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1. COPD-P and the burden of air pollution 
in COPD patients



Traditional concept of COPD

• 75-years old

• 40PY smoking history

• Lung function

✓ FEV1 35%

✓ FEV1/FVC 0.52



Etiotypes for COPD : COPD is a heterogeneous disease

GOLD 2025.



Global use of indoor solid fuels in 2012 by the WHO

WHO, 2013



Burden of Air Pollution - Global estimated deaths by major risk factor

Fuller R et al. Lancet Planet Health. 2022;6(6):e535-e547.



Upward trend in mortality from modern pollution in south Asia and southeast Asia, 2000–19

Fuller R et al. Lancet Planet Health. 2022;6(6):e535-e547.



Burden of pollution

Air pollution causes 6.5 

million deaths each year 

globally

Death by modern pollution 

have increased by 66% 

over two decades

More than 90% of 

pollution-related deaths 

occur in LMICs

Fuller R et al. Lancet Planet Health. 2022;6(6):e535-e547.



Burden of air pollution in COPD 

• Air pollution → ∼50% of the risk 

• Risk amplifying in those living in LMICs.

• In life-time nonsmokers, air pollution is the leading known risk 
factor for COPD 

➔ GOLD committee

“Air pollution is a major health threat to patients living with COPD, 

and actions are urgently required to reduce the morbidity and 

mortality related to poor air quality around the world.”     

Ryu et al. Chest. 2024;165(4):836-846.



Proportion of COPD-P in Korea

Joo H et al. Respiratory Medicine. 2024;230:107679.



PM2.5 and PM10 is associated with COPD prevalence and death

Wang et al. Thorax. 2023;78(7):698-705.

UK Biobank



Air pollution was associated with lower lung function and increased COPD 
prevalence

Doiron et al. Eur Respir J. 2019;54(1).

UK Biobank



Doiron et al. Eur Respir J. 2019;54(1).



Doiron et al. Eur Respir J. 2019;54(1).



Risk of COPD due to indoor air pollution

Pathak et al. Int J Environ Health Res. 2020;30(1):75-88.

Biomass fuel exposure → COPD risk ↑ (OR 2.38, 95% CI: 1.85–3.06)



2. Distinct characteristics of COPD-P



Clinical characteristics of COPD-P

Joo H et al. Respiratory Medicine. 2024;230:107679.





Lung function decline of COPD-P

-23.1±16.9ml

-41.7±26.2ml

Ramírez-Venegas et al. AJRCCM 2014;190(9):996-1002.

-1.2±1.2%

-2.3±2.1%



3. Impact of air pollution on patients with COPD



Exacerbation

• Study Design: Bidirectional time-stratified case-crossover

(ACURE study)

• Case & Control Selection:

• Case day: Self-reported AE-COPD onset date

• Control days: Matched by day of the week, month,

and year

• Exposure Assessment: Air pollution data assigned from the

nearest monitoring station

• Lag Analysis: Examined single-day (Lag 0-3) and moving-

average (Lag 0-3) exposures​

Niu Y et al. Chest. 2024;166(5):998-1009.



Exacerbation

Niu Y et al. Chest. 2024;166(5):998-1009.



Exacerbation

Ross et al. Thorax. 2023;78(10):974-982.



Hospitalization

Chen et al. Eur J Public Health. 2024;34(1):150-155.



Lung function decline

• Study Design: Longitudinal cohort study

(SPIROMICS AIR)

• Participants: 1,208 current and former

smokers with or without COPD

• Exposure Assessment: Indoor PM2.5

and NO₂ estimated using individual-

based prediction models

• Outcome Measures: Annual decline in

FEV1 measured over up to 3 years

PM2.5↑ 10 μg/m³ → 
FEV1 decline↑ 10 mL/yr 

Hansel et al. Am J Respir Crit Care Med. 2023;208(10):1042-1051.



Evangelopoulos et al. Eur Respir J. 2021;58(1). Lu et al. Respir Res. 2022;23(1):71. DeVries et al. COPD. 2017;14(1):113-121. Lee et al. Respir Res. 2022;23(1):77.



Cardiac events – Sudden cardiac arrest

• Study Design: Prospective cohort study (UK Biobank)

• Participants: 458,237 individuals, followed for a median of 13.7 years

• Exposure Assessment: Long-term air pollution levels (PM2.5, PM10, NO₂,

NOₓ) estimated using land-use regression models

• Outcome Measures: Incident sudden cardiac arrest (SCA) and

intermediate diseases (COPD, MACE)

Luo H et al. Environ Sci Technol. 2024;58(18):7782-7790.



Cardiac events – Sudden cardiac arrest

Luo H et al. Environ Sci Technol. 2024;58(18):7782-7790.



Cardiac events – Cardiac autonomic function

• Study Design: Randomized controlled trial

(CLEAN AIR & CLEAN AIR Heart Study)

• Participants: Former smokers with moderate-severe COPD

• Exposure Assessment: Indoor PM2.5, PM10, ultrafine particles

measured in homes

• Intervention: Portable air cleaner vs. placebo for 6 months

• Outcome Measures: Heart rate variability (HRV) assessed via

24-hour Holter monitoring

Raju et al. Am J Respir Crit Care Med. 2023;207(6):721-730.

• SDNN ➔ overall HRV
• RMSSD, HF ➔ parasympathetic
• LF ➔ sympathetic



Cardiac events – Cardiac autonomic function

Raju et al. Am J Respir Crit Care Med. 2023;207(6):721-730.



Cardiac events– Cardiac autonomic function ➔ Air cleaner intervention

Raju et al. Am J Respir Crit Care Med. 2023;207(6):721-730.



Main effects of particulate material in the respiratory system.

Arias-Pérez et al.. Environ Sci Pollut Res Int. 2020;27(34):42390-42404.



Pathogenesis of PM2.5 and Its Components on COPD

Wang et al. IJCOPD. 2023;18:493-506.



Pathologic changes in COPD increase susceptibility to negative health 
effects of air pollution exposure

Ryu et al. Chest. 2024;165(4):836-846.



Proteomics analysis of KOCOSS data – volcano plot : 10 significant proteins

Unpublished data

• KOCOSS database
• PM2.5 low vs high group

➔ OLINK proteomics



Proteomics analysis of KOCOSS data – UMAP : top 10 significant proteins 

Unpublished data



Proteomics analysis of KOCOSS data

Unpublished data

Exposure LowExposure High

HGF, LAP TGF-beta-1, MMP-1, STAT1, OSM, TNFSF14, EN-RAGE, 
CASP-8, SIRT2, STAMBP, CXCL5, CXCL1, CXCL6, AXIN1, 4E-BP1, 
CD244
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4. Mitigate strategies from air pollution



Air cleaners may help

Hansel et al. Am J Respir Crit Care Med. 2022;205(4):421-430.

• Study Design: Randomized controlled trial (CLEAN AIR Study)

• Participants: Former smokers with moderate-to-severe COPD

• Exposure Assessment: Indoor PM2.5 and NO₂ levels measured in homes

• Intervention: Portable HEPA and carbon filter air cleaners vs. sham

cleaners for 6 months



Air cleaners may help

Hansel et al. Am J Respir Crit Care Med. 2022;205(4):421-430.

(1) All participants

(2) Participants who used more than 80% 

of the time

(3) Participants who used air cleaner 

continuously throughout the study



Improvement in cooking fuels and kitchen ventilation

Zhou et al. PLoS Med. 2014 Mar 25;11(3):e1001621.



Measures to improve air quality and manage chronic airway diseases

Guan et al. Lancet. 2016;388(10054):1939-1951.



Take home messages

1. Burden of air pollution is substantial : 6.5 million deaths each year globally.

2. 65% of Korean COPD population have history of high air pollution exposure

3. Indoor and outdoor air population is a major risk of COPD prevalence

4. Air pollution is a major risk for exacerbation, lung function decline, 

hospitalization, mortality, poor quality-of-life, and cardiac outcomes in COPD 

patients.

5. Mitigate strategies are needed 

• air conditioner, improved cooking fuels and ventilation system etc.
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