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REVIEW/COMMENTARY

tion about tipping point warnings called 
“boundaries.” These boundaries antici-
pate major changes beyond which Earth’s 
capacity to sustain life diminishes. The Box 
lists key messages. Because climate change 
affects the entire Earth ecosystem, diverse 
information from different scientific fields 
has been included. Dissimilar information 
is included because every topic mentioned 
is a health topic.

METHODS
The Intergovernmental Panel on Climate Change (IPCC), World 
Health Organization (WHO), New England Journal of Medicine, 
and Lancet commission reports and reviews provided most of 
the information on the health effects of global heating/climate 
destabilization and air pollution for this article.1-3,6-9 For bound-
ary and tipping point information, a PubMed search was con-
ducted for English language articles published from January 1, 
2014 through March 31, 2022 using the terms “boundary” and 
“rockstrom.” “Rockstrom” was chosen because Professor Johan 
Rockstrom is a pioneering researcher in the study of earth system 
boundaries.10 Review articles were selected from the PubMed list.

For information about the deposition of particulates in human 
tissues, a PubMed search for English language articles published 
from January 1, 2014 through March 31, 2022 was performed 
using “particulates” and “human placenta,” “particulates” and 
“human heart,” and “particulates” and “human brain.” A single 
article that demonstrated the presence of air pollution deposits in 
heart, brain, or placental tissue was chosen from each search result.

For mortality from heat, a PubMed search for English language 
articles published from January 1, 2015 through March 31, 2022 
was performed using the search terms “heat” and “global mor-
tality.” A single modeling study about global heat mortality was 
selected as an example because the authors were able to provide an 
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BACKGROUND
Climate change may become the greatest health problem of this 
century.1 Children today and future generations face an uncer-
tain and unsafe future caused, in part, by global heating/climate 
destabilization, often called climate change.2,3 Discussing its 
health effects with patients, colleagues, family, and friends may 
be an effective and practical action for concerned health profes-
sionals who have demanding professional duties4,5 and may result 
in greater public pressure to reduce greenhouse gas emissions. 
 This article provides a summary of climate change, air pollu-
tion, and health information intended to facilitate discussions for 
health professionals in their daily conversations. It is organized as 
a collection of talking points linking health and climate. A broad 
array of climate and health information is presented to emphasize 
the importance of climate change and permit the reader to choose 
from many topics. Table 1 includes a list of talking points about the 
direct health effects of climate change. Table 2 consists of informa-
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estimate of annual heat mortality over time compared to the rise 
in the Earth’s mean surface temperature. 

The collection of talking points derives from my experience 
giving presentations and trying to answer questions on climate 
and health. The US Army War College11 report is helpful when 
speaking to someone who discounts climate science. Heating, 
anoxia, and acidification of water may be appropriate for a person 
with an interest in Wisconsin lakes or fishing; and discussing the 
novel Never Let Me Go12 may encourage people to consider an 
adolescent’s perspective on climate change.

RESULTS
The average atmospheric temperature just above the Earth’s sur-
face (global mean surface temperature) increased by 1 ºC to 1.1 ºC 
(1.8 ºF to 2 ºF) between the years 1900 and 2017.6 By 2040, this 
increase may become 1.5 ºC (2.7 ºF).6 An increase in concentra-
tion of greenhouse gasses in the atmosphere causes global heat-
ing by reducing heat flow to outer space and accumulating heat 
energy within the atmosphere.6 Heat accumulation on Earth causes 
global heating and also destabilizes the climate by causing a greater 
number of severe weather events. As a result of global heating, a 
child born today will experience more wildfires, floods, weather-
induced crop failures, droughts, and heat waves than a child living 
in a stable preindustrial climate like Earth had in the year 1750.13 
Between 2000 and 2018, an average of 490,000 persons died each 
year worldwide from excessive heat.14 During the years of this mod-
eling study, average global temperature increased by 0.26 ºC, and 
heat deaths increased by 0.21%. As global heating progresses, it is 
likely that mortality from heat exposure will rise steeply.

There is a close relationship between global heating/climate 
destabilization and air pollution. Fossil fuel combustion is the 
dominant cause of global heating and the principal cause of air 
pollution.2 Each year, about 4 million people worldwide die pre-
maturely from this outdoor (not household) air pollution.15,16 

Nanoparticles from fossil fuel combustion accumulate not only 
in human lung tissue, but also brain, heart, and placental tis-
sues.16-19 These deposits may explain, in part, why fossil fuel pol-
lution causes lung cancer, increased susceptibility to pulmonary 
infections, myocardial infarction, stroke, preterm birth, low birth 
weight, and exacerbations of asthma and chronic obstructive 
pulmonary disease.20 Reducing climate change helps everyone, 
regardless of age, by reducing air pollution.

Table 1 lists health effects of global heating/climate destabili-
zation. Because of the complex relationships between health and 
changes in Earth’s ecosystem, it may not be possible to anticipate 
all of the health problems caused by global heating. For example, 
the relationship between heat exposure and kidney disease has 
been recognized only recently. Table 2 describes some boundar-
ies of Earth’s ecosystem. A boundary is a warning that the Earth 
system is approaching a tipping point. The IPCC defines a tip-
ping point as a critical threshold in the Earth system that, when 

exceeded, can lead to a significant and possibly irreversible change 
in the state of the system.7 Crossing a boundary reduces the Earth’s 
ability to sustain life. The climate boundary – thought to be 350 
parts per million (PPM) of carbon dioxide (CO2) in the atmo-
sphere – already has been exceeded. Not only is it important to 
stop increasing the atmospheric concentration of CO2, but it may 
be necessary to reduce it from the current value of 420 PPM to 
350 PPM to preserve a healthy planet. The documentary film 
entitled Breaking Boundaries with David Attenborough and Johan 
Rockstrom explains all of the known Earth ecosystem boundaries, 
including climate change.10

Human influence is the dominant cause of global heating.9 

Human actions cause climate change by releasing greenhouse 
gases into the atmosphere as a result of fossil fuel extraction and 
combustion and industrial forms of agriculture. The major green-
house gases responsible for global heating today are CO2, meth-
ane (CH4), and nitrous oxide (N2O). To limit global heating 
to 1.5 ºC, greenhouse gas emissions would probably have to be 
reduced to zero by 2050.9,10

HOW GREENHOUSE GASES HEAT EARTH
The amount of energy at Earth’s surface determines its climate;9 
increase the energy and the climate becomes hotter and storms 
become more powerful. The energy balance of the Earth as a 
whole is determined by the difference between incoming and 
outgoing energies at the top of the atmosphere. The greenhouse 
effect increases a planet’s surface temperature by reducing the rate 
at which the planet loses energy to outer space. This is similar 
to adding insulation to your home to increase inside temperature 
without requiring more energy from the furnace.

The atmosphere contains a continuous stream of heat (infrared 
energy) moving from the Earth’s surface to outer space because 
outer space is colder. Greenhouse gas molecules absorb and emit 
some of this infrared energy, sequestering heat in the atmosphere 
and causing Earth to warm.21,22 Some molecules with 3 or more 
atoms like CO2 and CH4 can absorb and emit infrared energy. 
Molecules that have the ability to absorb infrared energy usually 
have an uneven distribution of electrical charge called a dipole 
within the molecule. Absorption of infrared energy changes the 
position of the dipole within the molecule. Later, when the infra-
red energy is emitted, the dipole returns to its former position. 
This dipole shift is called a vibration. Infrared energy causes vibra-
tions of greenhouse gases in the atmosphere. A greenhouse gas 
molecule absorbs and later emits a unit (photon or quantum) 
of energy. The fundamental problem is that the direction of the 
emitted photon is random. The movement of the photon towards 
outer space is likely to be lost. This greenhouse gas effect becomes 
harmful to organisms – as it is now – when greenhouse gas concen-
trations increase and cause rapid global heating. This is because the 
more greenhouse gases in the atmosphere, the greater the amount 
of sequestered infrared energy.21 Human activities, particularly fos-
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Table 1. How Climate Destabilization Affects Human Health

Health Problem Explanation Ref

Mental health problems Observing and hearing about the decline of the natural world; loss of home or occupation from weather disasters;  25 
 may lead to stress, fear, despair, and other mental health problems. 
Heat-related illness and death Hyperthermia is a loss of internal body temperature regulation caused by heat exposure. Heat stroke is hyper-  7
 thermia plus central  nervous system dysfunction, such as fainting, seizure, or coma. Heat stroke may be fatal. 
Heat-related chronic kidney disease Uncertain etiology; related to manual labor, dehydration, and extreme heat; particularly affecting outdoor workers   24
 in tropical climates.
More vector-borne disease Ticks and mosquitoes migrate towards the poles and to higher altitudes as temperatures warm and summer is  8
 longer: eg, malaria, dengue, Lyme disease, West Nile encephalitis, zikavirus, Powassan virus. 
Threats to sources of fresh water Drought, mountain glacier loss, toxic blooms, floods, exhaustion of underground aquifers, salt water contamination 25
 of coastal aquifers. 
Reduced agricultural harvests caused by Declines in production of maize, wheat, rice, soybeans resulting in food scarcity as global heating continues. 25
heat, drought, floods, ground-level ozone
Declining air quality Higher temperatures cause more ground-level ozone. There is more particle pollution from wildfires causing  7 
 respiratory and cardiovascular disease. 
Displacement of human populations Sea level rise, extreme heat, drought, and reduced food harvests force people to leave their traditional homes,  11
(forced migration) increasing geopolitical instability.
Possible conflicts over fresh water Rivers, lakes, and glaciers at national boundaries may be disputed as fresh water resources diminish. 11
and other essential resources
Declining seafood harvests due to ocean Ocean and lake heatwaves and acidification of water by carbonic acid killing marine life. Since 1899, ocean pH  6
heating and declining ocean pH has eclined by 0.2 while ocean temperature has increased by 0.9 ºC.
Toxic blooms of microorganisms in lakes Warming lake and ocean waters contaminated by nitrogen and phosphorous from fertilizer, manure, or sewage 7
and oceans cause rapid growth of microorganisms, reduce fresh water availability, and kill marine life.
Floods in some areas Higher water vapor concentrations in the atmosphere cause heavier rainfall in some places, contamination of  7
 drinking water by infected or poisoned flood waters, and infrastructure damage. 
More powerful tropical storms, more Warmer ocean waters provide more energy to storms, causing destructive coastal hurricanes and damage infra- 25
precipitation per storm structure. 
Sea level rise Caused by thermal expansion of water and melting of glaciers on land (loss of Greenland and Antarctic ice sheets  7
 and glaciers everywhere). 
Drought, expansion of desert terrain In some areas, rainfall does not increase with temperature, causing hot drought (US West megadrought) and  7
 reduced crop harvests due to heat and insufficient water.
Increase in poverty Repeated and extensive weather catastrophes and forced population migrations exhaust resources. 8
More water-borne infectious diseases due As waters warm, bacterial populations increase; eg, Vibrio bacteria in salt water causing cholera, gastroenteritis, 8
to floods, warmer ocean and lake water necrotizing fasciitis. 

Table 2. Examples of Planetary Boundaries26,27 

Boundarya Description  How Boundary Relates to Health

Climate change Caused by greenhouse gas emissions into atmosphere,  Boundary exceeded – rapid global heating and climate destabiliza- 
 resulting in a hotter Earth with more extreme weather events. tion. Return [CO2] in atmosphere to 350 PPM.
Biogeochemical flows Excessive use of synthetic fertilizer causing release of nitrogen  Toxic blooms when water is warm enough – dead zones in oceans and  
 and phosphorous into bodies of water. lakes – boundary exceeded in some locations, such as mouth of  
  Mississippi River.
Freshwater use Using more fresh water than natural systems can produce,  Insufficient water for drinking and agriculture.
 water pollution by human activities and floods
Land-system change Loss of tropical, temperate, and boreal forests caused by  More rapid global heating; less CO2 removed from atmosphere by  
 clearing for farming, logging, and wildfires trees.
Loss of biosphere integrity Biodiversity loss due to deaths of plants and animals Reduced plant and animal populations; mass extinctions.
Ocean acidification CO2 in atmosphere dissolves into ocean water forming  Mass extinctions of marine life, loss of coral reefs, reduced seafood 
and heating  carbonic acid, reducing pH of water. As oceans warm,   harvests.
 O2 concentrations decline. 

Abbreviations: CO2, carbon dioxide; PPM, parts per million; O2, oxygen.
aNot all boundaries are listed. A boundary is a warning of a massive global shift that may be difficult to undo. These global catastrophes are often called “tipping points.” 
Crossing planetary boundaries reduces the ability of Earth to sustain life.
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sil fuel extraction (CH4), combustion (CO2), and application of 
synthetic fertilizers (N2O), increase greenhouse gas concentrations 
in the atmosphere and ocean. Each year about 35 billion tons of 
CO2 and 120 million tons of CH4 are released by human actions. 
Water vapor is also a greenhouse gas, as it can absorb infrared 
energy, but human activities do not directly add water vapor to 
the atmosphere. However, local increases in water vapor concen-
trations in the atmosphere are an indirect result of human green-
house gas emissions and amplify global heating (see below).

CLIMATE DESTABILIZATION TOPICS 
THAT MAY BE HELPFUL IN CONVERSATIONS
Solvable 
Possibly the single most important point about climate change 
is that we can solve the problem by reducing atmospheric green-
house gas concentrations. We can stop burning fossil fuels for 
energy, and we can actively remove CO2 from the atmosphere 
using natural means (trees, soil restoration, ocean, and land pres-
ervation) and sophisticated machines that capture CO2. Efforts to 
reduce greenhouse gas emissions usually also reduce air pollution 
from toxic chemicals. 

Military
The US Army War College  issued a report on climate change.11 

Although not intended as a medical report, health considerations 
occupy an important place in the report. Military strategists worry 
that global heating worsens existing national security threats by 
causing geopolitical instability and forced migrations of human 
populations. There may be displacement of tens of millions of 
people from the Middle East and Africa due to extreme heat and 
agricultural collapse. In the future, regions of the planet may 
become unfit for human habitation, leading to mass migrations on 
a scale not yet seen. The populations of Pakistan, India, and China 
depend on Himalayan glaciers for fresh water, creating a poten-
tial for dispute. Access to potable water could become a political 
threat or a weapon of war. Climate change can diminish access to 
resources, such as food or water, which, in turn, can increase the 
possibility of conflict. 

US Army War College report summary:11

• The US military is “precariously unprepared” for climate 
change.

• Climate change is likely to worsen in coming years.
• Sea level rise, food and water insecurity, and extreme weather 

events may displace tens of millions of people worldwide.
• Military personnel must provide more humanitarian assis-

tance as weather disasters increase.
• As temperatures increase, military personnel require more 

water when deployed.
• There are more cases of heat stroke and tropical diseases.
• There are more summer power grid failures as increased 

demand confronts aging infrastructure.

• Sea level rise affects US coastal and island military bases.
• There is a need for military environmental stewardship and 

greater energy efficiency.

Methane and Natural Gas
Methane emissions are a special problem caused in part 
 by extraction and combustion of natural gas. Sometimes called 
“methane gas,” natural gas consists of a mixture of organic gases 
with methane as a major component. During gas extraction, 
transportation, and use, methane enters the atmosphere. CH4 
is more effective at retaining heat than CO2 and is responsible 
for about 15% to 20% of global heating today.28 It is just as 
necessary to reduce CH4 emissions to mitigate climate change as 
it is to reduce CO2 emissions. Natural gas use causes less toxic 
air pollution than coal or oil combustion but emits too much 
greenhouse gas to be compatible with a healthy future. 

Amplifiers of Global Heating
Particular events tend to amplify global heating. 
• When ice melts and exposes water or land, less sunlight 

reflects back to space and more heat is retained on Earth, 
because ice reflects sunlight while water and ground absorb 
it. Melting of the Arctic Ocean during summer increases heat 
accumulation in the Arctic by exposing more water to sun-
light. This may explain why the Arctic is heating up faster 
than tropical and temperate regions.

• Melting of permafrost in the Arctic releases frozen CO2 stored 
in the ground, adding extra CO2 to the atmosphere. 

• Increased Earth temperatures permit higher average water 
vapor concentrations. Since water vapor is a greenhouse gas, 
this leads to more heating.

• Global heating causes more wildfires, which, in turn, cause 
deforestation, which, in turn, accelerate global heating by 
impeding CO2 removal by trees. In recent years, wildfires 
have been a destabilizing force in the United States, Russia, 
and Australia.
Because of these amplifiers, climate destabilization may prog-

ress more rapidly than predicted in some climate models.

Oceans and Lakes
Oceans and lakes face two different threats from CO2 emissions: 
heating and acidification. Presently, about 30% of CO2 emissions 
dissolve into water. Some of the absorbed CO2 reacts with water 
to form carbonic acid (H2O + CO2 → H2CO3 → H+ + HCO3), 
causing pH to decline. This extra acid makes it more difficult for 
marine organisms to form calcium carbonate skeletons and is 
directly harmful to organisms with shells. In addition, oceans and 
lakes become hotter as Earth becomes hotter. As ocean and lake 
waters warm, oxygen becomes less soluble and oxygen concentra-
tions in water decline. The combination of lower oxygen con-
centrations, acidification, and heating is more harmful to marine 
life than any one factor alone. The Great Barrier Reef north of 
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Box. Suggested Talking Points About Health and Climate Changea

• Global heating-climate destabilization directly affects human health. (See 
Table 1)

• Crossing boundaries diminishes Earth’s ability to sustain life. (See Table 2)
• Greenhouse gases heat Earth by absorbing and emitting photons of infrared 

energy trapping them in the atmosphere.
• Climate change causes geopolitical instability and population migration
• Individual choices can lessen global heating.
• National and international cooperation can curtail global heating.
• Particulate air pollution accumulates in the human body.
• The climate crisis can be solved by drastically lowering fossil fuel combustion.
• Some factors such as reduced ice cover speed up global heating.
• Acidification and lower oxygen concentrations in oceans and lakes reduce 

seafood harvests.
• Extreme heat, droughts, and floods reduce agricultural harvests.
• Literature may address global heating-climate destabilization in ways that 

are more powerful than science.

aAlthough disparate, these messages are all about human health.

Australia – the largest shallow water reef system in the world and 
home to approximately a million marine species – already has lost 
half its corals.7 

Hunger
Global hunger and undernutrition are expected to increase 
because of climate destabilization. Tropical and subtropical farm-
ers will experience greater difficulty growing crops due to heat and 
drought. While farmers in northern latitudes may experience a 
longer growing season and higher yields, the net effect is expected 
to be an agricultural decline. The IPCC has predicted an 8% to 
14% reduction in corn production at 2 ºC (3.6 ºF) of warming.7 
If this warming occurs, central Europe, the Mediterranean and 
Amazon regions, and most of Africa are expected to experience 
more hunger and undernutrition, while drought may reduce farm 
yields in the western US.7

Literature
The novel Never Let Me Go by Kazuo Ishiguro is a science fiction 
story about adolescents becoming aware of terrible information 
that their adult caregivers are trying to conceal. 12 This tale may 
offer insight into how a 10- or 12-year-old child may perceive 
climate change as they hear information fragments from differ-
ent sources.This is a powerful story read from a climate change 
perspective and may be easy to bring into a conversation.

QUICK ACCESS TO CLIMATE DATA
During a conversation, finding weather data quickly and easily 
may be helpful, but these data are vast and may require special-
ized knowledge to locate. One site that permits easier and faster 
searches is www.climatecentral.org. The climate scientists and 

meteorologists who maintain this website have tried to create a 
user-friendly site for nonspecialists.

To search for a temperature change in a particular city, click 
on “resources,” then “graphics,” then type in the name of the city. 
The website provides the state. When you click on the state, the 
website repeats the city name. Click on the city name and graphs 
of data from that city appear below. Graphs are labeled and easy 
to understand.

To search for information on weather disasters or climate sci-
ence, go to “resources,” then “graphics,” then “search for topics.” 
Click on a topic and related graphs appear below.

To search by keyword, go to “resources,” then “graphics,” then 
“keyword” and enter your word. Related graphs will appear. The 
figure is an example of a climate central graph of Earth tempera-
tures and atmospheric CO2 concentration over time.

ACTIONS TO MITIGATE CLIMATE CHANGE
Acting as an individual28

• Use your vote to protect children.
• Reduce personal carbon emissions (see below).
• Study climate change, talk about the weather.
• Create an emergency plan and kit (planning varies by loca-

tion, prepare for floods in Wisconsin). 
• Participate in or donate to an organization that advocates for 

climate stability. 
• Plant a garden or trees

Reducing personal carbon footprint30,31

• Avoid flying.
• Reduce driving and/or drive a high gas mileage or electric 

vehicle.
• Use and support investment in public transportation.
• Bike or walk when possible.

Figure. Annual Carbon Dioxide Peak and Temperature

Global temperature anomalies averaged and adjusted to early industrial base-
line (1881-1910).
Source: National Aeronautics and Space Administration Goddard Institute for 
Space Studies, National Oceanic and Atmospheric Administration National 
Center for Environmental Education, Earth System Research Laboratories. 
Figure reprinted with permission from Climate Central. Accessed July 12,  2022.  
https://www.climatecentral.org/climate-matters/peak-co2-heat-trapping-
emissions
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• Choose renewable energy whenever possible.
• Eat less beef or, if possible, eat grass-fed beef.
• Use light emitting diode (LED) light bulbs.
• Replace old appliances at the end of their lifecycle with 

Energy Star appliances.
• Weatherize your home.

Global and national goals to mitigate climate destabilization32-34

• Produce electric trucks, buses, cars, and ships. 
• Build electrically powered buildings.
• Restore topsoil with cover crops and reduced tillage; use less 

synthetic fertilizers.
• Raise grass-fed, rather than crop-fed, animals.
• Protect half of the oceans and land as nature sanctuaries.
• Produce all plastic to be recycled/no single-use plastic.
• Reduce CO2 emissions from steel and cement production.
• Remove greenhouse gases from the atmosphere by both natu-

ral means (forest, land, and soil restoration) and engineering 
methods (carbon capture and storage).

• Maintain a stable (not increasing) human population.

CONCLUSIONS
The key message about health and climate change is that a dras-
tic reduction in the burning and mining of fossil fuels solves the 
problem. Otherwise, the health of people will suffer from agricul-
tural and seafood declines, geopolitical instability, lack of potable 
fresh water, and heat and weather extremes. Droughts and floods 
are expected to be a frequent manifestation of climate breakdown, 
more powerful cyclones will probably destroy infrastructure and 
create enormous expense, and heat waves will likely cause many 
human deaths. On the other hand, everyone would live a healthier 
life in a world that has a clean energy economy.

Sadly, the cumulative emissions of greenhouse gases are a key 
factor in determining the health and quality of life today and for 
future generations. Preserving as much climate stability as pos-
sible reduces the health effects of global heating, air pollution, and 
ocean acidification. This can be accomplished with drastic reduc-
tions in atmospheric greenhouse gas concentrations. It may not 
seem like one person can make a difference; however, discussing 
climate change may be one way an individual can address the cli-
mate crisis. Although lives are busy, climate and health conversa-
tions are possible. It is also possible that taking action to reduce 
the climate crisis will reduce one’s personal fear about climate 
destabilization. Action has been called the antidote to despair.

Health care providers are among the trusted voices in our soci-
ety and can be an effective voice for children and future genera-
tions. Consider talking about the scientific consensus on climate 
change and why scientists and physicians have recommended dras-
tic reductions in greenhouse gas emissions. Swedish environmen-
tal activist Greta Thunberg, who started school strikes for climate, 
says that no one is too small to make a difference.35

Financial Disclosures: None declared.

Funding/Support: None declared. 

Acknowledgements: The author wishes to thank Abby Novinska-Lois, MPH, 
and David Puthoff, PhD, for reading the manuscript and providing helpful 
ideas, constructive criticisms, and editorial suggestions.

REFERENCES
1. Watts N, Adger WN, Agnolucci P, et al. Health and climate change: policy responses 
to protect public health. Lancet. 2015;386(10006):1861-1914. doi:10.1016/S0140-
6736(15)60854-6
2. Perera F, Nadeau K. Climate change, fossil-fuel pollution, and children's health. N 
Engl J Med. 2022;386(24):2303-2314. doi:10.1056/NEJMra2117706
3. Clark H, Coll-Seck AM, Banerjee A, et al. A future for the world's children? A WHO-
UNICEF-Lancet Commission. Lancet. 2020;395(10224):605-658. doi:10.1016/S0140-
6736(19)32540-1
4. Update message guidance for health professionals on advocating for rapid adoption 
of equitable climate solutions. The Medical Society Consortium on Climate & Health. 
Accessed June 30, 2022. https://medsocietiesforclimatehealth.org/wp-content/
uploads/2022/03/MessageGuidanceforHealthProfsonEquitableClimateSolutions.pdf  
5. Goldberg MH, van der Linden S, Maibach E, Leiserowitz A. Discussing global 
warming leads to greater acceptance of climate science. Proc Natl Acad Sci U S A. 
2019;116(30):14804-14805. doi:10.1073/pnas.1906589116
6. IPCC 2018: summary for policymakers. In: Masson-DelmotteV, Zhai P, Pörtner H-O, 
et al, eds. Global Warming of 1.5°C. An IPCC Special Report on the Impacts of Global 
Warming of 1.5°C Above Pre-Industrial Levels and Related Global Greenhouse Gas 
Emission Pathways, in the Context of Strengthening the Global Response to the 
Threat of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty. 
Cambridge University Press; 2018:3-24. Accessed January 6, 2022. https://www.ipcc.ch/
sr15/chapter/spm/
7. Hoegh-Guldberg O, Jacob D, Taylor M, et al. 2018: impacts of 1.5ºC global warming 
on natural and human systems. In: Masson-DelmotteV, Zhai P, Pörtner H-O, et al, eds. 
Global Warming of 1.5°C. An IPCC Special Report on the Impacts of Global Warming 
of 1.5°C Above Pre-Industrial Levels and Related Global Greenhouse Gas Emission 
Pathways, in the Context of Strengthening the Global Response to the Threat of Climate 
Change, Sustainable Development, and Efforts to Eradicate Poverty. Cambridge 
University Press; 2018: 175-312. Accessed June 15, 2022. https://www.ipcc.ch/sr15/
chapter/chapter-3/ 
8. Romanello M, McGushin A, Di Napoli C, et al. The 2021 report of the Lancet 
Countdown on health and climate change: code red for a healthy future. Lancet. 
2021;398(10311):1619-1662. doi:10.1016/S0140-6736(21)01787-6
9. IPCC, 2022: summary for policymakers. In: Pörtner H-O, Roberts DC, Poloczanska ES, 
et al, eds. Climate Change 2022: Impacts, Adaptation, and Vulnerability. Cambridge 
University Press; 2022:3-33. Accessed June 15, 2022. https://www.ipcc.ch/report/ar6/
wg2/chapter/summary-for-policymakers/ 
10. Clay J. Breaking Boundaries: The Science of Our Planet. Video. Silverback Films; 
2021.
11. Brosig M, Frawley P, Hill A, et al. Implications of Climate Change for the U.S. Army. 
US Army War College; 2019. Accessed February 15, 2022. https://climateandsecurity.
files.wordpress.com/2019/07/implications-of-climate-change-for-us-army_army-war-
college_2019.pdf  
12. Ishiguro, K. Never Let Me Go. Knopf Doubleday Publishing Group; 2005. 
13. Thiery W, Lange S, Rogelj J, et al. Intergenerational inequities in exposure to climate 
extremes. Science. 2021;374(6564):158-160. doi:10.1126/science.abi7339
14. Zhao Q, Guo Y, Ye T, et al. Global, regional, and national burden of mortality 
associated with non-optimal ambient temperatures from 2000 to 2019: a three-stage 
modelling study. Lancet Planet Health. 2021;5(7):e415-e425. doi:10.1016/S2542-
5196(21)00081-4
15. Ambient (outdoor) air pollution. World Health Organization. December 19, 2022. 
Accessed December 28, 2022. https://www.who.int/news-room/fact-sheets/detail/
ambient-(outdoor)-air-quality-and-health    
16. Fuller R, Landrigan PJ, Balakrishnan K, et al. Pollution and health: a progress update. 
Lancet Planet Health. 2022;6(6):e535-e547. doi:10.1016/S2542-5196(22)00090-0



WMJ  •  2023232

17. Bové H, Bongaerts E, Slenders E, et al. Ambient black carbon particles reach the 
fetal side of human placenta. Nat Commun. 2019;10(1):3866. doi:10.1038/s41467-019-
11654-3
18. Calderón-Garcidueñas L, González-Maciel A, Mukherjee PS, et al. Combustion- and 
friction-derived magnetic air pollution nanoparticles in human hearts. Environ Res. 
2019;176:108567. doi:10.1016/j.envres.2019.108567
19. Maher BA, Ahmed IA, Karloukovski V, et al. Magnetite pollution nanoparticles in 
the human brain. Proc Natl Acad Sci U S A. 2016;113(39):10797-10801. doi:10.1073/
pnas.1605941113
20. State of the air. American Lung Association. Published 2022. Accessed July 2, 
2022. https://www.lung.org/research/sota 
21. Pierrehumbert RT. Infrared radiation and planetary temperature. Phys Today. 
2011;64(1):33-38. doi:10.1063/1.3541943
22. Atmospheric radiation and the “greenhouse” effect. The Science of Doom blog. 
Accessed March 10, 2022. https://scienceofdoom.com/roadmap/atmospheric-radiation-
and-the-greenhouse-effect/ 
23. Clayton S, Manning CM, Speiser M, Hill AN. Mental Health and Our Changing 
Climate: Impacts, Inequities, Responses. American Psychological Association and 
ecoAmerica; 2021. Accessed May 12, 2022. https://www.apa.org/news/press/releases/
mental-health-climate-change.pdf 
24. Johnson RJ, Wesseling C, Newman LS. Chronic kidney disease of unknown 
cause in agricultural communities. N Engl J Med. 2019;380(19):1843-1852. doi:10.1056/
NEJMra1813869
25. Krawisz B. Health effects of climate destabilization: understanding the problem. 
WMJ. 2020;119(2):132-138.
26. Lenton TM, Rockström J, Gaffney O, et al. Climate tipping points - too risky to bet 
against. Nature. 2019;575(7784):592-595. doi:10.1038/d41586-019-03595-0
27. Steffen W, Richardson K, Rockström J, et al. Sustainability. Planetary boundaries: 
guiding human development on a changing planet. Science. 2015;347(6223):1259855. 
doi:10.1126/science.1259855
28.  Krupp F. Reducing methane will help hit the brakes on runaway global warming. 
EDF Voices blog. May 16, 2022. Accessed June 3, 2022. https://www.edf.org/
blog/2022/05/16/reducing-methane-will-help-hit-brakes-runaway-global-warming 
29. Kimmerer RW. Braiding Sweetgrass: Indigenous Wisdom, Scientific Knowledge and 
the Teachings of Plants. Milkweed Editions; 2013:182-200.
30. Energy Star. Accessed April 27, 2022. https://www.energystar.gov/ 
31. Eisen, MB, Brown PO. Rapid global phaseout of animal agriculture has the potential 
to stabilize greenhouse gas levels for 30 years and offset 68 percent of CO2 emissions 
this century. PLOS Clim. 2022;1(2):e0000010. doi:10.1371/journal.pclm.0000010
32. Doerr J. Speed & Scale: An Action Plan for Solving Our Climate Crisis Now. Portfolio 
Penguin; 2021:1-155.
33. Griscom BW, Adams J, Ellis PW, et al. Natural climate solutions. Proc Natl Acad Sci U 
S A. 2017;114(44):11645-11650. doi:10.1073/pnas.1710465114 
34. U.S. call to action on climate, health, and equity: a policy action agenda. 
Climatehealthaction.org. Accessed March 20, 2022. https://climatehealthaction.org/
media/cta_docs/US_Call_to_Action.pdf 
35. Thunberg G. No One Is Too Small to Make a Difference. Penguin Books; 2019.  



WMJ (ISSN 1098-1861) is published through a collaboration between The Medical 
College of Wisconsin and The University of Wisconsin School of Medicine and Public 
Health. The mission of WMJ is to provide an opportunity to publish original research, 
case reports, review articles, and essays about current medical and public health 
issues.  

© 2023 Board of Regents of the University of Wisconsin System and The Medical 
College of Wisconsin, Inc.

Visit www.wmjonline.org to learn more.




