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Abstract

The health of populations depends on the availability of clean air, water, food, and sanitation,
exposure to pathogens, toxins and environmental hazards, and numerous genetic, behavioral and
social factors. For many thousands of years, human life expectancy was low, and population
growth was slow. The development of technology-based civilizations facilitated what Abdel
Omran called “epidemiological transition,” with increasing life expectancy and rapid population
growth. To a large extent, the spectacular growth of human populations during the past two
centuries was made possible by the energy extracted from fossil fuels. We have now learned,
however, that greenhouse gases from fossil fuel combustion are warming the planet's surface,
causing changes in oceanic and atmospheric systems, and disrupting weather and hydrological
patterns. Climate change poses unprecedented threats to human health by impacts on food and
water security, heat waves and droughts, violent storms, infectious disease, and rising sea levels.
Whether or not humanity can reduce greenhouse gas emissions quickly enough to slow climate
change to a rate that will allow societies to successfully adapt is not yet known. This essay reviews
the current state of relevant knowledge, and points in a few directions that those interested in
human health may wish to consider.
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In his seminal 1971 paper “The epidemiological transition,” Abdel Omran put forth a
conceptual framework linking the many facets of epidemiology with the forces behind
population dynamics, emphasizing the changing nature of structural influence (Omran,
1971). At that point in human history, clear and convincing evidence had emerged
documenting a “transition in which degenerative and man-made diseases displace
pandemics of infection as the primary causes of morbidity and mortality.” Around the same
time, scientists were beginning to report that human emissions of greenhouse gases were
causing global warming and climate change (Benton, 1970; Gast, 1971; Manabe and
Wetherald, 1975).
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Omran divided human history into three major epidemiological epochs. The first, or “Age of
Pestilence and Famine,” lasted for thousands of years and was characterized by cyclic
patterns of localized population growth ended by major die-offs, often precipitated by war,
civilization collapse, and/or epidemic infection. In the second “Age of Receding Pandemics”
Omran wrote that “mortality declines progressively; and the rate of decline accelerates as
epidemic peaks become less frequent or disappear.” In Omran's third epoch, the “Age of
Degenerative and Man-Made Diseases,” “mortality continues to decline and eventually
approaches stability at a relatively low level. The average life expectancy at birth rises
gradually until it exceeds 50 years. It is during this stage that fertility becomes the crucial
factor in population growth.”

For more than a century, knowledge regarding “degenerative and man-made diseases” has
increased at a dizzying pace. The era of using science to identify and respond to human-
engendered disease arguably began when John Snow in 1854 traced the source of a London
cholera epidemic and then removed the Broad Street pump handle to limit further contagion
(Koch and Denike, 2009; Paneth, 2004; Tulchinsky, 2010). Not long afterwards, work by
Louis Pasteur (Bordenave, 2003) and others led to a remarkably broad and detailed
understanding of infectious disease, much of which was caused or exacerbated by
population growth, urbanization, and crowding. These discoveries provided rationale for
large scale potable water, sanitation and public health systems, which in turn facilitated even
more rapid population growth in the world's emerging urban centers (Szreter, 2003).

More recently, the cardiovascular disease epidemic has been investigated and addressed at
multiple levels, with several proven strategies to normalize blood pressure, prevent clots,
and reduce cholesterol. For several cancers, useful screening and/or effective treatments are
now available. Environmental, occupational and behavioral strategies have been even more
effective. Science demonstrating tobacco's ill effects was followed by widespread and
effective smoking cessation campaigns. Seat belts, safer automobiles and better roadways
have greatly reduced motor vehicle casualties. Water and air pollution have improved in
many locales, with measurable improvements in cardio-respiratory morbidity and mortality.
Mostly missing from the medicine and public health discourse, however, has been the
realization that massive-scale human activity is radically altering the atmosphere and surface
of the planet, and that the basic functionality of our life-sustaining ecosystem can no longer
be taken for granted.

It took several million years for anthropoid apes to evolve to anatomically modern human
form, and then another 400 centuries before our Homo sapiens sapiens ancestors began to
show their prowess. Following the advent of agriculture around 10,000 years ago,
populations began to increase substantively, spreading out across the globe, forming cities,
kingdoms, and civilizations. By 1800, there were approximately a billion (1,000,000,000)
people on the planet. This doubled to around 2 billion by 1922, 4 billion by 1974, and 7
billion today. New technologies and systems of production led to rapid and widespread
developments in agriculture, transportation and sanitation, with ever-increasing numbers of
people living longer, more productive, and more consumptive lives.
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The past two centuries of explosive population growth were facilitated in large part by the
burning of fossil fuels. Mechanization of agriculture, combined with increasing
agrochemical inputs, not only fertilizers, but also pesticides, allowed huge increases in crop
productivity, which in turn fueled population growth. Exploitation of coal, oil, and natural
gas yielded vast and rapid systems of transport, electrical power, and a globalized economy
of relatively inexpensive and widely available products, services, and information exchange.
This modern era of explosive growth, however, cannot continue unabated, given the finite
nature of the resources and the ecological threats that unrestrained consumption poses.
Having survived (so far) the specter of nuclear war, humanity is now facing the fundamental
contradiction of continued growth trajectories in the face of resource and ecosystem
limitations. If we successfully respond to these challenges and transition to a sustainable
future, humanity may enter a new age, characterized by much more prudent use of energy,
among other things. These ideas are not entirely new. In 1798, Reverend Thomas Robert
Malthus noted that finite resources, such as arable land, would eventually be overcome by
sustained population growth: “The power of population is indefinitely greater than the
power in the earth to produce subsistence for man (Malthus, 1798).”

Similar ideas have been put forth many times since, most notably in 1968 by Paul and Ann
Ehrlich in The Population Bomb (Ehrlich, 1968) and then in 1972 in The Limits to Growth
(Meadows et al., 1972) by Donella Meadows and colleagues from The Club of Rome, who
showed with then state-of-art computer modeling that finite resources are incompatible with
unlimited economic and population growth. Similar notions were initially explored in the
ecological literature by writers such as Pianka (1970) and MacArthur and Wilson (1967)
who showed that reproduction rates and longevity dynamics combined with environmental
constraints, such as availability of food and water, lead to “boom and bust” cycles, and,
occasionally, to species extinction.

What is relatively new to this discourse, however, is the realization that human-emitted
greenhouse gases are warming the planet, melting the ice caps, raising the oceans, and
increasing the frequency of droughts, floods and extreme weather events. There is no longer
any reasonable doubt that global warming is occurring, and that this is due primarily to
human activities (IPCC Working Group 1, 2013; IPCC Working Group 2, 2014; National
Academy of Sciences, 2014; National Climate Assessment and Development Advisory
Committee, 2014). There is also very little doubt that ensuing changes in climatic patterns
will lead to myriad adverse outcomes, including heat waves, droughts, and increased
frequency and violence of major weather events (Honda et al., 2014; Kravchenko et al.,
2013; Lane et al., 2013; Stanke et al., 2013). These will in turn accelerate the already
monumental and tragic loss of biodiversity, (Cardinale et al., 2012; Hooper et al., 2012;
Mayhew et al., 2008; Pimm et al., 2014; World Resources Institute, 2005) and will promote
the spread of infectious diseases such as malaria and gastrointestinal infections (De Luca
and Giraldi, 2011; Murray et al., 2013; Patz and Reisen, 2001; Ramasamy and Surendran,
2011). The billion or so people living on low-lying islands and coastlines will need to
immigrate, adapt, or perish (McMichael et al., 2012a). This will place pressure not only on
those most directly threatened, but on political and economic systems in neighboring
countries, and indeed, on all societies. Health outcomes, psychosocial stresses and

Prev Med. Author manuscript; available in PMC 2015 April 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Barrett et al.

Page 4

behavioral responses cannot be predicted with confidence, but the broad outlines are
extremely concerning (Patz et al., 2014).

Since “The epidemiological transition” was first published in 1971, the scientific
understanding of anthropogenic global warming has matured. While some details are still
emerging, the broad outlines are incontrovertible. The burning of fossil fuels has released
hundreds of gigatons of greenhouse gases, most notably carbon dioxide (CO,), which has
increased in atmospheric concentration from pre-industrial levels of 280 parts per million
(ppm) to more than 400 ppm today (IPCC Working Group 1, 2014). This has already
contributed to a mean surface temperature increase of 0.9 °C, and an average ocean surface
rise of more than 20 cm (Intergovernmental Panel on Climate Change, 2007). Current
projections suggest that average global temperatures will rise to 2 to 6 °C above the levels in
which humanity evolved (IPCC Working Group 1, 2014). Even the most conservative
projections conclude that this will constitute the most rapid change of atmospheric
composition and global temperature ever occurring in our planet's 4.5 billion year history
(National Research Council, 2013a). It will also accelerate what is already by far the worst
wave of plant and animal extinctions our planet has experienced, with approximately 3
species disappearing each hour and a third of all vertebrates disappearing in less than 50
years, an extinction rate of approximately 1000 times evolutionary background averages
(Cardinale et al., 2012; Hooper et al., 2012; Mayhew et al., 2008; Pimm et al., 2014; World
Resources Institute, 2005).

Following the advice of humerous scientific bodies, the 2009 Copenhagen Accord called for
policies that would limit average planetary warming to no more than 2.0 °C (Ramanathan
and Xu, 2010). Current best estimates conclude that no more than an additional 400 to 800
gigatons of CO, can be added to the atmosphere if we are to have a reasonable chance of
staying within this limit (IPCC Working Group 1, 2014;Meinshausen et al., 2009). Burning
all proven coal, oil and gas reserves, however, would produce around 2800 gigatons, likely
leading to temperature rises of 3 to 6 °C (Meinshausen et al., 2009). Warming of this
magnitude could trigger positive feedback loops pushing atmospheric and oceanic systems
past a series of crucial tipping points (Hansen et al., 2013; National Research Council,
2013a). As the ice cover melts, less of the sun's energy is reflected, increasing heating
effects. Melting of the northern tundra would release vast quantities of methane and other
greenhouse gases, further accelerating the process. Conservative models project that water
from melting of the Greenland and Antartic ice sheets will combine with thermal expansion
to yield sea level rises of 200-600 cm by the year 2100 (IPCC Working Group 1, 2014).
Adding in tipping points and positive feedback loops, we may be looking at ocean surface
rises of 10mor more by the middle of next century (Hansen et al., 2013; Joughin et al., 2014;
Rahmstorf, 2010; Rignot et al., 2014). Thirteen of the world's 20 largest cities are located on
a coastline. More than 2 billion people live within 60 miles of the sea. The scale and
complexity of relocation and adaptation efforts needed for sustainable survival in such a
scenario are difficult to forecast. Current best estimates project the number of environmental
refugees in the tens to hundreds of millions within the next few decades (McMichael et al.,
2012a). In the longer term, global warming victims and refugees could number in the
billions, as seas would rise by more than 200 ft if all the ice melts (Folger, 2013).
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The broad outlines of the effect of global warming on human health are only beginning to
emerge (Costello et al., 2011; Ebi, 2011; McMichael et al., 2012b; Patz et al., 2007, 2014;
Rapley, 2012). One authoritative study published in the Lancet in 2009 (Costello et al.,
2009) described six categories related to projected health effects: 1) changing patterns of
disease, 2) food, 3) water and sanitation, 4) shelter and human settlements, 5) extreme
weather events, and 6) migration. While useful, these categories are overlapping and
interactive. Changing climatic patterns are causing both droughts (Battisti and Naylor, 2009;
Stanke et al., 2013) and floods, (Lane et al., 2013; Woodward et al., 2013) directly
impacting potable water availability (Bates et al., 2008) and agricultural productivity (Lobell
and Gourdji, 2012). Extreme weather events are dangerous and costly, and may threaten
water and sewage systems, (Lane et al., 2013; Schmeltz et al., 2013) reduce agricultural
output, (Battisti and Naylor, 2009; Friel et al., 2009; Lobell et al., 2008) and damage
housing and economic infrastructure (Lane et al., 2013; Sauerborn and Ebi,
2012).Malnutrition and poor sanitation lead to more frequent and virulent outbreaks of
infectious disease. Ecosystem changes can increase prevalence of vectors and reservoir
hosts, which when combined with decreased human host resistance, can lead to deadly
epidemics of cholera, dengue, cryptosporidia, West Nile, hantavirus, Lyme disease, or
malaria (Bai et al., 2013; De Luca and Giraldi, 2011; McMichael et al., 2006; Patz et al.,
2014; Ramasamy and Surendran, 2011). All of these climate-related effects would increase
personal and social vulnerability, promoting conflict and/or migration (Bronen and Chapin,
2013; Burke et al., 2010; McMichael et al., 2012a; National Research Council, 2013b).

According to Fritze, mental health impacts of climate change will emerge in three distinct
ways (Fritze et al., 2008). First, direct effects will occur through personal experience of
extreme weather events, as has been observed among victims of various extreme weather
events (Amstadter et al., 2009; Bronen and Chapin, 2013; Hart et al., 2011; Larrance et al.,
2007; Schmeltz et al., 2013). Second, disruptions in social, economic and environmental
determinates of health will exacerbate a variety of mental health conditions (Blashki et al.,
2007). Third, individuals may experience emotional distress and anxiety about the future
with the realization and understanding of the consequences of, and threats posed by, global
warming (Fritze et al., 2008).

While a few geographical areas may see increased agricultural productivity, most experts
agree that the overall trend will be towards worsened food insecurity (Lobell and Gourdji,
2012). Shorter winters and higher CO, concentrations stimulate photosynthesis, potentially
increasing crop yields by as much as 1.8% per decade (Lobell et al., 2011). At the same
time, however, warmer temperatures increase plants' need for water, leading to drought and
heat-related crop failure. Best current models put the plausible net change in global crop
yield between 2% gain and —3% loss per decade, compared to today's productivity (Lobell
and Gourdji, 2012). The bigger picture, however, includes not only average global
production, but localized effects of droughts, floods, and insect damage. Increasing costs
involved with transportation, irrigation, fertilizers and pesticides will reduce local- and
regional-level resilience to climatic threats, creating life-threatening crises for the world's
more vulnerable populations. The annual number of food emergencies, as defined by the
United Nations World Food Program, has risen from 15 per year in the 1980s to 30 per year
today (Schneider and Garrett, 2009). Food insecurity already threatens 1 in 7 of earth's
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population, with more than a billion people acutely or chronically malnourished on any
given day. One study published in Science projected severe temperature increases in the
tropics and sub-tropics, where half of humanity lives, and warned that “human consequences
of global climate change could be enormous” (Battisti and Naylor, 2009).

Systems providing clean drinking water and sanitary sewage disposal are among the most
important achievements of the industrial revolution, and a major driver of the second phase
of Omran's epidemiological transition. Nevertheless, close to a billion people lack access to
potable water, and more than 2 billion live without sanitary sewage systems (United Nations
and World Health Organization, 2014). While this is clearly an area amenable to
improvement regardless of warming-induced climate change, environmental threats to water
security are sure to worsen. Some water-stressed regions will become hotter and more arid,
decreasing food production, while others will suffer more frequent and consequential
flooding, impacting water and sanitation as well as agriculture. Perhaps the most worrisome
long term water-related threat comes from loss of mountain glaciers, which feed rivers
providing water for more than a sixth of the world's population (Beniston and Stoffel, 2014;
Laghari, 2013). Even if average annual rain and snowfall levels remain adequate, seasonal
variations will increase, leading to more and worse downpours and flooding, and longer and
more threatening dry seasons.

There is continuing uncertainty regarding projected increases in the frequency and severity
of extreme weather events. Heat waves, heavy precipitation events, floods, droughts, and
windstorms at sea and on land have all increased over the past few decades (Coumou and
Rahmstorf, 2012; Diffenbaugh et al., 2013; Lane et al., 2013). However, the inherent
variability in the measurement of these events has meant that some of these increases have
not yet reached statistical significance. For instance, strong trends in worsening storms have
been observed in the North Atlantic and the Indian Oceans (Emanuel, 2005). Heat waves are
especially life-threatening, with the 2003 European heat wave responsible for the loss of
more than 60,000 lives (Analitis et al., 2013; Filleul et al., 2006; Orru et al., 2013). Heat-
and drought-related events will threaten some populations, but others will be faced with
floods and freezing, as climate change disrupts moderating influences such as temperate
weather patterns and ocean currents.

Substantive questions emerge related to responsibility, ethics and, equity. Clearly, the
negative health consequences of climate change will disproportionally harm the world's poor
and disadvantaged populations, who have in general contributed the least towards
greenhouse gas emissions (Anstey, 2013; Bernstein and Rice, 2013; Bowen and Friel, 2012;
Donohoe, 2003; Singh, 2012). For example, expected mortality impacts of environmental
change have been projected to be as much as 500 times higher in African than European
populations (McMichael et al., 2008). Disadvantaged people suffer first and worst when
subjected to new threats, as they already have multiple risks and little margin of safety.

Appropriate response to the threats that climate change presents varies dramatically by
locale (Patz and Olson, 2006). Poor, low-lying and under-developed regions are under the
greatest threat, but also have the greatest potential cost-effective gain from appropriate
action (Bowen and Friel, 2012). Improvements in built infrastructure targeting potable
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water, sewage, and storm run-off are of high priority, as are investments in sustainable
agriculture, housing, transportation and education. Emergency response systems able to alert
people and provide safety during extreme weather events are needed, as are new or better
sea walls in many coastal locations. Basic health services, including vaccination, maternity
and infant care, rehydration, injury prevention and treatment, and infectious disease
prevention and treatment will strengthen resilience and facilitate gradual long-term health
gains. Long term sustainability in the developing world is crucially dependent on population
stabilization (Carlowe, 2009).

The main challenge of the developed world is to vastly reduce greenhouse gas emissions
from fossil fuel combustion, and to maintain a productive economy while doing so (National
Climate Assessment and Development Advisory Committee, 2014). Climate science tells us
that in order to maximize the likelihood of a sustainable future in a livable world, only a
small proportion of earth's remaining fossil fuel reserves can be burned for energy. In this
light, seeking new coal or oil deposits, or exploiting existing tar sand deposits, does not
appear to be compatible with a long-term livable future. Given the high levels of energy
consumption that people in the developed world have come to expect, the challenges of
rapidly moving to a net-zero carbon economy are formidable, indeed. But this is what it
seems that we must do, if we are to leave our descendants with both civilization and
planetary ecosystem intact.

Several authors have begun to investigate the potential health benefits of transition to a low-
carbon economy (Anon, 2000; Bouzid et al., 2013; Cheng and Berry, 2013; Friel et al.,
2011; Haines, 2012; Holmner et al., 2012; McMichael, 2013; Patz and Hahn, 2012). For
instance, dramatic reductions in the use of animal-based foods and energy-intensive
transportation (eg. personal vehicles, jet travel, elevators, etc.) could lead to substantive
reductions in obesity, diabetes and heart disease (Friel et al., 2009; Haines and Dora, 2012).
Improvements in urban transportation systems could both reduce greenhouse gases and
improve physical fitness, leading to better health (Schmeltz et al., 2013;Woodcock et al.,
2009). Reducing the burning of fossil fuels, especially coal, will lower rates of cardiac and
respiratory disease and death attributable to air pollution (De et al., 2013; Li et al., 2013;
Thurston, 2013). Better insulation and more efficient heating and cooling systems will
reduce household energy costs, and savings could be shifted towards health-enhancing
activities and products, such as more fruits and vegetables, bicycles and other exercise
equipment, and healthy recreational activities (Wilkinson et al., 2009).

Transportation of goods and people requires massive energy expenditure, nearly all of which
comes from fossil fuels. Shifting towards more localized economies could substantively
reduce humanity's carbon footprint, enhancing both community and personal health. Efforts
at reducing carbon footprints should take into account efficiencies. For example,
transportation of efficiently produced agricultural products by sea or rail might well leave
less of an imprint than trying to produce them locally. Nevertheless, air transport of goods
and people will need to be radically reduced if we are to transition to a sustainable carbon
neutral economy.
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Transmission of electrical energy from source to consumer involves large scale
inefficiencies, often involving substantive energy losses. Locally-produced energy based on
wind, solar, hydroelectric, geothermal and tidal sources would increase transmission
efficiency, provide good jobs, and empower communities to take responsibility for their
energy use. Engaging local political, financial, education and health sectors in planning and
carrying out energy system transformation could lead to feasible, efficient, and sustainable
solutions that national or state level planning might overlook. While it is undoubtedly true
that the scale of necessary change will require substantive upfront input, most economic
models suggest that investing in preventive efforts now will cost far less than paying for the
more expensive consequences later (Cooke, 2013; Haines, 2012; Knowlton et al., 2011,
Nemet et al., 2010; Pindyck, in press; Ramanathan and Xu, 2010; Stern, 2013; Stern and
Taylor, 2007). It is also true that the projected health co-benefits of reducing fossil fuel use
are substantive, and will begin to accrue almost as soon as mitigation efforts are initiated
(Cheng and Berry, 2013; Nemet et al., 2010; Roberts, 2009; Thurston, 2013; West et al.,
2013).

A few authors have begun to envision the changes that the health care system will need to
undertake in response to climate change (Blashki et al., 2007; Ebi, 2011; Parker, 2011;
Podein and Hernke, 2010; Richardson et al., 2009; Rosenblatt, 2005; Walker et al., 2011).
Several of these have to do with infrastructure and technology. Health care buildings,
especially hospitals, are among the most energy-intensive of facilities. Medical
interventions, including pharmaceuticals and surgical procedures, depend on highly
technical and fossil fuel based energy-intensive infrastructures. Reliance on unnecessary
laboratory testing, combined with costly, risky, and marginally effective pharmaceutical
intervention, has reached epidemic proportions (Berwick and Hackbarth, 2012; Brody and
Light, 2011; Grady and Redberg, 2010; Lenzer, 2012). Overdiagnosis (Gotzsche et al.,
2009; Hoffman and Cooper, 2012; Welch et al., 2011) and overtreatment (Abramson, 2004;
Brownlee, 2007; Whitaker, 2010) for those that have health insurance may lead to as much
harm as lack of access for those that do not (Himmelstein et al., 2001; Lasser et al., 2006).
As lvan Illich warned in 1976 (Illich, 1976), we physicians and our associated biotechnical
workforce may have — to some extent — created a “medical nemesis” during the
“expropriation of health.” By reducing energy-intensive and low-yield interventions, and by
transitioning towards practices aimed at psychosocial as well as physical health, we can
support a transition towards a sustainable future. This will involve adopting new paradigms
as well as practical solutions, and will require new ways of training health care personnel to
deal with new and evolving threats to human health.

Gradually shifting towards more appropriate and effective methods — such as health-
enhancing behaviors, nutritional guidance, social support and environmental safety — could
integrate well with locally-based and health-promoting agriculture, water, sewage and
energy systems. Today, most Americans drive automobiles to get to their doctors. In the
future, it might make more sense to use email and telephone for most communications, to
have neighborhood-based clinicians available for direct interaction and physical exam when
useful, and to reserve analysis of biological specimens and diagnostic imaging for cases
where those modalities are proven to be cost-effective (a small fraction of current use, we
believe). Delivery of effective public health interventions such as childhood immunization
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and annual influenza vaccination could be handled by nurses in schools, workplaces, or
neighborhood community centers. Health education and promotion, (Patrick et al., 2012)
including exercise and nutrition classes, could be led by public community health workers in
easily accessed locations. Psychological counseling, social work services and dentistry could
also be located at the community or neighborhood level, so that active transport (walking,
biking) could replace energy-intensive and polluting transportation as the predominant mode
of accessing health care. To some extent, these sorts of things are already available in places
such as Denmark, The Netherlands, and Cuba, where positive examples can be learned from,
as high cost high impact systems in America and elsewhere seek to reduce their carbon
footprints.

Health care systems are composed of numerous individuals, all of whom have the
opportunity and perhaps moral obligation to act. Given the gravity of the situation, health
professionals have a duty to educate their patients and the public, and use their societal
positions to call for policies discussed above. First, interested health professionals should
lobby their local medical schools and residency programs to adopt curricula in climate
change health impacts, and health-related mitigation and adaptation. Second, doctors, nurses
and allied health professionals should actively participate in groups like the European Health
and Environment Alliance, the US Climate Health Alliance, and Health Care Without Harm
(both US and EU), where they can learn how to educate and motivate institutional leadership
and elected officials towards better policies and practices. Third, health professionals should
mobilize the power of their provider groups and representative organizations such as the
American Medical Association and various European medical societies to put lobbying
power behind the climate policy statements that many of these groups have already made.
Fourth, and finally, to reach the public's ears, health professionals must work with well-
connected environment and climate advocacy groups, such as the Sierra Club, 350.0rg, and
the World Wide Fund for Nature.

For some readers, especially those not yet convinced of the basic findings of climate
science, these ideas and proposals may seem difficult to accept, or even to discuss or
consider. Nevertheless, the evidence is robust and the basic science is sound, with
tremendous consensus among those who have studied it (Cook et al., 2013; IPCC Working
Group 2, 2014; Patz et al., 2014). For those that do not accept the scientific consensus,
perhaps the health co-benefits expected to come from transitioning towards a carbon-neutral
economy will be enough to gain acceptance, if not active support. For those whose minds
are open to scientific findings, and are able to understand and accept the enormity of the
climate-related challenges facing humanity, this essay may make more sense, and will
hopefully stimulate thought and conversation to move us forward. As Costello reminds us,
neither attitudes of climate change denial nor catastrophic fatalism should be used to guide
societal-level decision making (Costello et al., 2011). Instead, we need to take a hard look at
what the best science is telling us, and then work towards pragmatic approaches to maximize
benefits and minimize harms.

Which brings us back to Omran's “epidemiological transition,” a foundational theory these
past few decades (Defo, 2014; Feinleib, 2008; Riley and Alter, 1989; Szreter, 2004). Taking
a broad view of human history, it is clear that the forces shaping such basic parameters as
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fertility, mortality and life-expectancy are complex, changing, and influenced by a number
of factors, including structural influences resulting from large-scale human activities.
Human health — mental and physical, symptomatic and functional — is influenced by
complex underlying phenomena inextricably linked to the world in which we live. Over
several centuries, unprecedented technological change has facilitated revolutions in
agriculture, potable water and sewage, public health and medical care that have allowed
tremendous increases in life-expectancy and population growth. Until recently, widespread
belief in the power of technology and economic productivity to improve human lives has
yielded a false promise that our collective future was assured. Until recently, the physical
and biological nature of that world was understood to be relatively constant, with the
assumption that our actions could not markedly influence the habitability of the planet as a
whole. But now we know better. Widespread burning of fossil fuels, combined with the
destruction of forests, has already influenced earth's temperature, sea level, and climate, and
is threatening to wreak havoc on an unprecedented scale. Our ability to keep average global
warming to the 2 °C considered safe by our planet's most knowledgeable scientists may be
the major determinant of whether Omran's “Age of Degenerative and Man-Made
Diseases”will continue, or whether we will be entering an age of civilization collapse and
population decline, as resource-depleted and socially-stressed societies fail to adapt to a
heat-stressed planet with new coastlines, unpredictable water resources and agricultural
capacity, and a small fraction of the biodiversity that a billion years of evolution has
provided.
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