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The environment is changing rapidly under pressure from 3
related drivers: climate change, pollution, and biodiversity
loss. These environmental changes are affecting digestive
health and disease inmultiple ways. Heat extremes can cause
intestinal and hepatic dysfunction. Access to adequate
amounts of foodofhigh nutritional content and to cleanwater
is under threat. Extreme weather is associated with flooding
and enteric infections and affects the delivery of care through
infrastructure loss. Air, water, and soil pollution from chem-
icals and plastics are emerging as risk factors for a variety of
intestinal diseases including eosinophilic esophagitis, meta-
bolic dysfunction associated fatty liver disease, digestive tract
cancers, inflammatory bowel disease, and functional bowel
disease. Migration of populations to cities and between
countries poses a special challenge to the delivery of digestive
care. The response to the threat of environmental change is
well underway in the global digestive health community,
especially with regard to understanding and reducing the
environmental impact of endoscopy. Individuals, and peer
societies, are becomingmore engaged, and have an important
role to play in meeting the challenge.
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Introduction

We live in a time of rapid environmental change
driven by global warming, increasing pollution,

and declining biodiversity. These 3 processes are inter-
connected and are impacting in compound ways on diges-
tive health and disease. The purpose of this comprehensive
review is to discuss the background to environmental
change, the intersection with digestive health, to identify
gaps in knowledge, and actions which may be taken. Table
lists some key definitions and resources for readers inter-
ested in learning more and taking action, especially with
regard to reducing the impact of endoscopy.

Global Warming, Pollution, and
Biodiversity Loss
Global Warming

In 1856, Eunice Foote published her work on the effect
of carbon dioxide (CO2) on warming of air.9 She described a
series of experiments using sealed glass tubes containing
thermometers. One was filled with CO2 and another with air.
The tubes were placed in sunlight, and she made the
following observations: “The receiver containing the gas
(CO2) became itself much heated—very sensibly more so than
the other—and on being removed it was many times as long
in cooling.” Foote had demonstrated that an increased con-
centration of CO2 in air increases the temperature change
caused by sunlight acting on a model of the atmosphere. She
had discovered the basis of the greenhouse effect. Her second
observation was that once the CO2 enriched air warms up, it is
slower to cool down than normal air. Both observations are
fundamentally important to the situation we find ourselves in
nearly 170 years later. CO2 is just one of several greenhouse
gases (GHGs), which include methane, ozone, nitrous oxide,
water vapor, and synthetic hydrofluorocarbons.5 The non-CO2

gases differ in their warming potential and are often
expressed in CO2 equivalents (CO2e).
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The greenhouse effect is shown in Figure 1. Incoming
short wave solar radiation heats the surface of the Earth and
oceans, which then radiate heat into the atmosphere in the
infrared spectrum. Some of this heat goes back into space.
GHGs, produced from a variety of sources, like those shown
in the lower part of the figure, hold a proportion of this
radiated energy in the atmosphere by increasing their mo-
lecular kinetic energy. This leads to atmospheric warming.

By the time the first Model T rolled off the assembly line in
1908, the science behind how GHG might cause warming had
been worked out.10 In 1938, the first report was published
validating the theory of how GHG might cause atmospheric
warming.11 Fifty years later, in 1988, the testimony of James
Hansen to the US Senate sounded the alarm that this warming
might be a problem. While this may have been news to the
public,12 the connection between burning oil, and other fossil
fuels, and a warming atmosphere was already well known to
the petrochemical industry.13
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Table. Key Definitions of Terms Used in Environmental and Climate Change Literature Links to Resources Which Show What
can Be Done
Asylum seekers and refugees.1 Asylum seekers are refugees, who have left their own country and are seeking

protection in another, while waiting for their claim to be decided. Refugees are
people who have been forced to flee their country because of a fear of violence or
persecution or because of natural disaster.

Carbon dioxide equivalent (CO2e)
2 Carbon dioxide is the most abundant greenhouse gas, about 80%. Other

greenhouse gases, like methane and nitrous oxide, differ in their warming ability
relative to CO2. To allow comparisons of combinations of multiple different gases,
they are standardized to CO2, and expressed as carbon dioxide equivalents,
CO2e.

Carbon footprint2 The carbon footprint is the total amount of greenhouse gases generated by all our
actions, including our professional and personal lives. It is made up of several
components, including the energy used in our homes, the food that we eat, the
clothes that we wear, and the travel that we undertake.

Climate change2 Climate change is the long-term shift in the average patterns of weather in regions
and globally. It is not the same as weather, which is much more short-term;
climate change is measured over decades.

Conference of the parties (COP)3 This is an annual meeting of the parties who signed up to the Kyoto protocol. COPs
occur annually with a goal of setting new policies and reviewing progress to date.

Cryosphere4 The cryosphere is the frozen part of the world’s water resources. This is very
important in modulating heat, and in controlling ocean levels and in providing
water to large numbers of the global population.

Greenhouse gas (GHG)5 There are multiple greenhouse gases. Carbon dioxide is the most ubiquitous and
comprises about 80%. Others include methane, nitrous oxide, and synthetic
gases such as those used in anesthesia. What they have in common is the ability
to hold heat in the atmosphere, which would otherwise be lost back into space.
The retention of heat leads to progressive atmospheric warming and a shift in the
mean temperature of the planet.

Global warming and global mean surface
temperature (GMST)2

Global warming is the long-term shift in the temperature of the planet. It is often
expressed as global main surface temperature change (GMST). GMST includes
all areas of the planet including land masses and oceans. A rise of 1�C in GMST
does not mean that every place will experience that temperature rise. Some will
experience much more and some less.

International panel on climate change (IPCC)6 The IPCC is a United Nations body charged with informing the world’s community on
best scientific evidence with regards to the effects of climate change, how to
mitigate it, and how to adapt to the challenge. The IPCC produces regular reports
involving hundreds of international scientists, which are comprehensive
summaries of the evidence.

Particulate matter (PM)7 Particulate matter, also known as particle pollution, is a term applied to the mixtures
of solid particles and liquid droplets, which are sometimes found suspended in
air. They are made up of hundreds of different chemicals and vary in size and
structure. The particles that are less than 10 mm and diameter may be inhaled and
there is particular concern over particles that are less than 2.5 mm and the
subclass known as black carbon. This is the sooty material which is released from
burning fossil fuels. When it is deposited on ice, it increases the absorption of
solar energy. It is associated with important adverse health effects.

Paris Agreement8 In 1997, a protocol was signed in Kyoto, Japan by 192 parties to limit GHG
emissions. The Paris agreement was signed in 2015 and set a target to keep
warming below 2�C.

Sustainability Sustainability means living within our means and not compromising the health and
wealth of future generations by destroying critical ecosystems now. In practical
terms, it means getting to carbon neutrality as quickly as possible. There are
several sites in the digestive health community, which have excellent resources,
showing how to move to sustainable practice. Some of these are listed here.

The American society for gastrointestinal endoscopy (ASGE sustainable endoscopy
at https://www.asge.org/home/resources/key-resources/sustainable-endoscopy)

The British society of gastroenterology (BSG climate change and sustainability at
https://www.bsg.org.uk/strategic-areas/climate-change-and-sustainability/)

The world gastroenterology organization has a series of 18 short talks, which outline
various aspects of the intersection between climate change and digestive health.
https://www.worldgastroenterology.org/education-and-training/webinars/wgo-
climate-course-for-global-gastroenterology
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Figure 1. The Greenhouse Effect.
Greenhouse gases (GHGs) reduce the
amount of energy radiated from the
Earth being lost into space. Some of
the sources of GHG are shown in the
lower figure. CFCs are ChloroFluoro-
Carbons, commonly used in aerosol
sprays, as solvents and refrigerants.
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In the same year, 1988, the United Nations and the
World Meteorological Organization founded the Intergov-
ernmental Panel on Climate Change (IPCC).6 The IPCC
brings together scientists with a focus on climate and is the
definitive source for data, projections, modelling, and guid-
ance on adaptation and mitigation. In 2015, the United
Nations negotiated an international treaty, the Paris
Agreement, which aimed to keep global warming below 2�C,
and preferably below 1.5�C.8 It was estimated that to ach-
ieve this, global emissions of GHG needed to peak by 2025
and decrease by nearly half by 2030.

The target of limiting warming to less than 2�C was
based both on scientific evidence and political pragmatism.
It is, after all, not possible to conduct a controlled experi-
ment on the earth to see what level of warming is safe. We
now know that even with warming of less than 2�C, multiple
tipping points, conditions under which self-perpetuating
positive feedback loops begin, may be reached with cata-
strophic effects.14 Tipping points can be visualized as
dominoes, stable until a certain critical point is reached
beyond which even a small change can cause the domino to
fall. First described in 2008,15 currently 9 global, and 7
regional, regional tipping points are described. One example
is the Greenland ice sheet. Normally ice reflects some sun-
light back into space. As ice melts, the reflective effect is lost,
the exposed sea surface absorbs solar energy, and this leads
to further warming and increased ice loss. Failure of these
critical systems can have global effects and may occur
relatively abruptly. Even leaving tipping points aside, it is
becoming clear that the rise in Global Mean Surface Tem-
perature (GMST) to date is already a problem as evidenced
by more frequent reports of extreme climate events which
now occur on a regular basis.

The less than 2�C target refers to GMST. This is the
average temperature of the earth as whole, including the
oceans and the poles. With an average global rise of 2�C,
many regions will warm much more than 2�C with impli-
cations for local ecosystems and habitability. A third
concern regarding the Paris agreement is that the treaty
cannot be enforced, and countries are not meeting their
obligations. So far not a single country has reached the level
of reduction in emissions needed to keep warming within
the goals of the agreement. Current pledges, even if they
were delivered, will result in a rise of global temperature



Figure 2. Top panels show the changes in surface temperature as GMST reaches 1.5�C and 2.0�C above preindustrial. The
lower panels show the corresponding change in precipitation.19 Reproduced with permission from Intergovernmental Panel on
Climate Change (IPCC).
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of þ2.4�C–2.6�C by 2100,16,17 a level which will have severe
consequences for all life on earth.

The carbon footprint is the amount of CO2 attributable to
each person and activity. It is sometimes expressed in CO2e

where the e stands for equivalent. GHGs other than CO2 such
as methane, which differ in warming potential, are refer-
enced to CO2 and the combined value is expressed in
equivalents.2 It is closely related to Gross Domestic Product,
which is a measure of national wealth. In 2022, the carbon
footprint was 14.9 tonnes (t) of CO2 per person per year in
the United States, in China it was 8.0 t, India 1.9 t, and for
comparison in Ghana it was 0.6 t. However, this does not
consider population number. When that is factored in, China
was the world’s largest producer of CO2, emitting 11.4 Giga
Tonnes (Gt), followed by the United States at 5.01 Gt, and
India at 2.83 Gt. Yet another way to look at it is to consider
the national cumulative share of emissions to date. In this
case, the United States was responsible for 24.1%, China
14.7%, and India 3.4%.18 Global average per capita emis-
sions were 4.7 t of CO2 in 2019.

GMST is already more than 1�C above preindustrial
temperature. The IPCC has produced maps of what the
world will look like as the planet warms further.

The maps in Figure 2 are a future vision of which parts
of the planet will experience severe water and temperature
stress as the planet moves though a 1.5�C and then a 2.0�C
GMST rise, and which parts will remain relatively unscathed,
at least in the short term. As GMST continues to rise past
1.5�C all land areas, and especially the Arctic, will see in-
creases in temperature. The oceans, which up to the present
have buffered much of the rise in land temperature, will also
show increasing temperatures. Two bands of decreasing
precipitation (lower panels), already apparent at 1.5�C, will
become more pronounced. These changes will profoundly
affect the growth of food, access to water, rainfall, storm
events, and the habitation of billions of people.

Climate change is closely linked to 2 other processes
namely biodiversity loss and pollution. For example, when
forests are cut down to produce pastureland for cattle, there
is a loss of the ability of the forest to sequester CO2. Cattle
produce methane, which is a potent GHG. Manure from
cattle herding pollutes rivers which results in decreased
quality and usability of water. The loss of forest habitat
reduces biodiversity with all the negative implications
which come from that, including increased exposure to
pathogens, decreased production of crops, and decreased
quality of water.20
Pollution
Pollution can be defined as the presence in, or intro-

duction into, the environment of a substance or any form of
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energy at a rate faster than it can be handled in a harmless
form.21 Pollution can occur from natural causes, such as
wildfires, but the term is usually applied to air, water, and
land contamination by anthropogenic action, often involving
chemicals. A recent inventory of chemicals on the market
suggested that as many as 350,000 chemicals and mixtures
of chemicals have been registered for use. The identities of
many are unknown.22 An estimated 9 million deaths are
attributable to the health effects of well-studied pollutants,
that is the ones we know about.23 The production of novel
entities has greatly exceeded our ability to measure their
impact.24 The digestive tract is vulnerable to pollution given
its physiologic role in ingestion and metabolism. Ingestion is
not a prerequisite for pollution to affect the digestive tract;
some inhaled pollutants are circulated in the body system-
ically and reach the intestine and liver through the circu-
lation. Children may be especially vulnerable to the effects
of pollutants.25 There is a concern that pesticides such as
the herbicide glyphosate may be involved in the etiology of
neurodegenerative disease such as Parkinson’s and that the
effects may be mediated via the gut microbiome.26 Although
some progress has been made in reducing deaths from
household air pollution and water pollution, these have
been offset by increased deaths from ambient air pollution
and toxic chemicals.23,27
Biodiversity Loss
Biodiversity is the variety of life on Earth; it includes all

organisms, species, and populations; the genetic variation
among these; and their complex assemblages of commu-
nities and ecosystems.20 There may be as many as 9 million
types of plants and animals, protists, and fungi on the
earth.28 Increased biodiversity is beneficial; it improves
crop yield, fisheries yield, contributes to biocontrol of pests,
resistance to plant invasion, disease prevalence in animals,
carbon sequestration, pollination, and water purification.28

Biodiversity loss increases the risk of the emergence of
novel infectious disease, as species and habitat loss in-
creases.29 Biodiversity is in rapid decline due in part to
climate change and pollution. In addition, invasive alien
species are being introduced to all regions and biomes of the
world.30 Invasive species can cause irreparable damage and
extinction to native species and biodiversity of systems. This
affects the ability of ecosystems to function optimally with
negative implications for water and food security, and dis-
ease transmission to humans,30 and threatens the achieve-
ment of the United Nations Sustainable Development
goals.31
Compound Events
Compound weather events are those in which more than

1 hazard occurs simultaneously.32 For example, a dry spring
combined with a hot, dry summer in 2010 led to wildfires
causing more than 50,000 deaths and destroying 25% of
Russian crops.33 These compound events may become more
frequent as climate change advances. Similarly, climate,
pollution, and biodiversity events often occur together as
compound environmental interactions.
Implications of a Changing Environment
for Health

The health implications of our changing climate are
increasingly appreciated.34,35 Climate change is increasingly
seen as a health crisis demanding a public health
response.36 Climate change will exacerbate global inequities
since the effects of climate change on health will be felt most
severely in low-income countries, which have contributed
least to the problem, and in vulnerable populations such as
children,25 older adults, in pregnancy, in people with
chronic illness or disability, and in lower socioeconomic
groups.36,37 Climate change threatens to derail the progress
which has been made on virtually all the United Nations
Sustainable Development Goals. However, the situation is by
no means hopeless. There is a great deal which health sys-
tems can do to reduce emissions, break the cycle of
healthcare-induced environmental harm, and build
resilience.38
Impacts of Environmental Change on
Digestive Health

The direct and indirect health effects of environmental
change will affect every organ system, including the diges-
tive tract.39–41 Figure 3 shows the relationship between a
changing environment and effects on the digestive system.
Direct and Indirect Effects of Heat on
Intestinal Tract and Liver
Direct Effects

GMST has increased by at least þ1.1�C since 1880 and
the planet is continuing to warm at þ0.15�C–0.2�C per
decade. This may not seem like a lot, but it is. A 1�C–2�C
drop in the past was enough to produce an ice age.42 Future
temperature change depends on how aggressively we pur-
sue carbon reduction. It is still possible to hold global
warming to less than 2�C by the end of the century but if we
carry on as at present temperatures as high as þ5�C above
those measured between 1850 and 1900 are possible.43

Humanity may be facing extinction if GMST reaches that
level.

Temperature change is more complex than simply a
change in GMST. Humidity, the amount of radiant heat, ac-
cess to shade, and the health status of people and animals
exposed are also very important. From a physiologic
perspective it may be that metrics other than mean tem-
perature, such as days with temperatures exceeding 40�C,
are more important than simple mean temperature rise. The
IPCC has produced an interactive atlas which allows users to



Figure 3. The effects of a changing environment on digestive health. Global warming, pollution, and biodiversity loss are
raising temperature, increasing extreme weather, and decreasing air quality. These effects are linked to a variety of digestive
health disorders.
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explore climate datasets and projections by region.44 This
simplified tool lists 12 heat-related parameters.

Acute heat stress causes intestinal lesions in mice45 and
has been linked to the development of pancreatic, intestinal,
and liver damage in humans.46 Changes in intestinal perme-
ability may be an important factor in the systemic inflam-
matory response associated with heat stroke.47 The liver is
also susceptible to heatstroke.46,48 The mechanism may be a
combination of changes in perfusion because of vasocon-
striction and a systemic inflammatory response. The pa-
thology of heat-induced liver damage has been described;
centrilobular necrosis is prominent.49 In animal models,
exposure to elevated environmental temperature changes
intestinal morphology and growth rates.50 A retrospective
study suggested that there may be a link between heatwaves,
flares of inflammatory bowel disease (IBD), and infectious
gastroenteritis.51 There are no data on the effect of a shift in
mean temperature of moderate degree on intestinal or liver
health but there are reports of even short-term temperature
change affecting DNAmethylation, raising the possibility that
environmental change may alter epigenetics.52
Decreased Access to Food and
Nutrition

Even before the onset of the most severe effects of
environmental change, more than 700 million people are
undernourished, 2.4 billion are moderately or severely food
insecure, and 258 million are experiencing crisis-level food
insecurity.53 While many in the world experienced food
insecurity, nearly 2 billion people were overweight and 650
million were obese in 2016.54

More than a quarter of the world’s GHG emissions come
from food.55 Agricultural activities release CO2, methane,
and nitrous oxide. Methane is a potent GHG released by
enteric fermentation of ruminant animals and from manure
storage sites. Nitrous oxide accounts for about half the
warming effect of agricultural emissions and is produced by
microbial metabolism of soil nitrogen56 which is added to
soil as manure or fertilizer to increase crop yield. Agricul-
ture requires large amounts of water; agricultural runoff
contributes to pollution and eutrophication. Half of the
world’s landmass is used for agriculture with resultant loss
of wilderness and biodiversity. The food industry is
certainly part of the problem but conversely, it can be an
important part of the solution.

Increased CO2 in the atmosphere may promote the
growth of some crops and a warming climate may increase
the length of the growing season in some regions. However,
higher temperatures may lead to more rapid crop matura-
tion, reducing the maximum potential yield and nutrition
value of crops. Overall, the effect of climate change on
agriculture, fisheries, and aquaculture is negative.57 The net
effect of climate change will be to put further pressure on
global food production from both land and oceans.

Changing diet can be part of the solution. GHG emissions
per kilogram of food produced vary from nearly 60 kg of
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CO2e per kg of beef, to 0.4 kg of CO2e per kg of root vege-
tables.58 Increased consumption of meat is associated with
an increased risk of cardiovascular disease. It may be
possible, therefore, to improve both human and planetary
health by switching to a more plant-based diet. In 2019, the
EAT-Lancet Commission proposed a diet which would meet
nutrition needs, improve health, and reduce the climate
impact of agriculture.59 The Commission concluded that
substantial dietary shifts are needed with a more than 50%
reduction in red meat and sugar and a 100% increase in
consumption of foods such as nuts, fruits, and vegetables. In
addition, food losses will need to be reduced and combined
with improvements in food production. Climate change may
force dietary habits in the wrong direction, resulting in a
reduction as much as 4% reduction in fruit and vegetable
consumption, which will be linked to increased mortality.60

Food insecurity is not confined to low-income coun-
tries.61 It is common even in high-income countries. This
may become more problematic as climate change advances
due to decreases in areas available for cultivation and
variability in the growing season. This may result in higher
prices in some regions. Famine from drought likely will in-
crease in frequency. Food insecurity may be associated with
an increased risk of nonalcoholic fatty liver disease.62,63

Food insecurity and a change from traditional diet may
result in consumption of more processed food, which has
been linked to a higher risk of Crohn’s disease.64

Pollution of soil can occur through industrial or domestic
activities and results in an estimated 1 million deaths per
year even if lead toxicity is excluded.23 More than 1 billion
pounds (454 million Kg) of pesticide are used in the United
States each year and 2.5 billion Kg globally.65 Pesticides
include herbicides, insecticides, and fungicides. These
chemicals are biologically active and can alter the gut flora
in animal models.66 Their role in the possible pathogenesis
of human enteric or liver disease is unclear, although con-
cerns have been raised about the involvement of herbicides
in neurodegenerative disease possibly mediated through gut
microbiome change.

Plastics are ubiquitous pollutants of water, soil, and air.
Global plastic production is now estimated at 400 million
tonnes per year.67 More than 4200 chemicals are associated
with plastic packaging, 69 of which rank highest for human
or environmental health hazards.68 Plastics may exert bio-
logical effects.69,70 They can mimic hormones, attract, and
concentrate other chemicals.71,72 Phthalates can induce he-
patic biochemical change73 and microplastics have been
postulated to be involved in the pathogenesis of IBD.74
Decreased Access to Water and Lower
Water Quality

Half of the world’s population is experiencing severe
water scarcity for at least 1 month per year.57 As the climate
crisis builds momentum, it threatens to make the global
situation regarding water even worse. Figure 2 (lower
panels) shows the projected changes in precipitation as
temperature rises. Clearly, many parts of the world, some of
which are already under severe water stress, will experi-
ence increasing difficulties in accessing adequate amounts
of high-quality water for agriculture and human habitation.
In addition, in some coastal areas, access to freshwater will
be decreased by rising sea levels, and encroachment of the
freshwater table by seawater. Many areas of the world will
become uninhabitable because of water shortages.

Annual rainfall amounts may remain stable, or even rise,
in a region but if the precipitation occurs at the wrong time
for crops, irrigation, aquaculture activities, human con-
sumption, and transport, the effects may be severe. Drought
and flood risks will increase as warming increases with the
likelihood of extreme agricultural droughts doubling as
GMST reaches þ1.5�C above preindustrial levels.57

Water insecurity, as with food insecurity, affects
vulnerable populations and regions more severely than
those with more resilience, resources, and ability to adapt.75

Income is a major determinant of health. The impact of
climate change on water is projected to decrease global
domestic product with the most severe effects in low-
income and middle-income countries.57 This will make a
challenging economic situation even worse. Decreasing
availability of water will be associated with enteric in-
fections76 as populations are pushed to consume water of
lower quality, which may be tainted by pollutants or
microbiological agents.

In addition to water quantity, water must be of good
quality, and free of chemical and biological contaminants.
Climate change, by altering the regional availability of water,
will combine with reduced water quality from pollution to
exacerbate water scarcity.77 Drought is associated with
malnutrition, bacterial, and algal bloom–related illness,
migration, mental health disturbances, and wildfires.78

Eutrophication is the overabundant growth of organisms
such as algae from excess nutrients. The growth of cyano-
bacteria and exposure to microcystins is associated with
hepatic toxicity and possibly with an increase in liver
cancer.79

Progress has been made in reducing water pollution and
waterborne disease. From 1990 to 2012, the number of
children dying from diarrheal illness decreased by 60%.23

However, an estimated 2.4 billion people are still using
unimproved sanitation facilities, and nearly a billion still
practice open defecation with obvious threats to water
supply from infection. The World Health Organization esti-
mates that globally at least 2 billion people use a drinking
water source contaminated with faeces.80

Pharmaceuticals in drinking water are a potential
concern.81 Other chemicals may, or may not, have a bio-
logical effect, but pharmaceuticals are designed to be bio-
logically active. Their potency and effects can vary between
species. Fortunately, unlike many of the chemicals used in
industrial processes, the biological action and toxicity of
pharmaceuticals is generally well understood as is required
for therapeutic approval, and there are methods available to
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test for the presence of their concentrations in water. Some
studies, including a World Health Organization review, have
concluded that appreciable adverse health effects to humans
are unlikely from exposure to trace concentrations of
pharmaceuticals, which could potentially be found in
drinking water.81,82 However, there continues to be concern
since a wide variety of drugs, many with the potential to
affect gut flora, are detectable in waste water.83 Their effect
on gut flora and intestinal function is not known.
Oceans and Cryosphere
The oceans cover more than 70% of the Earth’s surface

and the cryosphere an additional 10%.4 These water bodies
play a critical role in shaping global weather and rainfall
distribution, food production, water supply, economics,
culture, and transportation. The oceans have thus far taken
up more than 90% of the excess heat, and most of the CO2,
in the climate system and have buffered the rise in land and
air temperature. The energy released by the Hiroshima
bomb, an obscene metric but one which can be visualized, is
estimated at 63 � 1012 J. The oceans are currently
absorbing the equivalent of 5 Hiroshima bombs per sec-
ond.84 Putting this amount of energy into the oceans, which
are a major driver of global weather and climate, has pro-
duced significant changes and contributed to the develop-
ment of more extreme weather including droughts, heavy
precipitation, and tropical cyclones.85

The cryosphere includes the Arctic, Antarctic, glaciers,
high snowpacks, and permafrost and is an important source
of water, and GHG sequestration. Mountains are considered
the water towers of the world. They are vulnerable to
climate change and the water access of as many as 1.9
billion people may be negatively affected as a result of
environmental change.86 Mountain areas also contain a
third of the entire species of terrestrial diversity.

Global mean sea level is projected to continue to rise
regardless of how aggressively emissions are reduced. Un-
der a medium-low emissions scenario, the sea will rise by
0.43 m, by 2100, compared to 1986–2005.4 One billion
people currently live on land less than 10 m above the high
tide mark, 230 million live less than 1 m above.87 As a result
of rising seas, many of the world’s inhabitants and major
cities are at risk from sea level rise. The oceans contain
complex ecosystems88 and are susceptible to pollution and
biodiversity loss. Fish is an important part of nutrition; it
supplies at least 16% of global protein intake.89 Warming
and acidification of the oceans is projected to decrease fish
stocks, putting further strain on global access to nutrition.4
Extreme Weather, Hurricanes, Storms,
and Flooding

Hurricanes, cyclones, and typhoons are the very visible
face of global warming. There were hurricanes before there
was global warming, of course, and this makes attribution of
a shift due to climate change difficult with certainty.90 The
effect of warming is not so much to create novel phenom-
ena, although that has been described for wildfires, but to
make weather events more extreme and possibly more
frequent. Warmer oceans are leading to the formation of
more powerful storms with higher wind speeds and more
rainfall.

The adverse health effects of hurricanes include physical
and mental illness, flooding, infections, infrastructure dam-
age, supply chain disruption, interruption of care, and
pollution.91–94 In addition, the economic impacts of hurri-
canes and cyclones are enormous. Hurricane Katrina
resulted in 1200 deaths, and an estimated USD 75 billion in
damages in the New Orleans area alone.95
Flooding
Flooding, in conjunction with hurricanes or simply from

severe rainfall, poses a significant risk of enteric infections92

as drinking water, sanitation, and waste disposal systems
may be disrupted.96 Enteric infection post flooding can
occur from direct water contact, consumption of flood wa-
ter, or from ingestion of contaminated groundwater. Even in
developed countries, many people depend on groundwater
for supplies, 23 million households rely on private wells for
drinking water in the United States.97 Norovirus, Adeno-
virus, Rotavirus, Cryptosporidium, Campylobacter, and
Yersinia infections have been reported from groundwater
contamination in developed countries.96 In the mid-western
US exposure to floodwater was associated with an increase
in gastrointestinal symptoms, especially in children, and this
was not related to the public water supply.98 A connection
between Clostridium difficile and flooding has been re-
ported in Massachusetts99 where flooding was associated
with an increase in emergency room visits for digestive
complaints.100 A wide range of enteric and hepatic patho-
gens should be considered post flooding including Shigella,
Salmonella, Campylobacter, Cryptosporidium, Giardia,
Leptospirosis, pathogenic E Coli, Amebiasis, Hepatitis A, and
Hepatitis E.100–105 The conditions in shelters following
climate events are favorable for the spread of enteric vi-
ruses. More than 1000 patients were treated for gastroen-
teritis at a shelter in Texas following Hurricane Katrina.106

Norovirus was the sole pathogen and multiple different
strains were identified. In lower income countries, the risks
from flooding are even more severe. Floods in Bangladesh in
2004 resulted in more than 350,000 cases of diarrhea and
more than 200,000 wells were damaged.107 Cholera and
typhoid are a particular concern from contaminated water
and food.
Infrastructure and Supply Chain Disruption
Provision of digestive healthcare, liver care, and endos-

copy is reliant on human resources, technical resources,
intact infrastructure and supply chains, patient access to
facilities, and the provision of emergency services. All of
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these steps can be disrupted by severe storm events91 and
wildfires. Health systems may not be prepared for future
climate challenges. For example, it has been estimated that
in nearly one-third of the metropolitan statistical areas in
the Atlantic and Gulf coasts of the United States, 50% or
more of the hospitals are at risk of flooding.108 Increasing
the resilience of supply chains to extreme weather is
important in maintaining the ability to deliver care109 and
supplies of medications.110
Air Quality
Air pollution can occur from gases, liquids, or solids.

Particulate matter (PM) solids are a particular concern.
They vary in size, composition, and source and include
pollen, nitrates, organic carbon, mineral dust, metals, ions,
black carbon, and biological particles such as bacterial
fragments.7 They are classified by size in microns. Car tires
and brake pads are an important source. The particles are
small enough to cross alveolar membranes and reach the
systemic circulation where they can cause inflammation in
various organs. The risk associated with exposure to some
forms of air pollution, such as PM, can be determined from
excess mortality data after exposure.111 However, linking
the effects of air, water, and land pollution to changes in
digestive health is challenging. Levels of exposure may be
uncertain; there are variations in exposure level and indi-
vidual susceptibility, long latency times, exposure to multi-
ple different components in differing concentration,
geographic variation,112 and the effects may vary with age of
exposure.113

There is evidence from both animal and human studies
that inhalation of PM can change gut flora.7 There are
possible associations between air pollution and eosinophilic
esophagitis,40 peptic ulcer disease, appendicitis, hospitali-
zation with abdominal pain, irritable bowel syndrome, and
IBD.7,114 IBD shows both a positive association of air
pollution with flares115 and a negative association with
incidence.116 The relationship between air pollution and
IBD is complex and awaits further clarification. Exposure to
PM < 1m, PM2.5m, PM10m, and NO2 has been associated
with an increase of metabolic dysfunction associated fatty
liver disease.117

Wildfires
Wildfires are increasing in frequency and severity. The

main burden of illness associated with fires is on cardiac,
respiratory,118 and mental health119 and there is no clear
signal for digestive illness. However, given the potential for
products of wildfires, and the chemicals used to treat them,
to contaminate air, drinking water,120 and food supplies, it is
possible that digestive health will be affected. In recent
years, major urban cities have needed to be evacuated
because of encroaching fires resulting in health system
disruption.121 The Australian fires of 2019 and 2020 may
have killed or displaced 3 billion animals (143 million
mammals, 2.46 billion reptiles, 180 million birds, 51 million
frogs). It is unclear if the biodiversity of the affected areas
can recover. Wildfires are emerging as a significant
contributor to black carbon and PM2.5-related mortality.122
Effects on Existing Digestive Disease
Digestive Cancer

Climate change and pollution can affect cancer incidence
through air pollution, changes in nutrition, exposure to
chemical pollutants, and possibly changes in infectious dis-
ease.123 Colorectal, gastric, and liver cancer are important
contributors to global morbidity and mortality.124 Gastric
cancer incidence has been linked to environmental fac-
tors,125 air pollution to small intestinal and anal cancer,126

and sulfur dioxide and ultraviolet blocking aerosols to the
risk of colon cancer.127 A dose-dependent increase in the
hazard ratio for esophageal cancer has been shown for
exposure to PM2.5128 which may also contribute to an
increased risk of colorectal and liver cancer.129

Water can be contaminated with chemical or biological
material. Naturally occurring chemicals such as arsenic are
linked to the development of intestinal cancer.130 Many
more chemicals reach the water supply through industrial
processes or mining. Their contribution to the development
of intestinal and liver cancer is not known with certainty.
Aspergillus flavus thrives in a warm, most environment, the
kind of conditions which are projected to increase in dis-
tribution. The fungus produces aflatoxin, which causes he-
patocellular injury and hepatocellular carcinoma and may
increase the carcinogenic risk from Hepatitis B.131 The toxin
can be found in several crops including maize, peanuts,
pistachio nuts, and cotton seeds.132 Modelling studies sug-
gest an increase in exposure to the toxin as the climate
warms.133 Climate change and pollution are not only
increasing the risk of some cancers but may also be
impacting screening, diagnostics, and the ability of facilities
to function in cancer care.134

Infections
Climate change will affect the prevalence and incidence

of infectious disease135 and some human helminth in-
fections including schistosomiasis, Ancyclostoma duodenale,
Ascaris, Trichuris, and liver flukes.136 Changes in water
temperature in the North American Pacific and Atlantic
Ocean have been linked to the appearance of Vibrio
species.137

Functional Bowel Disease
Irritable bowel syndrome (IBS) in children has been

associated with a variety of air pollutants138 as has hospi-
talization for nonspecific abdominal pain.139 It is possible
that toxins may trigger IBS symptoms. Another possible
pathway is that climate anxiety is prevalent140 and anxiety
is associated with functional gut disorders.
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Migration and Conflict
Migration, both between and within countries, is an

adaptive response to a changing environment. Climate
change, pollution, and biodiversity loss will drive pop-
ulations to move in search of a more habitable environment.
Already more than 1 billion people are on the move, of
whom 281 million are international migrants, and 84
million are forcibly displaced. Among these are 35 million
children, 26 million refugees, and nearly 5 million asylum
seekers.1 Many voluntary migrants move under planned
conditions. However, forced or involuntary climate migrants
are at risk of worse health outcomes because of difficulty in
accessing care in the countries of transit and des-
tination.141–143 Also at increased risk are those who, by
virtue of their personal or national circumstances, are un-
able to migrate. These are termed immobile. Children, the
elderly, and the ill may be left behind as younger members
of the community leave. Cities will come under increasing
pressure as migration from rural areas to cities will in-
crease. By 2050, 143 million people in Sub-Saharan Africa,
South Asia, and Latin America will be internally dis-
placed.144 This will place enormous strain on trans-
portation, sanitation, delivery of water and nutrition, and
delivery of intestinal and liver care. As populations move
and compete for resources, the potential for conflict
increases.145
The Response to the Challenge
The Political Response

The progress which humanity has made in the era of
petrochemicals has been extraordinary but at a terrible cost
to the environment and future generations.146 The transi-
tion away from a fossil fuel–based economy will require a
profound transformation in the way we all live and that is a
tough task. Decoupling economic growth from GHG emis-
sions remains a challenge even in high-income countries.147

Very much at the heart of the political problem is that each
country and each economy is starting from a different place,
and each wants to achieve a comparably high level of in-
come and living. Developing economies argue that they did
not create the problem and that they have the right to
prosperity as well as high-income countries. The global
political response to meet the challenge requires a degree of
cooperation and trust which is not evident, it is clearly
failing. Current output of all greenhouse gases is higher than
when the Paris agreement was signed in 2015.18 It is
possible that technological change,148 geoengineering, or the
lawsuits against governments and corporations will help
solve the crisis but it seems unwise to rely on technologies,
which have not yet been developed, or the courts for a so-
lution. There are some signs of movement in the right di-
rection. Congresses of the Parties (COP) to the Paris
agreement are held annually. At COP27, it was agreed that a
fund should be established for loss and damage in vulner-
able countries,3 and at COP28, there was agreement on the
need to transition away from, even if not phase out, fossil
fuels.
Why Digestive Healthcare Providers
Should Engage

Even if politicians are not yet able to grapple with the
issue, it does not mean that healthcare providers should
stand by. We have an ethical duty not to harm patients.149

We know that healthcare, and digestive care as part of
that, is a significant contributor to GHG emissions, contrib-
uting more than 5% of national totals in many coun-
tries150,151 and more than 8% in the United States.152 We
also know that GHG emissions are damaging health. While
we cannot eliminate the carbon footprint of care, we have an
ethical duty to reduce emissions as much as possible to
minimize harm to patients. There is also an ethical issue of
intergenerational justice. It is unjust to pass on the burden
of our unsustainable behavior to future generations.153 In
addition, physicians have professional duties of advocacy
and leadership.154 If those arguments are not persuasive,
there is evidence that action on climate change makes eco-
nomic sense.155 Environmentally responsible practice, like
segregating waste, is not only good for the environment but
it saves healthcare costs as well.156 Leaving professional
obligations and economics aside there is the issue of self-
interest. If emissions continue at the present rate, our
families, and societies, will be facing an existential crisis by
the end of this century, if not sooner.2 Silence from health-
care providers on this issue may be interpreted as a signal
that there is no cause for concern so it is important to
engage.
Digestive Health Response
Physicians tend not to act if they feel that they lack

competence. One good starting point to gain confidence, and
competence, is to educate oneself on the issue. An online
course for digestive health providers has been conducted by
the World Gastroenterology Organization;157 short sum-
maries of the 20-minute talks have been published as a
series and are easily readable.158

There are then many actions which can be taken in both
personal and professional lives.25,159 While it is true that the
impact of any single person is very small, but so is the
impact of any one vote. Individual action sends a signal to
family, friends, patients, community, professional societies,
and politicians that this issue is important. Individual action
in the workplace can help change facility culture and
contribute to system change.160 Climate activism is not
without potential professional risks, which need to be
appreciated and discussed.161

Professionally, endoscopy is an obvious way to engage
either on one’s own or with fellow clinicians. Many practical
steps can be taken a more sustainable practice, which even
have the potential to save money. Endoscopy unit leaders
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are best placed to make changes, but individual practi-
tioners can also drive the process. Endoscopy is practiced by
most gastroenterologists and hepatologists, is associated
with significant use of disposables and waste,156 and lends
itself to quality improvement.162 The carbon footprint of
endoscopic practice is being measured163–166 and will allow
evidence-based sustainability decisions. Segregating and
reducing waste from endoscopy will not save the planet but
it may trigger change in a unit or hospital system with
bigger ramifications. The British Society of Gastroenter-
ology, the European Society Gastrointestinal Endoscopy, and
the American Society of Gastrointestinal Endoscopy have
published guidance for endoscopy practitioners, which
make it easy to begin the process of reducing
emissions.167–169 About two-thirds of the carbon emissions
of healthcare are generated not by direct clinical care but by
the supply chain170 which reinforces the need to engage
with industry.171 Individuals in a leadership position in
endoscopy, including nursing and management colleagues,
can raise the issue with industry and factor sustainability
into procurement decisions.172

Digestive healthcare providers in education leadership roles
can educate trainees, influence national accreditation organi-
zations tomake this issue part of the curriculum, and emphasize
the health co-benefits of climate action.173 For researchers, the
quote attributed to Einstein that “in themidst of every crisis lies
opportunity”, could not be more true. The issue of how envi-
ronmental change is affecting digestive health, and of how
mitigation, adaptation, and resilience building can best be ach-
ieved, needs increased research study.174

Once educated and acting physicians can be effective
advocates for change and influence their personal networks,
professional colleagues and peer societies, the public, pa-
tients, and politicians.

Professional societies have a key role to play since
practitioners rely on them for education, advocacy, research
support, and leadership.174 They are also in a good position
to influence politicians.175 They can use their influence to
change practice, to help practitioners reduce emissions,
outline best practice on adaptation, and help build system-
wide resilience. Without an educated gastrointestinal (GI)
workforce, advocacy efforts for change will be limited. In a
survey of global Gastroenterology leadership, leaders indi-
cated that they personally believe that climate change is
close to crisis, but the issue is not a priority for their GI
society. A minority of professional societies has education
programs for members, and 80% believe that their societies
have more pressing priorities.176 Barriers to engagement
included financial concerns (such as loss of revenue from
annual meetings), structural (a lack of administrative or
educational support), and psychological blocks, which are
characteristic of the response to the climate crisis.177 Clearly
there is much to be done before the full resources of pro-
fessional societies are engaged in meeting the challenge. All
these barriers can be addressed if GI society leadership un-
derstands the threat of environmental change, the implica-
tions for digestive health, and can build membership support.
Conclusion
The response to the challenge of environmental change

is underway globally in digestive health. Sustainability
committees have been formed in many health facilities and
societies. Sustainability plans have been developed in
several national and international professional organiza-
tions.178 The topic is increasingly appearing on the agenda
for professional society educational meetings. Globally car-
bon emissions have peaked and begun to decrease in many
countries; the cost of renewable energy continues to fall and
is competitive, or less expensive, than fossil fuels in many
areas. The tide is beginning to turn but Eunice Foote’s
second observation, that atmospheric CO2 not only heats the
air but holds the heat, means that the time for ignoring this
problem is long gone. We can meet this challenge but not by
ignoring it. The digestive health community, both individu-
ally and collectively, has an important role to play.
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