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Abstract 

Chronic obstruc�ve pulmonary disease (COPD) arises from interac�ons between gene�c suscep�bility and long-term 

exposure to harmful par�cles or gases. While smoking is known as the primary risk factor, environmental and 

occupa�onal pollutants (par�culate ma8er, biomass smoke, and diesel emissions) significantly contribute to disease 

development and progression. Climate change further worsens COPD by increasing ambient par�culate ma8er, 

ground-level ozone, and extreme temperature events. These exposures induce oxida�ve stress, airway inflamma�on, 

mucus hypersecre�on, and structural lung injury, leading to accelerated lung func�on decline and more frequent 

exacerba�ons. Extreme heat and cold further increase hospitaliza�on and mortality in COPD pa�ents, while indoor 

environmental factors driven by air-condi�oning use, humidity, and poor ven�la�on exacerbate the symptoms. These 

findings highlight the growing impact of environmental pollu�on and climate change on COPD burden worldwide. 
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Introduc�on  

Chronic obstruc�ve pulmonary 

disease (COPD) is a heterogeneous and 

progressive respiratory disorder 

characterized by persistent airflow 

limita�on and chronic respiratory 

symptoms such as dyspnea, cough, 

sputum produc�on, and frequent 

exacerba�ons. The disease results from 

structural and func�onal abnormali�es 

of the airways (chronic bronchi�s, 

bronchioli�s) and alveoli (emphysema), 

leading to irreversible obstruc�on and 

impaired gas exchange. Moreover, early-

life factors such as recurrent respiratory 

infec�ons, impaired lung development, 

and premature exposure to 

environmental toxins may reduce 

maximal lung growth and predispose 

individuals to COPD later in life.1 

COPD pathogenesis is primarily 

driven by prolonged exposure to 

noxious par�cles or gases that evoke 

abnormal and sustained inflammatory 

responses in the lung. Cigare8e smoking 

remains the predominant risk factor, 

accoun�ng for nearly 80% of cases in 

industrialized and developing countries. 

However, other contribu�ng factors, 

including gene�c suscep�bility such as 

α1-an�trypsin deficiency and 

polymorphisms in genes regula�ng 

inflamma�on or protease–an�protease 

balance, play important roles in disease 

onset and progression.1 

Environmental and occupa�onal 

exposures further exacerbate COPD risk, 

with chronic inhala�on of air pollu�on, 

biomass fuel smoke, vehicle emissions, 

industrial fumes, and dust being well-

established contributors. Occupa�onal 

environments such as mining, 

construc�on, and manufacturing are 

par�cularly high-risk due to con�nuous 

exposure to par�culate and chemical 

irritants.2,3 

Evidence suggests that climate 

change and the increasing burden of 

ambient par�culate ma8er (PM10, 

PM2.5, and PM0.1) are emerging 



Adityo Wibowo l The Growing Burden of Climate Change and Air Pollu�on on COPD Morbidity and Mortality 

JK Unila | Volume 9 | Nomor 2 | Desember 2025 |312 

 

contributors to COPD. Rising 

temperatures, droughts, and wildfires 

have elevated levels of airborne 

pollutants, which can induce oxida�ve 

stress, airway inflamma�on, and 

accelerated decline in lung func�on. 

Taken together, the interplay of gene�c, 

environmental, and developmental 

factors highlights the complex, 

mul�factorial nature of COPD 

pathogenesis and emphasizes its 

increasing global health impact in the 

context of ongoing climate and 

environmental changes.4,5 

 

Environmental Pollu�on and Lung 

Injury 

Environmental pollu�on 

significantly contributes to lung damage 

beyond the effects of smoking. Climate 

change adversely impacts lung func�on 

through various direct and indirect 

mechanisms, increasing risks for both 

healthy individuals and those with pre-

exis�ng respiratory condi�ons. Rising 

global temperatures lead to more 

frequent and severe extreme weather 

events, such as heat waves, wildfires, 

and droughts, which raise the levels of 

respiratory irritants and airborne 

par�culate ma8er.6,7 

Air pollu�on from vehicle 

emissions, industrial sources, and 

climate-related events has been 

consistently associated with faster lung 

func�on decline, higher rates of acute 

respiratory failure, and greater overall 

mortality from cardiopulmonary 

diseases. This burden is expected to 

increase in the coming decades as 

climate change con�nues to affect air 

quality, environmental exposures, and 

the spread of allergens and infec�ous 

disease vectors.7,8 

Air condi�oning significantly 

contributes to increased air pollu�on, 

especially in urban areas. Air 

condi�oners are available in one-third of 

homes worldwide, with higher usage 

rates in high-income countries. The 

global average usage of air condi�oning 

is currently about 28%, projected to rise 

to 41-55% by 2050. Increased air 

condi�oning use leads to higher 

emissions of nitrogen oxides (NOx) and 

par�culate ma8er (PM). NOx is a 

precursor to secondary par�culate 

forma�on and ozone, which worsens 

ambient air pollu�on. This creates a 

nega�ve feedback loop where urban 

cooling efforts paradoxically worsen 

local air quality and atmospheric 

pollutant levels, thereby increasing 

respiratory and cardiovascular health 

risks.9-11 

In Indonesia, par�culate ma8er 

(PM2.5) pollu�on is a major health 

concern, especially in large ci�es. Data 

from 2023-2024 shows that average 

PM2.5 levels in Indonesia significantly 

exceed the World Health Organiza�on 

(WHO) guideline of 5 µg/m³. The 

popula�on-weighted average PM2.5 

concentra�on in Indonesia in 2024 was 

about 35.5 µg/m³, roughly seven �mes 

higher than the WHO-recommended 

limit. This high level of par�culate 

ma8er poses not only serious health 

risks but also exacerbates climate 

change by affec�ng atmospheric 

condi�ons. PM2.5 par�cles absorb and 

sca8er sunlight, changing the Earth’s 

radia�ve balance, and serve as nuclei for 

cloud forma�on, which influences 

precipita�on pa8erns and regional 

weather. Moreover, these pollutants 

contribute to atmospheric warming by 

increasing greenhouse gases and 
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intensifying droughts, which in turn 

worsen air quality through increased 

wildfires and dust emissions.12,13 

Several provincial capitals across 

Indonesia experience significantly 

elevated levels of air pollu�on. The high 

levels of PM2.5 air pollu�on become a 

concern that people living there could 

gain more than two extra years of life if 

the air met the WHO clean-air standards. 

The main causes include factory 

emissions, vehicle exhaust (especially 

from diesel engines), burning of waste, 

dust from construc�on, and coal-

powered plants. Pollu�on oPen gets 

worse during the dry season, heavy rain 

periods, and droughts, causing thick 

haze and many days of unhealthy air.14,15 

 

Climate Change and The Effect on COPD 

Pa�ents 

Climate change contributes to 

the worsening of air pollu�on. Rising 

temperatures influence both the 

forma�on and dispersion of pollutants 

by altering wind pa8erns, solar radia�on, 

and precipita�on, par�cularly in urban 

environments. As a result, climate 

change has increased ground-level 

ozone concentra�ons in already 

polluted regions, raised emissions of 

vola�le organic compounds (VOCs), and 

reduced nitrogen oxide (NOx) 

sequestra�on. These factors directly 

contribute to higher mortality and 

morbidity rates and indirectly 

exacerbate or increase the risk of 

pulmonary diseases linked to extreme 

weather condi�ons.10,11 

Rapid climate change induces 

high levels of par�culate ma8er (PM10, 

PM2.5, and PM0.1), which has been 

associated with increased inflamma�on, 

oxida�ve stress, and even progressive 

fibro�c changes in the respiratory tract. 

Extreme temperatures and humidity 

fluctua�ons further exacerbate 

respiratory symptoms and acute 

exacerba�ons, especially in popula�ons 

with COPD.16,17  

Increased exposure to fine 

par�culate ma8er (PM) and diesel 

exhaust par�cles (DEP), significantly 

worsens COPD through mul�ple harmful 

mechanisms. Micro par�cles of PM2.5 

and 0.1 deposits deeply in the small 

airways and alveoli, inducing chronic 

inflamma�on, oxida�ve stress, and 

immune cell recruitment (neutrophil, 

eosinophils, and macrophages), which 

contribute to airway remodeling and 

fibrosis. Studies show that PM exposure 

leads to goblet cell hyperplasia and 

mucus hypersecre�on, increasing 

airway obstruc�on and lung resistance. 

It also promotes fibro�c changes around 

small airways and parenchymal �ssue 

damage, and worsening airflow 

limita�on.18,19 

Clinically, exposure to par�culate 

ma8er (PM) induces COPD symptoms, 

leads to a decline in lung func�on, and 

elevates the incidence of acute 

exacerba�ons and hospitaliza�ons. The 

oxida�ve stress induced by PM results in 

mitochondrial impairment and 

disrup�on of the epithelial barrier, 

further worsening pulmonary injury. 

Prolonged exposure increases the risk of 

COPD onset and accelerates disease 

progression. Pa�ents with COPD who 

are chronically exposed to high levels of 

par�culate ma8er experience 

worsening respiratory symptoms, 

impaired lung mechanics, and 

decreased quality of life.19,20 

Studies found that individuals 

with COPD have an increased risk of 
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mortality due to exposure to extreme 

temperatures. During summer, high 

temperatures can raise the risk of death 

from COPD by up to 25%. In contrast, 

cold weather increases the risk of 

mortality during winter by about 20%, 

with one study revealing a 4.8% rise in 

mortality for every 1°C drop in 

temperature below 11°C over the 

following month.21  

The specific causes of death 

among individuals with COPD during 

extreme temperature events are not yet 

well understood. Mortality may be 

related to increased cardiac stress, but 

other factors, such as infec�on-related 

exacerba�ons, increased airway 

inflamma�on, damage to the airway 

epithelium, and cold-induced 

bronchoconstric�on, are also likely to 

play important roles. Beyond mortality, 

exposure to both heat and cold has been 

linked to a higher risk of COPD-related 

hospital admissions. For instance, a 

study in New York City reported a 7.6% 

increase in COPD hospitaliza�ons for 

every 1 °C rise above a threshold of 29 °C. 

Similarly, research from Taiwan showed 

a 0.8% increase in COPD exacerba�ons 

for every 1 °C decrease in the average 

daily temperature.21-23 

Climate change influences both 

the emission and the spread of primary 

air pollutants, especially par�culate 

ma8er, and also increases the forma�on 

of secondary pollutants such as ground-

level ozone. Growing evidence shows 

that air pollu�on is associated with 

worse symptoms, higher exacerba�on 

rates, and an increased risk of death in 

individuals with COPD. Several studies 

have also reported synergis�c effects 

between heat and air pollu�on, leading 

to higher rates of all-cause mortality, 

respiratory-related mortality, and 

hospital admissions in the general 

popula�on. In Taipei, Taiwan, elevated 

levels of ozone and PM2.5 were found to 

increase the risk of hospital admissions 

on ho8er days.10,23 

Studies show that many people 

with more severe disease of COPD 

spend most of their �me indoors due to 

physical limita�ons or dependence on 

oxygen devices. Indoor temperature and 

humidity can vary widely even when 

outdoor condi�ons are similar, and are 

influenced by factors such as building 

design (e.g., insula�on, hea�ng, 

sunshades, and ven�la�on), 

socioeconomic condi�ons, and daily 

ac�vi�es like cooking or bathing. Indoor 

temperatures are oPen higher than 

outdoor temperatures, even during 

heatwaves, and high indoor humidity 

can worsen heat-related stress by 

reducing the body’s ability to cool itself. 

Elevated humidity may also promote the 

growth of microorganisms inside the 

home. Together, these climate-related 

indoor environmental changes can 

worsen the clinical condi�on of pa�ents 

with COPD.16,24 

 

Conclusion  

In summary, climate change has 

become a growing concern that worsens 

air pollu�on and increases exposure to 

extreme temperatures. These climate-

related extremes, such as severe heat or 

cold, can directly affect the airways of 

people with COPD, triggering symptoms 

and exacerba�ons. Together, these 

environmental pressures now play a 

significant role in the overall burden and 

progression of the disease. 

 

 



Adityo Wibowo l The Growing Burden of Climate Change and Air Pollu�on on COPD Morbidity and Mortality 

JK Unila | Volume 9 | Nomor 2 | Desember 2025 |315 

 

References  

1. Global Ini�a�ve for Chronic 

Obstruc�ve Lung Disease. Global 

Strategy for Preven�on, Diagnosis 

and Management of COPD: 2026 

Report. Available 

from: h8ps://goldcopd.org/2026-

gold-report-and-pocket-guide/. 

2. Bongers Q, Comellas AP. Impact of 

occupa�onal exposures in pa�ents 

with chronic obstruc�ve pulmonary 

disease: current understanding and 

knowledge gaps. Curr Opin Pulm 

Med. 2025 Mar 1;31(2):98-105. doi: 

10.1097/MCP.0000000000001141. 

Epub 2024 Nov 20. PMID: 39564609; 

PMCID: PMC12529574. 

3. Mishra J, Acharya S, Taksande AB, 

Prasad R, Munjewar PK, Wanjari MB. 

Occupa�onal risks and chronic 

obstruc�ve pulmonary disease in 

the indian subcon�nent: a cri�cal 

review. Cureus. 2023 Jun 

29;15(6):e41149. doi: 

10.7759/cureus.41149. PMID: 

37519550; PMCID: PMC10386883. 

4. Taylor-Blair HC, Siu ACW, Haysom-

McDowell A, Kokkinis S, Bani Saeid A, 

Chellappan DK, Oliver BGG, Paudel 

KR, De Rubis G, Dua K. The impact of 

airborne par�culate ma8er-based 

pollu�on on the cellular and 

molecular mechanisms in chronic 

obstruc�ve pulmonary disease 

(COPD). Sci Total Environ. 2024 Dec 

1;954:176413. doi: 

10.1016/j.scitotenv.2024.176413. 

Epub 2024 Sep 23. PMID: 39322084. 

5. Balakrishnan B, Callahan SJ, Cherian 

SV, Subramanian A, Sarkar S, Bha8 N, 

Scholand MB. Climate change for the 

pulmonologist: A focused review. 

Chest. 2023 Oct;164(4):963-974. 

doi: 10.1016/j.chest.2023.04.009. 

Epub 2023 Apr 11. PMID: 37054776. 

6. Chen F, Zhang W, Mfarrej MFB, 

Saleem MH, Khan KA, Ma J, Raposo 

A, Han H. Breathing in danger: 

Understanding the multifaceted 

impact of air pollution on health 

impacts. Ecotoxicol Environ Saf. 

2024 Jul 15;280:116532. doi: 

10.1016/j.ecoenv.2024.116532. 

Epub 2024 Jun 7. PMID: 38850696. 

7. Andersen ZJ, Vicedo-Cabrera AM, 

Hoffmann B, Melén E. Climate 

change and respiratory disease: 

clinical guidance for healthcare 

professionals. Breathe (Sheff). 2023 

Jun;19(2):220222. doi: 

10.1183/20734735.0222-2022. 

Epub 2023 Jul 11. PMID: 37492343; 

PMCID: PMC10365076. 

8. Abdul-Nabi SS, Al Karaki V, Khalil A, 

El Zahran T. Climate change and its 

environmental and health effects 

from 2015 to 2022: A scoping 

review. Heliyon. 2025 Jan 

28;11(3):e42315. doi: 

10.1016/j.heliyon.2025.e42315. 

PMID: 39975822; PMCID: 

PMC11835584. 

9. Falchetta G, Cian E, Pavanello F, 

Wing IS. Inequalities in global 

residential cooling energy use to 

2050. Nat Commun. 2024 Sep 

16;15(1):7874. doi: 

10.1038/s41467-024-52028-8. 

Erratum in: Nat Commun. 2024 Oct 

31;15(1):9425. doi: 

10.1038/s41467-024-53876-0. 

PMID: 39284805; PMCID: 

PMC11405700. 

10. Taha SS, Idoudi S, Alhamdan N, 

Ibrahim RH, SurkaW R, Amhamed A, 

Alrebei OF. Comprehensive review 

of health impacts of the exposure to 



Adityo Wibowo l The Growing Burden of Climate Change and Air Pollu�on on COPD Morbidity and Mortality 

JK Unila | Volume 9 | Nomor 2 | Desember 2025 |316 

 

nitrogen oxides (NOx), carbon 

dioxide (CO2), and par�culate 

ma8er (PM). J Hazard Mater Adv. 

2025 Aug;19:100771. doi: 

10.1016/j.hazadv.2025.100771. 

11. Yang S, Li M, Guo C, Requia WJ, 

Sakhvidi MJZ, Lin K, Zhu Q, Chen Z, 

Cao P, Yang L, Luo D, Yang J. 

Associations of long-term exposure 

to nitrogen oxides with all-cause and 

cause-specific mortality. Nat 

Commun. 2025 Feb 18;16(1):1730. 

doi: 10.1038/s41467-025-56963-y. 

PMID: 39966376; PMCID: 

PMC11836065. 

12. Abidin AU, Munawaroh AL, Rosinta 

A, Sulistiyani AT, Ardianta I, Iresha 

FM. Environmental health risks and 

impacts of PM2.5 exposure on 

human health in residential areas, 

Bantul, Yogyakarta, Indonesia. 

Toxicol Rep. 2025 Feb 5;14:101949. 

doi: 10.1016/j.toxrep.2025.101949. 

PMID: 40026480; PMCID: 

PMC11869533. 

13. Manavi SEI, Aktypis A, Siou� E, 

Myriokefalitakis S, Kanakidou M, 

Pandis SN. Atmospheric aerosol 

spa�al variability: Impacts on air 

quality and climate change. One 

Earth. 2025 Mar 21;8(3):101237. 

doi: 

10.1016/j.oneear.2025.101237.  

14. Syuhada G, Akbar A, Hardiawan D, 

Pun V, Darmawan A, Heryati SHA, 

Siregar AYM, Kusuma RR, Driejana R, 

Ingole V, Kass D, Mehta S. Impacts of 

air pollution on health and cost of 

illness in Jakarta, Indonesia. Int J 

Environ Res Public Health. 2023 Feb 

7;20(4):2916. doi: 

10.3390/ijerph20042916. PMID: 

36833612; PMCID: PMC9963985. 

15. Novika F. Es�ma�ng air pollu�on 

index in indonesia as effort to 

increase life expectancy. In: 

Proceedings of the 4th Science and 

Mathema�cs Interna�onal 

Conference (SMIC 2024). Atlan�s 

Press; 2024 Dec 26. p. 7-17. DOI: 

10.2991/978-94-6463-624-6_2.  

16. Valderrama A, Ortiz-Hernández P, 

Agraz-Cibrián JM, Tabares-Guevara 

JH, Gómez DM, Zambrano-Zaragoza 

JF, Taborda NA, Hernandez JC. 

Particulate matter (PM10) induces in 

vitro activation of human 

neutrophils, and lung 

histopathological alterations in a 

mouse model. Sci Rep. 2022 May 

9;12(1):7581. doi: 10.1038/s41598-

022-11553-6. PMID: 35534522; 

PMCID: PMC9083477. 

17. Hamanaka RB, Mutlu GM. 

Particulate matter air pollution: 

effects on the respiratory system. J 

Clin Invest. 2025 Sep 

2;135(17):e194312. doi: 

10.1172/JCI194312. PMID: 

40892514; PMCID: PMC12404767. 

18. Fang ZF, Wang ZN, Chen Z, Peng Y, 

Fu Y, Yang Y, Han HL, Teng YB, Zhou 

W, Xu D, Liu XY, Xie JX, Zhang JJ, 

Zhong NS. Fine particulate matter 

contributes to COPD-like 

pathophysiology: experimental 

evidence from rats exposed to diesel 

exhaust particles. Respir Res. 2024 

Jan 4;25(1):14. doi: 

10.1186/s12931-023-02623-y. 

PMID: 38178075; PMCID: 

PMC10765838. 

19. Singh N, Sharma S. Molecular and 

immunological mechanisms 

associated with diesel exhaust 

exposure. Targets. 2025;3(2):14. 

doi:10.3390/targets3020014. 



Adityo Wibowo l The Growing Burden of Climate Change and Air Pollu�on on COPD Morbidity and Mortality 

JK Unila | Volume 9 | Nomor 2 | Desember 2025 |317 

 

20. Xu M, Feng P, Yan J, Li L. 

Mitochondrial quality control: a 

pathophysiological mechanism and 

potential therapeutic target for 

chronic obstructive pulmonary 

disease. Front Pharmacol. 2025 Jan 

3;15:1474310. doi: 

10.3389/fphar.2024.1474310. 

PMID: 39830343; PMCID: 

PMC11739169. 

21. Xu J, Xu G, Liu Z, Hou R, Ji JS, Huang 

C. COPD risk due to extreme 

temperature exposure: combining 

epidemiological evidence with 

pathophysiological mechanisms. 

EBioMedicine. 2025 Jun;116:105731. 

doi: 10.1016/j.ebiom.2025.105731. 

Epub 2025 Apr 30. PMID: 40311422; 

PMCID: PMC12088773. 

22. Huh JY, Hong J, Han DW, Park YJ, 

Jung J, Lee SW. The impact of air 

pollutants and meteorological 

factors on chronic obstructive 

pulmonary disease exacerbations: A 

nationwide study. Ann Am Thorac 

Soc. 2022 Feb;19(2):214-226. doi: 

10.1513/AnnalsATS.202103-298OC. 

PMID: 34499589. 

23. Tran HM, Tsai FJ, Wang YH, Lee KY, 

Chang JH, Chung CL, Tseng CH, Su CL, 

Lin YC, Chen TT, Chen KY, Ho SC, 

Yang FM, Wu SM, Chung KF, Ho KF, 

Chuang KJ, Chuang HC. Joint effects 

of temperature and humidity with 

PM2.5 on COPD. BMC Public Health. 

2025 Feb 3;25(1):424. doi: 

10.1186/s12889-025-21564-3. 

PMID: 39901163; PMCID: 

PMC11789386. 

24. Qiu Y, Zhou Y, Chang Y, Liang X, 

Zhang H, Lin X, Qing K, Zhou X, Luo Z. 

The effects of ventilation, humidity, 

and temperature on bacterial 

growth and bacterial genera 

distribution. Int J Environ Res Public 

Health. 2022 Nov 20;19(22):15345. 

doi: 10.3390/ijerph192215345. 

PMID: 36430064; PMCID: 

PMC9691097. 

 

 

 

 

 


