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Objectives

To review the effects of climate change on health, specifically asthma.

To discuss the solutions involved in adaptation and mitigation to 
climate change and how they affect health.

To learn about ways the health care systems can reduce green house 
gas emissions and improve patient’s health and public health.
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ATMOSPHERIC CO2 LEVELS - PAST 800,000 YEARS

WHAT IS CLIMATE CHANGE?

Warming of the earth’s surface caused by build-up 
of carbon dioxide (CO2) and other greenhouse gases, such as methane, in the earth’s atmosphere



CO2 accounts 
for 2/3 of  warming

• The are other important 

greenhouse gases are N2O, CFCs, 

CH4



GLOBAL TEMPERATURE – about 1.5 C higher than pre industrial levels—if no changes are 
made, the trajectory to 2.5-2.8 C currently

11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111

Bearer, C.F., Molloy, E.J., Tessema, M.T. et al. Global climate change: the defining issue of our time 
for our children’s health. Pediatr Res (2022). https://doi.org/10.1038/s41390-022-02290-7 (Note: 
as of Feb 1  2024 81 articles on climate change in Pediatric Research)

https://doi.org/10.1038/s41390-022-02290-7


https://www.ncei.noaa.gov/access/billions/time-series





What are the effects of climate change on planetary health?

Temperature increases

Fossil-fuel-driven pollution

Over Flooding

Worsening sand & dust 
storms

Worsening wildfires

Changing
patterns in  
Infectious
Diseases



HIGHER AVG TEMP.

HEAT WAVES

DROUGHTS

FOREST FIRES 

DUST STORMS

FLOODS 

HURRICANES

Vector-borne diseases, longer pollen seasons

Heat stress and death, ozone pollution

Water shortages, malnutrition

Respiratory and cardiovascular hospitalization and 
death due to pollution

Human displacement, loss of healthcare access & 
infrastructure, spread of infection (diarrheal illness, 
pneumonia, vector-borne disease)

What are the Major Health Effects of Climate Change?



Who? Climate Change and Health…affects all people, and 
some groups are more vulnerable

PEOPLE WITH HEART OR LUNG DISEASES are more vulnerable to particle pollution because of 
their conditions (such as congestive heart disease, coronary artery disease, asthma, or chronic 
obstructive pulmonary disease.) 

THE UNDERSERVED AND UNDER-RESOURCED climate change disproportionately harms those 
with the fewest resources and the least capacity to respond to threats. Majority of those living  near 
a toxic waste dump are people of color.

OLDER ADULTS also are considered at risk, because they are more likely to have heart and lung 
disease. (sometimes that disease hasn’t been diagnosed yet.) 

CHILDREN are at risk (primarily from chronic exposure), because they are more likely to be active, 
they breathe more air per pound of body weight than adults, and their bodies are still 
developing.

The WHO estimates that nearly 90% of the burden of disease attributable to climate change is 
borne by children under the age of 5, in both developing and developed countries.

https://www.who.int/health-topics/climate-change



Celebi Sozener Z, et al. Epithelial barrier hypothesis: Effect of the external exposome on the microbiome and epithelial barriers in allergic disease. 
Allergy. 2022 May;77(5):1418-1449.  and  Akdis,, Boyd,, Sampath, Galli,, Nadeau Science Translational Medicine 2022 and IPCC report (Intergovernmental Panel on Climate 
Change-2022, 270 countries, 67 scientists/authors). 

When? Climate 
Change events
Have been found to
Cause and
Worsen Asthma
in:
• Heat Waves
• Pollen increases
• Dust Storms
• Wildfires
• Air Pollution
• Biodiversity

Mechanism?



Mechanisms of 
Climate Change-
Associate events



Heat Waves: Recent Temperature Trends (1993-2022)

https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature



Han A, et al. Asthma triggered by extreme temperatures: From epidemiological evidence to biological plausibility. Environ Res. 
2022 Oct 5;216(Pt 2):114489. 

Epidemiological Evidence of Heat Waves triggering asthma exacerbations



Han A, et al. Asthma triggered by extreme temperatures: From epidemiological evidence to biological plausibility. Environ Res. 
2022 Oct 5;216(Pt 2):114489. 

Possible Mechanisms of how extreme temperatures trigger asthma exacerbations



Pollen and Climate Change:





Increases in Pollen Counts  due to Climate Change over the next decades 
will likely be associated with increases in allergy and asthma exacerbations

Lake, et al.  2017;  Ziska, et al 2009 Environ Health Perspect. 

Modelled percentage of population sensitized to ragweed 
pollen at the baseline (left) and in the future 
assuming moderate greenhouse gases emissions scenario (RCP 
4.5; right)



Thunderstorm Asthma: An Example of Climate Change

Cockcroft DW, et al. Thunderstorm asthma: An allergen-induced early asthmatic response. Ann Allergy Asthma Immunol. 2018 Feb;120(2):120-123; Campbell Slet al. Evaluating the 
Risk of Epidemic Thunderstorm Asthma: Lessons from Australia  Int J Environ Res Public Health  2019 Mar 7;16(5):837; Thien F  et al  The Melbourne epidemic thunderstorm 

Thunderstorm asthma event  on November 21, 2016. Melbourne, Australia. 
Data show admissions to intensive care units (ICU) for asthma (red) and 
respiratory arrests (blue). 

Within 30 h, there were 3365 (672%) excess respiratory-related presentations to 
emergency departments, and 476 (992%) excess asthma-related admissions to 
hospital. 
3
5 individuals were admitted to an intensive care unit, all had asthma, 12 took 
inhaled preventers, and five died.



Wildfire smoke increases asthma exacerbations



Xu R, et al. NEJM. 2020

WILDFIRES, CLIMATE CHANGE AND HEALTH



Record Breaking Fires burn more 
acres in a world warmed by climate change

PNAS October 18, 2016 113 (42) 11770-11775

https://www.ucsusa.org/resources/infographic-wildfires-and-climate-change



Typical Smoke exposure is equivalent to 15-20 cigarettes per day and 
now wildfire is ~50% residential/commercial

Wildfires are spreading throughout the world and most are man-made: Artic, Indonesia, Brasilian Rainforest, Australia, Kenya, Chile, China—leads 
to worsening greenhouse gas emissions and climate change

Most counties in CA have 60 days or more
smoky days/year due to wildfires

Even after 4-5 days of
AQI 100-200, 
WFs are associated with
-40% increase in heart attacks
-20% increase in stroke
-50% increase in asthma
in certain ages

*there is no safe distance from wildfire smoke
10x more toxic than air pollution



Primary air pollutants
• Particulate Matter (PM)
• CO
• Nitrogen oxides
• Polycyclic aromatic hydrocarbons (PAHs)
• Volatile organic compounds (VOCs)
• Trace minerals

Secondary air pollutants
• Particulate Matter (PM)
• Ozone

When vehicles and buildings burn
• HCN, HCl, phosgene, metals
• toluene, styrene (disposable plastic dishes), dioxins, vinyl polymers (resin chairs, 

PVC pipes)
• Synthetics >10x PM than wood, most UFP < 150 nm

BACKGROUND: WILDFIRE CHEMISTRY

OEHHA.ca.gov; Griffiths, et al.  2020



Sand and dust storms and risk of asthma exacerbations

Association between Dust
storm events (lag of 0-5 
days)  and respiratory 
disease in less than
15 yrs with dust at 
PM10 > 200 ug/m3

Thalib, Sct Total Env. 2012, Prunicki and Nadeau, Chapter 13. 
Extreme Weather, Health, and Communities, Extreme Weather and Society, 2016



WHO AQGs 2021 recommend annual mean 
concentrations of PM2.5 not exceeding 5 μg/m3

and NO2 not exceeding 10 μg/m3 and the peak 
season mean 8-h O3 concentration not 
exceeding 60 μg/m3.

“Wildfire smoke is unraveling decades 
of air quality gains” (Childs, Burke, et al. 2022)

Garcia E, Rice MB, Gold DR. Air pollution and lung function 
in children. 

J Allergy Clin Immunol. 2021 Jul;148(1):1-14



Misiukiewicz-Stepien P, Paplinska-Goryca M. Biological effect of 
PM10 on airway epithelium-focus on obstructive lung diseases. 
Clin Immunol. 2021 Jun;227:108754.

“most studies found a positive association between PM 
(7/10 studies) and NOx (11/13 studies) and the risk of 
asthma development”



A reason to have a balanced view for the future
Positives:
• More education occurring on climate change and health
• Youth movement is active and growing
• COP28 focused on health—143+ countries signed 

declaration on climate and health
• 50+ nations have signed on to decarbonize their health 

care systems
• Cost of clean energy has been substantially lowered
• Sales of EVs have increased by 60% in some locations
• Policy changes-IRA and EJ focus

Negatives:
• 20 nations responsible for 76% of GHG emissions
• 6 major countries contribute the most
• Need a blended finance model to work with LMIC countries
• We are heading to 2.8 C (5 F) if stay with current policies
• By 2050, we are supposed to be at net zero but at current 

trajectory, only 1/3 of the way
• Need to work with health inequities in climate change
• Demand on Electric system –need more federal authority to 

provide infrastructure



Face towards Solutions: Adaptation and mitigation

Adaptation
Build defenses and prepare for the consequences of climate change.

Mitigation
Slow down (or stop) the warming of the atmosphere by stabilizing 

greenhouse gas emissions



Adaptation: Personal action 



Adaptation: Personal action 

Xu R, et al. NEJM. 2020



Adaptation: Masks
What adaptation benefit do filters and masks give us?



Adaptation: HEPA filters



Pooled estimates on the reduction of PM according to air filter use

Park HJ, et al. The Effect of Particulate Matter Reduction by Indoor Air Filter Use on Respiratory Symptoms and Lung Function: A Systematic Review and Meta-analysis. Allergy 
Asthma Immunol Res. 2021 Sep;13(5):719-732. 



Effect of air filter use on lung function: Overall Improvement shown 

Park HJ, et al. The Effect of Particulate Matter Reduction by Indoor Air Filter Use on Respiratory Symptoms and Lung Function: A Systematic Review and Meta-analysis. Allergy 
Asthma Immunol Res. 2021 Sep;13(5):719-732. 



Adaptation to Wildfires Through Forest Management: 
Prescribed Fire vs Thinning vs No Treatment



Wawona Burn 
2 phase 2/26 

to 3/30

Blood draws 
from

 5/18 to 7/23 

3 months

2015Prescribed 
Burn

Wildfire 2015

Tenaya Wildfire
9/7 to 9/21

Blood draws 
from

11/10/15 to 
1/7/162 to 3 1/2 

months

Demographic
Variable

Prescribed 
Burn Subjects 
(n=32)

Wildfire 
Subjects
(n=36)

% Female 40.6%
(13/32)

41.7%
(15/36)

% Asthmatics 37.5% 
(12/32)

25% 
(9/36)

Age 7.16 yrs 7.56 yrs

Period May to July 
2015 

Nov 2015
to Jan 2016

Hypothesis: The health impacts of a prescribed fire are less 
detrimental to the respiratory and cardiovascular systems 
than a wildfire in school-aged children.

Prunicki, et al, 2019

Adaptation: Prescribed burns versus wildfires



Prunicki, et al, 2019

Adaptation: wildfire vs prescribed burns
Decreased inflammation 
In Prescribed Burn



Beneficial fire=Prescribed fire

Our research work enabled policy changes for
Wildland Fire Mitigation and Management



The future health of the planet and human health are inextricably linked. 

The theme of the 2022 World Health Day was “Our planet, our health,” which highlighted the 
interconnectedness of the two.

Health of the Planet and its Peoples 
are interconnected



Mitigations: Cooling cities through urban green infrastructure: a health impact and 
carbon sequestration

—possible opportunities with GHP in other parts of the world?

Iungman T, et al. Cooling cities through urban green infrastructure: a health impact assessment of European cities. Lancet. 2023 Feb 18;401(10376):577-589. 



Mitigation: Lowering emissions through electrification of buses



Wawona Burn 
2 phase 2/26 

to 3/30

Blood 
draws from

 5/18 to 
7/23 3 months

2015Prescribed 
Burn

Wildfire 2015

Tenaya Wildfire
9/7 to 9/21

Blood draws 
from

11/10/15 to 
1/7/162 to 3 1/2 

months

Mitigation: PRESCRIBED BURNS VERSUS WILDFIRES

Demographic
Variable

Prescribed 
Burn Subjects 
(n=32)

Wildfire 
Subjects
(n=36)

% Female 40.6%
(13/32)

41.7%
(15/36)

% Asthmatics 37.5% 
(12/32)

25% 
(9/36)

Age 7.16 yrs 7.56 yrs

Period May to July 
2015 

Nov 2015
to Jan 2016

Hypothesis: The health impacts of a 
prescribed fire are less detrimental to the 
respiratory and cardiovascular systems 
than a wildfire in school-aged children.

Prunicki, et al, 2019



Mitigation: WILDFIRE VS PRESCRIBED BURN

Prunicki, et al, 2019



Climate, Cities, 
and Children

3,222 young people 
(aged 13-25), parents 
from 59 cities

40% said air pollution
one of worst things
due to motor
vehicles, factories

40% reported their 
city was better to live

Research on best ways to communicate and work with 
communities

Global level:



Global level: Averted new cases/yr with ‘net-zero’ projections



Enter Information

For every $1 dollar spent on reducing GHGs saved approximately $6+ in co benefits

Economic level: Research in cost and co benefits



• Cost of cleaner energy:
• < $30/ tCO2 

Benefits of cleaner energy:
$200*/ tCO2

WHICH NUMBER IS BIGGER???

(* Range: $50 to $380 in adults) For E. Asia, co-benefits are 10 to 70 times greater
West et al. 2013

Economic level: Research in cost and co benefits



Policy outcome: Research and community outreach



Climate change – a health issue and issue with health care systems



Get our own house in order
Healthcare accounts for ~10% of all greenhouse gas emissions in the U.S.



Example of Net Zero Health care

National Health
Services in the UK
Going to Net Zero
Health Care



Many organizations are involved
in decarbonizing health care

Practicegreenhealth.org

WHO
COP28

Over 50 countries have signed on to go net zero in their health care systems. 



When Talking with Patients-
Tools are available
Patient facing materials:



Recommendations for Change



With Appreciation to: Participants, Families, Collaborators, and Sponsors



The report finds a number of impacts to U.S. children’s health and well-being. For example, at 2°C 
and 4°C of global warming:

• Climate-driven changes in air quality are estimated to increase annual cases of asthma between 4% 
and 11%, respectively.

•Increases in oak, birch, and grass pollen are projected to increase children’s asthma-related emergency 
department visits from 17%-30% each year.

•Additional cases of Lyme disease in children are projected to rise 79% to 241%, or an additional 2,600 
to 23,400 new cases per year.

•Heat experienced during the school year affects concentration and learning in children. Climate-driven 
temperature increases are projected to result in 4% to 7% reductions in annual academic achievement 
per child. These learning losses can affect future income, with potential losses across cohorts of 
graduating students reaching billions of dollars annually (and in the thousands of dollars per individual).

•If no additional adaptation actions are taken, 1 million to 2 million+ children are estimated to experience 
temporary home displacement or complete home loss, respectively, from coastal flooding at 50cm to 
100cm of global mean sea level.
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