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INTRODUCTION

• Identify the association between air pollution as 
measured by PM2.5 and the incidence of head and 
neck cancers.

• Delineate subsites of the upper aerodigestive tract 
affected by PM2.5

• Analyze the time dependent relationship of air 
pollution on head and neck cancer incidence using 
lag models. 

OBJECTIVES

• The relationship between US county mean PM2.5
levels and head and neck cancer incidence rate was 
examined using an additive mixed model. Lagged 
effect of the pollutant’s effect on head and neck 
cancer incidence was analyzed.

METHODS

RESULTS

CONCLUSIONS

• There is a significant associated between PM2.5 levels 
and the incidence of head and neck cancer, with the 
strongest correlation at a 5-year lag period  (b = 0.25, 
p-value < 0.01). The association was also significant 
at no lag (b = 0.18, p-value <0.01) and up to a 20-year 
lag period (b = 0.16, p-value <0.01). 
•Head and neck cancer incidence overall and by 

subsite including combined non-oropharyngeal sites, 
oral cavity, and laryngeal cancer incidence are 
associated with increased exposure to PM2.5 
pollution at various time intervals. 
• The effects were most pronounced 5 years after 

exposure to PM2.5. 
• This study supports the increasing body of literature 

on environmental health and the importance of 
strong air quality standards in decreasing the risk of 
various cancers, including head and neck cancer.

REFERENCES
1. Loomis D, Grosse Y, Lauby-Secretan B, et al. The carcinogenicity of outdoor air pollution. Lancet Oncol. Dec 2013;14(13):1262-3. doi:10.1016/s1470-2045(13)70487-x
2. Vo TTT, Lee C-W, Wu C-Z, et al. Surfactin from Bacillus subtilis attenuates ambient air particulate matter-promoted human oral cancer cells metastatic potential. Journal of 
Cancer. 2020;11(20):6038-6049. doi:10.7150/jca.48296
3. Bai L, Shin S, Burnett RT, et al. Exposure to ambient air pollution and the incidence of lung cancer and breast cancer in the Ontario Population Health and Environment Cohort. 
International Journal of Cancer. 2020;146(9):2450-2459. doi:10.1002/ijc.32575
4. Hamra GB, Guha N, Cohen A, et al. Outdoor particulate matter exposure and lung cancer: a systematic review and meta-analysis. Environ Health Perspect. Sep 
2014;122(9):906-11. doi:10.1289/ehp/1408092
5. Raaschou-Nielsen O, Andersen ZJ, Beelen R, et al. Air pollution and lung cancer incidence in 17 European cohorts: prospective analyses from the European Study of Cohorts for 
Air Pollution Effects (ESCAPE). The Lancet Oncology. 2013-08-01 2013;14(9):813-822. doi:10.1016/s1470-2045(13)70279-1
6. Zhang ZY, Zhu DW, Cui B, Ding RX, Shi XF, He P. Association between particulate matter air pollution and lung cancer. Thorax. Jan 2020;75(1):85-87. doi:10.1136/thoraxjnl-
2019-213722
7. Coleman NC, Burnett RT, Ezzati M, Marshall JD, Robinson AL, Pope CA, 3rd. Fine Particulate Matter Exposure and Cancer Incidence: Analysis of SEER Cancer Registry Data 
from 1992-2016. Environ Health Perspect. Oct 2020;128(10):107004. doi:10.1289/ehp7246
8. Meng J, Li C, Martin RV, Van Donkelaar A, Hystad P, Brauer M. Estimated Long-Term (1981–2016) Concentrations of Ambient Fine Particulate Matter across North America 
from Chemical Transport Modeling, Satellite Remote Sensing, and Ground-Based Measurements. Environmental Science & Technology. 2019;53(9):5071-5079. 
doi:10.1021/acs.est.8b06875
9. Dwyer-Lindgren L, Flaxman AD, Ng M, Hansen GM, Murray CJ, Mokdad AH. Drinking Patterns in US Counties From 2002 to 2012. Am J Public Health. Jun 
2015;105(6):1120-7. doi:10.2105/ajph.2014.302313
10. Accessed 9/22/22. https://www.countyhealthrankings.org/
11. Dwyer-Lindgren L, Mokdad AH, Srebotnjak T, Flaxman AD, Hansen GM, Murray CJ. Cigarette smoking prevalence in US counties: 1996-2012. Popul Health Metr. Mar 24 
2014;12(1):5. doi:10.1186/1478-7954-12-5
12. Kim H, Lee JT. On inferences about lag effects using lag models in air pollution time-series studies. Environ Res. Apr 2019;171:134-144. doi:10.1016/j.envres.2018.12.032
13. Di Q, Wang Y, Zanobetti A, et al. Air Pollution and Mortality in the Medicare Population. New England Journal of Medicine. 2017;376(26):2513-2522. 
doi:10.1056/nejmoa1702747
14. Bert B, Maciej S, Jie C, et al. Mortality and Morbidity Effects of Long-Term Exposure to Low-Level PM(2.5), BC, NO(2), and O(3): An Analysis of European Cohorts in the 
ELAPSE Project. Res Rep Health Eff Inst. Sep 2021;(208):1-127. 
15. Turner MC, Andersen ZJ, Baccarelli A, et al. Outdoor air pollution and cancer: An overview of the current evidence and public health recommendations. CA Cancer J Clin. 
Aug 25 2020;doi:10.3322/caac.21632
16. Sapkota A, Zaridze D, Szeszenia-Dabrowska N, et al. Indoor air pollution from solid fuels and risk of upper aerodigestive tract cancers in Central and Eastern Europe. 
Environmental Research. Jan 2013;120:90-95. doi:10.1016/j.envres.2012.09.008
17. Ku MS, Siewchaisakul P, Yen AMF, Liu CY. The Association between Ambient Fine Particulate Matter and Oral Neoplasm among Smokers and Betel Quids Chewers. Aerosol 
and Air Quality Research. Oct 2021;21(10)210060. doi:10.4209/aaqr.210060
18. Chu YH, Kao SW, Tantoh DM, Ko PC, Lan SJ, Liaw YP. Association between fine particulate matter and oral cancer among Taiwanese men. J Investig Med. Jan 
2019;67(1):34-38. doi:10.1136/jim-2016-000263
19. Huang H-C, Tantoh DM, Hsu S-Y, et al. Association between coarse particulate matter (PM<sub>10-2.5</sub>) and nasopharyngeal carcinoma among Taiwanese men. Journal 
of Investigative Medicine. 2020;68(2):419-424. doi:10.1136/jim-2019-001119
20. Fan H-C, Chen C-Y, Hsu Y-C, et al. Increased risk of incident nasopharyngeal carcinoma with exposure to air pollution. PLOS ONE. 2018;13(9):e0204568. 
doi:10.1371/journal.pone.0204568
21. Yang T, Liu Y, Zhao W, Chen Z, Deng J. Association of Ambient Air Pollution with Nasopharyngeal Carcinoma Incidence in Ten Large Chinese Cities, 2006-2013. Int J 
Environ Res Public Health. Mar 11 2020;17(6)doi:10.3390/ijerph17061824
22. Yu P, Xu R, Li S, et al. Associations between long-term exposure to wildfire-related particulate matter and site-specific cancer mortality: a national study in Brazil, 2010–16. 
The Lancet Oncology. 2022;23:S6. doi:10.1016/s1470-2045(22)00405-3
23. Yanagi Y, Assunção JVD, Barrozo LV. The impact of atmospheric particulate matter on cancer incidence and mortality in the city of São Paulo, Brazil. Cadernos de Saúde
Pública. 2012;28(9):1737-1748. doi:10.1590/s0102-311x2012000900012
24. Eckel SP, Cockburn M, Shu YH, et al. Air pollution affects lung cancer survival. Thorax. Oct 2016;71(10):891-8. doi:10.1136/thoraxjnl-2015-207927

Author Affiliations: 1. Wayne State University Department of Otolaryngology- Head and Neck Surgery; 2. Center for Surgery and Public Health, Department of Surgery, Brigham and Women's Hospital; 3. Biostatistics for the Center for Surgery and 
Public Health at Harvard Medical School; 4. Brigham and Women's Hospital, Division of Otolaryngology-Head & Neck Surgery; 5. Harvard Medical School, Massachusetts Eye and Ear; 6. Johns Hopkins Otolaryngology-Head and Neck Surgery

John Peleman MD 1; Mengyuan Ruan MS 2; Tanujit Dey PhD 3; Simon Chiang 4; Amanda Dilger MD 5; Murrugapan Ramanathan MD 6; Leila Mady MD, PhD, MPH 6; Sophie Yu 4; 
John Cramer MD 1; Stella E. Lee MD 4 

Air Pollution Exposure and Head and Neck Cancer Incidence

• It is well-documented that compounds present in air 
pollution with a particle diameter less than 2.5 
microns (PM2.5 ) have carcinogenic properties.1,2

Long-term exposure to PM2.5 has been linked to 
higher incidence and mortality rates of lung cancer, 
particularly in non-smokers. 1,3-6 Therefore, it is not 
surprising that the International Agency for Research 
on Cancer (IARC) has classified air pollution, 
particularly PM2.5, as a causal agent (Group 1 
carcinogen) for lung cancer.1

• Data linking air pollution and head and neck cancer 
incidence are more limited. Recent studies have 
associated PM2.5 exposure with selected cancer 
incidence including oral cancer, on a United States 
(US) county level with various lag models up to 15 
years.7 However, site-specific incidence relationships 
to air pollution are still lacking.  

• This work seeks to identify the association between 
air pollution as measured by PM2.5 and the incidence 
of head and neck cancers. We use cancer registry 
data focusing on overall and site-specific incidences 
of head and neck cancer and appropriate lag models. 
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Variable Statistics
PM 2.5 average concentration 
(µg/m3), median (IQR)

9.51 (7.85-11.4)

Female%, median (IQR) 50.6% (49.9% - 51.3%)
Age

% over 65 years old, median (IQR) 23.1% (21.5% - 25.0%)

% under 18 years old, median 
(IQR)

16.0% (13.7% - 18.6%)

Race
White (%), median (IQR) 91.2% (72.5% - 97.2%)
Black (%), median (IQR) 4.1% (1.0% - 22.7%)
Hispanic (%), median (IQR) 3.2% (1.6% - 8.5%)

Smoker%, median (IQR) 19.8% (16.5% - 22.8%)
Binge Drinking, median (IQR) 14.5% (11.6% - 18.7%)
Median Income, median (IQR) 55,500 (46,800 - 66,000)

Population, median (IQR) 24,100 (12,900 - 73,500)

Figure 1. PM2.5 pollution effect on Head and Neck Cancer incidence and by subsite, unadjusted for covariates.
Lag: years. Blue denotes statistical significance and orange denotes insignificant effect. 

Figure 2. PM2.5 pollution effect on Head and Neck Cancer incidence and by subsite, adjusted for covariates.
Lag: years. Blue denotes statistical significance and orange denotes insignificant effect.
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