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Lungs in a Warming World
Climate Change and Respiratory Health
Aaron S. Bernstein, MD; and Mary B. Rice, MD

Climate change is a health threat no less consequential than cigarette smoking. Increased concentrations of greenhouse gases, and especially CO2, in the earth’s atmosphere have already
warmed the planet substantially, causing more severe and prolonged heat waves, temperature
variability, air pollution, forest fires, droughts, and floods, all of which put respiratory health at
risk. These changes in climate and air quality substantially increase respiratory morbidity and
mortality for patients with common chronic lung diseases such as asthma and COPD and other
serious lung diseases. Physicians have a vital role in addressing climate change, just as they did
with tobacco, by communicating how climate change is a serious, but remediable, hazard to their
patients.
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change has gained little traction as a health
Climate
hazard relevant to health-care professionals in the

United States. Yet, according to the American College
of Physicians and Surgeons, as well as 13 other national
colleges of medicine from around the world, climate
change may be the single greatest health threat of this
century,1 especially for people with chronic lung disease.
Those less familiar with climate change science may
have suspicions or outright doubts about its validity.
This is unfortunate, because the available science concludes with 90% certainty that the earth’s climate has
warmed over the last half century as a result of greenhouse gas emissions from human activities.2 In addition, no national academy of science or distinguished
professional society of climate scientists has found
support for any alternative hypothesis that could explain
this warming. Greenhouse gases such as CO2 come
from a variety of sources but mostly from the burning
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of fossil fuels, and their atmospheric concentration
has increased from 280 parts per million at the start
of the Industrial Revolution to roughly 395 parts per
million today. Greenhouse gas emissions have contributed to the warming of the planet’s average temperature by 0.8°C since 1880 (and two-thirds of that
since 1980); increased the frequency and severity of
heat waves; contributed to poorer air quality; boosted
aeroallergen production; and brought about an intensification of the water cycle, which has caused more
floods and droughts.2 All these trends are expected to
progress in the coming decades as greenhouse gas concentrations continue to rise.
What do these changes in climate mean for patients
with common chronic pulmonary diagnoses, such as
asthma or COPD? These patients are likely to bear
a disproportionate burden of disease related to the
increased heat, temperature variability, and extreme
weather events associated with climate change. Their
already compromised lung function may be further
impaired by other environmental exposures affected
by climate change, including air pollution, pollen, and
other aeroallergens.
Consider the one in 12 adults and nearly one in
10 children under the age of 18 years with asthma.
Patients with asthma are particularly sensitive to
changes in weather, and one of the clearest fingerprints
of climate change has been an increase in days with
extreme heat. Hot, humid days trigger asthma symptoms and have been shown to increase airway resistance
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more rapidly than does cold air, most likely by stimulating airway C-fiber nerves.3,4 Acute rises in temperature and humidity are associated with increased
ED visits for asthma, especially in children.5 Climate
models predict that in the coming decades, extreme
heat events are likely to become still more frequent,
with perhaps as much as a 50% increase in the frequency of the hottest (ie, the top fifth percentile based
on historical records) days by midcentury in the United
States and Europe.6,7
Greenhouse gases may worsen air quality in multiple
ways, which is of particular concern to patients with
asthma, because air pollution may trigger asthma
and lower the bronchoconstrictive threshold to other
respiratory antigens.8 Ground-level ozone is likely
to be affected by climate change because warmer
temperatures catalyze its production.9 Ozone is created when oxides of nitrogen (NOx) react with volatile organic compounds (both of which are present in
exhaust from motor vehicles and fossil fuel-burning
power plants) in the presence of ultraviolet radiation and heat.10 In animal models and human studies,
ozone increases inflammation in bronchial epithelial
cells11-13 and induces bronchial hyperresponsiveness.14
A large body of evidence associates exposures to
ground-level ozone with ED visits and hospitalizations
for asthma,15-17 worse asthma control,18 and reduced
lung function.19,20 Because of temperature’s role in
increasing ozone production, global warming has the
potential to roll back some of the hard-won ozone
pollution reductions achieved in developed countries.
In developing countries, where policies regulating
ozone precursors may be more lax, the potential of
global warming to spur ozone production is of greater
concern to asthmatics.21
Climate change can also worsen air pollution by
fostering conditions favorable to forest fires, which
can generate immense volumes of air toxics. Climate
models indicate that with 1°C of warming, wildfire
risk may increase two- to sixfold over the 1950 to
2003 baseline in most of the continental United States
west of the Mississippi.22 When forests burn, they
release a range of pollutants, from particulate matter
and acrolein (a respiratory irritant) to carcinogens such
as formaldehyde and benzene. In multiple studies,
air pollution from wildfire smoke has been associated with more asthma exacerbations, ED visits, and
hospitalizations.23-26 Although forest fires may ignite
only in certain regions, such as the western United
States, their smoke plumes may extend over great distances. During the Russian heat wave of 2010, for
instance, smoke from . 500 fires stretched across
about 3,000 km, roughly the distance from San
Francisco to Chicago.27
Higher atmospheric concentrations of CO2 and a
warmer climate act synergistically to increase pollen

levels, which will be problematic for the majority of
asthmatics who are sensitized to pollen. Warming prolongs the pollen season as plants bloom earlier in
the spring. Between 1995 and 2009 alone, the pollen
season lengthened considerably, from 13 to 27 days,
above 44°N in the United States.28 CO2 itself can
stimulate pollen production. For example, experimental studies on ragweed have shown that a doubling of ambient CO2 concentrations can boost the
pollen output of the plant by . 60%.29 Ragweed and
other allergenic plants have been shown to produce more allergenic pollen when grown at elevated
CO2 levels as well.30,31 Experimental studies have found
reduced peak expiratory flow rates in allergic asthmatics exposed to pollen32 and increases in epithelial
shedding and neutrophils in bronchial biopsies of asthmatics in association with natural pollen exposure.33
Marked increases in asthma and wheeze-related ED
visits have been linked to high pollen concentrations
in several studies,34,35 and a dose-response relationship has been found between asthma ED visits and
grass pollen levels.36 There is little doubt that pollen
levels will continue to rise as more CO2 is released
into the atmosphere and that they will contribute to
asthma morbidity.
Many effects of climate change (more heat, more
extreme weather events, and higher ozone levels,
among others) are more ominous for the roughly
12 million people who have COPD and other serious
lung diseases in the United States. Patients with
COPD may not only have more frequent exacerbations and hospitalizations; they are also more likely
to die as a result of climate change. The relationship
between heat and all-cause mortality has been well
established, and heat wave deaths predominantly
affect the elderly and those with chronic respiratory
or cardiovascular disease.37,38 Sixty to seventy percent
of deaths that occurred in heat waves in the United
States resulted in true life-years lost and not shortterm mortality displacement (ie, these deaths would
not have occurred in the next 1 to 2 months without
the exposure to the heat wave).39 As average temperatures increase, populations will adjust to a higher
temperature range but they will continue to be vulnerable at temperature extremes.40
Numerous recent studies have found excess hospital admissions for respiratory diseases and mortality
as a result of heat waves in Europe and the United
States. For each 1°C increase in mean temperature
during the 2006 heat wave in Portugal, for example,
all-cause mortality increased by 2.7% and COPD morbidity increased by 5.4%, with even greater increases
in COPD morbidity for women and people over the
age of 75 years.41 A study of New York City summers
from 1991 to 2004 found that each 1°C above an empirically derived temperature-health effect threshold for
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the population resulted in a 2.7% to 3.1% increase
in same-day hospitalizations for respiratory diseases,
with a marked increase in COPD and asthma admissions.37 In temperate climates, such as those of the
United States and Europe, the frequency of summer
heat waves is expected to double for every 2°C to 3°C
increase in average temperature.2 Urban populations
will likely be disproportionately affected because of
the urban heat island effect, which amplifies temperature rise.39
Although summer heat waves will cause excess mortality and hospital admissions for patients with COPD,
the increased variability of temperature may be of
even greater consequence. The variation in summertime temperature is forecast to increase in temperate
regions as a result of climate change. Zanobetti et al38
studied temperature variability and long-term survival
between 1985 and 2006 among patients over age 65
with COPD and three other chronic diseases in
135 cities in the United States. They found increased
mortality hazard ratios, indicating 5% to 7% increased
mortality, with each 1°C increase in the SD of summertime temperature in patients with COPD and the
other groups. The mortality effect sizes increased when
the number of heat waves in each summer was controlled for, indicating that the results were not driven
by heat waves, but by temperature variability itself.
Air pollution is of particular concern to patients
with COPD because it can be fatal.42-44 Temperature
and air pollution have additive effects on mortality
and respiratory disease. Several studies have found
that air pollutants (particularly ozone and particulate matter) and high temperatures interact to cause
excess overall mortality and hospital admissions for
respiratory causes.45,46 Thus, even if air pollution levels
do not rise and levels of ozone, particulates, and other
pollutants remain constant despite a changing climate,
higher mean temperatures may cause more admissions and deaths for patients with COPD than would
otherwise be expected from ambient air pollution.
Extreme weather events such as floods, hurricanes,
droughts, and forest fires, like heat waves, will disproportionately affect patients with COPD and other
chronic lung diseases. Natural disasters can increase
the transmission of communicable diseases, including
respiratory viruses and bacterial pneumonia, which
carry a particularly high mortality rate in this patient
population.47 Although these extreme events may
affect a minority of the population, the consequences
for those affected, such as the residents of New
Orleans after Hurricane Katrina or those of Colorado
after the summer 2012 wildfires, can be devastating.48,49
During the Russian drought and heat wave of 2010,
for instance, an estimated 50,000 people were killed
by the combination of heat and forest fire smoke in
just over 1 month.50

Given all that is at stake with climate change regarding the health of patients with chronic lung diseases,
much can be gained from actions to reduce greenhouse gas emissions. Burning fewer fossil fuels will
yield immediate dividends because the major pollutants known to worsen asthma, COPD, and other
respiratory diseases (air particulates, nitrogen oxides,
sulfates, and ozone among them) come from fossil fuel
combustion. CO2 stays in the atmosphere for hundreds of years, which means its effects on the climate
are long lived, but also that reducing emissions today
will yield enormous health benefits in the future. The
best available science indicates that unless significant
action is taken to reduce greenhouse gas emissions,
the planet may warm 2°C to 3°C above the preindustrial threshold by the end of the century, which is an
increment that carries with it substantial health ramifications, some of which have been presented here.2
Starting in the 1970s, in response to robust scientific evidence and profound health consequences, physicians helped lead antismoking campaigns that made
clear the connection between cigarette smoking and
lung cancer and advocated smoking cessation and
stricter tobacco controls. Today, the benefits of those
campaigns are evident in lower rates of tobacco-related
morbidity and mortality.
Too many people remain confused about climate
science and what it means for their health. Physicians,
and in particular pulmonologists, whose patients are
among those expected to suffer most from climate
change, can help change this. Because of their unique
position in society as hands-on healers who apply
the best available scientific knowledge to make their
decisions, physicians can have a vital role in communicating the health risks of climate change to the
public and policymakers, just as they did with tobacco,
and help us secure a path that leads to a healthier,
lower-carbon, future.
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