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Acute Respiratory Distress Syndrome (ARDS) 

•  The incidence of ARDS: 64.2 to 78.9 cases/
100,000 population-year in U.S.  

•  Older adults are at high risk of developing 
ARDS (average 62 years) 

•  Mortality rate ranges from 40-60% 

Rubenfeld	et	al.	2005	Incidence	and	Outcomes	of	Acute	Lung	Injury	
	



Clinical risk factors for ARDS 

•  Sepsis remains the most common cause of 
ARDS (46%) 

•  Clinical risk factors account for ~ 85% of ARDS 
cases 

•  What are other risk factors associated with 
ARDS? 

 

Ware	et	al.	2000	The	Acute	Respiratory	Distress	Syndrome	



Environmental risk factors for ARDS 

*Rela9ve	risk	**No	odds	ra9o	or	rela9ve	risk	reported	
Moazed	2014	Environmental	Risk	Factors	for	ARDS	
	
	



Air pollution 

•  Fine particles (PM2.5) and ozone are associated with 
morbidity and mortality due to respiratory disease 

•  Short-term: 24-hour National Ambient Air Quality 
Standards (NAAQS) for PM2.5: 35 µg/m3; 8-hour ozone: 
70 ppb 

•  Long-term: annual NAAQS for PM2.5: 12 µg/m3; No 
annual standard for ozone 

•  Increased risk of all-cause mortality even below current 
standard (Di et al 2017 (1), Di et al 2017 (2)) 

 

Short-term	

Long-term	

Di et al 2017 (1) Association of Short-term Exposure to Air Pollution With Mortality in Older Adults ; Di et al 2017 (2) Air Pollution and Mortality in the Medicare 
Population	
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Study description 
 
•  An ecological time-series analysis 

(2009-2011) 

•  Daily emergency visit for ARDS in 
Guangzhou, China (daily count) 

•  Daily concentrations for PM10 , PM2.5 , 
PM1 

•  Same day air pollution, up to 5 days prior 
to emergency visit & moving average  

Short-term air pollution 



Main results 
 
•  17,002 emergency visit for ARDS 
 
•  A 5% increased risk of ARDS for an 

interquartile range (IQR) increase in 1-
day lagged PM10 concentration, 5% for 
PM2.5, and 4 % for PM1. 

•  IQR for PM10 (45 µg/m3) PM2.5 (32 µg/m3) 
PM1 (29 µg/m3) 

Short-term air pollution 



Strengths 
 
•  First study in China 

Limitations 

•  No adjustment for confounders (e.g. age, 
sex, smoking) other than weather effect 
& day of week  

Short-term air pollution 



Study description 
 
•  A cross-sectional analysis of air pollution 

and risk of in-hospital mortality among 
ARDS patients 

•  The 2011 Nationwide Inpatient Sample 
(NIS): 8,023,590 hospital admissions 

 
•  EPA county-level annual mean PM2.5 and 

annual daily maximum 8-hour ozone 
(2011) 

•  Comparing risk of in-hospital mortality for 
patients with ARDS in highly ozone 
polluted cities (e.g. LA, NYC, Las Vegas 
etc) vs the rest  

Long-term air pollution 



Main results 
 
•  93,950 ARDS patients. 30% were treated 

in a hospital located in a high ozone 
pollution area 

•  A 13% increased odds of in-hospital 
mortality for patients with ARDS treated 
in a hospital located in the high ozone 
pollution area vs the control area 

•  A 7% increased odds for each increase 
in annual ozone exposure by 0.01 ppm 

•  An 8% increased odds for each increase 
in annual average PM2.5 by 10 µg/m3 

Long-term air pollution 



Strengths 
 
•  Nation-wide data, large sample size 
 
 
Limitations 
 
•  A cross-sectional analysis  
•  Crude exposure assessment 

Long-term air pollution 



Study description 
 
•  Medicare inpatient data (aged ≥ 65 years) (~ 60 

million, 2000-2012) 

•  ARDS defined as ICD-9-CM codes 518.51-3, 518.82 
for either primary or secondary diagnosis (1.2 million 
ARDS hospital admissions) 

•  Annual counts of hospital admissions with ARDS per 
zip code (37,167 zip codes) 

Long-term air pollution 



Air pollution data 
 
•  Estimated ambient levels of PM2.5 and ozone using 

previously published prediction models 

•  Zip code level annual average concentrations for 
PM2.5 and ozone during the warm season (Apr-Sep) 

Di	et	al.	2017	A	hybrid	model	for	spa9ally	and	temporally	resolved	ozone	exposures	in	the	con9nental	United	States.	
Di	et	al.	2016	Assessing	PM2.5	exposures	with	high	spa9otemporal	resolu9on	across	the	con9nental	United	States.	

Long-term air pollution 



Statistical analyses 

•  Two-pollutant generalized linear mixed model with a 
random intercept assuming a Poisson distribution 
o  Adjusted for zip-code level covariates (age, sex, racial 

distribution, median household income, smoking, 
temperature, humidity) and year 

•  Restricted zip codes with low air pollution 
o  PM2.5 levels <12 μg/m3	or ozone levels <45 ppb 

Long-term air pollution 



Main results 

•  Long-term exposures to PM2.5 and ozone were associated with increased hospital 
admission rates for acute respiratory distress syndrome (ARDS) 

Long-term air pollution 



•  In low air pollution regions, the same annual 
increases in PM2.5 and ozone were associated with 
higher percent increases in hospital admission 
rates 

•   Increased admission rates even below current 
national standard (NAAQS for PM2.5 : 12 µg/m3) 

Main results 
Long-term air pollution 



Strengths 
•  Largest study 
•  First study investigating the older adults 

•  Estimated air pollution data, investigating areas not 
monitored by the EPA 

Limitations 
 
•  Unmeasured confounders 
•  Using ICD-9-CM codes to define ARDS 

 

Long-term air pollution 



Summary of current evidence 

•  Long-term exposure to PM2.5 and ozone are associated with 
increased risk of ARDS 

•  Increased admission rates for ARDS associated with long-term 
exposure to PM2.5 were found even below current national standard  



Next steps 

•  Individual-level analyses for both short-term and long-term exposure to air pollution 
associated with risk of ARDS and ARDS mortality 

•  Replicating studies in racially/ethnically diverse populations 

•  Mediation analyses (air pollution-comorbidities-ARDS) 
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