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Introduction
Health is the human face of climate change. And climate change is here, affecting the health of
all Americans.
Human activity, principally the release of greenhouse gasses (GHG), is the major contributor to
climate change. There is strong and growing evidence that climate change is harming the health
of the American people. The financial costs of these illnesses and harm to our healthcare
infrastructure represent a strain on the budgets of governments, business, and individuals. Given
this strong and growing body of evidence, rapid action on both mitigation and adaptation is
needed to reduce the health effects and stem the large financial losses that will result from
climate change if left unchecked.
Climate Pressure and Exposure Pathways
Climate change affects our health through four main mechanisms: rising temperatures, extremes
of precipitation, more extreme weather events, and rising sea levels (see figure below). There is
now clear and overwhelming evidence that all of these four phenomena are occurring, and there
is little doubt that the climate effect caused by high levels of GHGs is a major contributor.
Since record keeping began in 1895, the average US temperature has increased by 1.3°F to
1.9°F.1 The U.S. is experiencing more hot days than ever before. Across the US, record-breaking
high temperatures are now outnumbering record lows by an average ratio of 2:1, where parts of
Texas already have an additional month of temperatures above 100°F.2,3
The U.S. is also experiencing more extreme rainfall. Between 1958 and 2012, the amount of rain
during heavy rainfall events in the Midwest increased by 37 percent, causing more severe
floods.4 The term “100-year event” is used to describe a weather event that has a 1 percent
chance of occurring every year. Due to significantly higher rainfall frequency in Texas, the
National Oceanic and Atmospheric Administration (NOAA) is redefining the amount of rainfall
it takes to qualify as an 100-year or 1000-year event. The 100-year classification for areas around
Houston, Texas increased from 13 inches to 18 inches, and the values previously classified as
100-year events are now more frequent 25 year-events.5 Over the course of 30 years (life of the
most common mortgage), a house in a 100-year floodplain has a 26 percent chance of being
flooded at least once.6 In the last seven years alone, NOAA has reported 25 separate 500-year
flooding events nationwide.7 By definition, these flooding events should be occurring far less
often.
Alongside rising temperatures, lengthened droughts, and more extreme rainfall, climate change
exacerbates the likelihood and severity of extreme weather events. Heat wave frequency has
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increased from two per year on average in the 1960s to nearly six per year on average in the
2010s, while the overall length of the heat wave season has expanded from 20 days on average in
the 1960s to 60 days on average in the 2010s. 8 A rise in heat waves has many effects, including a
rise in the number of severe wildfires — estimated to have almost doubled since the 1980s. 8
Climate change impacts more than just heat events. Tornados, hurricanes, blizzards, and extreme
rainstorms all show a steady rise in severity over the last five decades, causing billions of dollars
in damage and killing thousands of people each year.8,9 The evidence suggests a link between
these events and climate change, with growing damage to local populations and economies as the
planet continues to warm.10
Thirty-nine percent of the American population live in counties directly on a shoreline, and
millions of people already live in areas at risk of coastal flooding. 11,12 Over the last several
decades, sea level trends in the Northeast Atlantic have risen at a rate higher than the global
average, with a recent multiyear jump in sea level beginning in 2009. 12 The highest rising sea
level trends are in the regions of Louisiana (8–10 mm/year), Texas (4–7 mm/year), and along the
Northeast Atlantic from Virginia to New Jersey (3–5 mm/year). One study estimates that just 0.9
meters of sea level rise would permanently inundate 4.2 million Americans and a 1.8 meter rise
would inundate 13.1 million Americans.13
The four climate pressures outlined above affect health via seven main exposure pathways:
1) extreme heat, 2) air pollution, 3) water contamination, 4) vectors, 5) increasing allergens,
6) food supply and quality, and 7) population displacement. Ultimately, these exposure pathways
lead to a set of clinical manifestations – ways in which climate change harms the patients that I
see as a clinician in the hospital.
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Source: 2018 Lancet Countdown on Health and Climate Change Brief for the United State of America.
Salas RN, Knappenberger P, Hess JJ. Lancet Countdown U.S. Brief

Health outcomes
In the following section, I outline some of the health effects of climate change. This section is
not comprehensive, and various important clinical manifestations are not disucssed in detail.
More detailed information about the health effects of climate change can be found in the Fourth
National Climate Assessment of the U.S. government,14 the Intergovernmental Panel on Climate
Change,15 and other sources.9,16,17
Allergies, asthma, and other respiratory diseases
One area where there is very clear evidence of the effects of climate change is on asthma and
other related respiratory diseases. We know that the burden of asthma has increased over the past
20 years. The Centers for Disease Control and Prevention (CDC) found that the number of
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Americans with asthma grew by 28% between 2001 and 2011. 18 While the increase in the burden
is indeed multifactorial, pressures from climate change are a contributing factor.
The increasing temperatures and carbon dioxide (CO2) levels associated with climate change can
exacerbate allergies and asthma.19 Warmer temperatures lead to an earlier start to pollen season
in many types of plants.14 In addition to increasing the duration of the pollen season, climate
change also heightens pollen production, as well as the allergen content in some plant species —
all of which contributes to asthma and hay fever. 14 Rising temperatures are also leading to higher
levels of ozone, which contributes to the increase in asthma. 20
Additionally, with climate change comes an increased frequency of wildfires, which decrease air
quality and thus augment the burden of asthma and respiratory disease. Wildfires in the United
States have been increasing in frequency and duration since the mid-1980s.21 Longer and more
frequent droughts lengthen the wildfire season and result in greater dust emissions. 14 Not only do
the wildfires directly harm people and cause displacement, they also emit gases that contribute to
ozone formation and are a major source of particulate matter (PM), which are hazardous air
pollutants.14 Exposure to wildfire smoke has been shown to increase the incidence of respiratory
illnesses, including asthma, chronic obstructive pulmonary disease, bronchitis, and pneumonia.14
There is strong evidence to suggest that hospitalizations and emergency department (ED) visits
for respiratory diseases are greater during wildfires. 22–24 Young children are particularly
susceptible. During one wildfire in San Diego, respiratory diagnoses went up by 70% in children
ages 0-4, and asthma diagnoses increased by 243% in children under the age of 1. 25
Cardiovascular Health
Climate change is significantly affecting the heart and vascular health of Americans through
three mechanisms: higher temperatures, poor air quality, and extreme weather. First, we know
that high temperatures are associated with increased coronary heart disease (CHD)
hospitalizations, and long-term exposure to higher temperatures has been found to lead to
doubled rates of ischemic heart disease and stroke admissions.26,27 Heat exposure has also been
linked to CHD in pregnant women.28 Just a 1°C temperature increase is associated with a 1.1%
increase in strokes, a 3.4% increase in cardiovascular deaths, and a 1.4% increase in
cerebrovascular mortality.29,30
Second, poor air quality also contributes to cardiovascular disease. Both short- and long-term
exposures to PM2.5 are associated with increases in admissions for ischemic heart diseases and
stroke.26 These small particulate matters are released into the air with the burning of fossil fuels
(among other sources) and they are associated with higher cardiovascular mortality.31 The impact
of these air pollutants is amplified at higher temperatures. That is, at any given level of air
pollution (PM2.5), higher ambient temperature leads to greater cardiovascular effects so even as
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we continue to make progress on air pollution, we make that air pollution more deadly through
climate change.32 As climate change continues to impact our air quality, cardiovascular health
will suffer.
Finally, during extreme weather events, cardiovascular disease has also increased. During
Hurricane Sandy, stroke incidence increased by 7% and myocardial infarction incidence
increased by 22%, with a 31% rise in 30-day mortality in high impact areas.33 After Hurricane
Katrina, cardiovascular hospitalization increased for two months, from 7.25 to 18.5 cases/10,000
adults per day in populations aged 65 or older.34
Vector-borne diseases
One of the ways in which climate change is harming our health is by exposing Americans to
different and often a greater number of vector-borne diseases. Disease vectors (like mosquitoes
that carry Zika or deer ticks that carry Lyme disease) have their own natural habitat and live in
certain regions of the country. As the climate changes, these vectors can grow in range,
changing their geographical distribution.
According to the CDC, vector-borne illnesses transmitted by mosquitoes, ticks, and fleas,
including Lyme disease and West Nile virus, tripled between 2004 and 2016. 35 Tick-borne
diseases specifically, of which Lyme disease accounts for 82% of reported cases, more than
doubled during this period. The CDC pointed to warming temperatures as a major culprit. As the
geographic range of vectors (and the diseases they carry) grows, it will expose new populations
of Americans who may be unaware of these conditions and who lack natural immunity to these
diseases.
In addition to increasing cases of more familiar illnesses, climate change has contributed to new
ones in the U.S. From 2004 to 2016, there were nine new vector-borne human diseases reported
in the United States.36 One that received substantial attention was Zika, which used to be rare in
the U.S. but spread through Puerto Rico, Florida, and Texas in 2016. Babies born from women
infected with Zika when they are pregnant are at substantially increased risk of birth defects,
often ones that are quite severe.
Indeed, when Zika hit Miami in 2016, it was the first time in modern history that the CDC had to
place a travel warning for a part of the continental U.S. 37 Given climate change, it almost surely
will not be the last. Aedis aegypti, the mosquito that carries Zika among other viruses, used to be
rare in the U.S. just twenty years ago (found in 11 counties in 1999) but is becoming far more
common (now found in 183 counties by 2016).38 By all expectations, this number is likely to
grow as well.
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Other Health Effects
In addition to the health outcomes outlined in detail above, climate change affects many other
aspects of health, including heat-related illness, birth outcomes, and mental health.
Extreme heat is the leading cause of weather-related deaths in the U.S.,39 with children under the
age of four and elderly populations being most vulnerable to heat-related illness.40 One estimate
predicts that 3,400 more Americans will die prematurely each year due to increased heat. 39 Heat
waves can be deadly; for example, a 2006 heat wave in California caused 16,166 excess ED
visits and 1,182 excess hospitalizations, mainly due to heat-related illness, acute renal failure,
cardiovascular disease, diabetes, and electrolyte imbalance.41
Burning of fossil fuels has also been linked to poor birth outcomes, mainly through increasing
levels of PM2.5. Globally, 18% of all preterm births are associated with anthropogenic PM 2.5.42
One study of mothers in Rhode Island found that a 2.5 µg/m3 increase in PM2.5 was linked to a
birth weight that was 15.9 grams lower.43 In addition, prenatal exposure to PM2.5 concentrations
has been correlated with poor cognitive outcomes, decreased motor function, decreased IQ, and
increased ADHD among babies born in the U.S.44
Finally, droughts, floods and other extreme weather events are proven to increase mental
illness.45,46 People directly affected by climate disasters have increased incidence of suicidal
thoughts and behaviors.4 This too has a direct impact on healthcare system utilization; for
example, psychiatric ED visits increased significantly for 4-6 months after Hurricane Sandy. 47
The Financial Costs of Climate Change
While the impact that climate change will have on health is critically important, we also must
consider the financial burden that this will have on the healthcare system and, ultimately, on the
American people.
High healthcare spending is obviously a huge concern for the U.S., and already chronic
conditions like asthma, cardiovascular disease, and mental illness contribute substantially to our
high spending. For example, in 2013, the total cost of asthma in the US was $81.9 billion, $50.3
billion of which was due to medical costs. This number will only increase as the burden of
asthma continues to rise.48
Although the healthcare costs related to climate change are still being calculated, it is clear that
climate change is already causing increased utilization of healthcare services and thus higher
healthcare spending.

7

Hospitalizations due to heat-related illness cost the U.S. healthcare system over $390 million
from 2001 to 2010.49 The best estimates are that these numbers are likely to grow over time.50
Finally, the financial impact of increased utilization caused by severe weather events on the
healthcare system is very large. One study found that six climate change-related extreme weather
events caused $740 million in healthcare costs. This reflects almost 9,000 hospitalizations, over
21,000 ED visits, and over 734,000 outpatient visits associated with morbidity related to these
events.51 One heatwave alone led to an estimated $179 million in healthcare costs. Again, this is
from only six events, a small sampling of the actual severe weather related to climate change.
This financial burden is expected to worsen in the future. Projections by The Climate Change
Impacts and Risk Analysis (CIRA) provide insight into the financial benefits of health related
climate mitigation. The annual costs of climate-driven, premature ozone-related deaths under a
scenario with minimal mitigation are projected to be $9.8 billion in 2050, whereas if more
intense mitigation is implemented, the projection drops to $6.9 billion. Annual damages
associated with additional extreme temperature related deaths are estimated at $140 billion by
the end of the century under minimal mitigation, whereas with more intense mitigation the cost
would go down to $60 billion. While costs from oak pollen-related asthma ED visits increase in
all scenarios analyzed, the increase in annual costs is projected to be $1.2 million with minimal
mitigation, but only $0.52 million with more intense mitigation. These projections demonstrate
the incredible financial benefit that mitigation can play in lowering the health costs of climate
change.
The financial and health benefits of addressing climate change are substantial.
When the health co-benefits of mitigating climate change by reducing burning of fossil fuels are
considered, optimal climate policy results in immediate net benefits, saving billions of dollars
annually in health costs.52
Currently, government agencies have recognized the risks posed by climate change and have
taken steps to encourage healthcare systems to prepare for the rise in extreme weather and other
threats. In 2017, the Centers for Medicare and Medicaid Services established an Emergency
Preparedness Rule, and compliance is required for participation in Medicare or Medicaid. The
rule requires providers to make plans for both natural and man-made disasters, with a focus on
risk assessment and emergency planning, communication plans, policies and procedures, and
training and testing. Additionally, the Assistant Secretary for Preparedness and Response has
created the Hospital Preparedness Program, which promotes collaboration between nearby
healthcare facilities to improve their capacity to respond to emergencies, disasters, and medical
surge events (including ones caused by climate change). Eighty-five percent of hospitals across
the country participate in the program. 53 The Department of Health and Human Services has also
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created a plan for climate adaptation. 54 However, resiliency is still not as embedded into
regulatory systems as it could be; for example, accreditation agencies do not set climate
resiliency requirements into their accreditation of healthcare facilities. They should.54
Extreme weather events can have large impacts on hospitals and patients. During Hurricane
Irma, temperatures in a Florida nursing home soared to 99°F, leaving 12 people dead after
Hurricane Irma knocked out the nursing home’s central air conditioning. At the time, the city
was under a boil-water advisory and the nursing home was using limited power from a generator
to run lights and some equipment, but not the air conditioning. 55 When Superstorm Sandy hit
New York, bed capacity was reduced by 8% and there was still a 5% reduction four weeks later.
Nursing home staff were forced to live on-site for multiple days until their replacements could
arrive. Thirty percent of hospitals reported personnel shortages, and some took to converting
their lobbies into inpatient rooms. The storm led to the evacuation of 6,500 patients from
hospitals and other healthcare facilities in New York and New Jersey. 56 One hospital, NYU
Langone, had to evacuate all 322 of its patients, suspend surgery and admissions for 2 months,
and close the ED for 18 months, leading to $400 million in lost revenue and $1.4 billion in total
costs. Hospitals in the New Orleans area were still suffering a year after Hurricane Katrina, with
the bed capacity in the city having fallen 79% and only a third of original hospitals even
somewhat operational.56
Extreme weather can also lead to supply chain problems. For example, when Hurricane Maria hit
Puerto Rico in 2017, it destroyed a factory that supplied a substantial proportion of the IV fluid
bags used by the United States, causing IV shortages across the U.S. that continued for months.57
During Hurricane Michael, Bay Medical Sacred Heart hospital was forced to send a tweet to the
Florida Police Department as a desperate way to communicate that a truck carrying essential
medical supplies needed to be let through a road closure. This is an example of how ill prepared
hospital supply chains are for these events.
One population that is particularly vulnerable to healthcare infrastructure damage is patients with
end stage renal disease who rely on dialysis. After one hurricane, many patients could not
receive dialysis at their usual center, and many turned to the emergency room instead. Inpatient
dialysis is significantly more expensive than outpatient dialysis, often costing three or four times
as much.58 Further interrupting usual outpatient care for this population could lead to greater
healthcare spending.
Clearly hospitals need to prioritze making preparedness plans. Potential steps could include
identifying and managing extreme weather risks; placing key patient areas, generators, and fuel
above projected floodlines; making infrastructure more resilient to temperature changes; using
on-site cogeneration plants rather than relying on the municipal power grid; keeping patient data
in more than one place; and planning for transportation and access in the case of destruction of
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nearby roads and bridges.54,56 Yet most hospitals still are not doing enough. One study found that
less than 1 in 5 hospitals surveyed reported that their disaster preparedness plan was “very
sufficient” and did not need to be revised. 59 There are over 5,000 hospitals in the U.S. and over
15,000 nursing homes. There is little evidence that most are prepared for a world of more
extreme weather events, storms, heat waves, and other challenges that will stretch these systems
and make it difficult for them to provide the care Americans need.
The development of an adaptation strategy can be very beneficial. Texas Medical Center (TMC)
was left with $5 billion in damages after a massive flood in 2001. In the aftermath, TMC
invested millions of dollars to upgrade their infrastructure, and they also committed to making
mitigation plans and creating flood management groups. They relocated all critical patient areas
above projected flood levels and installed an on-site power plant. When Hurricane Harvey hit in
2017, all hospitals and emergency rooms on the campus stayed operational thanks to these
measures.56
Climate change mitagation
Ultimately, although adaptation is critically important, mitigation is where the healthcare system
can have the greatest impact on human health. The National Climate Assessment report estimates
that 10% of all GHG in the U.S. come from the healthcare sector.14 An upstream approach to
tackling climate change— reducing CO2 emissions and preventing severe weather events and
extreme temperature rises before they even happen— would lead to immediate health benefits.
Healthcare facilities must take active steps to assess and reduce their GHG footprint. Hospitals
and other facilities should be more deliberate about measuring their GHG output, incorporating
these measures into their cost-benefit analyses and making a plan with concrete goals around
reducing reliance on carbon-based energy sources.
Mitigation is not just necessary for improving health in the far-off future; it also has immediate
co-benefits. Currently, 1 out of every 8 deaths around the world are related to indoor and outdoor
air pollution.60 Reducing the use of fossil fuels would not only decrease CO 2 levels but also
improve air quality immediately by lowering levels of other pollutants that are harming health
now.60 Additionally, many of the actions that would help tackle climate change— improving
access to and incentivizing active transportation, for example— have benefits for population
health today. The most recent evidence suggests that mitigation is financially beneficial when
health impacts are taken into account. Considering these factors will signal to governments and
other key players that it is time to take action, and that action now will have immediate benefits.
Healthcare systems are beginning to understand and act on the importance of climate change
mitigation. In 2016, 130 facilities signed on to a climate change challenge or commitment
working with the nonprofit Healthcare Without Harm to lower their GHG footprint. Professional
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healthcare orgnaizations also stand united in asserting the negative affects that climate change is
having on our health. The American Medical Assocaition (AMA) has adopted a policy (“Global
Climate Change and Human Health,” H-135.938) which emphasizes the reality and urgency of
climate change and the vital role that physicians play in protecting the public against the impacts
of climate change.61 American College of Physicians (ACP) has developed a Climate Change
and Health Action Plan to help its members take initiative by highlighting the substantial role
physicians can play in advocating for climate change adaption and mitigation policies along with
education themselves and their communities about the health threats that climate changes
poses.62 The American Academy of Pediatrics (AAP) states that Pediatricians are already seeing
the effects of climate change on their patients. From more severe allergies and asthmatic
symptoms, to impacts on children’s mental health, AAP views a failure to take prompt
substantive action as an act of injustice to all children. 63 Clearly, healthcare professionals and
institutions are beginning to recognize the threat that climate change poses to the health of the
people we care for -- and are ready to take mitigation action now, knowing that it will have a
direct impact on the health of those who trust us to care for them.
Conclusion
As a clinician and a public health expert, I am deeply concerned, based on the latest evidence
and data, that climate change is harmful to my patients and is harmful for the health of the
American people. The most vulnerable among us are children and the elderly, who are most
likely to suffer the health effects of climate change. While climate change is already here, there
is much that we can do to mitigate its effects, primarily by reducing our dependence on fossil
fuels. Adaptation is also important, but it will be both very expensive and not enough to protect
the health of the American people. Further spending on healthcare caused by climate change will
put more stresses on the budgets of the public and private sectors, including individual
consumers. To improve the health of the citizens of our nation and to be wise stewards of the
public purse, it is critical that Congress take action to mitigate the harmful health and financial
effects of climate change.
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