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Intervening on risk factors for noncommunicable diseases (including can-

cer) in industrialized countries could achieve a reduction of between 30%

and 40% of premature deaths. In the meantime, the need to intervene

against the threat of climate change has become obvious. CO2 emissions

must be reduced by 45% by the year 2030 and to zero by 2050 according

to recent agreements. We propose an approach in which interventions are

designed to prevent diseases and jointly mitigate climate change, the so-

called cobenefits. The present article describes some examples of how cli-

mate change mitigation and cancer prevention could go hand in hand:

tobacco control, food production, and transportation (air pollution). Many

others can be identified. The advantage of the proposed approach is that

both long-term (climate) and short-term (health) benefits can be accrued

with appropriate intersectoral policies.

1. Introduction

Apparently, the global epidemic of cancer [1] and the

threat of climate change [2] have little to do with each

other. Climate change is a reality whose broad plane-

tary implications have started to be investigated

recently and include health effects like the spread of

infectious diseases and deaths from heat waves [2].

Noncommunicable diseases (NCDs) including cancer

are becoming a global problem, with 18 million new

cancer cases estimated in 2018 and growing rates in

low- and middle-income countries (LMIC; https://gco.

iarc.fr/). At a second look, there is much overlap

between climate change and NCD both on scientific

grounds and in the development of policies. If we exam-

ine the main causes of cancer as listed among ‘Group 1’

carcinogenic agents by the International Agency for

Research on Cancer (IARC) Monographs program

(i.e., carcinogenic to humans, see https://monographs.ia

rc.fr/iarc-monographs-preamble-preamble-to-the-iarc-

monographs/), several of them are also associated with

a non-negligible planetary footprint.

In this article, we identify gaps in knowledge that

require further research and policy investments. We

provide examples to highlight how the multiple exter-

nalities of different economic activities need to be fully

mapped. Externalities are the consequence of activities

that affect other parties without this being reflected in

market prices, and include effects on the health of the

populations and planetary effects such as climate

change, deforestation, and land and water use. Cur-

rently, such a map is largely incomplete. The figure

exemplifies some of the externalities of different com-

modities or activities, having an impact on both

human health and the planetary footprint. The identifi-

cation of externalities should lead to the development
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of intersectoral policies that respond to the concept of

‘cobenefits’, that is, policies that contribute to the pre-

vention of NCDs (including cancer) and of environ-

mental damage including climate change (Fig. 1).

2. Planetary externalities of
behavioral or environmental
carcinogens

Let us start with perhaps the least obvious, tobacco.

Tobacco is notoriously responsible for about one-third

of cancer deaths in the world, in addition to cardiovas-

cular, respiratory, and other diseases [3], but it also

has a considerable planetary footprint. Data on emis-

sions have been provided by Philip Morris Interna-

tional (PMI) and summarized in the only paper

available so far [4]. Direct emissions from PMI in 2017

were 229 116 tons of CO2 equivalents from manufac-

turing and 118 487 tons due to the vehicle fleet. Indi-

rect emissions (for energy use) were 434 460 tons of

CO2 equivalents from manufacturing and 15 800 tons

from offices. Emissions of greenhouse gases (CHGs)

incorporated in purchased goods and services, trans-

portation, and distribution amounted to 3 611 000

tons, that is, the vast majority [4]. The sum of these

emissions, only for one manufacturer and 1 year, is

more than 4.5 million tons, not a negligible amount.

Tobacco manufacturing is also extremely water-use-in-

tensive with at least 23 247 thousands of cubic meters

per year. According to the review [4], should tobacco

companies incorporate environmental externalities (wa-

ter use, air pollution, land degradation, etc.) in their

costs, tobacco would not be a profitable industry. As

opposed to food, tobacco smoking is not a human

necessity.

Next, and overall comparable to tobacco for their

negative impact on health, are unhealthy diet and obe-

sity [3]. Reducing our meat consumption could help

prevent a range of NCDs and infectious diseases. An

IARC Monograph Working Group has categorized

processed meat as carcinogenic to humans, and red

meat as probably carcinogenic [5]. Also, infectious dis-

ease risks are influenced by food production and sup-

ply choices. For example, in the United States, food-

borne infections that result in hospitalization or death,

such as from Campylobacter, Clostridium, Listeria, and

Salmonella, are more often associated with animal-

based foods (particularly poultry) than vegetable-based

foods. And also in the case of meat consumption, the

planetary footprint is huge. Livestock production for

animal-based food is immense, with around 3.5 poul-

try and 0.5 red meat mammals raised per year for

every one of over seven billion people (https://www.sta

tista.com/statistics/263962/number-of-chickens-world

wide-since-1990/). This growth in livestock production

has had severe impacts on natural ecosystems, ranging

from land degradation to major consequences for bio-

diversity (e.g., livestock production negatively impacts

wildlife due to competition for resources). More

importantly, meat production is a major source of
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Fig. 1. Many human activities cause a double burden, on health and on the environment. A few examples are as follows: Air pollution

causes GHG emissions and several human diseases (left). Food production and trades are involved in loss of biodiversity, GHG emissions,

and human diseases such as zoonoses or excess cancer and cardiovascular diseases (right). Intersectoral policies can contribute to the

achievement of several SDGs.
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GHG emissions. Agriculture has been estimated to

contribute at least 11-14% or ~ 5.0–5.8 GtCO2e (giga-

tonnes of equivalent carbon dioxide) per year of total

anthropogenic GHG emissions (but other, larger fig-

ures have been reported), of which ~ 75% is produced

through the livestock sector [6]. These estimates are

subject to uncertainties, depending on methodologies

and assumptions used in their assessments. The main

GHG emitted in the livestock sector is methane, which

accounts for 44% of all emissions from this sector.

Also, more than a third of the food sector’s global

water use is through the livestock and dairy industries

alone.

vLower nutritional quality of diets is overall associ-

ated with higher planetary footprint [7]. There are sev-

eral more environmentally friendly sources of protein

that could replace meat, also reducing the water foot-

print of meat protein. There have been several propos-

als to develop dietary advice that may have a positive

impact on both human health and planetary health,

such as the EAT-Lancet diet ‘for the Anthropocene’

[7]. This particular diet was developed to ensure—
among other measures—the achievement of Paris

Agreement temperature rises. The EAT-Lancet diet

could avoid ~ 11.1 million deaths per year (in 2030) in

the world and reduce premature mortality by 19% [7].

Another area of overlap between ill health, including

cancer, and climate change is air pollution. An IARC

Monograph Working Group concluded that outdoor

air pollution is carcinogenic to humans (sufficient evi-

dence), with particular focus on particulates [8]. Air

pollutants associated with fossil fuel combustion have

other well-documented adverse human health effects

beyond cancer (e.g., cardiovascular and respiratory

diseases). Changes in transportation, in particular an

increase in the promotion of active transportation such

as walking and use of bicycles, may reduce air pollu-

tion, while at the same time contributing to better

health in several ways, by increasing physical activity

and, thus, reducing the risk of obesity, diabetes, can-

cer, and cardiovascular disease. As an example, it has

been estimated that clean energy policies in the United

States could prevent 175 000 premature deaths by

2030 and 22 000 annually thereafter, and clean trans-

portation could prevent 120 000 US premature deaths

by 2030 and about 14 000 annually thereafter [9]. But,

once again, the emission of air pollutants has also an

important impact on climate: transportation overall

contributes to 13% of all GHG.

A commitment to including health and climate in all

policies should be taken seriously by all institutions, in

the context of the attainment of the Sustainable Devel-

opment Goals (SDGs) [10,11].

3. International trades of food and
their planetary and health impact

Nobody has estimated yet the overall impact of inter-

national trade of food on planetary and human health.

Such impact includes, for example, air pollution

related to transportation, the ensuing climate changes,

and land and water use in low-income countries. Agri-

cultural land use and land-use changes, including agri-

cultural intensification, deforestation, and the

conversion of wildland into crops and pasture, have

led to major ecological consequences. The potential

impacts on human health of such massive changes are

only partially known and have mainly focused on

occupational pesticide, chemical, and heavy metal

exposure (some of which have been found to be car-

cinogenic to humans). However, there is increasing evi-

dence that links human-induced land use to infectious

disease risk, including exposure to carcinogenic para-

sites. Rohr et al. [12] report that agricultural drivers

are associated with > 25% of emerging infectious dis-

eases and > 50% of emerging zoonotic infectious dis-

eases in humans. In a recent systematic review, Shah

et al. [13] quantified the association between where

people live or work in South-East Asia and disease

risk. They found that those living on agricultural land

were on average almost twice as likely to be infected

with a pathogen as controls. There were also consis-

tent associations between forest monoculture agricul-

ture (palm oil and rubber) and a number of specific

diseases. From the point of view of cancer, it is worth

noting that some of the infectious agents involved in

these changes are carcinogenic, including Opis-

torchis viverrini and Clonorchis sinensis (liver flukes),

both group 1 carcinogenic agents according to an

IARC Working Group [14]. Changes in habitats and

in global and local climate may lead to the spread of

these agents beyond their current borders, as is the

case for Schistosoma ssp in China, though there are

many knowledge gaps [15].

4. Industrialized processing of food,
loss of biodiversity, and cancer

Industrialized processing of food or ‘ultraprocessing’

has grown rapidly in Europe and globally since the

1970s. The purpose of ultraprocessing is ‘to create

branded, convenient (durable, ready to consume),

attractive (hyper-palatable) and highly profitable (low

cost ingredients) food products designed to displace all

other food groups’ [16]. Recent studies indicate that

55% and 60% of total calories consumed in the Uni-

ted Kingdom and the United States, respectively, are
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from ultraprocessed foods (UPFs) [17,18] and that

growth in their consumption is now increasing most

rapidly in LMICs.

International studies have shown that when com-

pared with minimally processed foods and freshly pre-

pared meals, UPFs have higher energy density, higher

content in free sugars and salt, saturated and trans-

fats, and lower fiber and micronutrient content [17,19].

The worldwide shift toward a dramatic increase in the

consumption of UPFs appears partly responsible for

the global obesity epidemic [20] and may contribute to

an increased risk of cardiometabolic diseases [21].

UPFs might additionally increase the risk of cancer,

but there remains limited published data on associated

risks [22]. Packaging of UPFs has also been postulated

to contain compounds with carcinogenic and endo-

crine disruptor properties, such as bisphenol A. Fur-

thermore, UPFs contain authorized, but often

controversial, food additives such as sodium nitrite in

processed meat for which carcinogenicity has been sug-

gested in animal or cellular models. Just like tobacco

use, some of the UPFs (e.g., distilled spirits) may have

a significant impact on human health and our environ-

ment, while not being a human necessity.

One of the major negative impacts of UPF produc-

tion, related to agriculture intensification, is on biodi-

versity. Biodiversity is the term used to describe the

variability among living organisms from all sources,

including diversity within species, between species, and

of ecosystems. In turn, food biodiversity—the diversity

of plants, animals, and other organisms used for food,

both cultivated and from the wild—is a critical ele-

ment in response to global malnutrition, and it sup-

ports sustainable food systems. Biodiversity is relevant

to SDGs and to the concept of planetary boundaries

as developed by Rockstrom et al. [23]. The SDG 2 is

‘End hunger, achieve food security and improved

nutrition and promote sustainable agriculture’, while

one of the nine key environmental boundaries that

humanity must stay within in order to keep the planet

hospitable is biospheric integrity (the opposite of bio-

diversity loss and extinctions). In fact, one of the big-

gest threats to biodiversity is food systems and

agricultural intensification. Clearing uncultivated land

for farming can lead to the destruction of natural

ecosystems, with massive effects on the local wildlife

and biodiversity. Converting wild to domesticated spe-

cies, monoculture, chemical pollution, and loss of bio-

mass, all threaten the world’s ability to sustain life of

all kinds.

Concerning human health, promoting a diversity of

foods in human diets, in particular a variety of distinct

edible species, has potential cobenefits from both a

public health and a sustainable food system perspec-

tive. Food biodiversity provides the necessary nutrients

and is an essential component of local food systems,

cultures, and food security. Human diets that used to

be composed of a wide variety of plants and animals

have gradually shifted to a diet composed of mostly

processed foods and comprising a limited number of

species. While an estimated 300 000 edible plant spe-

cies are available to humans, more than half of the

global energy need is currently met by only four crops:

rice, potatoes, wheat, and maize [24].

Sustainable diets were previously defined as ‘those

diets with low environmental impacts which contribute

to food and nutrition security and to healthy life for

present and future generations’ [25].

From a conservation point of view, diets based on a

wide variety of species have lower pressure on single

species. Increased species diversity, in turn, is associ-

ated with increased stability and resilience, and

enhanced productivity of natural and agricultural

ecosystems [26]. Several countries, including Brazil,

Sweden, Qatar, and Germany, have expressed concerns

regarding sustainability of diets in food-based dietary

guidelines [27], and the Nordic Nutrition Recommen-

dations have specific considerations for biodiversity in

human diets [28].

Several observational studies have shown that con-

sumption of different food groups is inversely associ-

ated with colorectal cancer risk [22] and all-cause

mortality [29]. To date, however, the evidence regard-

ing the potential health benefits of food biodiversity

(e.g., species richness) in human diets is still scarce. In

addition, observational studies investigating cobenefits

of higher food biodiversity of our diets for human and

planetary health are still lacking.

5. Conclusions

Intervening on risk factors for NCDs (including cancer)

in industrialized countries could realistically achieve a

reduction of between 30% and 40% of premature

deaths from NCD (https://www.who.int/news-room/

factsheets/detail/noncommunicable-diseases), including

cancer. The risk factors include tobacco use, unhealthy

diets, and low levels of physical activity (http://www.hea

lthdata.org/sites/default/files/files/country_profiles/GBD/

ihme_gbd_country_report_italy.pdf). They also include

the impact of environmental exposures, particularly of

air pollution. Considering that NCDs, including cancer,

represent 70% of all causes of mortality, there are plenty

of opportunities for prevention, resulting in prolonged

years of life in good health and a reduction in healthcare

costs.
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The need to intervene against the threat of climate

change is now obvious. Based upon the Paris Agree-

ment and the subsequent Katowice meeting, CO2

emissions must be reduced by 45% by the year 2030

and to zero by 2050. Given that action against climate

change is primarily taken via energy choices, limiting

the use of fossil fuels, and promoting renewable

sources, a very effective tool is one in which interven-

tions are designed to prevent diseases and jointly miti-

gate climate change, the so-called cobenefits. When

choosing climate change mitigation actions, it is extre-

mely important to bear in mind their effect on health

[10]. For example, there are numerous compounds

emitted into the atmosphere that contribute to climate

change: carbon dioxide (CO2), carbon, nitrogen oxides,

and fluorinated gases (to name a few), some of which

also have consequences on health. If mitigation poli-

cies focussed only on carbon dioxide, one would lose

the positive effects on health that would arise from

broader actions. Policies based solely on carbon cap-

ture and storage would not be accompanied by all the

benefits of eliminating the other polluting derivatives

resulting from the combustion of coal and petroleum,

including particulate matter, polycyclic aromatic

hydrocarbons, heavy metals, and others. This is only

an example of the need to consider all externalities of

human technologies and of considering remediating

policies that address jointly climate change and health.

Author contributions

All authors contributed equally.

Conflict of interest

The authors declare no conflict of interest. Where

authors are identified as personnel of the International

Agency for Research on Cancer/World Health Organi-

zation, the authors alone are responsible for the views

expressed in this article and they do not necessarily

represent the decisions, policy or views of the Interna-

tional Agency for Research on Cancer /World Health

Organization.

References

1 Bray F & Soerjomataram I (2015) The changing global

burden of cancer: transitions in human development

and implications for cancer prevention and control. In

Cancer: Disease Control Priorities. Vol. 3, 3rd edn

(Gelband H, Jha P, Sankaranarayanan R & Horton S

eds), pp. 23–44. The International Bank for

Reconstruction and Development/The World Bank,

Washington, DC.

2 https://www.ipcc.ch/sr15/

3 Vineis P & Wild CP (2014) Global cancer patterns:

causes and prevention. Lancet 383, 549–557.
4 Hendlin YH & Bialous SA (2020) The environmental

externalities of tobacco manufacturing: a review of

tobacco industry reporting. Ambio 49, 17–34.
5 IARC (2018) IARC monographs on the evaluation of

carcinogenic risks to humans. Vol. 114. Red Meat and

Processed Meat. International Agency for Research on

Cancer, Lyon.

6 Campbell BM, Beare DJ, Bennett EM, Hall-Spencer

JM, Ingram JSI, Jaramillo F, Ortiz R, Ramankutty N,

Sayer JA & Shindell D (2017) Agriculture production as

a major driver of the Earth system exceeding planetary

boundaries. Ecol Soc 22, 8.

7 Willett W, Rockstr€om J, Loken B, Springmann M,

Lang T, Vermeulen S, Garnett T, Tilman D, DeClerck

F, Wood A et al. (2019) Food in the Anthropocene: the

EAT–Lancet Commission on healthy diets from

sustainable food systems. Lancet 393, 447–492.
8 IARC (2016) IARC monographs on the evaluation of

carcinogenic risks to humans. Vol. 109. Outdoor air

pollution. International Agency for Research on

Cancer, Lyon.

9 Shindell DT, Lee Y & Faluvegi G (2016) Climate and

health impacts of US emissions reductions consistent

with 2 °C. Nat Clim Chang 6, 503–507.
10 Thurston GD, De Matteis S, Murray K, Scheelbeek P,

Scovronick N, Budolfson M, Spears D & Vineis P

(2018) Maximizing the public health benefits from

climate action. Environ Sci Technol 52, 3852–3853.
11 http://www.imperial.ac.uk/grantham/publications/co-be

nefits-of-climate-change-mitigation-in-the-uk-what-issue

s-are-the-uk-public-concerned-about-and-how-can-

action-on-climate-change-help-to-address-them.php

12 Rohr JR, Barrett CB, Civitello DJ, Craft ME, Delius

B, DeLeo GA, Hudson PJ, Jouanard N, Nguyen KH,

Ostfeld RS et al. (2019) Emerging human infectious

diseases and the links to global food production. Nat

Sustain 2, 445–456.
13 Shah HA, Huxley P, Elmes J & Murray KA (2019)

Agricultural land-uses consistently exacerbate infec-

tious disease risks in Southeast Asia. Nat Commun 10,

4299.

14 IARC (1994) IARC monographs on the evaluation of

carcinogenic risks to humans. Vol. 61. Schistosomes,

Liver Flukes and Helicobacter pylori. International

Agency for Research on Cancer, Lyon.

15 Stensgaard AS, Vounatsou P, Sengupta ME & Utzinger

J (2019) Schistosomes, snails and climate change:

current trends and future expectations. Acta Trop 190,

257–268.

768 Molecular Oncology 15 (2021) 764–769 ª 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Climate change and cancer: converging policies P. Vineis et al.

https://www.ipcc.ch/sr15/
http://www.imperial.ac.uk/grantham/publications/co-benefits-of-climate-change-mitigation-in-the-uk-what-issues-are-the-uk-public-concerned-about-and-how-can-action-on-climate-change-help-to-address-them.php
http://www.imperial.ac.uk/grantham/publications/co-benefits-of-climate-change-mitigation-in-the-uk-what-issues-are-the-uk-public-concerned-about-and-how-can-action-on-climate-change-help-to-address-them.php
http://www.imperial.ac.uk/grantham/publications/co-benefits-of-climate-change-mitigation-in-the-uk-what-issues-are-the-uk-public-concerned-about-and-how-can-action-on-climate-change-help-to-address-them.php
http://www.imperial.ac.uk/grantham/publications/co-benefits-of-climate-change-mitigation-in-the-uk-what-issues-are-the-uk-public-concerned-about-and-how-can-action-on-climate-change-help-to-address-them.php


16 Monteiro CA, Cannon G, Moubarac J-C, Levy RB,

Louzada MLC & Jaime PC (2018) The UN Decade of

Nutrition, the NOVA food classification and the

trouble with ultra-processing. Public Health Nutr 21,

5–17.
17 Steele EM, Baraldi LG, Da Costa Louzada ML,

Moubarac J-C, Mozaffarian D & Monteiro C

et al. (2016) Ultra-processed foods and added sugars

in the US diet: evidence from a nationally

representative cross-sectional study. BMJ Open 6,

e009892.

18 Rauber F, da Cousta Louzada ML, Steele E, Millett C,

Monteiro CA & Levy RB (2018) Ultra-processed food

consumption and chronic non-communicable diseases-

related dietary nutrient profile in the UK (2008–2014).
Nutrients 10, 587–600.

19 Moubarac JC, Martins APB, Claro RM, Levy RB,

Cannon G & Monteiro CA (2013) Consumption of

ultra-processed foods and likely impact on human

health. Evidence from Canada. Public Health Nutr 16,

2240–2248.
20 Hall KD, Ayuketah A, Brychta R, Cai H, Cassimatis

T, Chen KY, Chung ST, Costa E, Courville A, Darcey

V et al. (2019) Ultra-processed diets cause excess calorie

intake and weight gain: an inpatient randomized

controlled trial of ad libitum food intake. Cell Metab

30, 67–77.e3.
21 Silva Meneguelli T, Viana Hinkelmann J, Hermsdorff

HHM, Zulet M�A, Mart�ınez JA & Bressan J (2020)

Food consumption by degree of processing and

cardiometabolic risk: a systematic review. Int J Food

Sci Nutr 13, 1–15.

22 Fiolet T, Srour B, Sellem L, Kesse-Guyot E, All�es B,

M�ejean C, Deschasaux M, Fassier P, Latino-Martel P,

Beslay M et al. (2018) Consumption of ultra-processed

foods and cancer risk: results from NutriNet-Sant�e

prospective cohort. BMJ 14, k322.

23 Steffen W, Richardson K, Rockstrom J, Cornell SE,

Fetzer I, Bennett EM, Biggs R, Carpenter SR, de Vries

W & de Wit CA et al. (2015) Sustainability. Planetary

boundaries: guiding human development on a changing

planet. Science 347: 1259855.

24 FAO (2010) Second Report on the State of the World’s

Plant Genetic Resources for Food and Agriculture.

FAO, Rome.

25 FAO (2012) Sustainable Diets and Biodiversity:

Directions and Solutions for Policy, Research and

Action. FAO, Bioversity Int, Rome.

26 Cadotte MW, Dinnage R & Tilman D (2012)

Phylogenetic diversity promotes ecosystem stability.

Ecology 93, S223–S233.
27 Fisher C & Garnett T (2016) Plates, Pyramids, Planet

Developments in National Healthy and Sustainable

Dietary Guidelines: A State of Play Assessment. FAO

and Food Climate Research Network, Rome.

28 Ministers Nordic Countries (2014) Nordic Nutrition

Recommendations 2012 Integrating nutrition and

physical activity. Nordic Council of Ministers,

Copenhagen.

29 Kant AK, Schatzkin A, Harris TB, Ziegler RG &

Block G (1993) Dietary diversity and subsequent

mortality in the First National Health and Nutrition

Examination Survey Epidemiologic Follow-up Study.

Am J Clin Nutr 57, 434–440.

769Molecular Oncology 15 (2021) 764–769 ª 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

P. Vineis et al. Climate change and cancer: converging policies


	Outline placeholder
	mol212781-aff-0001
	mol212781-aff-0002
	mol212781-aff-0003
	mol212781-fig-0001
	mol212781-bib-0001
	mol212781-bib-0002
	mol212781-bib-0003
	mol212781-bib-0004
	mol212781-bib-0005
	mol212781-bib-0006
	mol212781-bib-0007
	mol212781-bib-0008
	mol212781-bib-0009
	mol212781-bib-0010
	mol212781-bib-0011
	mol212781-bib-0012
	mol212781-bib-0013
	mol212781-bib-0014
	mol212781-bib-0015
	mol212781-bib-0016
	mol212781-bib-0017
	mol212781-bib-0018
	mol212781-bib-0019
	mol212781-bib-0020
	mol212781-bib-0021
	mol212781-bib-0022
	mol212781-bib-0023
	mol212781-bib-0024
	mol212781-bib-0025
	mol212781-bib-0026
	mol212781-bib-0027
	mol212781-bib-0028
	mol212781-bib-0029


