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Lung as the first and continuous
interface with the environment
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Characteristics of Studies
Key Features of Environmental Health Research in This Lecture

01 Large-Scale Epidemiological Studies
Population-based cohort studies using national health registries and longitudinal datasets.

02 Complex Statistical Methodology
Multi-level models, mediation analysis, and survival analysis for exposure-outcome research.

03  Multidisciplinary Collaboration
Partnerships with environmental scientists integrating exposure monitoring and health data.

04 AI & Machine Learning Approaches
ML algorithms for exposure prediction, pattern recognition, and data modeling.



Aims and Scope

•The Lancet Planetary Health is the pre-eminent journal for enquiry into sustainable human civilisations in the Anthropocene.

•Particularly favour work contributing to a safe and just space for humanity, respecting planetary boundaries and the social and 
economic foundations of a healthy life.

•Interested in all aspects of societal development and its interaction with the environment — including drivers of change, 
implications for people, and policies for a healthier planetary future.
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Aim and Scope
•Covers human health and wellbeing effects of environmental factors, mainly based on observational or experimental
epidemiological studies on human participants.

•Ambient and indoor air, water, soil, noise, light at night, and radiation pollution

•Organic and inorganic chemicals (e.g. endocrine disruptors, pesticides, metals etc.)

•Natural environments (e.g. green, blue, and brown spaces), biodiversity, and urban design/planning

•Climate change and associated conditions (e.g. extreme weather), occupational exposures

•Also of interest: novel methods for the assessment of human exposure to environmental factors



Key Domains of Exposure
Categories, Concepts, and Specific Examples

01  Climate Change & Extreme Events (Climate related Hazards)
Amplifiers of exposure intensity, frequency, and biological risks
Wildfire Smoke • Heatwaves • Asian Dust • Flood-related Microbials

02 Physical & Chemical Pollutants (Air Pollution)
Traditional indicators of anthropogenic environmental pollution
PM2.5 / PM10 • SO₂ / NOₓ • Heavy Metals • Ozone (O₃)

03 Occupational & Build Environment
Micro-environments and specific workplace settings
Silica / Asbestos • Indoor Air Quality • Radon / VOCs

04  Natural Environment & Ecosystems
Protective factors and biogenic respiratory stressors
Green Spaces • Pollen • Mold / Fungi



Climate Change
and Environmental Lung Disease
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Cause of Climate Change

14

National Academy of Sciences (2020)
Leung et al., 2023, Fifth National Climate Assessment, authoritative for Earth system processes.

• Changes in the Earth’s Orbit and Rotation
• Variations in Solar Activity
• Changes in the Earth’s Reflectivity
• Volcanic Activity
• Changes in Carbon Dioxide Concentrations
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• Study Population
Global gridded population data (WorldPop, 2003–2021)
Vulnerable age groups (<5 and >65 years).
• Exposure
Monthly co-occurrence of 6 climate hazards



Climate Change and Wildfire



Wildfire Exposure and Respiratory Health: A Comprehensive Review of Emerging Evidence, TRD, 2025
N Engl J Med, 2020;383:2173-2181



Category Palisades Fire Eaton Fire Total Impact

Total Area (km2) 94.89 56.74 151.63 = 52.3Yeouido

Structures Destroyed 6,837 9,418 16,255

Fatalities 12 17 29

Estimated Cost $28 - $275 billion Included in total $28 - $275 billion

2025, Southern California Wildfires
Ignited on January 7, 2025, and were fully contained after 24 days, on January 31, 2025



2025 영남권 산불  —  역대 최대 피해

최종 피해면적

104,788 ha
서울의 1.7배 ·  역대 최대 규모

발생 배경 및 경과
• 2025년 3월 영남권(산청, 하동) 동시다발 발생
• 강풍·건조 기상 조건으로 급속 확산
• 기후변화로 산불 위험 증가 실증



Research Assessing the Impact of Wildfire Smoke Exposure on Asthma-Related Healthcare Utilization

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 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)
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)

Wildfire Exposure and Respiratory Health: A Comprehensive Review of Emerging Evidence, TRD, 2025



Research Assessing the Impact of Wildfire Smoke Exposure on COPD-Related Healthcare Utilization

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)

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)

Wildfire Exposure and Respiratory Health: A Comprehensive Review of Emerging Evidence, TRD, 2025



Characteristics of Wildfire PM

Source Wildfire PM results from combustion of biomass

Particle Size Smaller than PM from urban sources
→Higher proportion of Fine/Ultrafine PM (PM2.5 and PM1 in PM10)

Exposure 
Pattern

•Contributing factor on 20% of the days PM2.5 exceeded standard (35 μg/m³)
•2019–2020 Australian wildfire: daily PM2.5 reached 600 μg/m³
•Episodic exposure — high-intensity peaks with low background levels

Toxic Effects

•More oxidative components (oxygenated PAHs, quinones, heavy metals)
•More proinflammatory components (aldehydes, oxides of nitrogen)
•Greater oxidative potential
•Wildfire PM in urban areas: toxic effects 5X greater than urban PM
•High temperatures and oxidant gases amplify health risks

Sci Total Environ 2010;408:644-651.

Sci Total Environ 2010;408:644-651
Sci Total Environ 2017;603-604:268-278
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Mortality associated Fire-related PM2.5 Non-fire-related PM2.5
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Am J Respir Crit Care Med. 2025 Nov;211(11):2086–2095

• Study Design: Time-stratified case-crossover design.
• Study Population: 6 million respiratory ED visits 5 Western US states (2007–2018).
• Exposure: Daily wildfire-specific vs. non-smoke PM2.5, machine learning at a 1-km resolution.
• Outcome: ED visits for asthma, bronchitis, COPD, URI, and total respiratory diseases.
• Statistics: Conditional logistic regression estimating ORs, adjusting for meteorology and holidays
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Am J Respir Crit Care Med. 2025 Nov;211(11):2060-2071

• Study Design: Controlled human exposure study with longitudinal sampling.
• Study Population: 54 healthy, non-smoking adult volunteers.
• Exposure: 2hr exposure to wood smoke (500μg/m3) with exercise.
• Outcome

• Sputum microbiome composition (16S rRNA sequencing) and inflammatory cell
profiles (macrophages, neutrophils) at baseline, 6h, and 24h post-exposure.
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Methods - Study Area & Period

• Gangwon Province Overview
81.5% forest coverage
Structure vulnerable to wildfires

• Wildfire Incident area (A.O.D.)
May 6-9, 2017 in Samcheok and Donghae (764Ha)

• Study Period
• Pre-wildfire: April 22 – May 5, 2017
• Wildfire: May 6 – 9, 2017
• Post-wildfire: Immediate and extended (2-week)

27

Wildfire-exposed areas
(a) Locations of ignition of AQMs, Weather Station, and Affected Areas from the May 6, 2017, wildfire
(b) Administrative divisions of Gangwon-do (Samcheok (directly-exposed area), Donghae (indirectly-exposed area)

4.22.~5.5. (14 days) 5.6.~5.9 5.10.~5.23. (14 days) 5.24.~6.6. (14 days)

Pre-wildfire Period
(Control)

During
Wildfire

Immediate Post-
wildfire Period

Extended Post-wildfire
Period



Relative Risk of Respiratory Disease healthcare utilization by Region

28

Age Group
(year)

2017 [W]
RR (95% CI)

2017 [IP]
RR (95% CI)

2017 [EP]
RR (95% CI)

All age 1.81(1.67–1.96) 0.77(0.75–0.80) 1.26(1.20–1.33)

≥ 20 1.83(1.68–1.98) 0.76(0.74–0.79) 1.23(1.17–1.29)

0-9 2.20(2.04–2.38) 0.83(0.80–0.86) 1.44(1.37–1.52)

10-19 1.23(1.13–1.33) 0.71(0.69–0.74) 1.09(1.03–1.15)

20-65 1.90(1.76–2.06) 0.80(0.77–0.82) 1.19(1.13–1.25)

>65 1.76(1.61–1.93) 0.71(0.68–0.73) 1.24(1.17–1.31)

Age Group
(year)

2017 [W]
RR (95% CI)

2017 [IP]
RR (95% CI)

2017 [EP]
RR (95% CI)

All age 1.06(1.01–1.12) 0.66(0.64–0.68) 1.16(1.11–1.21)

≥ 20 1.21(1.14–1.27) 0.64(0.62–0.66) 1.08(1.03–1.12)

0-9 0.71(0.67–0.75) 0.71(0.69–0.74) 1.57(1.51–1.64)

10-19 1.08(1.02–1.13) 0.66(0.64–0.68) 0.96(0.92–1.00)

20-65 1.13(1.08–1.19) 0.67(0.66–0.69) 1.07(1.03–1.11)

>65 1.40(1.31–1.49) 0.59(0.57–0.61) 1.07(1.02–1.12)

(a) Samcheok (Direct exposed area)

(b) Donghae (Indirect exposed area)

• During the wildfire period - the direct-exposure area 81% increase RR (RR = 1.81, 95% CI 1.67–1.96) vs 6% 
• During the extended post-wildfire period, the direct-exposure area an 26% increase in the RR vs. 16%



Relative Risk Ratio of Respiratory Disease healthcare utilization by Region
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• In the direct-exposure area, the RRRs during the wildfire (RRR = 1.30, 95% CI 1.15–1.45) and 
extended post-wildfire (RRR = 1.75, 95% CI 1.61–1.91) periods were significantly elevated.

(a) Samcheok (Direct exposed area)

(b) Donghae (Indirect exposed area)

Age Group
(year)

2017 [W]
RR (95% CI)

2017 [IP]
RR (95% CI)

2017 [EP]
RR (95% CI)

2017/2018 [W]
RRR (95% CI)

2017/2018 [IP]
RRR (95% CI)

2017/2018 [EP]
RRR (95% CI)

All age 1.81(1.67–1.96) 0.77(0.75–0.80) 1.26(1.20–1.33) 1.30(1.15–1.45) 0.97(0.91–1.04) 1.75(1.61–1.91)

≥ 20 1.83(1.68–1.98) 0.76(0.74–0.79) 1.23(1.17–1.29) 1.49(1.32–1.67) 1.04(0.97–1.11) 1.84(1.69–2.00)

0-9 2.20(2.04–2.38) 0.83(0.80–0.86) 1.44(1.37–1.52) 1.37(1.22–1.54) 0.94(0.87–1.00) 1.83(1.67–2.01)

10-19 1.23(1.13–1.33) 0.71(0.69–0.74) 1.09(1.03–1.15) 1.39(1.24–1.55) 1.20(1.12–1.28) 1.99(1.83–2.17)

20-65 1.90(1.76–2.06) 0.80(0.77–0.82) 1.19(1.13–1.25) 1.44(1.29–1.61) 0.98(0.92–1.04) 1.72(1.58–1.86)

>65 1.76(1.61–1.93) 0.71(0.68–0.73) 1.24(1.17–1.31) 1.22(1.07–1.39) 0.94(0.87–1.01) 1.67(1.52–1.83)

Age Group
(year)

2017 [W]
RR (95% CI)

2017 [IP]
RR (95% CI)

2017 [EP]
RR (95% CI)

2017/2018 [W]
RRR (95% CI)

2017/2018 [IP]
RRR (95% CI)

2017/2018 [EP]
RRR (95% CI)

All age 1.06(1.01–1.12) 0.66(0.64–0.68) 1.16(1.11–1.21) 0.48(0.45–0.52) 0.51(0.48–0.53) 0.81(0.77–0.86)

≥ 20 1.21(1.14–1.27) 0.64(0.62–0.66) 1.08(1.03–1.12) 0.53(0.50–0.58) 0.48(0.45–0.50) 0.74(0.70–0.78)

0-9 0.71(0.67–0.75) 0.71(0.69–0.74) 1.57(1.51–1.64) 0.31(0.29–0.33) 0.55(0.52–0.58) 1.09(1.03–1.16)

10-19 1.08(1.02–1.13) 0.66(0.64–0.68) 0.96(0.92–1.00) 0.75(0.70–0.80) 0.59(0.57–0.62) 0.90(0.85–0.96)

20-65 1.13(1.08–1.19) 0.67(0.66–0.69) 1.07(1.03–1.11) 0.55(0.51–0.59) 0.53(0.50–0.55) 0.80(0.76–0.85)

>65 1.40(1.31–1.49) 0.59(0.57–0.61) 1.07(1.02–1.12) 0.52(0.48–0.57) 0.42(0.40–0.44) 0.63(0.59–0.68)
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European Respiratory Journal 2023 61(5): 2202469



Climate Change and Floods
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Hawaii, US, 2026.3.



33
Lancet Respir Med 2023; 11: 963–64
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Lancet Respir Med 2023; 11: 963–64

à Duration: Few weeks to months
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• Study Design: Retrospective matched cohort analysis

• Study Population
• 4.5 million hospitalizations of Medicare ≥65 US (2000–2016)

• Exposure
• 72 major floods, Flood map(Satellite), Lag 4 week (12wk Extended)
• 같은 ZIP code를 flood 시기와 non-flood 시기로 비교하는 self-matched design

• Outcome
• Hospitalization rates in 13 exclusive disease categories (Including Respiratory)

• Statistics
• Conditional quasi-Poisson distributed lag models comparing flooded days (+4

weeks lag) to self-matched, non-flooded control days.



Air Pollution
Outdoor & Indoor Air Quality
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Lancet Planet Health 2022; 6: e9–18
European Respiratory Journal 2023 61(5): 2202469

NO "SAFE" LEVEL EXISTS

Significant mortality associations
persist at concentrations well 
below current WHO (5 µg/m³)
and EU (25 µg/m³) limits for PM2.5
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• Study Design: National cohort study.
• Study Population: 15M (aged ≥65 years), 2000 and 2018.
• Exposure: 3-year average 15 PM2.5, ZIP code (machine learning models)
• Outcome: Incident lung, colorectal, prostate, breast, and endometrial

cancers.

Lancet Planet Health 2025; 9: 101334
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Scientific Reports. 2026;16:2984.
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Lancet Planet Health 2026; 10: 101400

2010–11 of the China Chronic Disease and Risk Factors Surveillance (CCDRFS) project

· N=96,955 (>18yr, ~2020.12.31.)

· High-resolution machine-learning–based (Random Forest) and
CMAQ-derived source-specific PM2.5

· Outcome Definitions

o Total non-accidental mortality ICD-10: A00–R99

o Respiratory Disease Mortality: J00–J99

o Lung cancer mortality: C34

· Model: Cox proportional hazards model
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Lancet Planet Health 2026;10: 101379

• ZEV Adoption and NO₂ Reduction
• From 2019 to 2023 in California increases in registered light-duty zero-emissions vehicles 
• An increase of 200 zero-emissions vehicles corresponded to an approximately 1.1% decrease in NO₂

• Study Design
• Longitudinal observational study
• Natural experiment of the electric vehicle transition

• Study Population
• 1,687 ZIP code tabulation areas (ZCTAs), California (2019-2023)

• Exposure
• Within-ZCTA changes in the annual number of registered light-duty zero-emissions

vehicles (ZEVs)

• Outcome
• Annual mean tropospheric NO2 measured by the TROPOMI satellite instrument

• Statistics
• Longitudinal linear mixed-effects models with ZCTA-level random intercepts

(population size, socioeconomic status, fuel prices, telecommuting patterns)
• ZEV counts were group-mean centered to isolate within-ZCTA effects
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Built Environment
& Indoor Air Pollution Exposure
Urban Design · Indoor Air · Workplace Hazards
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Environmental Research 292 (2026) 123699

•HEPA à 가스상 오염물질 제거에는 한계
•Photocatalytic oxidation (광촉매 산화)
à CO, VOCs, SO₂ 등 가스상 오염물질 분해 가능

Design: Double-blind randomized crossover trial
Participants: 61 COPD patients
Interventions (2 weeks each):

PCO vs PCO + HEPA + activated carbon filters
Measurements:

Indoor pollutants (PM, CO, NO₂, SO₂, TVOCs)
Lung function, symptoms, FeNO, blood pressure

Analysis: Linear mixed-effects models
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Lancet Planet Health 2025;9: 101390
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Journal of Hazardous Materials, Volume 438, 2022

• Microplastics detected in BALF from lung cancer patients
• Predominantly microfibers (97.06%)
• Mean concentration: 9.18 items / 100 mL BALF
• Particulate microplastics: 5.88% (0.57 items / 100 mL)

• Clinical significance: Confirms lower airway exposure and deposition in humans.
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• BAU scenario (2016–2040): Cumulative 83 million DALYs, with annual health burdens rising
from 2.1 million in 2016 to 4.5 million in 2040 (more than doubling)

• Major contributors: Primary plastics production accounts for >80% of total DALYs

• Policy implication: Even the “system change” scenario reduces 2040 DALYs by 43% vs BAU
• Deep reductions in primary plastics production are the most effective single lever

Disability-adjusted life-years (DALYs)
Business as usual (BAU)



Natural Environment
& Ecosystems
Green · Blue · Gray Spaces · One Health





Why Green Space?

51

Urban Forestry & Urban Greening 2015;14(4):806-816.
Environmental Research 2017;158:301-317.
The Lancet Planetary Health 2019;3(11):e469-e477

Systemic Pathways to Whole Body Health: The Impact of Green Space Exposure



Assessing Vitality: Chlorophyll in Plants vs. Hemoglobin in Blood

Remote Sensing & Green Space

52

Relation between green space and respiratory health

Green space may reduce respiratory 
problems by filtering PM2.5 and other

air pollutants, which lowers particle
deposition in the alveoli and reduces 

inflammation and tissue damage

Artery

Vein

Capillaries

NIR Red

Photo SensorHealthy Plant Stressed Plant

Normalized Difference Vegetation Index (NDVI) Pulse Oximeter

Red NIR
Red NIR

• Purpose:
NDVI is satellite-derived metric used to
quantify global vegetation vitality and health

• Target: Chlorophyll within plant leaves

• Mechanism:
* NIR: Plant naturally reflect most NIR light
* Red: Chlorophyll absorbs Red light which
depends on the plant’s vitality

• Purpose:
Non-invasive monitoring of a patient's
oxygen saturation to assess respiratory
function

• Target: Hemoglobin(Hb) in bloodstream

• Mechanism:
* Oxygenated Hb: Absorbs more NIR
* Deoxygenated Hb: Absorbs more Red



Association Between Green Space and COPD

53
BMC Pulmonary Medicine (2023) 23:89.
Environmental Research 270 (2025) 120938
International Journal of Chronic Obstructive Pulmonary Disease 2025:20 3035–3044

• Urban green space is associated with respiratory health outcomes, including COPD exacerbations, hospitalizations, and
mortality.

• However, the magnitude and direction of these associations vary across regions and populations, suggesting spatial and
demographic heterogeneity

• These findings suggest that environmental context and population characteristics should be considered when evaluating 
the health impacts of green space.

Green space (NDVI) on
COPD mortality, with
positive associations in
63% of regions and
negative associations in
37%

Long-term exposure to
particulate air pollution (PM₂.₅,
PM₁₀, BC, NO₂) was associated
with increased respiratory
emergency visits and
hospitalizations.

Greater urban green
space coverage was
associated with a
lower risk of acute
COPD exacerbations.



Association Between Green Space and Cancer

54
Environment International 2022;170:107571.
Environmental Research 2022;212:113416.
Environmental Research, 2025;266

• Residential greenness was associated with reduced incidence and mortality of certain cancers, with the most consistent
protective association observed for lung cancer.

• However, these associations varied by cancer type, with protective effects also observed for breast and prostate cancer, 
whereas no clear association was found for colorectal cancer.

• Additionally, increasing residential greenspace may help reduce socioeconomic disparities in total cancer incidence 
among disadvantaged populations.

Residential green-space
exposure was associated
with lower lung and
breast cancer mortality,
but not colorectal cancer;
prostate cancer showed
possible adverse
associations.

Higher NDVI was significantly
associated with lower risks
of prostate and lung cancer
incidence, suggesting that
residential greenness may
exert a protective effect on
these cancer types.

Increasing residential greenspace,
particularly within 300 m of the home,
may help reduce socioeconomic
inequalities in total cancer incidence,
with the greatest benefits accruing to
the most deprived populations.



Urban Green Space Indicators (Remote Sensing)

• NDVI – Normalized Difference Vegetation Index
• Reflects vegetation vitality

• High (0.6–1.0) / Moderate (0.2–0.5) /Low (0.0–0.2)

• EVI – Enhanced Vegetation Index 
• Corrects soil & atmospheric noise → more accurate than NDVI
• Specialized for dense vegetation & long-term monitoring

• High (0.5–0.8) / Moderate (0.2–0.5) / Low (0.0–0.2)

• LAI – Leaf Area Index
• Directly captures the structural characteristics of vegetation

• High (≥ 5.0) / Moderate (3.0–5.0) / Low (1.0–3.0)

• Long-term exposure modeling
• Annual mean, moving averages, lag structures
• Time-varying exposure reflecting residential mobility

• Analytical scales
• Quartiles (Q1–Q4; Q1 reference)
• Continuous increments (NDVI/EVI per +0.10, LAI per +1.0)

Urban Green Space Indicators (Remote Sensing)
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More than 3,153,225 (2·48%) of total deaths were 
attributed to heat exposure in 2000–19, and a 30%

increase in EVI was estimated to prevent 1·16 million
(95% eCI 0·92–1·40) heat-related deaths globally.



57환경이 얼마나 중요한데, 좋은 환경으로 가라

다 환경 탓이야



Examples of Good Environment



Take Home Messages
Understanding & Responding to Environmental Lung Diseases

01  Expanding Concept of Environmental Lung Diseases
Beyond pneumoconiosis — encompasses all respiratory diseases from diverse indoor/outdoor inhalation hazards.

02 Climate Change = Respiratory Health Crisis
Wildfires, heat waves, floods increase respiratory severity and mortality. PM2.5 drives acute exacerbations.

03  Complex Environmental Exposures & Health Impact
PM2.5, NO₂, and microplastics linked to airway inflammation, reduced lung function, and lung cancer risk.

04 Nature-based Solutions & Immune Resilience
Green/blue spaces mitigate pollution, reduce heat islands, enhance microbial diversity.



경청해 주셔서 감사합니다!!

구강모 올림.

9kangmo@gmail.com
Instagram @respiratorymonster
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Ambient PM on the adverse health effects epidemiological and laboratory evidence

62
Particle and Fibre Toxicology. 2022;19:67.



Emerging Mechanisms of PM-induced Lung Injury
Beyond Traditional Oxidative Stress & Inflammation

Pyroptosis
Inflammatory Cell Death

Trigger
PM activates NLRP3 inflammasome via ROS and lysos
omal damage

Mechanism
Caspase-1 activation → Gasdermin D pore formation
→ cell lysis

Key Mediators
IL-1β, IL-18 release amplifies neutrophilic inflammatio
n

Clinical Link
Drives acute airway inflammation in asthma & COPD
exacerbations

Ferroptosis
Iron-dependent Cell Death

Trigger
PM-bound iron + ROS overwhelm GPX4 antioxidant d
efense

Mechanism
Lipid peroxidation cascade → membrane integrity loss
→ cell death

Key Mediators
Fe²⁺ accumulation, GSH depletion, lipid peroxide build
up

Clinical Link
Implicated in COPD progression, pulmonary fibrosis, a
nd lung cancer

Epigenetic Modification
Heritable Gene Expression Change

Trigger
Chronic PM exposure alters DNA methylation & histo
ne marks

Mechanism
CpG hypermethylation of tumor suppressors; global h
ypomethylation

Key Mediators
miRNA dysregulation, telomere shortening, histone ac
etylation changes

Clinical Link
Transgenerational risk: prenatal exposure → childhoo
d asthma & reduced lung growth

Particle and Fibre Toxicology 2022;19:67 | J Clin Invest 2025;135(17):e194312 중앙대학교병원



Air–Liquid Interface (ALI) Culture System
Gold Standard for Airway Epithelial Differentiation | Leach T et al. Sci Rep. 2023;13:10137

What is ALI?

Air (Apical)

Epithelial Cells + Membrane

Media (Basal)

Apical side (top)
Exposed to air, mimicking in vivo airway

Basal side (bottom)
Nutrient supply via culture media

Porous membrane
Cells cultured on Transwell insert

Key Principles of ALI Culture

1
Pseudostratification
Recapitulates multilayered airway
epithelial architecture

2
Mucociliary Differentiation
Goblet, ciliated, club, and basal cel
l maturation

3
Barrier Function
Epithelial integrity confirmed by T
EER measurement

4
Mucus Production
MUC5AC/MUC5B secretion and m
ucociliary clearance



Green Space
Parks, forests, urban vegetation

Health Impacts
▼ All-cause & CV mortality
▼ Respiratory morbidity
▼ Depression, stress & distress
▲ Physical activity & social cohesion
▼ Lung cancer & chronic disease risk
Mechanisms
• Air pollutant reduction (PM2.5, NO2)
• Heat island mitigation
• Noise attenuation
• Immune modulation (biodiversity)
• Stress reduction (cortisol)
• Physical activity promotion

Blue Space
Rivers, lakes, coastal environments

Health Impacts
▼ Psychological stress & anxiety
▲ Mental well-being & life satisfaction
▼ Cardiovascular risk markers
▼ Mortality in coastal populations
▲ Physical activity & recreation
Mechanisms
• Restorative effects (visual-auditory)
• Microclimate cooling
• Social interaction & outdoor activity
• Sleep & circadian regulation

Conclusion: Green & blue spaces improve health via environmental buffering, 
stress pathways, immune modulation & behavioral mechanisms

Grey Space
Roads, buildings, concrete, high-rise areas

Health Impacts
▼ Respiratory symptoms & bronchitis
▲ Allergy risk
▼ Microbial diversity exposure
▼ Contact with nature
▲ Risk of stress-related problems
Mechanisms
• Hard-surface urban intensification
• Reduced exposure to natural space
• Separation from soil, plants
• Altered microbial communities
• Disconnection from nature

Environ Res. 2024 Mar 15:245:118059.


