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CHAPTER 5

IMMUNOLOGICAL EFFECTS OF CLIMATE CHANGE: 
SYSTEMIC RESPONSES TO ENVIRONMENTAL 
STRESSORS

Fatma YILMAZ AYDIN 1

INTRODUCTION
Humans have developed an immune system to protect themselves against environmental 
threats and to maintain their health. Climate change not only jeopardizes the health of 
our planet but is also increasingly affecting our immune health. In the post-industrial era, 
intensified deforestation, urbanization, mining, and the growing use of fossil fuels along 
with waste produced by agriculture and industry—have led to fundamental changes in the 
physical and chemical nature of the Earth. There is mounting evidence that climate-relat-
ed exposures such as air pollution, temperature fluctuations, wildfires, extreme weather 
events, and biodiversity loss significantly impair immune system functioning. In recent 
years, increasing urbanization, widespread antibiotic use, exposure to toxic chemicals, 
reduced contact with biodiverse environments, less diverse diets, and lack of physical ac-
tivity have collectively created conditions that elevate the global risk of skin and mucosal 
barrier dysfunction, microbial dysbiosis, and immune dysregulation (1). The epithelial 
barrier hypothesis posits that exposure to air pollutants and other toxic substances in 
water, air, and food such as household cleaners, detergents, food emulsifiers, preserva-
tives, microplastics, and pesticides damages the epithelial barrier. This damage enhances 
the penetration of microbes and allergens, leading to an increase in pro-inflammatory 
responses (2). A defective epithelial barrier has been demonstrated in asthma and allergic 
diseases (3). Furthermore, intestinal barrier defects and microbial dysbiosis have been 
implicated in various autoimmune diseases, allergic conditions, and cancers (4,5).

Moreover, the loss of biodiversity is increasingly disrupting the development of tolero-
genic immune responses. Under normal conditions, naïve T helper (Th) cells differentiate 
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48.	 Arias-Pérez RD, Taborda NA, Gómez DM, Narvaez JF, Porras J, Hernandez JC. Inflammatory 
effects of particulate matter air pollution. Environ Sci Pollut Res Int (2020) 27(34):42390–404. 
doi: 10.1007/s11356-020-10574-w

49.	 Prunicki MM, Dant CC, Cao S, Maecker H, Haddad F, Kim JB, et al. Immunologic effects of fo-
rest fire exposure show increases in IL-1b and CRP. Allergy (2020) 75(9):2356–8. doi: 10.1111/
all.14251

50.	 Cheng H, Narzo AD, Howell D, Yevdokimova K, Zhang J, Zhang X, et al. Ambient air pollutants 
and traffic factors were associated with blood and urine biomarkers and asthma risk. Environ 
Sci Technol (2022) 56(11):7298–307. doi: 10.1021/acs.est.1c06916

51.	  Chu H, Huang FQ, Yuan Q, Fan Y, Xin J, Du M, et al. Metabolomics identifying biomarkers of 
PM2.5 exposure for vulnerable population: based on a prospective cohort study. Environ Sci 
Pollut Res Int (2021) 28(12):14586–96. doi: 10.1007/s11356- 020-11677-0

52.	 Long L, Zhu LT, Huang Q. Correlation between lung cancer markers and air pollutants in 
western China population. Environ Sci Pollut Res Int (2022) 29 (42):64022–30. doi: 10.1007/
s11356-022-20354-3

53.	 United States Environmental Protection Agency. Climate change indicators: wildfires (2022). 
Available at: https://www.epa.gov/climate-indicators/climate-changeindicators- wildfires

54.	 Hill W, Lim EL, Weeden CE, Lee C, Augustine M, Chen K, et al. Lung adenocarcinoma promo-
tion by air pollutants. Nature (2023) 616(7955):159–67. doi: 10.1038/s41586-023-05874-3.

55.	 Fu P, Li R, Sze SCW, Yung KKL. Associations between fine particulate matter and colorectal 
cancer: a systematic review and meta-analysis. Rev Environ Health (2023). doi: 10.1515/re-
veh-2022-0222



60

Global Climate Change and Health

56.	 Adami G, Pontalti M, Cattani G, Rossini M, Viapiana O, Orsolini G, et al. Association between 
long-term exposure to air pollution and immune-mediated diseases: a population-based co-
hort study. RMD Open (2022) 8(1):e002055. doi: 10.1136/rmdopen-2021-002055

57.	 Zhao N, Smargiassi A, Jean S, Gamache P, Laouan-Sidi EA, Chen H, et al. Longterm exposure 
to fine particulate matter and ozone and the onset of systemic autoimmune rheumatic diseases: 
an open cohort study in Quebec, Canada. Arthritis Res Ther (2022) 24(1):151. doi: 10.1186/
s13075-022-02843-5


