked as the second driest from May 2024 48 

to January 2025 since 1877—resulted in widespread vegetation desiccation(10, 11). This was further 49 

exacerbated by the onset of a weak La Niña event in December 2024, which persisted through early 50 
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2025. This climatic shift redirected precipitation northward, intensifying drought conditions in Southern 51 

California and significantly increasing fire susceptibility(12, 13). The synergy of these climate 52 

anomalies underscores how global climatic oscillations, particularly El Niño Southern Oscillation 53 

(ENSO)-related dynamics, now play a central role in amplifying regional wildfire hazards in California. 54 

In 2022, South Korea experienced significant wildfires, particularly in the eastern regions. A major 55 

wildfire originating in Uljin and extending to Samcheok devastated forest, while additional fires in the 56 

Gangneung and Donghae areas resulted in the total loss of 24,000 hectares, leading to substantial 57 

environmental and economic impacts(14). These wildfires produced massive plumes of smoke and 58 

particulate matter, severely affecting regional air quality. National statistics reported a 3.7% increase in 59 

annual PM2.5 emissions compared to the previous year(15), illustrating the fires' contribution to air 60 

pollution (Figure 2).  61 

The Yeongdong region of Gangwon Province, where these fires occurred, is seasonally affected by a 62 

local wind phenomenon known as Yangganjipung—a hot and dry foehn wind that descends from the 63 

Taebaek Mountains during the spring(16). These winds can reach intensities comparable to typhoons, 64 

rapidly accelerating fire spread. Similar meteorological conditions have been identified as major 65 

contributing factors in past megafires along the East Sea coast, including the 1996 Goseong fire, the 66 

2000 Donghae coastal fire, and the 2005 Yangyang fire. 67 

Climate change is increasingly recognized as an aggravating factor for wildfire risk in South Korea. 68 

Over the past century, the country’s average annual temperature has increased by approximately 1.6°C, 69 

with the most significant warming observed during spring(17, 18). Since spring is traditionally the peak 70 

wildfire season, rising temperatures accelerate evapotranspiration, leading to drier soil and 71 

vegetation(19, 20). While most wildfires are initially ignited by human activity, their escalation into 72 

large-scale catastrophes is facilitated by the synergy among elevated temperatures by climate change, 73 

intrinsic forest structural vulnerabilities, and localized wind patterns. The large-scale wildfires that 74 

erupted in Uiseong and Andong in March 2025 likewise exemplify the continuation of this climate-75 
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driven phenomenon. These conditions not only cause extensive forest loss but also contribute to 76 

secondary environmental and public health impacts such as air pollution and particulate matter-related 77 

illness.  78 

 79 

Air Pollutants Released During Wildfires 80 

Wildfire smoke contains a complex mixture of pollutants. The composition of air pollutants in 81 

wildfire smoke is highly variable and influenced by multiple factors, including the type of materials 82 

burned, prevailing meteorological conditions at the time of the fire, and the distance from the ignition 83 

source. Among them, the major air pollutants that affect human health include particulate matter (PM₂.₅ 84 

and PM₁₀), carbon monoxide (CO), nitrogen oxides (NO2 and NO), ozone (O3), and volatile organic 85 

compounds (VOCs)(7, 17, 19, 21-23). Carcinogenic substances, such as benzene, formaldehyde, and 86 

trace metals like lead and mercury, are also present in wildfire smoke and contribute to its toxicological 87 

burden(24). Particulate matter (PM) is commonly recognized as the most significant health-impacting 88 

component in the majority of wildfire smoke exposures. PM2.5 levels in wildfire smoke can rapidly 89 

exceed 200 µg/m³, which is more than ten times the typical ambient levels and far surpasses the WHO’s 90 

recommended exposure limits(25, 26). PM in wildfire smoke has been elucidated to contain more 91 

oxidative and proinflammatory constituents—such as oxygenated polycyclic aromatic hydrocarbons 92 

and quinones—than urban PM, potentially leading to stronger toxic effects(27). Moreover, particulate 93 

matter from wildfires tends to include smaller ultrafine particles, which can travel longer distances and 94 

exert broader health effects(28).  95 

 96 

Inhalation and Physiological Responses to Wildfire-Related Pollutants 97 

When wildfire smoke is inhaled, fine and ultrafine particulate matter including PM2.5  can reach 98 

the lower airways and alveolar spaces, where they may trigger a cascade of inflammatory and immune-99 
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mediated responses(21). Laboratory studies using mouse models have shown that wildfire-derived 100 

particulate matter induces cell-specific oxidative stress and inflammatory responses in the lung, with 101 

PM2.5 in particular demonstrating greater toxicity through enhanced pulmonary injury and systemic 102 

inflammation.(29-31) Generally, inhaled PM2.5 promotes the generation of reactive oxygen species 103 

(ROS), which activate the NLRP3 inflammasome leading to pyroptotic cell death through 104 

proinflammatory cytokines such as IL-1β and IL-18.(32) Especially, reactive oxygen species (ROS) 105 

from wildfire smoke can cause damage to DNA, interfere with mitochondrial activity, and impair the 106 

cell’s ability to repair itself which may consequently lead to genomic instability and chronic lung 107 

injury.(33, 34) Carcinogens such as polycyclic aromatic hydrocarbons (PAHs) in wildfire smoke can 108 

induce mutagenicity and lung toxicity through direct inhalation(35). Furthermore, toxic gaseous 109 

components and PM2.5 impair epithelial barrier integrity by activating TRPA1 ion channels in epithelial 110 

and sensory neurons, leading to abundant calcium influx, mitochondrial stress and neurogenic 111 

inflammation.(36) Additionally, wildfire smoke alters the macrophages and disrupt human lung 112 

epithelial cells, inducing the onset or exacerbation of respiratory infections and airway diseases such as 113 

asthma and COPD(37, 38). 114 

 115 

Health Impacts of Short-term wildfire Smoke Exposure 116 

1. Mortality – All-Cause and Respiratory Disease Mortality 117 

Exposure to wildfire smoke has been associated with increased mortality in the general population. 118 

Its particulate matter is smaller and contains higher levels of oxidative and proinflammatory 119 

components compared to urban sources, contributing to elevated risks of respiratory and cardiovascular 120 

mortality. Previous studies have confirmed that exposure to wildfire smoke increases mortality from 121 

respiratory diseases(7, 27, 39-45). According to a recently published systematic reviews, increased 122 

exposure to wildfire-related PM2.5 is associated with a corresponding rise in all-cause and respiratory 123 
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disease mortality risk(24, 46, 47). Additionally, exposure to ozone secondarily formed from wildfires 124 

has also been shown to contribute to increased respiratory disease mortality(40). Mortality caused by 125 

wildfire smoke not only poses a serious threat to public health but has also been reported to result in 126 

substantial economic losses(48).  127 

 128 

2. Healthcare utilization – Emergency Department Visits, Physician Visits, and Hospital 129 

Admissions 130 

A. All-cause respiratory disease healthcare utilization 131 

Wildfires release large quantities of air pollutants over short durations, typically lasting a few 132 

weeks, resulting in elevated concentrations of particulate matter (PM) and other harmful substances. 133 

These exposures contribute to both the onset and acute exacerbation of respiratory diseases, leading to 134 

increased healthcare utilization, especially among individuals with pre-existing health conditions, 135 

through emergency department visits, outpatient consultations, and hospital admissions(7, 24, 27, 39, 136 

46).  137 

Emergency department visits are the most sensitive healthcare utilization indicator for capturing 138 

acute exacerbations of respiratory diseases associated with wildfire smoke exposure. Wildfire-related 139 

PM2.5 has been associated with an increased risk of emergency department visits for respiratory disease, 140 

particularly among individuals with a history of asthma or chronic obstructive pulmonary disease 141 

(COPD)(24, 47, 49-58). Wildfire-related PM2.5 also significantly increased the risk of physician visit(59) 142 

and hospital admissions for respiratory diseases(24, 25, 55, 60-63). 143 

B. Disease specific Healthcare Utilization 144 

Asthma 145 

Asthma is the most strongly affected respiratory condition by wildfire smoke exposure. This is 146 

primarily due to the unique characteristics of wildfire smoke, which contains a high proportion of 147 
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ultrafine particulate matter capable of penetrating deep into the distal airways(31). Wildfire smoke, rich 148 

in oxidative and proinflammatory components, exacerbates asthma through epithelial barrier disruption 149 

and immune activation via oxidative stress and cytokine pathways, leading to heightened airway 150 

inflammation and hyperresponsiveness(31, 64). Exposure to wildfire PM2.5 was significantly associated 151 

with acute exacerbation of asthma. There is evidence suggesting that wildfire smoke-induced acute 152 

exacerbations of asthma can elevate asthma-related mortality by over three times(65). And wildfire 153 

smoke induced acute exacerbations of asthma can cause healthcare utilization, including emergency 154 

department visits(47, 49, 51-53, 55-58, 66), hospital admissions(52, 55, 60, 61, 67) (Table 1). According 155 

to a meta-analysis, short-term exposure to wildfire smoke PM2.5 is significantly associated with 156 

increased risks of asthma-related hospital admissions (RR=1.06, 95% CI: 1.02–1.09) and emergency 157 

department visits (RR=1.07, 95% CI: 1.04–1.09), with particularly pronounced effects observed among 158 

older adults and children(64). Meanwhile, among pediatric asthma patients, the use of rescue 159 

medications has been shown to be effective, supporting current recommendations for prescribing rescue 160 

therapy to children as a vulnerable group during wildfire smoke exposure(68). 161 

COPD  162 

Chronic obstructive pulmonary disease (COPD) is a highly prevalent respiratory condition that 163 

contributes significantly to healthcare utilization worldwide. Exposure to wildfire smoke recognized 164 

one of the important environmental exposures to the progression and exacerbation of COPD(69). 165 

Wildfire smoke exacerbates COPD by impairing autophagic flux and disrupting airway epithelial 166 

barrier integrity, thereby amplifying inflammation and epithelial fragility(70). Wildfire smoke exposure 167 

was associated with a significantly increased risk of COPD mortality (OR=1.14, 95% CI: 1.02–1.26) in 168 

a case-crossover study conducted in Washington State.(43) Exposure to wildfire smoke PM2.5 has been 169 

consistently linked to exacerbation of COPD and increased healthcare utilization, including 170 

hospitalization(60, 61, 65, 67), emergency department visit(50-53, 56, 71), and outpatient visits(59) 171 

(Table 2).  172 
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Miscellaneous diseases: Respiratory tract infectious disease (Pneumonia) and Interstitial 173 

lung disease 174 

Exposure to wildfire smoke can lead to dysregulation of the respiratory immune system, increasing 175 

susceptibility to respiratory tract infections, such as pneumonia(7, 21). Exposure to wildfire-related 176 

PM2.5 can elevate the risk and severity of pneumonia by promoting lung inflammation, weakening 177 

respiratory epithelial integrity and immune function, facilitating deeper viral invasion, and intensifying 178 

pro-inflammatory cytokine activity. Through these mechanisms, short-term exposure of wildfire-related 179 

PM2.5 has been shown to significantly increase hospital admissions(67) and emergency department 180 

visits(53, 71) for pneumonia. Patients with interstitial lung disease (ILD) may exhibit similar clinical 181 

vulnerability to wildfire smoke such as increased ER visits and ICU admissions—epidemiological 182 

research on this association remains scarce. 183 

 184 

Health Impacts of long-term wildfire Smoke Exposure 185 

Long term exposure to wildfire smoke recognized one of the important environmental exposures 186 

to the development and progression of respiratory disease. Although numerous studies have elucidated 187 

the short-term effects of wildfire smoke, evidence on long-term health effect of wildfire smoke is still 188 

limited. A natural experiment based on the 1997 Indonesian wildfires revealed that lung capacity 189 

remained reduced even 10 years after exposure, particularly in men and older adults, while children 190 

showed near-complete recovery. Despite influences from age and socioeconomic status, air pollution 191 

was identified as a key determinant of long-term lung function(72). 192 

Recently, the GOLD guidelines incorporated the classification system proposed by The Lancet 193 

Commission on COPD, categorizing COPD into five etiological subtypes(73, 74). Among these, a new 194 

subtype termed COPD-P (pollution-related COPD) was introduced, reflecting disease caused by 195 

environmental exposures(74). As the link between COPD pathogenesis and environmental exposures 196 
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becomes increasingly recognized, the impact of wildfire smoke exposure on COPD has garnered 197 

growing attention(69). 198 

Lung cancer is known to be strongly influenced by exposure to environmental pollutants. In recent 199 

years, growing attention has been paid to the impact of air pollution on both the incidence and mortality 200 

of lung cancer, and wildfire smoke has emerged as an increasingly important area of investigation in 201 

this context. Several studies have suggested that exposure to wildfire-related PM2.5 may increase cancer 202 

mortality more than general PM2.5, with a significant association observed for lung cancer mortality 203 

(HR: 1.011, 95% CI: 1.004–1.018)(75, 76). Long-term exposure to wildfire smoke has been associated 204 

with an increased risk of lung cancer. In a large population-based cohort study conducted in Canada, 205 

Korsiak et al. (2022) reported that individuals residing within 50 km of wildfire events over the past 10 206 

years had a 4.9% higher hazard of developing lung cancer compared to unexposed populations (HR = 207 

1.049, 95% CI: 1.028–1.071)(77). These findings support that chronic exposure to wildfire smoke 208 

contribute to the development of lung cancer over time. 209 

 210 

Conclusion 211 

Climate change caused by global warming is exerting adverse effects on nature and public health. By 212 

expanding arid regions and extreme wind conditions, global warming is directly associated with 213 

increasing frequency of large-scale wildfire. These large-scale wildfires are expected to make 214 

significant threats to public health, particularly respiratory diseases.  215 

Wildfire smoke contains a variety of harmful air pollutants, among which fine particulate matter 216 

(PM2.5) is considered the most crucial to respiratory health. Wildfire PM2.5 contains higher oxidative 217 

and proinflammatory potential, making it more harmful when inhaled. Short-term exposure has been 218 

linked to acute exacerbations of respiratory conditions such as asthma, chronic obstructive pulmonary 219 

disease (COPD), and pneumonia, contributing to increased emergency department visits and hospital 220 
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admissions. Furthermore, there is growing evidence of long-term consequences, including the 221 

development or progression of COPD and lung cancer, underscoring the sustained public health burden 222 

of wildfire smoke exposure.  223 

As the frequency and intensity of wildfires continue to rise, the role of healthcare professionals 224 

will become increasingly critical. A solid, evidence-based understanding of wildfire smoke's impact on 225 

various respiratory diseases is essential. Physicians should also proactively educate and prepare 226 

vulnerable patient populations for wildfire events. In addition, there remains a significant paucity of 227 

evidences on the effects of wildfire smoke in rare diseases such as interstitial lung disease (ILD), despite 228 

the presumed heightened vulnerability of these populations. Therefore, it would be critical to further 229 

conduct targeted epidemiological studies to better understand the consequences of wildfire smoke 230 

exposure in individuals with ILD and other rare diseases. Ultimately, enhancing our understanding of 231 

wildfire-related health impacts will not only improve individual patient care but also contribute to public 232 

health strategies and policymaking in response to climate change. Wildfires are no longer distant events 233 

affecting others, they are a pressing concern that we must all address. 234 

 235 

Tables 236 

Table 1. Research Assessing the Impact of Wildfire Smoke Exposure on Asthma-Related 237 

Healthcare Utilization (Emergency Department Visits and Hospital Admissions) 238 

Author Year Wildfire Location Study Participants 
Main Result (OR/RR, 

95%CI) for each outcome 

Asthma related Emergency Department Visit (EDV) 

Rappold et al. 2011 North Carolina, USA 
Records of 111 of 114 civilian 

North Carolina EDs 
1.65 (1.25–2.10) (RR) 

Resnick et al. 2015 New Mexico, USA 0.55 million population 1.08 (0.91–1.29) (RR) 

Haikerwal et al. 2015 Victoria, Australia 5.1 million population 1.02 (1.00–1.04) (RR) 

Alman et al. 2016 Colorado, USA 10,699 ED records 1.04 (1.02–1.06) (OR) 

Reid et al. 2016 California, USA 12.7 million population 1.06 (1.05–1.07) (RR) 
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 239 

Table 2. Research Assessing the Impact of Wildfire Smoke Exposure on COPD-Related 240 

Healthcare Utilization (Emergency Department Visits and Hospital Admissions) 241 

Parthum et al. 2017 Virginia, USA 2 million population 1.65 (1.25–2.17) (RR) 

Hutchinson et al. 2018 California, USA 
176,851 healthcare utilized 

population  
2.12 (1.57–2.86) (RR) 

Borchers Arriagada 

et al. 
2019 Meta-analysis 20 Studies (Meta-analysis) 1.07 (1.04–1.09) (RR) 

Malig et al. 2021 California, USA Bay Area population 1.56 (1.49–1.64) (RR) 

Tornevi et al. 2021 
Jämtland Härjedalen 

Region, Sweden 
130,000 population 1.68 (1.09–2.57) (RR) 

Heaney et al. 2022 California, USA Total population of California 1.10 (1.02–1.19) (RR) 

Duncan et al. 2023 North Carolina, USA 12,483 ED records 1.10 (1.06–1.14) (OR) 

Chen et al. 2023 California, USA 17,847,917 population 1.57 (1.45–1.71) (RR) 

Schweizer et al. 2023 California, USA Total population of California 1.38 (1.21–1.57) (OR) 

Doubleday et al. 2023 Washington, USA 
1,864,470 non-traumatic ED 

visits 
1.13 (1.10–1.17) (OR) 

Asthma related Hospital admission 

Morgan et al. 2010 Sydney, Australia 
3.5 million population of 

Sydney 
1.05 (1.02–1.08) (RR) 

Kollanus et al. 2016 Helsinki, Finland 
1 million population of 

Helsinki 
1.16 (0.98-1.37) (RR) 

Reid et al. 2016 California, USA 
12.7 million population of 

California 
1.07 (1.05–1.10) (RR) 

Gan et al. 2017 Washington, USA 26,835 admissions 1.07 (1.02–1.14) (OR) 

Borchers Arriagada 

et al. 
2019 Meta-analysis 20 Studies (Meta-analysis) 1.06 (1.02–1.09) (RR) 

Malig et al. 2021 California, USA 
Bay Area population of San 

Francisco 
1.22 (1.06–1.40) (RR) 

Magzamen et al. 2021 Colorado, USA 
46,585 admissions of 

Colorado 
1.46 (1.09–1.94) (OR) 

Author Year Wildfire Location Study Participants 
Main Result (OR/RR, 

95%CI) for each outcome 

COPD related Emergency Department Visit (EDV) 

Rappold et al. 2011 North Carolina, USA 
Records of 111 of 114 civilian 

North Carolina EDs 
1.73 (1.06–2.83) (RR) 

Alman et al. 2016 Colorado, USA 10,699 ED records 1.05 (1.02–1.08) (OR) 

Reid et al. 2016 California, USA 12.7 million population 1.02 (1.01–1.04) (RR) 

Parthum et al. 2017 Virginia, USA 2 million population 1.73 (1.06–2.83) (RR) 

Duncan et al. 2023 North Carolina, USA 12,483 ED records 2.93 (1.59–5.41) (OR) 

COPD related Hospital admission 

Morgan et al. 2010 Sydney, Australia 3.5 million population 1.04 (1.01–1.06) (RR) 
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 242 

  243 

Gan et al. 2017 Washington, USA 
26,835 cardiopulmonary 

hospital admissions 
1.08 (1.03–1.15) (OR) 

Magzamen et al. 2021 Colorado, USA 46,585 hospital admissions 1.15 (1.00–1.31) (OR) 
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Figure legends 244 

Figure 1. Satellite Image of Wildfire Smoke Dispersion in Southern California (January 2025) 245 

Image was captured by the Copernicus Sentinel-3 mission on 9 January 2025, shows the Palisades fire at lower 246 

left and the Eaton fire at upper right, with smoke seen reaching Catalina Island and the Santa Barbara reserve to 247 

the south of the fires. ©ESA(78)  248 

 249 

 250 

  251 

https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-3
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Figure 2. Satellite Imagery of Wildfire-Associated Air Pollution in Korea (March 2022)" 252 

2022 March, GEO-KOMPSAT-2A Detection of Yellow Dust, Aerosols, and Volcanic Ash(79)  253 

 254 

  255 
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