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Climate and 
Health

•Air pollution
•Wildfires
•Heat
•Covid





What is the relationship of climate change and air quality?
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and 
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Association of Short-term Exposure to 
Ozone With Mortality in Older Adults
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Association of Short-term Exposure to Particulate 
Matter With Mortality in Older Adults



problems—largely secondary PM in the winter and largely primary PM in the fall,
making the challenge to control PM levels more dif!cult.

Lastly, recent research has turned attention to ultra!ne particles (UFPs), par-
ticulate matter less than 100 nm in diameter. Unlike the larger PM classi!cations,
the EPA does not regulate ultra!ne particles. This is due in part because these very
!ne particles are more dif!cult to measure and monitor. Yet, UFPs are thought to
cause even more harm because their small size allows them to circulate more freely
through the body. These particles then may cause inflammation, igniting a cycle of
various health problems, including alveolar inflammation and exacerbations of
cardiopulmonary diseases (Penttinen 2001).

1.2 Role of Gaseous Pollutants

Ozone (O3), a byproduct of TRAP, is a secondary air pollutant. It is formed when
the TRAP components of volatile organic compounds (VOCs) and nitrogen oxides
(NO2, NOx) react in sunlight. The photochemical smog and ozone gas are a risk to
human health, especially when winds are light or calm. Unfortunately, 97 % of
summer days in Fresno are sunny and hot, providing ideal conditions for ozone
formation (Steiner 2010).

Fig. 1 Particulate matter (PM) is classi!ed according to particle diameter, commonly in categories
of PM2.5 (particles 2.5 !m and smaller) and PM10 (particles 10.0 !m and smaller). Dust storm
modeling assumes aerodynamic, round particles such as those depicted. Figure courtesy of US EPA

The Air We Breathe: How Extreme Weather Conditions Harm Us 297Toxins can be active at parts per billion

S.L. Steinberg and W.A. Sprigg (eds.), Extreme Weather, Health, and Communities, Extreme 
Weather and Society, 2016

Particulate matter (PM) is 
classified according to particle 
diameter, commonly in 
categories of PM2.5 (particles 
2.5 μm and smaller) and PM10 
(particles 10.0 μm and 
smaller).

Figure courtesy of US EPA



(American Assoc for Respir Care, 2011)

Particle Inhalation Based on Size



(Wu, 2018I)

What are the effects of the PM2.5 once inside the body?

• Lung inflammation
• 1.6 million COPD deaths
• Asthma exacerbations

• Systemic inflammation
• Cardiovascular system

• 19% CVD deaths
• 21% stroke deaths

• Immune system
• Allergies
• Autoimmune disorders

• Endocrine System
• Diabetes

• Brain
• Alzheimer's
• Lower child IQ
• Autism

• Cancer
• 500,000 lung cancer deaths
• Bladder cancer
• Childhood leukemia



Science News, 29 set. 2018. v. 194, n. 6, p. 32.

PM2.5 is shortening lives around the world
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• Primary air pollutants

• Particulate Matter (PM)
• CO
• NO2

• Polycyclic aromatic hydrocarbons (PAHs)
• Volatile organic compounds (VOCs)

• Secondary air pollutants
• Particulate Matter (PM)
• Ozone Over 80% of wildfire smoke is PM2.5

•When vehicles and buildings burn:
• Structural fire smoke contains other toxic air contaminants

• HCN, HCl, phosgene, metals
• toluene, styrene, dioxins
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Chemistry of Wildfires



Wildfire and Health: Respiratory Effects

Wildfire PM2.5 assoc with inflammation-related respiratory effects

Asthma: Increased ER and hospital admissions 
• Peat forest fires in NC (Rappold, 2011), Bush fires in Australia (Morgan, 2010), Forest fires in 

British Columbia (Henderson, 2011)
• Increase of 70 ug/m3 assoc with 34% increase in asthma admissions in CA (Delfino, 2009)
• Elderly: Age >65 % had 10.1% increase in asthma admissions per 10 ug/m3increase in PM2.5

(Delfino, 2009).

COPD: Increased ER and hospital admissions
• Increase 3.8% of admission assoc with 10 ug/m3 increase of PM10 (Morgan, 2010)
• Increase 6.9% admission assoc with 10 ug/m3 increase PM2.5 (Delfino, 2009)

Acute bronchitis and pneumonia admissions increased
• Every 10 ug/m3 increase in PM2.5 with 9.6 %  increase AB admissions and 6.4% increase 

pneumonia admissions (Delfino, 2009)



Wildfire and Health: Cardiovascular Effects

Wildfire PM2.5 assoc with inflammation-related CVD effects

• Increased cardiovascular (ischemic heart disease, dysrhythmia, heart failure, PE) 
and cerebrovascular (stroke) ER visits in CA  in 2015, esp > 65 yrs old (Wettstein, 
2018)

• Mechanism: Increased systemic inflammation, oxidative stress and coagulation 
through PM2.5 mediated changes in ANS (Reid, 2016)

• 10 ug/m3 increase PM2.5 assoc with 8% to 18% increase in mortality (Pope, 2003)

• Pre-existing Respiratory and CVD Disorders at increased risk.
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Cardiovascular and Cerebrovascular Emergency 
Department Visits Associated With Wildfire Smoke 
Exposure in California in 2015

Wettstein, 2018

Total number of days with any smoke plumes by 
county from May 1 through September 30,  2015. 

• Smoke exposure was associated with increased 
rates of emergency department visits for 
numerous cardiovascular disease outcomes, 
including ischemic heart disease, dysrhythmia, 
heart failure, pulmonary embolism, and stroke.

• Risk was greatest among adults aged>65 years. 
With an increase in the risk of heart attacks 
similar to the increase in risk of a heart attack if 
you smoke 2 cigarettes per day for a year.



Heart, Brain, and Lung affected by Wildfires in Short term 
Emergency Department Visits Associated With Wildfire Smoke Exposure in California in 2015 

Wettstein, et al. J Am Heart Assoc. 2018 Apr

signi!cant only among adults 45 to 64 and medium smoke
at lag day 3 (1.39 [1.01, 1.92]) and consistently increased
but with wider CIs for older populations at multiple lags
(Tables 4 and 5).

Respiratory and Control Outcomes
All-cause respiratory outcomes were increased with medium
and dense smoke exposure (Table 3), but most pronounced in
adults aged !65 years (Figure 2). The risk of asthma related
ED visits among younger adults on medium and dense smoke
plume days was the highest but was elevated in other age
groups as well (Table S1). Risk for COPD and pneumonia were
increased across multiple lags and highest on dense smoke
days for adults aged !65 years (Table S1). Statistically
signi!cant differences were not found among sex-strati!ed
results for these respiratory diagnoses (Table S2).

No association was found between wild!re smoke density
and acute appendicitis diagnoses. Long-bone fractures,
however, were observed to have a signi!cant association
with PM2.5 among all adults at lags 0 through 2 and dense
smoke (1.31 [1.09, 1.56]), primarily adults 65 years and older
(1.47 [1.12, 1.92]). When strati!ed by sex, the association
was signi!cant among women (1.37 [1.09, 1.70]) but not
among men (1.22 [0.90, 1.65]) (Table S2).

Sensitivity Analysis
Additional sensitivity analysis was conducted by assessing zip
code-speci!c associations between wild!re smoke density
and health outcomes and summarizing results using random-
effects meta-analysis to account for possible geographic
heterogeneity of outcomes (Table S3). Sparsely populated zip
codes had too low a count of diagnoses to perform the
analysis so a population cutoff of 13 250 per zip code was
used. The results are generally consistent with those
presented here, with smaller standard errors, since the data
were subset to larger zip code populations. Additional
sensitivity analysis was conducting using the zip code-speci!c
proportion of the population below the poverty level and the
results were also consistent with those of the original
analysis.

Additional age- and sex-strati!ed results, and those of rarer
outcomes, can be found in Tables S1 and S2.

Discussion
In this investigation, a positive association was found between
wild!re smoke density and ED visits attributable to cardio-
vascular, cerebrovascular, and respiratory disease in northern
and central California in the summer of 2015. The impacts

All!cause Cardiovascular All!cause Cerebrovascular All!cause Respiratory
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Figure 2. Relative risk and 95% con!dence intervals for select cardiovascular, cerebrovascular, and respiratory outcomes relative to smoke-
free days, at lag 0 days, strati!ed by age; 8 California air basins (May 1–September 30, 2015). Models adjusted for heat index, day of week, time
trend, and log-population offset. RR indicates relative risk.
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Cardiovascular Effects of Wild!re Smoke Exposure Wettstein et al
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Risk of heart problems

increased by 42% 
due to wildfires, 

especially for those >65 yrs!
• Looking at smoke wave (2 days PM2.5 >20 ug/m3), 7.2 % increase respiratory 

admissions in elderly if PM2.5> 37 ug/m3 (Liu, 2017)



Out-of-Hospital Cardiac Arrests and Wildfire-Related Particulate Matter During 
2015–2017 California Wildfires

(Jones, et al, 2020)

• 35- to 64-year highest risk at 
lag day 0

• Delayed effect was 
suggested in >= 65 years 
and older for heavy smoke, 
stronger on later lag days (2-
3 days

• Risk was the highest on 
dense smoke days and the 
effects persisted for several 
days following the exposure.

• Unsure if biological or 
behavioral cause
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Projected Changes in Annual Premature Deaths due to Climate-Driven Effects on PM2.5



Differences in Risks to 
Socially Vulnerable Groups 

Relative to Reference 
Populations with 2°C of 

Global Warming or 50 cm of 
Global Sea Level Rise

Climate Change and Social Vulnerability in the United States: 
A Focus on Six Impact Sectors EPA

4 socially vulnerable populations 
more exposed to the highest 
impacts of climate change: 
income, educational attainment, 
race and ethnicity, and age.

• Higher baseline mortality rates
• More susceptible to heat 

exposure
• Heat exacerbates the heat 

stress on preexisting 
conditions, esp cardiac. 



Ambient heat and risks of emergency department visits among adults in the United States: time 
stratified case crossover study, BMJ 2021; 375

• 21 996 670 ED visits from 2010 to 2019

• Heat was not associated with a higher risk of ED visits 
for cardiovascular or respiratory diseases. 

• Associations were more pronounced among men and 
in counties in the north east of the US or with a 
continental climate.

• For both younger and older adults, extreme heat is
associated with a higher risk of ED visits for any cause, 
heat related illness, renal disease, and mental 
disorders.



CLIMATE CHANGE 
and 

COVID



3,080 counties, of which 2,395 (77.8%) 
have reported zero COVID- 19 deaths at 
the time of analysis

These spatial patterns in COVID-19 
death rates generally mimic patterns in 
both high population
density and high PM2.5 exposure areas.

Exposure to air pollution and COVID-19 mortality 
in the United States

Xiao Wu MS, Rachel C. Nethery PhD, M. Benjamin Sabath MA, Danielle Braun PhD, Francesca Dominici PhD



Conclusions

• Increase of only 1 ug/m3 in PM2.5 is associated with a 15% increase in the COVID-19 death rate.

• A small increase in long-term exposure to PM2.5 leads to a large increase in COVID-19 death rate, with 

the magnitude of increase 20 times that observed for PM2.5 and allcause mortality. 

• ( 60 million Americans older than 65 years: a 1 mg/m3 in long-term PM2.5 exposure is associated with a 

0.73% increase in the rate of all-cause mortality. Therefore, a small increase in long-term exposure to 

PM2.5 leads to a large increase in COVID-19 death rate of a magnitude that is 20 times the one estimated 

for all-cause mortality)

• importance of continuing to enforce existing air pollution regulations to protect human health both 

during and after the COVID-19 crisis.



Excess of COVID-19 cases and deaths due to fine particulate matter exposure during the 
2020 wildfires in the United States

Short-term exposure to PM2.5 is associated with 
increased risk of COVID-19 cases and deaths 

Time series of PM2.5 levels, COVID-19 positive 
cases and deaths in the six most populated counties

Daily PM2.5 levels (μg/m3, in blue) 

Daily COVID-19–positive cases (in red) 

Daily COVID-19 deaths (in black) 

Orange vertical bars denote daily increases in 
PM2.5 attributable to each wildfire day.

Science Advances Vol. 7, No. 33

https://www.science.org/journal/sciadv
https://www.science.org/toc/sciadv/7/33




Questions?
Thank you!



Out-of-Hospital Cardiac Arrests and Wildfire-Related Particulate Matter During 2015–2017 California Wildfires
(Jones, et al, 2020)


