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Good food is a cornerstone of good health, and this fundamental relationship is 
widely understood. Yet profound changes in global food systems over the last 
decades have resulted in significant negative impacts on health and well-being 
that range from food insecurity to chronic disease, and from environmental 
degradation to diminished economic opportunity and the erosion of culture. 
These impacts are experienced unequally across the globe and between differ-
ent groups of people in different places. 

Transformational change is needed. At the Global Alliance for the Future of Food we believe that health 
and well-being are central to sustainable food systems that are renewable, resilient, equitable, healthy, 
diverse, and interconnected. We are a strategic alliance of mostly private foundations working together 
and with others to transform global food systems now and for future generations. As such, we have the 
privilege, the responsibility, and the opportunity to make the impact of food systems on health and well-
being more visible to decision makers, and to strengthen the fundamental role that food systems play 
in creating and sustaining health and well-being in all communities and populations. We commissioned 
this report from the International Panel of Experts on Sustainable Food Systems (IPES-Food) as one 
contribution to this shared goal. 

In the report, IPES-Food — an independent panel of food systems experts — assesses the negative health 
impacts of food systems and explains how these systems are locked into cycles that produce poor health. 
The members of IPES-Food brought their collective wisdom and diverse perspectives to this challenge, 
outlining the unacceptable harm caused by our current food systems, and calling for precaution, preven-
tion, and collective action. The Global Alliance for the Future of Food worked closely with IPES-Food 
to: understand the broad range of evidence that informs the report’s findings; analyze how and why food 
systems are making people sick; expose the health costs externalized by the food system; understand how 
to internalize these costs through healthier food systems practices and explore potential levers for change. 

The report’s findings are startling and difficult to ignore. Multiple channels across food systems threaten 
human health. The resulting health impacts are severe, but are rarely examined together, systemati-
cally. Each impact appears as discrete and unrelated to the next, but through a systems view their inter-
relationships, linkages, and complex associations are revealed. The health impacts of food systems 
disproportionately affect the most vulnerable in our communities, and are compounded by climate 
change, poverty, inequality, poor sanitation, and the prevalent disconnect between food production and 
consumption. The true costs of these impacts are staggering. 

The Global Alliance is deeply interested in the evidence challenges explored by IPES-Food in this report. 
When viewed holistically, the diverse evidence available about the health impacts of food systems points 
to an urgent need for fundamental change. Collective action can be catalyzed not only by improving the 
development of scientific evidence, but also by bridging diverse experience and knowledge of the health 
impacts of food systems to better understand the problems and generate creative solutions. 

We at the Global Alliance are interested in working with others to understand how we can break the 
cycles that produce negative health impacts and catalyze positive change. The report identifies five 
levers that support rebuilding food systems on new and healthier foundations:

FOREWORD
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1. Promoting food systems thinking  
How do we build our understanding of the food system’s complexity while working to shift the system to 
generate health and well-being for people and communities globally?

2. Reasserting scientific integrity and research as a public good 
How do we make the evidence that connects food systems to health and well-being more transparent, 
ensure it is visible by decision makers, and move from the current narrow range of outcome indicators  
towards more holistic indicators such as nutrition, health, happiness, and social and cultural well-being?

3. Bringing the alternatives to light 
How can the broad array of practices and positive pathways that connect food systems to ecology and 
health that are being developed across multiple sectors be supported and promoted?

4. Adopting the precautionary principle 
How do we retool food systems to take an “upstream” public health approach that addresses the ecological, 
social, and cultural determinants of health?

5. Building integrated food policies under participatory governance  
How do we collectively integrate broad, multi-sectoral, and long-term understandings of the multiple 
ways that food systems affect well-being into government policy and private sector decisions?

We believe that food systems that advance long-term health and well-being are essential. Truly healthy 
food systems will be built on a more integrated, multi-faceted, and holistic approach including nutrition, 
health, happiness, and social and cultural indicators interpreted together and in relation to each other 
within the context of healthy and well-functioning food and agricultural systems. And truly healthy food 
systems will take as their starting point a preventative, precautionary approach, triggering a shift from 
systems that result in harm to systems that are based on prevention and health promotion. 

To create a food system that advances well-being will require global dialogue and action, coordina-
tion across multiple sectors that do not ordinarily work together, attention to local and global equity 
and cultural life-ways, and a strategic focus on systemic solutions and policy opportunities to support 
sustainable change. This report is an important step towards a much-needed global dialogue on putting 
health at the centre of food systems. 

Working collectively to create a food system that produces health and wellness is a shared responsi-
bility upon which we, as a global community, simply must act. The Global Alliance for the Future of Food 
is committed to engaging with diverse stakeholders — the private sector, government, policymakers, 
civil society, researchers, food system workers, citizens, and farmers — to better understand the health 
impacts of food systems, address the most harmful practices, and find new pathways forward, together.

For the future of food,

RUTH RICHARDSON
Executive Director
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1. �Alongside many positive impacts, our food systems have increasingly affected health through 
multiple, interconnected pathways, generating severe human and economic costs. People get 
sick because: 1) they work under unhealthy conditions; 2) they are exposed to contaminants in the 
water, soil, and air; 3) they eat certain unsafe or contaminated foods; 4) they have unhealthy diets; 
and, 5) they can’t access adequate and acceptable food at all times. 

2.  An urgent case for reforming food and farming systems can be made on the grounds of 
protecting human health. Many of the most severe health impacts of food systems trace back to 
some of the core industrial food and farming practices, e.g., chemical-intensive agriculture; intensive 
livestock production; the mass production and mass marketing of ultra-processed foods; and the 
development of long and deregulated global commodity supply chains. 

3.  The health impacts of food systems are interconnected, self-reinforcing, and complex — but we 
know enough to act. Food systems impacts are caused by many agents, and interact with factors 
like climate change, unsanitary conditions, and poverty — which are themselves shaped by food and 
farming systems. This complexity is real and challenging, but should not be an excuse for inaction. 

4.  The low power and visibility of those most affected by food systems jeopardizes a complete 
understanding of the health impacts, leaving major blind spots in the evidence base. The 
precarious working conditions across global food systems create a situation in which those exposed 
to the greatest health risks are not seen or heard. These blind spots make it less likely for problems to 
be prioritized politically and allow health risks to continue to afflict marginalized populations.

5.  Power — to achieve visibility, frame narratives, set the terms of debate, and influence policy — 
is at the heart of the food–health nexus. The industrial food and farming model that systematically 
generates negative health impacts also generates highly unequal power relations. This allows powerful 
actors including the private sector, governments, donors, and others to set the terms of debate. The 
prevailing solutions obscure the social and environmental fallout of industrial food systems, leaving the 
root causes of poor health unaddressed and reinforcing existing social-health inequalities.

6.  Urgent steps are required to reform food systems practices, and to transform the ways in which 
knowledge is gathered and transmitted, understandings are forged, and priorities are set. Silos in 
science and policy mirror one another. Governance and knowledge structures are currently ill-adapted 
to address the systemic and interconnected risks emerging from food systems. Steps to build a healthy 
science-policy interface may be just as important as steps to reform food systems practices.

7.  The evidence on food systems impacts must continue to grow, but a new basis is required for 
reading, interpreting, and acting on that evidence in all of its complexity. The basis for action 
must increasingly be informed by a diversity of actors, sources of knowledge and disciplines, and by 
the collective strength, consistency, plausibility, and coherence of the evidence base. 

8.  Five co-dependent leverage points can be identified for building healthier food systems:  
1) promoting food systems thinking at all levels; 2) reasserting scientific integrity and research as 
a public good; 3) bringing the positive impacts of alternative food systems to light; 4) adopting the 
precautionary principle; and, 5) building integrated food policies under participatory governance. 

9.  The monumental task of building healthier food systems requires more democratic and more 
integrated ways of managing risk and governing food systems. A range of actors — policymakers, 
big and small private sector firms, healthcare providers, environmental groups, consumers’ and health 
advocates, farmers, agri-food workers, and citizens — must collaborate and share responsibility in  
this endeavour. 

KEY MESSAGES
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Food systems affect health through multiple, interconnected pathways, generating severe human 
and economic costs. However, the full picture is often lost from view, allowing the connections to be 
obscured and the root causes of poor health to be left unaddressed. Too often the negative health 
impacts are disconnected 1) from one another, 2) from the food systems practices that systematically 
generate health risks, and 3) from the underlying environmental and socio-economic conditions for 
health — conditions that are, in turn, undermined by food systems activities. This report seeks to provide 
a comprehensive overview,  identifying the multiple, interconnected ways in which food systems affect 
human health, and how the prevailing power relations and imperatives in food systems help to shape our 
understanding of the impacts they generate. In other words, the report asks why evidence gaps persist, why 
negative impacts are systematically reproduced, and why certain problems are not politically prioritized.

The report identifies five key channels through which food systems impact health:

1. Occupational hazards. Physical and mental health impacts suffered by farmers, agricultural 
labourers, and other food chain workers as a result of exposure to health risks in the field/factory/work-
place (e.g., acute and chronic pesticide exposure risks, production line injuries, livelihood stresses).  
People get sick because they work under unhealthy conditions.

2. Environmental contamination. Health impacts arising via the exposure of whole populations to 
contaminated environments “downstream” of food production, via pollution of soil, air, and water 
resources or exposure to livestock-based pathogens (e.g., contamination of drinking water with nitrates, 
agriculture-based air pollution, antimicrobial resistance). People get sick because of contaminants in the 
water, soil, or air.

3. Contaminated, unsafe, and altered foods. Illnesses arising from the ingestion of foods containing 
various pathogens (i.e., foodborne disease) and risks arising from compositionally altered and novel 
foods (e.g., nano-particles). People get sick because specific foods they eat are unsafe for consumption.

4. Unhealthy dietary patterns. Impacts occurring through consumption of specific foods or groups 
of foods with problematic health profiles (e.g., resulting in obesity and non-communicable diseases 
including diabetes, heart disease, cancers). These impacts affect people directly through their dietary 
habits, which are shaped by the food environment. People get sick because they have unhealthy diets.

5. Food insecurity. Impacts occurring through insufficient or precarious access to food that is culturally 
acceptable and nutritious (e.g., hunger, micronutrient deficiency). People get sick because they can’t 
access adequate, acceptable food at all times.

An extensive review of the evidence on these impacts showed that:

An urgent case for reforming food and farming systems can be made on the grounds of protecting 
human health. The health impacts generated by food systems are severe, widespread, and closely 
linked to industrial food and farming practices. These impacts are not limited to isolated pockets of 

EXECUTIVE SUMMARY 
UNRAVELLING THE FOOD–HEALTH NEXUS  
Addressing practices, political economy, and power relations  
to build healthier food systems
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unregulated production in specific locations, or to those excluded from the benefits of modern agricul-
ture and global commodity supply chains. Many of the most severe health impacts trace back to some 
of the core industrial food and farming practices, e.g., chemical-intensive agriculture; intensive livestock 
production; the mass production and mass marketing of ultra-processed foods; and, the development 
of long and deregulated global commodity supply chains. The scope, severity, and cost of these impacts 
suggests that historical progress in tackling problems like hunger, foodborne illness, and workplace injury 
may be slowing or even unravelling, while a range of additional disease, contamination, and diet-related 
risks are emerging fast. The industrial food and farming model does not bear the entire burden for these 
problems, but has clearly failed to provide a recipe for addressing them individually or collectively. 
 
The health impacts of food systems are interconnected, self-reinforcing, and complex — but we know 
enough to act. Food systems impacts are caused by many agents, and interact with factors like climate 
change, unsanitary conditions, and poverty — which are themselves shaped by food and farming systems. 
Several of these impacts reinforce one another. For example, the stress generated by high-pressure indus-
trialized food-processing plants increases the risks of physical injury; pre-existing disease burdens make 
people more vulnerable to food insecurity. In other cases, risks tend to accrue across a range of food 
systems activities and over long periods of time. For example, chronic exposure to Endocrine Disrupting 
Chemicals (EDCs) is particularly hard to trace to specific sources or even to specific chemicals, while 
zoonotic pathogens and antimicrobial resistance can spread through multiple pathways within and around 
food systems. This complexity is real and challenging, but should not be an excuse for inaction. 

The low power and visibility of those most affected by food systems jeopardizes a complete under-
standing of the health impacts, leaving major blind spots in the evidence base. The precarious 
working conditions across global food systems create a situation in which those exposed to the greatest 
health risks are not seen or heard. In particular, the insecure status of hired and migrant labourers under-
mines the reporting of abuses and injuries. Risks to farmers and farmworkers in developing countries 
are particularly under-documented. These blind spots make it less likely for problems to be prioritized 
politically, and allow health risks to continue to afflict marginalized populations. This is compounded by 
a broader disconnection of the general public from the process of food production. Reconnecting people 
with the realities of the food they eat — and bringing the true cost of our food systems to light — is there-
fore essential to unlock the food–health nexus.

Power — to achieve visibility, frame narratives, set the terms of debate, and influence policy — is 
at the heart of the food–health nexus. Powerful actors, including private sector, governments, donors, 
and others with influence, sit at the heart of the food–health nexus, generating narratives, imperatives, and 
power relations that help to obscure its social and environmental fallout. Prevailing solutions leave the 
root causes of poor health unaddressed and reinforce existing social-health inequalities. These solutions, 
premised on further industrialization of food systems, grant an increasingly central role to those with the 
technological capacity and economies of scale to generate data, assess risks, and deliver key health fixes 
(e.g., biofortification, highly traceable and biosecure supply chains). The role of industrial food and farming 
systems in driving health risks (e.g., by perpetuating poverty and climate change) is left unaddressed. As 
well, those most affected by the health impacts in food systems (e.g., small-scale farmers in the Global 
South) become increasingly marginal in diagnosing the problems and identifying the solutions.

Urgent steps are required to reform food systems practices, and to transform the ways in which 
knowledge is gathered and transmitted, understandings are forged, and priorities are set. 
Current approaches are locked in across food systems. Silos in science and policy mirror one another. 
Governance and knowledge structures — reflecting long-standing priorities and path dependencies —  
are ill-adapted to address the systemic and interconnected risks emerging from food systems. This  
keeps systemic alternatives off the table and outside of mainstream science-policy debates. Steps  
to build a healthy science-policy interface may be just as important as steps to reform food systems  
practices — and may be a condition for reforms to occur.

The evidence on food systems impacts must continue to grow, but we need a new basis for 
reading, interpreting, and acting on that evidence in all of its complexity. The basis for action must 
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Fig. 1. The ballooning costs of health impacts
Health impacts in food systems generate major 
economic costs in addition to the severe human 
costs. This illustration brings together some recent 
annual estimates of the most costly impacts associ-
ated with food systems.

increasingly be informed by a diversity of actors, sources of knowledge and disciplines, and by the collec-
tive strength, consistency, plausibility, and coherence of the evidence base. 

Five co-dependent leverage points can be identified for building healthier food systems. These 
leverage points indicate the way towards changes that, collectively, can provide a new basis of under-
standing and action to build healthier food systems.

Leverage point 1: PROMOTING FOOD SYSTEMS THINKING. Food systems thinking must be promoted 
at all levels, i.e., we must systematically bring to light the multiple connections between different health 
impacts, between human health and ecosystem health, between food, health, poverty, and climate 
change, and between social and environmental sustainability. Only when health risks are viewed in their 
entirety, across the food system and on a global scale, can we adequately assess the priorities, risks, and 
trade-offs underpinning our food systems, e.g., the provision of low-cost food versus systematic food 
insecurity, poverty conditions, and environmental fallout of the industrial model. All of this has profound 
implications for the way that knowledge is developed and deployed in our societies, requiring a shift 
toward interdisciplinarity and transdisciplinarity in a range of contexts (e.g., new ways of assessing risks; 
changes in the way that university and school curricula are structured). Concepts such as “sustainable 
diets” and “planetary health” help to promote holistic scientific discussions and to pave the way for 
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integrated policy approaches. Food systems thinking can also be encouraged on a smaller scale through 
initiatives that reconnect people with the food they eat (e.g., community supported agriculture, school 
vegetable gardens). 

Leverage Point 2: REASSERTING SCIENTIFIC INTEGRITY AND RESEARCH AS A PUBLIC GOOD. Research 
priorities, structures, and capacities need to be fundamentally realigned with principles of public interest 
and public good, and the nature of the challenges we face  (i.e., cross-cutting sustainability challenges 
and systemic risks). Specific measures are needed to counter the influence of vested interests in shaping 
scientific knowledge on the health impacts of food systems, and to reduce the reliance of researchers on 
private funding (e.g., new rules around conflicts of interest in scientific journals, initiatives to fund and 
mandate independent scientific research and independent journalism on the health impacts of food 
systems). Different forms of research involving a wider range of actors and sources of knowledge are also 
required to rebalance the playing field and challenge prevailing problem framings (e.g., industry-leaning 
approaches; a “Global North” bias; approaches that exclude impacts on certain populations). Further 
investment in large-scale data gathering by intergovernmental organizations may also be required.

Leverage Point 3: BRINGING THE ALTERNATIVES TO LIGHT. We need to know more about the positive 
health impacts and positive externalities of alternative food and farming systems (e.g., agroecological 
crop and livestock management approaches that build soil nutrients, sequester carbon in the soil, or 
restore ecosystem functions such as pollination and water purification). It is crucial to document and 
communicate the potential of alternative systems to: reconcile productivity gains, environmental resil-
ience, social equity, and health benefits; strengthen yields on the basis of rehabilitating ecosystems 
(not at their expense); build nutrition on the basis of access to diverse foods; and, redistribute power 
and reduce inequalities in the process. These outcomes must be seen as a package and as a new basis 
for delivering health — one in which healthy people and a healthy planet are co-dependent. A complete 
picture of the alternatives also requires more documentation of real-life experimentation at the policy 
level. A solid information base on alternative food systems — how they perform, and how they can be 
effectively promoted through policy — can challenge the assumption that an ever-more industrial logic  
is the only solution for addressing health impacts in food systems.

Leverage Point 4: ADOPTING THE PRECAUTIONARY PRINCIPLE. The negative health impacts identi-
fied in the report are interconnected, self-reinforcing, and systemic in nature. However, this complexity 
cannot be an excuse for inaction. Disease prevention must increasingly be understood in terms of iden-
tifying specific risk factors (not the cause) by the accumulation of evidence from many different studies, 
from many different disciplines, as well as in terms of the collective strength, consistency, plausibility, 
and coherence of the evidence base. In this light, there is a clear need to call upon the precautionary 
principle — developed to manage these complexities and requiring policymakers to weigh the collective 
evidence on risk factors and act accordingly — to protect public health.

Leverage Point 5: BUILDING INTEGRATED FOOD POLICIES UNDER PARTICIPATORY GOVERNANCE. 
Policy processes must be up to the task of managing the complexity of food systems and the systemic 
health risks they generate. Integrated food policies and food strategies are required to overcome the 
traditional biases in sectoral policies (e.g., export orientation in agricultural policy) and to align various 
policies with the objective of delivering environmentally, socially, and economically sustainable food 
systems. Integrated food policies allow trade-offs to be weighed up, while providing a forum for long-
term systemic objectives to be set (e.g., reducing the chemical load in food and farming systems; devising 
strategies for tackling emerging risks such as antimicrobial resistance). These processes must be partic-
ipatory. The general public must become a partner in public risk management and priority-setting, and 
buy into the rationale and priorities underpinning it. 

The monumental task of building healthier food systems requires more democratic and more  
integrated ways of managing risk and governing food systems. A range of actors — policymakers,  
big and small private sector firms, healthcare providers, environmental groups, consumers’ and health  
advocates, farmers, agri-food workers, and citizens — must collaborate and take shared ownership in 
this endeavour.
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The food systems that we inherit in the 21st century represent major achieve-
ments of human civilization. Contrasted with millennia of subsistence diets 
for most of the population, today’s food systems have succeeded in delivering 
abundant food in many parts of the world. Paradoxically, they also represent 
some of the greatest threats to our continued health and prosperity. 

The environmental and socio-economic fallout of our food systems is of 
major concern. Today, food systems are estimated to contribute up to 30% 
of greenhouse gas (GHG) emissions (Niles et al., 2017). Meanwhile, 70% of all 
water withdrawn from aquifers, streams, and lakes is used for agriculture, 
often at unsustainable rates (FAO, 2011). The agricultural sector is respon-
sible for nitrate, phosphorus, pesticide, soil sediment, and pathogen pollu-
tion in soil and water (Parris, 2011). Furthermore, agricultural systems have 
contributed significantly to land degradation as well as to the destruction of 
natural habitats and losses of wild biodiversity around the world (Scherr and 
McNeely, 2012). 

Food systems are also failing food producers themselves. Many small farmers 
struggle to emerge above subsistence level, often lacking access to credit, 
external inputs, technical support, and markets or facing the uncertainties 
of volatile prices (FAO, 2004; Graeub et al., 2016). Farms in the Global North 
may be bigger and more capitalized, but they too face high risks and uncer-
tainties, and farming incomes show little prospect of rising sustainably and 

SECTION 1  
INTRODUCTION: UNDERSTANDING HEALTH  
IMPACTS IN A FOOD SYSTEMS CONTEXT
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remain highly reliant on government subsidies (European Commission, 2014). 
While food and agriculture generate increasing value for input providers, food 
commodity traders, and global retail giants, decent livelihoods remain out of 
reach for many of those employed in food systems. 

The negative impacts of food systems on human health is an area of growing 
attention and growing concern. The health impacts associated with food 
systems are highly diverse in terms of where they originate, what types of 
health conditions they are associated with, and who is affected. These path-
ways are multiple and interconnected. However, the full picture is often lost 
from view, allowing the connections to be obscured and the root causes of 
poor health to be left unaddressed. Too often the negative health impacts 
are disconnected from one another, from the food systems practices that 
systematically generate health risks, and from the underlying environmental 
and socio-economic conditions for health — conditions that are undermined 
by food systems activities. They are discussed in different bodies of literature 
and different fora, and they are addressed — if at all — by different types of 
policies. For example, discussion around obesity is commonly linked to ques-
tions of  lifestyle and physical exercise, but is not systematically connected to 
the food and farming systems that play a key role in determining diets. And 
while agriculture is the leading contributor to air pollution in several regions 
of the world, the question is rarely addressed with regard to food produc-
tion practices or in dialogue with food and farming actors. The breadth and 
complexity of food systems makes it highly challenging to capture the whole 
range of health impacts, and to draw meaningful conclusions on the picture 
that emerges.

This report seeks to provide a comprehensive overview, identifying 1) the 
multiple, interconnected ways in which food systems affect human health,  
and 2) how the prevailing power relations and imperatives in food systems  
help to shape our understanding of the impacts they generate. In other words, 
the report asks why evidence gaps persist, why impacts are systematically 
reproduced, and why certain problems are not politically prioritized (i.e., the 
political economy of health impacts in food systems). In doing so, it brings the 
food–health nexus into focus, i.e., the web of interactions, imperatives, and 
understandings at the intersection of food and health. 

The report is structured around the following questions:

•  How do food systems affect human health? How much do  
we know? (Section 2)

•  What holds back our understanding of these impacts and  
our ability to address them? (Section 3)

•  How can we build a stronger basis for acting on health risks  
in food systems? (Section 4)

The negative impacts of 
food systems on human 
health is an area of  
growing attention and  
growing concern.
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The analytical lens we use to address these questions reflects the following 
perspectives: 

A food systems approach
Bringing various health impacts together in one analysis is based on the 
premise that food systems provide a meaningful lens for understanding and 
addressing these impacts. Food systems refer not only to market transactions 
and connections between different points in the food chain (e.g., agriculture 
and food retail), but also to a broader web of institutional and regulatory 
frameworks, as well as the prevailing conditions in which science and knowl-
edge are generated. This approach understands that the various compo-
nents of food systems (e.g., trade policies, agricultural subsidies, market 
structures and prices, research and educational priorities) have co-evolved 
over time to become mutually reinforcing, with powerful coalitions of interest 
evolving alongside them (IPES-Food, 2015).1 This analysis therefore considers 
that different problems in food systems are deeply interconnected, mutually 
reinforcing, and subject to systemic dynamics. Considering various health 
impacts collectively is not intended to downplay their specificities or the need 
for specific actions to address them. Rather, a food systems approach empha-
sizes the connections between them, and the potential of joined-up solutions 
to break the current cycles and co-dependencies. The food systems thinking 
embodied in this analysis is both a means and an end: it is a way of bringing 
the breadth of health impacts and connections between them to light, and, if 
applied to scientific inquiry and policymaking, could pave the way for health 
impacts to be comprehensively addressed.

A political economy approach
As will be described in Section 2, the various health impacts in food systems 
are widespread, severe, and increasingly costly in human and economic 
terms. Moreover, many of these impacts are well known to the public (e.g., 
people are confronted with a plethora of information about the nutritional 
benefits or risks associated with specific foods), suggesting that an urgent 
case for reforming food and farming systems can be made on the grounds 
of protecting human health. This report is premised on the view that actions 
to address these impacts have been incommensurate to the challenge, and 
that health is an under-exploited leverage point for food systems reform. This 
calls attention to the political economy of food systems, i.e., how and by whom 
priorities are set and decisions are made. In other words, we must ask how our 
knowledge of these impacts is shaped, why evidence gaps persist, why impacts 
are systematically reproduced, and why certain problems are not politically 
prioritized — even as they are increasingly documented. Power — to achieve 
visibility, to shape knowledge, to frame narratives, and to influence policy — is 
at the heart of the food–health nexus, and will therefore be central to this anal-
ysis. Power imbalances between different regions of the world and between 
different groups in society are taken into account throughout. 

The report asks why 
evidence gaps persist, why 
impacts are systematically 
reproduced, and why 
certain problems are 
not politically prioritized. 
In doing so, it brings the 
food–health nexus into 
focus, i.e., the web of 
interactions, imperatives, 
and understandings at  
the intersection of food  
and health.
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A public health perspective
A public health perspective on the analysis of food systems focuses on primary 
disease prevention, management of chronic conditions, and the general 
promotion of health (Neff and Lawrence, 2014). This report aims not simply to 
study how current food systems impinge on health (the symptoms), but to go 
beyond in order to identify the root causes of harm and how these could be 
addressed. It therefore emphasizes the need to explore the social, structural, 
and environmental determinants of health associated with food systems, and 
to identify interventions that can potentially benefit many people at a time, 
ensuring and enhancing conditions for population health.

A critical approach to “evidence” and  
consideration of diverse sources of knowledge
Given the focus on how knowledge and understandings are shaped, the 
evidence that informs this analysis must be treated critically. In light of the 
self-reinforcing power relations described above, it is crucial to open the 
door to different sources of knowledge, and to cast the net wide in terms of 
what is on the table (i.e., what might be considered a health impact of food 
systems). This report therefore draws on a wide range of evidence from 
peer-reviewed academic journals, civil society reports, media coverage, and 
a range of other sources in describing the health impacts associated with food 
systems. It also draws on studies from a variety of fields and disciplines, in line 
with the diverse nature of health risks in food systems. Moreover, it considers 
the impacts on a global scale, and refers to data and evidence from a variety 
of geographical settings (challenges on this front are addressed in Section 3). 
While this report does not represent a comprehensive “meta-review,” it is 
hoped that the evidence gathered in Section 2 can be used alongside other 
reviews of a similar nature to update the state of play on the health impacts of 
food systems, what we know about them, and how they might be addressed. 
Looking at these diverse impacts side by side allows us to identify common 
drivers in specific food system practices. However, the primary focus is on 
understandings and knowledge more broadly. The evidence review paves the 
way for key patterns and mechanisms to be observed in the way evidence is 
generated, interpreted, framed, communicated, and translated into policy 
action. In Section 3, the report identifies the influence of specific actors, 
specific narratives, and specific worldviews in framing the problems and diag-
nosing the solutions. The evidence base is therefore considered as a dynamic 
whole with many moving pieces, underpinned by various assumptions and 
competing interpretations of what constitutes a robust methodology and a 
sufficient basis for action. The focus throughout remains on the science-policy 
interface (or science-policy-public interface): where information is transmitted, 
where understandings are shaped and reshaped, where the diverse strands of 
evidence accumulate, and where that evidence must ultimately be parsed and 
translated into action. Precautionary approaches focused on taking action in 
a context of complexity and uncertainty will be an important reference point 
in the discussion (see Section 4). 

This report therefore 
emphasizes the need 
to explore the social, 
structural, and 
environmental determinants 
of health associated with 
food systems, and to 
identify interventions that 
can potentially benefit many 
people at a time, ensuring 
and enhancing conditions 
for population health.
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Five key channels of impact
In this report, the initial discussion of health impacts in food systems in Section 2 
is grouped into five “channels of impact,” representing distinct types of impact 
and distinct risk transmission pathways. The five channels are: 

IMPACT�CHANNEL�1��
OCCUPATIONAL HAZARDS

Physical and mental health impacts suffered by farmers,  
agricultural labourers, and other food chain workers as a result 
of exposure to health risks in the field/factory/place of work. 
People get sick because they work under  
unhealthy conditions.

IMPACT�CHANNEL�2��
ENVIRONMENTAL CONTAMINATION

Health impacts arising via the exposure of whole populations 
to contaminated environments “downstream” of food produc-
tion, through pollution of soil, air, and water resources or  
exposure to livestock-based pathogens. People get sick 
because of contaminants in the water, soil, or air.

IMPACT�CHANNEL�3��
CONTAMINATED, UNSAFE,  
AND ALTERED FOODS

Illnesses arising from the ingestion of foods containing various 
pathogens (i.e., foodborne disease) and risks arising from  
compositionally altered and novel foods. People get sick  
because specific foods they eat are unsafe for consumption.

IMPACT�CHANNEL�4��
UNHEALTHY DIETARY PATTERNS

Impacts occurring through consumption of specific foods 
or groups of foods with problematic health profiles. These 
impacts affect people directly through their dietary habits,  
as shaped by the food environment. People get sick because 
they have unhealthy diets.

IMPACT�CHANNEL�5��
FOOD INSECURITY

Impacts occurring through insufficient or precarious access to 
food that is culturally acceptable and nutritious. People get 
sick because they can’t access adequate, acceptable food 
at all times.
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Given their complexity, it is impossible, at any one time, to fully describe global 
food systems to identify all the pathways that have consequences for health 
— not least because many of the pathways are indirect, with factors outside 
food systems also playing an important role (see Section 3). The five impact 
channels are intended to provide a basic framework for organizing the various 
impacts potentially arising from food systems, and are therefore framed very 
broadly. Where we set the boundaries of food systems impacts, and which 
stakeholders and sources of knowledge are taken into consideration, have 
major implications for the picture that emerges.

The choice of the five channels and the specific impacts described within them 
reflect the following considerations:

1.  The five channels, and the ensuing analysis, are structured around 
negative health impacts. However, positive health impacts (e.g., specific 
practices or specific dietary patterns that promote health) are a key 
piece of the evidence base and a key factor in building our under-
standing of how health impacts occur. The case for comprehensively 
documenting positive impacts and externalities is made in Section 4.

2.  The impact channels are designed to focus on the different ways in 
which people get sick, rather than grouping impacts according to who 

Fig. 2. How food systems affect human 
health: Five channels of impact
Food systems affect human health 
through five key channels. The resulting 
health impacts are exacerbated by a 
series of factors shown on the right of the 
diagram; these “compounding factors” 
will be described in Section 3.
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is affected or where they occur in the agri-food value chain. Neither the 
health conditions that arise, nor those suffering from them, are mutu-
ally exclusive between the channels. Health conditions such as cancers, 
obesity, and depression appear in multiple channels, and a person 
might be exposed to health risks through multiple channels. Moreover, 
many of these impacts cannot be located at a single point in the chain, 
or classified as “supply-side” or “demand-side” problems. For example, 
unhealthy dietary patterns are mediated by production choices affecting 
the nutrient value of foods, the relative prices of different foods, access 
to different foods by different population groups, as well as people’s 
personal choices and the myriad factors shaping those choices (e.g., 
marketing, general knowledge of foods and diets). 

3.  The examples of specific impacts (e.g., nitrate contamination of 
drinking water as a form of environmental contamination) are not 
exhaustive, and were selected on the basis of a very substantial litera-
ture review, with a view to covering health impacts that appear a priori  
to: i) have the most severe impacts on individuals; ii) have an impact 
on the greatest number of people; and, iii) have the  strongest associ-
ations with food systems. The objective, however, is not to rank these 
impacts in terms of their relative significance; rather, it is to allow the 
bigger picture to emerge in terms of our knowledge, understanding, 
and ability to act on the various health impacts of food systems. 
Indeed, by looking at the bigger picture, it is possible to revisit key 
assumptions through the analysis, and to reflect critically on why some 
problems appear a priori to be more pressing than others. 

Impacts associated with “industrial” food and farming systems are prominent 
in the analysis, reflecting the goal of capturing the impacts of most relevance 
now and in the future. This refers to systems that are analogous to industrial 
processes in their scale and task segregation, and seek to derive productivity 
gains from specialization, intensification, and concentration of production and 
distribution (IPES-Food, 2016). While manifesting itself in different ways and to 
different extents, an industrial logic now underpins agricultural development 
in many countries around the world, either coexisting with or having almost 
entirely replaced non-industrial systems. Moreover, a series of narratives and 
imperatives have co-evolved alongside the industrial model, and play a key 
role in framing debates around all aspects of food systems, including health 
risks and how to address them (see Section 3). However, the industrial model 
is not the only source of health risks in food systems, and nor are understand-
ings about food–health linkages influenced only by industrial logics and their 
proponents. Indeed, the tension between different food and farming models 
— and the premising of solutions on further industrialization — is brought to 
light throughout the discussion. 

Impacts associated with 
industrial food and farming 
systems are prominent in 
the analysis. A series of 
narratives and imperatives 
have co-evolved alongside 
the industrial model, and 
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IMPACT�CHANNEL�1��
OCCUPATIONAL HAZARDS

HOW DO HEALTH IMPACTS OCCUR THROUGH THIS CHANNEL?

Worldwide, the agricultural sector is one of the most hazardous to human 
health (Cole, 2006; FCWA, 2012; ILO, 2009). The risk of occupational injury and 
death is much higher in agriculture, fishing, and forestry than in any other 
sector (NIOSH, 2012), with food manufacturing also presenting high rates of 
injuries and fatalities (Neff, 2014). Some of the most important occupational 
hazards arising in food systems — and the health conditions with which they 
have been associated — are described below.

Acute pesticide poisoning2

Acute pesticide poisoning on farms remains a major health threat, particu-
larly in countries where health and safety regulations are weaker and/or not 
fully implemented (Cole, 2006; Eddleston et al., 2002; Gunnell et al., 2007). 
Pesticides are responsible for an estimated 200,000 acute poisoning deaths 
each year, 99% of which occur in developing countries (Elver, 2017). Acute 
pesticide poisoning can occur due to accidents in the workplace or the home, 
for instance due to splashes or spills when mixing or applying substances. 
Many of these incidents tend to occur because protective clothing is unavail-
able, damaged, too expensive, or too cumbersome and uncomfortable in 
hot climates (Eddleston et al., 2002). Inappropriate handling and disposal of 
pesticide containers and their storage at home are additional risk factors 
(Konradsen et al., 2003). Symptoms of pesticide poisoning include fatigue, skin 
rashes and discomfort, weakness, circulatory problems, head- and body aches, 
and in severe cases, coma and death (PAN Germany, 2012).

Worldwide, the agricultural 
sector is one of the most 
hazardous to human health. 
The risk of occupational 
injury and death is much 
higher in agriculture, 
fishing, and forestry than 
in any other sector, with 
food manufacturing also 
presenting high rates of 
injuries and fatalities.
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Low-dose chemical exposure
Lower-dose, chronic exposure to many pesticides, and particularly Endocrine 
Disrupting Chemicals (EDCs), has been clearly linked to a number of long-term 
health effects that may occur even when individuals use the recommended 
safety procedures when handling pesticides and chemicals (Elver, 2017). Both 
hematopoietic cancers (those of the blood, bone marrow, and lymph nodes) 
(Merhi et al., 2007) and solid tumours (in the brain, colon, prostate, or kidney) 
have been linked to pesticides in large-population studies (Bassil et al., 2007; 
Blainey et al., 2008).3 Several studies have also linked occupational exposure 
to pesticides with prostate cancer (Alavanja et al., 2003; Dich and Wiklund, 
1998; Mills and Shah, 2014; Mink et al., 2008; Settimi et al., 2003; Sharma-Wagner 
et al., 2000). The risks of long-term exposure — particularly to EDCs — extend 
beyond the farm; chronic chemical exposures will be addressed more broadly 
under Impact Channel 2 (Environmental Contamination).

Exposure to airborne substances
Another occupational hazard on farms arises from exposure to a range of 
airborne substances and compounds, including pesticides, dust, fertilizers, 
plant growth regulators, crops and related allergens, pollen, animal waste, and 
other micro-organisms (Frank et al., 2004; Schenker, 2011). Exposure to these 
substances has been found to contribute to various respiratory diseases in 
farmworkers in a range of countries, e.g., the United States (Das et al., 2001), the 
United Arab Emirates (Beshwari et al., 1999), Ethiopia (Mekonnen and Agonafir, 
2002), the Philippines (Lu, 2005), and New Zealand (Fishwick et al., 1997). 

Exposure to zoonotic disease and antimicrobial resistance
Farmers and farmworkers handling livestock face major exposure risks in 
regard to zoonotic diseases and the spread of antimicrobial-resistant bacteria; 
these risks (which also affect wider populations) will be addressed in Impact 
Channel 2 (Environmental Contamination).

Lower-dose, chronic 
exposure to many pesticides, 
and particularly Endocrine 
Disrupting Chemicals (EDCs), 
has been clearly linked to a 
number of long-term health 
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Injury risks on farms and fishing vessels
Studies in developed countries have shown that farm operators and family 
members are at high risk of injury due to the equipment they use and the 
animals they handle on a daily basis.4 The most common injuries include muscu-
loskeletal conditions (sprains, strains, broken bones), crushes (from machinery 
and animal handling), hearing loss (from operating large machines and small 
engines), and head injuries (from tractor rollovers and falls). Fatalities have been 
found to occur most often in vehicle or machinery- related incidents (Lovelock 
et al., 2008). High rates of injury (fatal and nonfatal) resulting from machinery or 
animal handling are also reported for concentrated animal feeding operations 
(CAFOs) (Mitloehner and Calvo, 2008). Farm labourers, and particularly migrant 
workers, tend to face additional injury risks as a result of work conditions that 
require the same position to be maintained over extended periods of time, 
heavy lifting and carrying, working with heavy machinery or on ladders (Anthony 
et al., 2008; Arcury and Quandt, 2007; Hansen and Donohoe, 2003), and long 
working hours in hot conditions ( potentially leading to dehydration, heat exhaus-
tion, and heat strokes) (Cole, 2006; Villarejo, 2012). Fishers also face a specific 
and significant set of risks due to: heavy, dangerous equipment; tasks requiring 
repetitive motions; slippery surfaces; the risk of fishing vessels sinking; and,  
the remoteness of small fishing vessels from shore, with limited access to  
emergency medical assistance (Windle et al., 2008). 

Injury risks in food processing, distribution, and retail
Food production lines generate high risks of injury, particularly in the high-pres-
sure work environments of industrialized meat packing and poultry processing 
plants, where work proceeds at a fast pace over long shifts (Campbell, 1998; 
Grzywacz et al., 2007; Lloyd and James, 2008). Common injuries include cuts 
and lacerations from using sharp equipment, and acute and repetitive strain 
musculoskeletal injuries (e.g., cumulative trauma disorders and chronic back 
pain). Processing workers operating in low temperatures (e.g., in refrigeration 
rooms) face a series of heightened health risks (FCWA, 2012; Kaminski et al., 
1997; Sormunen et al., 2009; Lloyd and James, 2008).5 Further injury risks accrue 
through food distribution, transport, and retail. Warehouse workers also suffer 
from back injuries, slips and falls, and motor vehicle–related injuries (Harrington, 
2006). The supermarket and restaurant industries have above average injury 
rates due to falls, back injuries, musculoskeletal disorders, cuts, lacerations, and 
burns (Alamgir et al., 2007; Baron and Habes, 1992; Gleeson, 2001).

Stressful working conditions (mental health impacts)
In addition to physical health risks, farming has been identified as one of 
the ten most stressful professions in the world (Lunner Kolstrup et al., 2013). 
The inherent uncertainties of agriculture (e.g., weather patterns, input and 
output prices) can create a feeling of powerlessness for farmers, in some 
cases lowering their self-esteem and increasing the likelihood of depression 
(Fetsch, 2014). The mental strain of adapting to and managing complex farm 



UNRAVELLING THE FOOD–HEALTH NEXUS 19              

|   SECTION 2: How health impacts occur in food systems, and how much we know about them

In addition to physical 
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environments can lead to exhaustion, concentration problems, insomnia, 
psychosomatic disorders, family issues, and alcohol and drug abuse (Brumby 
et al., 2013; London, 2000). Furthermore, the constant financial pressure, low 
control, and minimal social support experienced by farmers can cause anxiety, 
depression, and mental illness, and can even contribute to suicide (Dongre and 
Deshmukh, 2012; Lunner Kolstrup et al., 2013).6 A meta-analysis of 34 studies 
found that agricultural workers were 1.6 times more likely to commit suicide 
than the general population (Milner et al., 2013). The liberalization of agricul-
tural markets, the abolition of price supports in some countries, the expo-
sure to volatile international commodity markets, and increased debt loads in 
increasingly capital-intensive production systems have also contributed to the 
mounting pressures faced by farmers, with serious impacts on their mental 
health (Fraser et al., 2005; Lunner Kolstrup et al., 2013). In particular, the rise 
of contract farming has been associated with increased stress as a result of 
farmers losing control over inputs and management, having to implement 
decisions they might not agree with, e.g., costly infrastructure upgrades with 
implications for indebtedness, and increasing dependency on parent compa-
nies — sometimes leading to a climate of intimidation (Jenner, 2014; Murphy, 
2010; Pew Charitable Trusts, 2013). Stress, and the associated health impacts, 
is also a major problem beyond agriculture. High productivity demands, low 
wages and job security, harassment, and risks of sexual assault afflict the 
general health and well-being of workers throughout food systems (FCWA, 
2012; SPLC, 2010). In particular, industrial food processing and factory settings 
have been identified as highly stressful environments due to the pace of the 
production line, few work breaks, and other factors such as chronic ambient 
noise (Grzywacz et al., 2007; Lunner Kolstrup et al., 2013). The psychological 
strain of working in these settings has in some cases been associated with 
high blood pressure and cardiovascular diseases (Ledésert et al., 1994).

Who is affected?
While many occupational health impacts are of concern to food and farmworkers 
around the world, some tend to be more prevalent in developing countries, and 
are generally preventable, i.e., contingent on effective regulation and the appli-
cation of safety norms. For instance, although developing countries accounted 
for only 20% of all pesticide use in the early 1990s, they saw more than 99% of 
poisonings, because more toxic products were used under less regulated condi-
tions (Cole, 2006). The prevalence of migrant labour in agricultural work in many 
countries — and the resulting cultural and language barriers — tends to exac-
erbate these risks, through, for example, misunderstandings of safety precau-
tions, misinterpretation of pictograms, or unsafe use of hazardous tools due to 
inadequate training and supervision (Cole, 2006; PAN Germany, 2012). In both 
developed and developing countries, many of the occupational hazards relate to 
more systemic conditions of industrial production processes, such as the exis-
tence of repetitive tasks, the use of heavy and dangerous equipment, and the 
mental strain of high-pressure work with low control and high uncertainty.
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COUNTING THE HUMAN AND ECONOMIC COSTS OF OCCUPATIONAL 

HAZARDS IN FOOD SYSTEMS: SELECT ESTIMATES

•  Agriculture continues to be the sector of the economy with the highest occupational risk, 
even in highly developed nations (Nelson et al., 2012). 

•  Globally, production agriculture is estimated to cost 170,000 lives per year and  commercial 
fishing 24,000 per year (Nelson et al., 2012, p. 347).

•  The estimated annual fatal injury rate in the agricultural sector ranges between 
7.8/100,000 workers in high-income countries, 18.9/100,000 workers in Africa, and 
24/100,000 workers in East and Southeast Asia (Nenonen et al., 2014).

•  The fatal incidence rates in a cross-section of European and North American fisheries are 
about 25 to 50 times higher than for onshore workers, at an average of 100/100,000 
full-time equivalent workers (Jensen et al., 2014).

•  Although developing countries accounted for only 20% of all pesticide use in the early 
1990s, they accounted for more than 99% of poisonings, because more toxic products 
were used under more rudimentary conditions (Cole, 2006).

•  It is estimated that unintentional acute poisonings from chemicals (methanol, diethylene 
glycol, kerosene, pesticides, etc.) account for 346,000 deaths and the loss of 7,445,000 
Disability-Adjusted Life Years annually, 71% of which would be preventable through 
improved chemical safety (Prüss-Ustün et al., 2011).

•  In the United States, almost 500 deaths in 2010 were linked to production agriculture  
(476 farmers and farmworkers, as well as 60 commercial fishing deaths) (Nelson et al., 2012). 

•  In a 17-state sample from the United States in 2012, the farming, fishing, and forestry  
industries had a suicide rate of 84.5/100,000 people (90.5 among males), almost five 
times as high as the rate of the general population (McIntosh et al., 2016).

•  In India, it is estimated that in 2001, the farmer suicide rate was 12.9/100,000 people, 
compared to the general population rate of 10.6 (Das, 2011).

•  Data from Australia and the United Kingdom showed farmers’ suicide rates twice as 
high as the general population (ABC Australia, 2008; Gregoire, 2002).

•  Estimations of economic costs are difficult to come by, but in the United States, where 
direct and indirect costs from occupational morbidity and mortality amount to US$250 
billion, the highest mortality rates have been found to be in the agricultural, food manu-
facturing, and food preparation industries (Newman et al., 2015).

•  In Madhya Pradesh, India, in 2000, the cost of fatal and nonfatal injuries in agriculture was 
estimated at US$27 million (Cole, 2006).

•  The human health costs of pesticides amounted to $787 million per year in the United 
States in the early 1990s (Pimentel et al., 1992). 

•  In the UK, it is estimated that the health-related benefits of withdrawing approval for 
seven active substances used in pesticides could reach £354 to £709 million of avoided 
healthcare costs for the maximum exposed farmworker population over 30 years. Extrap-
olating these figures, such benefits could reach €3,568 to €7,160 billion over 30 years for 
the entire EU population (Blainey et al., 2008).

Box 1
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Fig. 3: Blind spots in the evidence base: 
under-reported and under-estimated 
occupational hazards in food systems
A range of occupational health impacts  
in food systems tend to be obscured from 
view, leaving major blind spots in the 
evidence base.

HOW MUCH DO WE KNOW ABOUT THESE IMPACTS,  

AND HOW WELL ARE THESE FOOD-HEALTH LINKAGES  

UNDERSTOOD?

Occupational health hazards in food systems are well documented and under-
stood. Still, several blind spots can be identified, both in terms of how and 
where negative impacts are accruing. For example:

•  Under-reporting in informal and small-scale farming sectors
  A large proportion of the agricultural labour force is engaged in 

the informal, unregulated sector — mostly in developing countries 
— where census data is poor (Kaewboonchoo et al., 2015). In some 
settings the total population of farmers is unknown, and there may 
therefore be widely varying accounts of the suicide and fatality rate 
as a percentage of the population. Smaller farms are often exempted 
from mandatory reporting of injuries; in the United States this effec-
tively excludes an estimated 46% of direct-hire farm labourers from 
oversight (Villarejo, 2012), with similar issues likely to undermine 
reporting elsewhere. 

•  Under-reporting among insecure workforces
  The insecure status of many food- and farmworkers means that occu-

pational hazards are less likely to be reported, casting doubt on the 
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reliability of employer-reported occupational injury and illness data. 
Farmworkers may avoid drawing their employers’ attention to injuries 
and illnesses for fear of termination, or lack of knowledge of their right 
to medical services. In turn, employers may have a financial incentive to 
under-report injuries and illnesses that occur on their premises in order 
to lower their workers’ compensation insurance payments (Boden and 
Ozonoff, 2008; Rosenman et al., 2006; Villarejo, 2012). Furthermore, the 
biggest health risks tend to accrue to vulnerable groups — particularly 
hired and migrant labourers — making reporting even less likely. In the 
United States, hired farmworkers are estimated to face a risk of fatal 
occupational injury that is five times higher than the average worker in 
all civilian industries (Villarejo, 2012). Their precarious economic situation 
may force hired and migrant labourers to work longer hours, perform 
more strenuous or repetitive tasks, accept more dangerous jobs, and 
complain less about substandard working conditions (Ahonen et al., 
2009). Studies in Australia, Greece, and Spain have shown that foreign 
workers have higher occupational injury rates than domestic workers, 
as a result of harsher working conditions, language, and communica-
tion barriers and lack of safety instructions (Ahonen et al., 2009; Alexe 
et al., 2003; Corvalan et al., 1994). Cultural and legal barriers may also 
prevent migrant workers from seeking out medical attention — leading 
to more protracted injuries (Otero and Preibisch, 2010). Outgrowers 
or contract farmers represent another key group whose exposure to 
illness and injury — particularly stress-related conditions — is likely 
to be underestimated, due to fear of speaking out against the parent 
companies on whom they are highly dependent (Jenner, 2014; Murphy, 
2010). Illness and injury among fishers may also be under-reported due 
to unwillingness to take time off and forgo earnings; the most common 
fishing-related injuries are incurred by third mates, mates, and deck 
hands (Matheson et al., 2001), suggesting that once again those to 
whom the risks accrue may not be well-positioned to report and seek 
redress for the health impacts they suffer. 

•  Concentrated Animal Feeding Operations (CAFOs):  
Poor access to information

  Another blind spot in terms of occupational hazards (and health 
impacts more broadly) concerns CAFOs, which typify livestock produc-
tion in North America and increasingly in other parts of the world. 
Some studies have identified increased risks of injury as a result of 
the core characteristics of CAFOs, e.g., the high density of animals 
(Mitloehner and Calvo, 2008). Furthermore, risks to these workers 
have been identified through exposure to zoonotic diseases and anti-
microbial resistance from animals (see Impact Channel 2). To date, 
CAFOs and other large-scale industrialized farming settings have 
been studied more in terms of community health (i.e., the impact of 
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environmental contamination on local populations) than from a farm-
worker point of view, making it difficult to assess the occupational risks 
relative to other types of holdings, e.g., family farms (Mitloehner and 
Calvo, 2008). Attempts to survey the general conditions of CAFOs (e.g., 
from an animal welfare perspective) have run up against major obsta-
cles in terms of refusal to grant access or to provide information on 
the holdings in question (Pew Commission, 2007; Safran Foer, 2010). 

•  Mental health reporting: A major blind spot
  When compared with evidence on physical injury, the mental health 

and welfare of farming communities and agricultural workers has 
been relatively under-reported, understudied, and rarely quantified. 
In a rural context, mental health support is often less accessible. 
In tight-knit communities, seeking assistance may have a higher social 
cost, which limits the survey population (Kutner, 2014). The occur-
rence of untreated mental health problems in rural families can only 
be assessed through interview-based studies that often have small 
sample sizes and may not be generalizable. These shortcomings leave 
the evidence base over-reliant on incidence of suicide, which is the 
severest but not the only manifestation of mental health problems, 
and for which data is itself patchy. Suicides may be under-reported 
due to mischaracterization of the cause of death (e.g., classification 
as accidents). Furthermore, retired farmers, spouses, and farm hands, 
not categorized as farmers, are unlikely to be included in official statis-
tics (Kõlves et al., 2012). Stress-related impacts may be particularly 
important — and particularly hard to capture — when they intercon-
nect with physical risks (see Section 3). 

It is clear, therefore, that occupational hazards may be underestimated on 
several fronts, and are yet to be fully understood in terms of their scope 
(e.g., mental health impacts) and their longer-term chronic effects (e.g., 
low-dose pesticide exposure). The underestimation of occupational health 
impacts in food systems is closely linked to the vulnerable situation of those 
suffering them. As will be addressed in Section 3, how food system impacts are 
framed and circumscribed has major implications in terms of how well they 
are understood. 
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IMPACT CHANNEL 2 �
ENVIRONMENTAL CONTAMINATION

HOW DO HEALTH IMPACTS OCCUR THROUGH THIS CHANNEL?

Food systems have been associated with negative human health impacts 
through a variety of different forms of environmental contamination, most 
commonly transiting through water and air pollution. Some of the key pollut-
ants/sources of pollution are described below.

Nitrate and phosphorous pollution via fertilizer runoff
Nitrate and phosphorus pollution arising from chemical fertilizer use and 
feedlot runoff has been identified as a major health risk in agricultural areas 
and beyond, particularly in OECD countries (Turral, 2012). A variety of practices 
in the intensive livestock sector, particularly the liquification and spraying of 
untreated animal feces onto soils, have been closely linked to water contami-
nation and the resulting health impacts. Runoff into the groundwater system, 
through rain and soil seepage, takes with it nitrogen, phosphorus, other chem-
icals, metals (such as copper, zinc, and arsenic) added to animal feed, as well 
as multiple disease-carrying pathogens, such as E. coli (Anderson and Sobsey, 
2006; Dan-Hassan et al., 2012). A number of cohort studies in the United States, 
Canada, Australia, and Europe have found elevated nitrate levels in groundwater 
that feed into the public water system of rural communities, and shown a posi-
tive association of water consumption with adverse health effects (Dubrowsky 
et al., 2010; Mannassaram et al., 2006; Brender and Meyer, 2016; Brender et al. 
2013; Iowa Environmental Council, 2016). The health outcomes associated most 
strongly with excess nitrate intake from drinking water are bladder cancer, 
thyroid cancer, and non-Hodgkin’s lymphoma (Iowa Environmental Council, 
2016; Nolan et al., 2002). Strong associations have also been found with 
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structural birth defects (Gupta et al., 2008; Iowa Environmental Council, 2016), 
including congenital anomalies, neural tube defects and methemoglobinemia 
(blue-baby syndrome),7 as well as spontaneous abortions (Centers for Disease 
Control and Prevention, US, 1996). Less conclusive evidence also links high 
nitrate levels in potable water with colorectal cancer, ovarian cancer, thyroid 
dysfunction, and macular degeneration (Iowa Environmental Council, 2016).

Transmission of zoonotic diseases via livestock
The emergence of new zoonotic infectious diseases occurs most often where 
the natural habitat and populations of wild animals overlap with the anthropo-
logically controlled habitats and populations of domesticated animals (Jones et 
al., 2013; Leibler et al., 2009; Patz et al., 2004). As food production encroaches 
onto formerly untouched ecosystems, often via deforestation, humans 
and domestic animals are exposed to wildlife and the diseases they carry 
(Goodwin et al., 2012; Morse, 2004; Patz et al., 2004). Domestic livestock that 
come into contact with wildlife can then serve as “amplifier hosts,” spreading 

Fig. 4: Environmental contamination 
pathways
Environmental contamination risks arise 
from multiple food system activities, transit 
through multiple pathways (e.g., water, 
soil and air), and manifest themselves in a 
variety of severe health conditions. 
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the contracted disease to their human handlers through close and frequent 
contact (Graham et al., 2008; Liverani et al., 2014; Morse, 2004). This creates 
opportunities for the emergence and spread of diseases through animal-to-
animal, animal-to-human, and human-to-human transmission vectors, endan-
gering farmworkers, their families, and surrounding communities (Graham 
et al., 2008; Jones et al., 2013; Slingenbergh et al., 2004). The conditions of 
intensive livestock production also help to generate and exacerbate zoonotic 
disease risks through a range of channels. In industrial feedlots or CAFOs, 
the high number and density of genetically uniform animals, and the concen-
tration of waste, creates a favourable environment for pathogens to spread, 
adapt, and reproduce at a rapid pace (Liverani et al., 2014; Slingenbergh et 
al., 2004). Furthermore, livestock bred for specialized traits — particularly for 
short production cycles — tend to be raised in conditions that further amplify 
the risks of pathogen spread and adaptation. Animal feed containing contami-
nated animal tissues and by-products such as offal, bone and blood meal, and 
nervous system and brain tissue represents another avenue for inter-farm 
and inter-species disease transmission (e.g., BSE/Creutzfeldt-Jacob disease) 
(Gilchrist et al., 2007; Morse, 2004). Up to 14% of the enteric disease burden in 
the United States can be attributed to direct animal contact (Hale et al., 2012). 
The risks of zoonotic pathogen emergence and spread may be particularly 
high in emerging economies, where meat production is rapidly intensifying 
to meet growing demand and where livestock systems may be less regu-
lated. In recent years, increasing attention has been paid to newly emerging 
epidemic zoonoses such as avian influenza (H5N1) and severe acute respiratory 
syndrome (SARS) (ILRI et al., 2012; Liverani et al., 2014; Morse, 2004). 

Spread of antimicrobial resistance (AMR)
The spread of bacteria having developed resistance to the antimicrobials used 
increasingly on intensive livestock farms, i.e., antimicrobial resistance (AMR), 
is another major health concern transiting through the environment. In many 
regions of the world, antibiotics are regularly administered to animals in 
nontherapeutic ways, i.e., in constant low doses to prevent disease outbreaks 
and/or accelerate the growth process. More antibiotics are used worldwide 
for these purposes than to treat human diseases (Ahmed and Shimamoto, 
2015; CDC, 2013; Laxminarayan et al., 2016; Spellberg et al., 2016; WHO, 2012). 
For example, in Canada and the United States, animals account for at least 
80% of antibiotic use (Casey et al., 2013; Sibbald, 2012). Antibiotics are increas-
ingly being used for similar purposes in intensive aquaculture systems (Meek 
et al., 2015). Many of the antibiotics used in animal agriculture, aquaculture, 
and human medicine overlap (Cabello, 2006; Done et al., 2015). When bacteria 
are routinely exposed to antibiotics at low doses, bacterial strains with minor 
mutations are able to survive and rapidly reproduce, effectively self-selecting 
for greater antibiotic resistance (Chang et al., 2015). This risk is exacerbated 
in large host populations with less genetic diversity (e.g., in CAFOs) since the 
resistant bacterial strain will easily survive in other animals (Marshall and Levy, 
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2011). Most antibiotics are administered to animals through feed or water, 
leading to imprecise dosing (Love et al., 2011; Paulson and Zaoutis, 2015). AMR 
exposes humans to wide-ranging health risks by undermining the effective-
ness of a key treatment pathway for bacterial infections: antibiotics. AMR genes 
can be passed horizontally within and between bacterial species, including 
to disease-causing bacteria in humans (Chang et al., 2015). AMR risks can be 
transmitted to humans via a wide variety of pathways. These include water 
contamination, the use of animal feces as a fertilizer, dispersion through the 
local environment (e.g., through wind dust), direct transmission from animals 
to their handlers — with farm operators and workers having shown signs of 
antibiotic resistance (Meena et al., 2015; Price et al., 2007; Zhang et al., 2009) — 
and direct transmission through food, i.e., when bacteria remain on meat and 
are not killed by cooking, or when animal feces is used as a fertilizer and bacte-
rial residues remain on crops (CDC, 2013; McEachran et al., 2015). 

Exposure to endocrine-disrupting chemicals (EDCs)
EDCs — chemicals that interfere with hormonal systems — are ubiquitous in 
food systems, and are generally seen to pose one of the greatest challenges 
for public health. These chemicals are found in: the pesticides used in conven-
tionally grown crops; the hormones used in meat, poultry, and dairy produc-
tion; the inside lining of canned foods and some plastic containers; compounds 
used as food preservatives; and, even in non-stick cookware8 (Wielogórska 
et al., 2015). Contamination of surface water with EDCs can result from agri-
cultural runoff (Hanselman et al., 2003; Ying et al., 2002), fish hatcheries and 
dairy facilities (Kolodziej et al., 2004), and livestock operations (Orlando et al., 
2004; Soto et al., 2004). There are close to 800 chemicals known or suspected 
to function as EDCs (WHO/UNEP, 2013). A substantial and growing body of 
evidence is converging upon the conclusion that exposure to EDCs contrib-
utes to increased chronic disease burdens (Gore et al., 2015; WHO/UNEP, 2013). 
Epidemiological research has identified several likely mechanisms9  that link 
long-term, low-dose pesticide exposure to higher risks of developing cancer 
in adults. Currently, the strongest accumulations of evidence (mechanistic, 
experimental, animal, and epidemiological) relate to bisphenol-A, phthalates, 
pesticides, persistent organic pollutants such as polychlorinated biphenyls, 
polybrominated diethyl ethers, and dioxins, and their links to obesity and 
diabetes (Newbold, 2010; Thayer et al., 2012; Gore et al., 2015), male reproduction 
(Li et al., 2011), female reproduction, hormone-sensitive cancers in females (Crain 
et al., 2008; Roy et al., 2009), prostate cancer (Chia et al., 2010), thyroid, and 
neurodevelopment and neuroendocrine systems (Gore et al., 2015; WHO/UNEP, 
2013). Furthermore, both paternal and maternal exposure to EDCs in pesticides 
have been associated with adverse reproductive effects, including miscarriage, 
preterm birth, stillbirth, neonatal death, and foetal distress (Crisostomo and 
Molina, 2002; Jarrell et al., 1998; Kumar, 2004; PAN North America, 2016; Perera 
et al., 2003; Sanborn et al., 2007; Savitz et al., 1997). Neurotoxins are known 
to have strong adverse effects on the developing brain (Blainey et al., 2008), 
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and in-utero exposure has been linked to a range of developmental impacts 
(Berkowitz et al., 2004; Sanborn et al., 2007; Windham and Fenster, 2008; Wolff 
et al., 2007). Increased rates of cancer, and specifically brain tumours, have also 
been identified among the children of agricultural workers (Carozza et al., 2008; 
Efird et al., 2003; Feychting et al., 2001; van Wijngaarden, 2003). 

Heavy metal contamination
Agricultural systems in many regions of the world contribute to heavy metal 
contamination of water bodies — with major health implications. Heavy metal 
toxicity can result in nervous system and brain damage, organ failure, and 
various types of cancer (Fernández-Luqueño et al., 2013). Heavy metals can 
also work as endocrine disruptors (see above) (Iavicoli et al., 2009). Potentially 
harmful effects can be generated from very low concentrations and from 
relatively short periods of exposure (Khetan, 2014). In China, the use of waste-
water for irrigation, frequently in regions with intensive mining and smelting 
activities, has led to dangerous levels of heavy metals such as mercury, lead, 
and cadmium in soils and water sources, while the intensification of livestock 
agriculture has led to increased concentrations of arsenic, zinc, and copper 
(Lu et al., 2015). Arsenic contamination of groundwater in Pakistan and India is 
another example of large-scale heavy metal contamination to which agricul-
ture is a major contributor; one estimate suggests that contaminated ground-
water in the Indus Valley could affect more than 50 million people (Podgorski 
et al., 2017). The confluence of industrial activities and wastewater and sludge 
irrigation has also contributed to heavy metal pollution in other regions of the 
world (Fernández-Luqueño et al., 2013). Furthermore, many inorganic fertilizers 
and pesticides contain heavy metals that do not degrade easily and can lead to 
soil toxicity and water pollution (Gimeno-García et al., 1996). Finally, some fish 
species also accumulate heavy metals such as mercury during their lifetime 
(see Impact Channel 3: Contaminated, Unsafe, and Altered Foods). 

Nitrogen-based air pollution
Agriculture has been identified as the largest contributor to air pollution in many 
regions of the world, including Europe, Russia, Turkey, Korea, Japan, and the 
Eastern United States (Lelieveld et al., 2015). Agricultural emissions of ammonia 
(NH3) through livestock production and fertilizer use readily react with sulfur 
dioxide (SO2) and nitrogen oxides (NOx) to form inorganic PM2.5 (fine particu-
late matter composed of ammonium sulfate and ammonium nitrate) (Gu et al., 
2014; Bauer et al., 2016). High exposure to this form of air pollution is associated 
with acute lower respiratory illness, cerebrovascular disease, ischaemic heart 
disease, chronic obstructive pulmonary disease, and lung cancer (Lelieveld et 
al., 2015). In particular, livestock operations that are located close to cities facili-
tate the mixing of agricultural NH3 with SO2 and NOx from fossil fuel combustion 
(e.g., in urban transport systems), contributing to high levels of air pollution in 
densely populated urban areas (Gu et al., 2014; Paulot and Jacob, 2014). 
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Transport-based air pollution and CO2 emissions
Food systems also contribute significantly to air pollution and to climate 
change via the emissions incurred through the trucking and shipping of food 
and feed around the world. According to the WTO, agricultural products 
represent 9.5% of total merchandise trade (WTO, 2015); agricultural and fish 
commodities account for over 12% of global CO2 emissions from international 
transport (Cristea et al., 2013). Extensive air- and road-based transport systems 
also increase air pollution from exhaust gases in airports and truck terminals, 
putting transport workers and other exposed populations at greater risk of 
conditions such as lung cancer, ischaemic heart disease, and excess upper 
and lower respiratory tract symptoms (Garshick et al., 2008; Laden et al., 2007; 
Tunnicliffe et al., 1999). 

Who is affected?
The main populations vulnerable to health impacts from water-based pollu-
tion are low-income agricultural communities in developing countries that 
do not have access to potable water infrastructure and rely on contaminated 
water bodies and groundwater wells for drinking water (i.e., those in the most 
isolated areas). For example, in the Vietnamese Mekong delta, studies have 
found all types of drinking water sources (surface water, groundwater, water 
at public pumping stations, surface water chemically treated at household 
level, harvested rainwater, and bottled water) to be contaminated with pesti-
cides at concentrations higher than key international benchmarks (Chau et 
al., 2015; Toan et al., 2013). Meanwhile, organochlorine pesticides — including 
highly toxic and now prohibited substances such as DDT and HCH — have 
been repeatedly detected in surface water, groundwater, and drinking water 
sources such as wells and hand pumps in India (Lari et al., 2014; Yadav et al., 
2015) and Pakistan (Ali et al., 2014). 

The International Livestock Research Institute (ILRI) mapped likely zoonoses 
hotspots across a range of zoonoses burden, poverty burden, and reliance on 
livestock, concluding that the regions with the most important hotspots were 
South Asia (particularly India), East and Central Africa (particularly Ethiopia 
and Nigeria), and Southeast Asia (specifically China and Indonesia) (ILRI et al., 
2012). According to this review, only 19 countries (foremost Nigeria, Ethiopia, 
Tanzania, Togo, and India) bear 75% of the total global disease burden (ILRI et 
al., 2012). It also found strong evidence for a close association between poverty, 
livestock keeping, and zoonoses. Residents of densely populated urban and 
peri-urban centres in countries with expanding animal industries are in greater 
danger of zoonotic disease outbreaks than those in countries with effective 
public health and veterinarian services and experienced biosecurity personnel 
(Sundström et al., 2014).

However, some environmental contamination risks affect developed and devel-
oping countries alike, and are by no means limited to communities in direct 
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proximity to intensive agricultural production. In the United States, increasing 
levels of nitrate pollution in public water sources make it difficult for some 
suppliers to provide drinking water at or below the legally mandated maximum 
concentration of nitrate (Iowa Environmental Council, 2016). For instance, the 
quality of drinking water in central Iowa and the state capital Des Moines as 
a result of upstream agricultural contamination has been increasingly ques-
tioned, and in 2015 became the subject of a lawsuit over damages payable by 
drainage districts and farmers (Eller, 2017). Meanwhile, air pollution potentially 
affects all citizens, since airborne particulate matter may drift between regions 
and even from one country to another, and poses the greatest risks in urban 
centres where agricultural pollution from the surrounding areas combines 
powerfully with emissions from industrial production and transport systems. 
Pregnant women, children, the elderly, and other subpopulations may have 
lower toxicity tolerance levels or be exposed to specific risks (such as methe-
moglobinemia or blue-baby syndrome).

COUNTING THE HUMAN AND ECONOMIC COSTS OF ENVIRONMENTAL 

CONTAMINATION IN FOOD SYSTEMS: SELECT ESTIMATES

•  Agriculture has been identified as the largest contributor to 
air pollution in many regions of the world, including Europe, 
Russia, Turkey, Korea, Japan, and the Eastern United States 
(Lelieveld et al., 2015). 

•  In several European countries, agricultural sources are responsi-
ble for as much as 40% of air pollution and its associated health 
burden (Lelieveld et al., 2015). 

•  In China, the 10 cities with the highest PM2.5 levels in 2013 were 
all surrounded by intensive agriculture facilities (Gu et al., 2014).

•  It has been estimated that total population exposure to EDCs 
causes an annual health cost of $217 billion in the EU (equiv-
alent to 1.28% of EU Gross Domestic Product) (Trasande et al., 
2016); and $340 billion in the US, or 2.33% of GDP (Attina et al., 
2016); another study estimated annual US EDC-related health 
costs incurred through pesticide exposure alone at $42 billion 
(Attina et al., 2016).

•  Organophosphate pesticides were estimated to produce  
the costliest outcomes in terms of EDC exposure in the EU  
($121 billion per annum) (Trasande et al., 2016).

•  According to Lelieveld et al. (2015), on a global scale, outdoor 
air pollution leads to 3.3 million premature deaths annually. 
After emissions from residential energy use such as heating and 
cooking, agriculture is the second leading cause of outdoor air 
pollution, accounting for 20% of the total disease burden, or 
664,100 deaths per annum. More than half of those premature 
deaths (395,390) were estimated to occur in China (Lelieveld et 
al., 2015). 

•  The Centers for Disease Control and Prevention reported that 
more than 2 million Americans become ill with antimicrobial- 
resistant infections each year, resulting in more than 23,000 
deaths (CDC, 2013). 

•  In the United States, antimicrobial-resistant infections have 
resulted in 8 million additional hospital days and health costs of 
$20 to $34 billion annually; the medical costs for each patient 
attributable to the antimicrobial resistance ranged from $18,588 
to $29,069 (Paulson and Zaoutis, 2015; Roberts et al., 2009).

Box 2
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HOW MUCH DO WE KNOW ABOUT THESE IMPACTS, AND  

HOW WELL ARE THESE FOOD-HEALTH LINKAGES UNDERSTOOD?

In general, many of these problems have been well studied and documented, 
with evidence gathered at the relevant scope and scale. Still, some issues in 
this area (e.g., EDCs) have only recently gained significant scientific attention, 
and it is generally recognized that further research is required. Tracing these 
impacts back to specific sources, and proving causality in complex systems 
via long-term, low-level exposure, is inherently difficult (Gore et al., 2015) — 
although increasing evidence suggests the need for action (see Sections 3  
and 4). Here we identify some specific challenges in consolidating evidence 
and understanding around environmental contamination pathways:  

•  Incomplete testing
  Only a fraction of the many manufactured chemicals already intro-

duced for commercial use have been tested for their potential EDC 
effects (WHO/UNEP, 2013). Indeed, not all suspected EDC effects 
can be tested, since testing methods for these effects are yet to be 
developed, validated, and agreed upon (Khetan, 2014). Robust expo-
sure–response relationships are still scarce. Even for individual, well-
studied substances, such as nitrates, the total negative effects of cell 
development and mutations are still under investigation. In general, 
there is little routine surveillance or testing of indirect exposure to 
chemicals through the food chain that is directly taken into account 
in chemical risk assessments. While the contribution of agriculture 
to air pollution has recently gained greater attention, relatively few 
toxicological studies have been undertaken to establish the health 
impacts of specific types of particulate matter (Paulot and Jacob, 2014). 
The US government does not systematically test or regulate air pollu-
tion around CAFOs — a big enough oversight to spark NGO lawsuits 
against the Environmental Protection Agency (EPA) (Valentine, 2015). 
The evidence base is also incomplete in terms of chronic exposure 
risks to fishers: while mortality statistics and causes have sometimes 
been documented, few broad and reliable studies have been dedi-
cated to fishery-specific illnesses and chronic diseases (Matheson 
et al., 2001; Windle et al., 2008). 

•  Using in vitro and animal studies
  Most of the data gathered so far on EDCs has been from laboratory 

studies of in vitro cells and animal models. For most substances, 
traditionally animal bioassays are extrapolated to humans, while, 
currently, computational and emerging alternative in vitro methods 
are under discussion for cost-saving measures. While results from 
in vitro and animal studies may be challenged as relevant to human 
populations, the similar function of hormone receptor systems in 
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humans and animals has been underlined (Khetan, 2014), suggesting 
that the current evidence may be robust in terms of predicting 
human response.

•  Levels of exposure and cumulative effects
  A key point of contestation regarding EDCs is whether they are 

harmful at the doses to which humans are exposed. A classical cause–
effect inference is difficult to establish, given well-known character-
istics of epidemiological studies (Ioannidis, 2016). Researchers have 
also pointed out the need for more studies on exposure to low doses 
of multiple pollutants and chemicals, and the implications of those 
interacting exposures for human health (Gore et al., 2015; Novak et al., 
2011; Prüss-Ustün et al., 2011). Similarly, pollution with heavy metals and 
airborne particulate matter is inherently multidimensional and arises 
at the intersection of agricultural and industrial contamination, also 
leading to complexities in identifying specific sources of exposure. 

•  Data gaps and difficulties capturing the complexity  
of livestock disease

  The clustering of recorded zoonotic disease events in the United 
States and Western Europe is likely to reflect historic surveillance and 
research differences rather than differences in occurrence rates. Little 
evidence exists that is comparable over time and that could allow for 
credible estimates of global changes in outbreak incidence (Newell 
et al., 2010). Using statistics on zoonotic disease to arrive at a “real” 
number of incidences requires sophisticated modelling approaches, 
which in turn rely on a number of assumptions and uncertainties 
(Morris, 2011).10 Though a number of review articles have attempted to 
estimate the current and potential human health burden of zoonotic 
disease transmission, there is still a large gap in terms of comprehen-
sive, up-to-date global data suitable for quantitative meta-analysis 
(ILRI et al., 2012; Jones et al., 2013). Furthermore, standard modelling 
approaches struggle to capture the complexity of zoonotic disease 
transmission pathways and risks, which require an interdisciplinary 
and multi-scale understanding of the interactions between ecosys-
tems, food systems, animal health, and human health (Cunningham et 
al., 2017). Similar challenges arise in terms of capturing antimicrobial 
resistance (AMR) risks. Since few countries have official registries that 
aggregate the utilization of antibiotics on food animal farms, models 
trying to estimate the impact of nontherapeutic antibiotic use in animal 
farming on human disease are often simplistic and inevitably rely on 
many assumptions (Marshall and Levy, 2011). 

While results from in vitro 
and animal studies may be 
challenged as relevant to 
human populations, the 
similar function of hormone 
receptor systems in humans 
and animals has been 
underlined, suggesting 
that the current evidence 
may be robust in terms of 
predicting human response.
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•  High turnover of exposed agricultural populations
  The long-term cohort studies that are required to consolidate under-

standing of these risks in agricultural populations — those most at risk 
and for whom the evidence is likely to be most conclusive — are made 
more difficult by the rapid turnover of farm labour, particularly migrant 
workers (see Impact Channel 1). Research focused explicitly on migrant 
farmworkers could help to elucidate the debate on low-dose expo-
sures to pesticides and other environmental contaminants (Habib and 
Fathallah, 2012). Reporting by health authorities tends to be patchy for 
acute pesticide poisoning, let alone for continuous low-dose exposure 
or general work conditions (Cole, 2006).

•  Failure to disaggregate data
  As described above, air pollution and climate change pose clear and 

present health risks, however, the full contribution of food systems to 
these trends is not always captured. While included in this analysis, 
transport-related emissions tend to be overlooked when evaluating 
the environmental and social impacts of food production; there is a 
failure to disaggregate data according to the type of goods being 
transported (Dalin and Rodríguez-Iturbe, 2016). Reporting systems 
often do not differentiate between zoonotic and non-zoonotic origins, 
and zoonoses are often conflated with other diseases and are thus 
under-reported (ILRI et al., 2012).

Overall, while some estimates have been made regarding EDCs and other 
types of pollutants, the global burden of disease due to environmental pollu-
tion from food systems (from total exposure to water, air, or soil contamina-
tion) is still largely unknown, with incomplete data and information making for 
difficult analysis (Prüss-Ustün et al., 2011). Specific transmission pathways are 
hard to pinpoint given the inherent complexity of tracing pollutants and chem-
icals through ecosystems. The challenge in this regard is partly technical (e.g., 
relating to testing methodologies). However, it also raises more fundamental 
questions about how to capture the types of diffuse, chronic health risks 
generated by food systems, and how to politically prioritize impacts that are 
distant in time and space from the source (see Sections 3 and 4). 

Fundamental questions are 
raised about how to capture 
the types of diffuse, chronic 
health risks generated by 
food systems, and how to 
politically prioritize impacts 
that are distant in time and 
space from the source.
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IMPACT CHANNEL 3 �
CONTAMINATED, UNSAFE,  
AND ALTERED FOODS

HOW DO HEALTH IMPACTS OCCUR THROUGH THIS CHANNEL?

Ingestion of contaminated foods is perhaps the most direct and most docu-
mented type of health impact arising from food systems. However, pathogenic 
contamination is not the only food safety concern faced by consumers. Specific 
foods may also pose health risks as a result of compositional alterations, 
novel elements, and effects of the preparation process. These pathways are 
described below.

Foodborne disease (FBD)
FBD agents fall into distinct categories — most importantly, bacteria (of which 
many have developed resistance to antimicrobials), viruses, chemical agents 
and toxins (e.g., EDCs), and parasites. These agents can lead to a variety of 
illnesses upon ingestion, ranging from gastrointestinal and diarrhoeal illnesses 
to influenza-like, respiratory, and neurological symptoms, allergies, and viral 
illnesses with significant mortality rates (Newell et al., 2010). On a global scale, 
the WHO estimates that the greatest source of FBD are diarrhoeal disease 
agents such as norovirus, non-typhoidal Salmonella, and Campylobacter, with 
Salmonella Typhi, Taenia solium, hepatitis A virus, and aflatoxin also repre-
senting important sources of food-related illnesses and fatalities (WHO, 2015a). 
Many bacterial, viral, and parasitic disease agents are zoonotic, i.e., transmitted 
through fecal matter or direct contact with animals or meat (Larsen et al., 2014; 
Newell et al., 2010; Slingenbergh et al., 2004; WHO, 2015a). As many as 63% of 
current pathogen species and 75% of emerging diseases are zoonotic in origin 
(Jones et al., 2013). In addition to the risks of zoonotic disease infection faced 
by livestock industry workers and general populations (see impact channels 

Ingestion of contaminated 
foods is perhaps the 
most direct and most 
documented type of  
health impact arising from 
food systems.
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1 and 2), zoonotic FBD outbreaks frequently originate in the consumption of 
meat, poultry, and animal products such as eggs and unpasteurized (or poorly 
pasteurized) milk, cheeses, and other dairy (Doyle et al., 2015; Painter et al., 
2013). Poultry has been identified as the commodity that accounts for most 
deaths resulting from foodborne pathogens (mainly Salmonella and Listeria) 
in the United States, followed by dairy (Painter et al., 2013), partly reflecting the 
high consumption of these items. Eggs have been found to be responsible for 
an estimated 58% of salmonellosis cases in Europe, while an estimated 29% 
of campylobacteriosis cases were linked to the consumption of poultry meat 
(Pires et al., 2010). In the EU, the food- and water-borne pathogens causing the 
highest disease burden are Campylobacter, non-typhoidal Salmonella, Shiga 
toxin-producing E. coli, as well as Listeria (Cassini et al., 2016).

Fresh fruit and vegetables have been increasingly prevalent in foodborne 
illness outbreaks, particularly in light of recent trends toward consumption 
of raw produce, on which disease agents are more likely to survive and be 
ingested by humans (Strawn et al., 2013). Many of the pathogens contaminating 
plant-based products are also zoonotic in origin. These pathogens can spread 
through a variety of pathways, e.g., the use of untreated manure on cropland, 
contaminated irrigation water, runoff from livestock operations, wildlife intru-
sion (Strawn et al., 2013), the use of contaminated seeds or machinery in the 
pre-harvest phase, as well as cross-contamination due to insufficient hygiene 
during handling, processing, and transport (Yeni et al., 2016). Some 46% of  
US foodborne illnesses between 1998–2008 have been attributed to fresh fruit 
and vegetables, particularly outbreaks of norovirus and E. coli (Painter et al., 
2013). Over this period, leafy vegetables accounted for 22% of illnesses, more 
than any other commodity (Painter et al., 2013). In Europe, leafy greens eaten 
as salad were a frequent cause of Salmonella and norovirus infections (Callejon 
et al., 2015); sprouts, seeds, and nuts were also found to be common sources 
of foodborne pathogens (Yeni et al., 2016), with alfalfa sprouts (grown from 
contaminated seeds) at the heart of the largest outbreak of E. coli in recent 
history, the 2011 outbreak in Germany that led to 53 deaths (Manitz et al., 2014).

Who is affected by FBD and how?
Beyond production-based and environmental pathways, food contamination 
also occurs through unsanitary handling and preparation of food — inside 
and outside the home. In spite of detailed best practice guidance, human 
error among food producers and processors, restaurants, and food service 
institutions still accounts for most cases of contamination (Gould et al., 2015; 
Newell et al., 2010), including food businesses with superior ratings from third-
party audits (Powell et al., 2013). In many countries, diets are shifting to include 
greater shares of out-of-home consumption and the use of semi-prepared 
ingredients, amplifying these transmission channels (Callejon et al., 2015; Doyle 
et al., 2015; Gould et al., 2015). The role and responsibility of the consumer has 
often been emphasized, with safe food-handling and preparation practices 
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seen as key to minimizing FBD risks (Doyle et al., 2015). The WHO highlights 
that low-income regions of the world are disproportionally affected by FBD 
(WHO, 2015a). Though all final consumers are exposed to foodborne patho-
gens, the probability of contracting illnesses with serious consequences is 
higher for vulnerable populations such as children, pregnant women, the 
elderly, and immune-compromised individuals (Lund, 2015; Yeni et al., 2016). 
Though representing only 9% of the global population, children under five 
incur 43% of the disease burden of contaminated food (WHO, 2015a). 

Biotoxins
Another source of FBD, particularly via seafood, is the presence of biotoxins: toxic 
substances with a biological origin, such as specific algae that may be ingested 
and accumulate in fish (Painter et al., 2013). Biotoxins represent a persistent and 
complex health challenge in the seafood chain, given the difficulties in preventing 
pre-harvest contamination and identifying toxin-carrying seafood, and given the 
heat-stable nature of the toxins — meaning that safe cooking and preparation 
may not reduce the risks (Huss et al., 2000). Ciguatera (causing gastrointes-
tinal and neurological effects) has become the most frequent seafood-borne 
illness worldwide, accounting for 50,000 to 500,000 cases per year, and now 
spreading to previously unaffected regions, e.g., the Mediterranean (Mattei 
et al., 2014; Visciano et al., 2016). Climate change and warming oceans are 
extending the range of marine biotoxins and increasing the frequency of 
harmful algal blooms, raising the risks of increased biotoxin-related seafood-
borne illness outbreaks in the future (Canyon et al., 2016; Visciano et al., 2016). 

Chemical contamination of foods
Many of the environmental contaminants explored in Impact Channel 2 (envi-
ronmental contamination) may also be sources of direct food contamination, 
entering foods via pesticide residues and other channels (e.g., preparation 
involving contaminated water). Food-based EDC risks add to the general 
burden of EDC exposure in food and farming systems, and the severe health 
risks it brings (see Impact Channel 2). The bioaccumulation of mercury and lead 
in fish is another example of food-based chemical contamination. Meanwhile, 
chemical compounds found in foods and exacerbated through elements of 
food preparation can also present significant human health risks. For example, 
levels of acrylamide, a probable carcinogen (IARC, 1994), can be increased 
through over-cooking of starchy products in the home, in processing plants,  
or in food service sites (e.g., restaurants, food trucks) (Xu et al., 2014).

Food processing, food composition, and allergenicity
Industrial food processing methods such as irradiation, homogenization, 
thermal processing, fermentation, and hydrolysis affect the molecular compo-
sition of macronutrients (particularly proteins) and micronutrients present in 
foods such as dairy products, eggs, wheat, tree nuts, and shellfish (Verhoeckx 
et al., 2015; AFFA, 2015). Food allergies and food intolerances have been directly 
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linked to food processing and resulting changes in molecular composition 
(Vanga et al., 2015). Both the prevalence and perceived allergen threat by the 
general population have increased over the past few decades (De Blok et 
al., 2007; Lack, 2008; Prescott et al., 2013; Savage and Johns, 2015). However, 
evidence on the causal links is still limited (see below). Some studies have also 
associated genetically modified crops with increased allergenic risks. 

Nanoparticles
Recent evidence suggests that the nanoparticles now included in a range of 
processed foods may be able to cross cellular barriers, therefore posing major 
carcinogenic and gastro-enteric risks (Chaudhry et al., 2008; Shi et al., 2013). The 
micro- and nanoparticles most commonly found to date are titanium dioxide (TiO2) 
and aluminosilicates, which are added as anti-caking agents to powdered and 
granular foods (Chaudhry et al., 2008). Though these substances have tradition-
ally been regarded as safe for human consumption due to their stable and inert 
characteristics, their use as nanoparticles with smaller size and larger surface area 
has called these assumptions into question, leading the International Agency for 
Research on Cancer (IARC) to reclassify TiO2 nanoparticles as “possible carcino-
genic to humans” (Chaudhry et al., 2008; Shi et al., 2013; Skocaj et al., 2011). 

COUNTING THE HUMAN AND ECONOMIC COSTS OF  

FOOD CONTAMINATION: SELECT ESTIMATES

•  The ILRI assessed 56 zoonoses in its overview study, relying 
on WHO Global Health Burden data to estimate that they are 
responsible for about 2.5 billion cases of human illness and 
2.7 million human deaths per year (ILRI et al., 2012).

•  In low-income countries, 27% of livestock displayed signs of 
current or past infection with bacterial foodborne disease  
(ILRI et al., 2012).

•  The WHO Foodborne Disease Burden Epidemiology Reference 
Group (FERG) estimates that the 31 most common foodborne 
hazards were the cause of 600 million foodborne illnesses and 
420,000 deaths globally in 2010. In total, the global burden 
of foodborne disease by these 31 hazards was estimated at 
33  million Disability Adjusted Life Years (DALYs) (WHO, 2015b).

•  The greatest burden — 18 million DALYs — was attributed  
to foodborne diarrhoeal disease agents, particularly  
non- typhoidal Salmonella enterica, and enteropathogenic  
E. coli (EPEC) (WHO, 2015b).

•  In the United States, from 1998 to 2008, an estimated 47.8 mil-
lion illnesses, 127,839 hospitalizations, and 3,037 deaths per 

year have been attributed to foodborne pathways (Morris, 2011; 
Scallan et al., 2011a, 2011b).

•  The 14 most frequently occurring pathogens (which represent 
95% of illnesses and 98% of deaths in Scallan et al.’s [2011b] 
study) are estimated to cause $14 billion of illness-related 
costs and a loss of 61,000 QALYs per year. Five pathogens  account 
for approximately 90% of this burden: non-typhoidal Salmonella 
enterica ($3.3 billion; 17,000 QALYs),  Campylobacter spp. ($1.7 
billion; 13,300 QALYs), Listeria monocytogenes ($2.6 billion; 9,400 
QALYs), Toxoplasma gondii ($3 billion; 11,000 QALYs), and  
norovirus ($2 billion; 5,000 QALYs) (Hoffmann et al., 2012).

•  It is estimated that food- and water-borne diseases cause just 
over 2,000 deaths and cost 19.14 DALYs/100,000 inhabitants 
per year in the EU/EEA. Campylobacteriosis was the disease with 
the highest burden in the EU/EEA with 8.20 DALYs per 100,000 
citizens, followed by salmonellosis with 3.96 and infection with 
Shiga toxin-producing E. coli (STEC) with 2.08 (UI: 2.59–3.21) 
DALY. The three diseases represented more than 75% of the Euro-
pean food- and water-borne disease burden (Cassini et al., 2016).

Box 3
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HOW MUCH DO WE KNOW ABOUT THESE IMPACTS AND  

HOW WELL ARE THESE FOOD-HEALTH LINKAGES UNDERSTOOD?

Some clear gaps in the knowledge base on contaminated, unsafe, and altered 
foods can be identified, primarily reflecting geographical differences in 
coverage and quality of reporting and detection systems:

•  Data gaps between countries and over time
  Only a handful of countries collect reliable data on the reported inci-

dence of FBD and the resulting health impacts. Even when such data 
is available, only a small percentage of foodborne illnesses and hospi-
talizations is confirmed by laboratories and reported to public health 
agencies. The data gaps are particularly large in developing nations 
where the health burden of those diseases is estimated to be highest 
(WHO, 2015a). The WHO Initiative to Estimate the Global Burden of 
Foodborne Diseases, launched in 2015, seeks to bridge this gap. 

•  Difficulties disaggregating the data
  Detection measures for pathogens vary in their sophistication, and 

foodborne viruses frequently escape food inspections, making the 
attribution of the proportion of viral illness to foodborne sources 
highly complex (Newell et al., 2010). 

•  Insufficient data on nanoparticle exposure
  There is a continued lack of reliable data on the absorption, distribu-

tion, excretion, and toxicity of oral exposure to nanoparticles. Although 
nanoparticles are already ubiquitous in food products, researchers 
have recommended caution in their use until relevant toxicological 
and human exposure data are obtained in order to enable reliable risk 
assessment (Skocaj et al., 2011).

•  Generally Regarded as Safe (GRAS) food substances
  Under the United States’ Food Additive Amendments of the Federal 

Food, Drug, and Cosmetic Act (FFDCA), for all food additives (with the 
exception of colour additives), it is the responsibility of manufacturers 
to conclude whether new substances are generally regarded as safe 
(GRAS) by scientific experts and the available evidence. If they decide 
that sufficient evidence exists for a substance to be determined GRAS, 
they are allowed to market the substance for that particular use 
without the FDA’s review and approval (FDA, 2014). Companies may, but 
do not have to, submit their evaluation to an FDA review through the 
GRAS notification process (FDA, 2014). This procedure differs from food 
additive regulation in most other countries (e.g., Argentina, Australia/
New Zealand, Brazil, Canada, China, the European Union, Japan, and 
Mexico) where any food additive that is not yet on a positive list of 

Only a handful of countries 
collect reliable data on 
the reported incidence of 
foodborne disease and their 
related public health impact.
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permitted ingredients has to be submitted for approval by the appro-
priate regulatory authority (Magnuson et al., 2013). Consequently, of 
the approximately 6200 current affirmative safety decisions on food 
additives in the United States, 60% were made by manufacturers and 
trade associations rather than federal agencies (Neltner et al., 2011). 
Furthermore, Magnuson et al. (2013, p. 1194) point out that “as USFDA 
notification of the GRAS determination is voluntary, there is no publicly 
available list of the uses of substances that have been ‘self-deter-
mined’ to be GRAS and thus no opportunity for public scrutiny of safety 
decisions,” including those regarding nanoparticles and other novel 
substances. Neltner et al. (2011) estimated that by 2011 as many as 1000 
manufacturer safety decisions, one-sixth of the total, had never been 
reported to the FDA or the public.

It is therefore clear that foodborne disease remains a major source of health 
risk around the world, although it is under-reported in many places. While the 
immediate source of FBD outbreaks is often known, there is far less consensus 
on the underlying causes (i.e., which food system practices generate the 
greatest risks), with different problem framings and different types of solutions 
continuing to be emphasized (see Section 3). Further risks relating to altered 
foods may also be considerable — although major gaps remain in current 
capacities to identify, assess the safety of, and regulate new elements coming 
into the food chain.
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IMPACT CHANNEL 4 ��
UNHEALTHY DIETARY PATTERNS

HOW DO HEALTH IMPACTS OCCUR THROUGH THIS CHANNEL?

This impact channel concerns the effects of dietary patterns on health, beyond 
the questions of undernutrition that will be addressed in Impact Channel 5: 
Food Insecurity. The diet-related health impacts described below all mani-
fest themselves in raised risks of obesity and/or noncommunicable diseases 
(NCDs). Indeed, the growing prevalence of obesity is a global health concern  
as it forecasts increasing incidence of several debilitating diseases, including 
type 2 diabetes, hypertension, coronary heart disease, metabolic syndrome, 
respiratory conditions, cancer, osteoarthritis, and reproductive, gall bladder, 
and liver diseases (Butland et al., 2007; Grundy, 2016; Wang et al., 2011).

While some specific high-risk foods are identified below, it is diets in their 
entirety and overall balance that are increasingly being associated with health 
impacts. Healthy diets are generally considered to include a diversity of nutri-
ent-rich foods, such as vegetables, fruits, whole grains, pulses (beans, legumes, 
nuts and seeds), with (for non-vegetarians or vegans) modest amounts of 
meat and dairy and unsaturated vegetable oils (GLOPAN, 2016). Conversely, 
unhealthy dietary patterns are characterized by foods high in added sugars, 
sodium, saturated fat, and trans fat; and low in fruits, vegetables, pulses, whole 
grains, and nuts. There is consistent evidence that healthy dietary patterns 
as described above are associated with lower risks of cardiovascular disease 
(USDA, 2014). Meanwhile, unhealthy dietary patterns have been identified as 
a risk factor for a range of NCDs, both directly and by contributing to obesity 
(Kaveeshwar and Cornwall, 2014). Unhealthy dietary patterns have become 

Unhealthy dietary patterns 
have become increasingly 
prevalent over recent 
decades — a trend that 
has been accompanied 
by increasing rates of 
overweight, obesity,  
and noncommunicable 
diseases worldwide.
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increasingly prevalent over recent decades — a trend that has been accom-
panied by increasing rates of overweight, obesity, and noncommunicable 
diseases (NCDs) worldwide. 

Excess energy intake (i.e., energy-dense unhealthy dietary patterns) has been 
identified as the most important dietary factor in relation to weight gain and 
the development of obesity (Roberts et al., 2002). Specific foods have been 
identified as key contributors to increased energy intake and thus as drivers of 
obesity and associated NCDs; in other cases, increased NCD risks have been 
associated with high intake of specific foods and nutrients, irrespective of 
broader dietary patterns and total energy intake. Some key examples follow:

•  Increased consumption of sugar-sweetened beverages (SSB) 
has been singled out as a significant contributor to the obesity 
epidemic in recent years (French and Morris, 2006; Malik et al., 2006; 
Popkin and Hawkes, 2016; Taylor and Jacobson, 2016; Vartanian et 
al., 2007; WHO/FAO, 2002; World Cancer Research Fund/AICR, 2007). 
By one estimate, soda had become the single largest energy source in 
the American diet by 2006 (Mattes, 2006). The main causal mechanism 
linking SSBs to weight gain is that the consumption of liquid calories 
does not induce corresponding feelings of satiety, leading to incom-
plete compensatory reduction in energy intake at subsequent meals 
(Malik et al., 2010). A further potential pathway is that rapid spikes in 
blood glucose and insulin after SSB consumption may contribute to a 
high dietary glycemic load (GL), which may induce glucose intolerance, 
insulin resistance, and inflammation (Malik et al., 2010). Recent system-
atic reviews have therefore paved the way for SSBs to be identified as 
a major risk factor for long-term weight gain and noncommunicable 
diseases (Hu and Malik, 2010; Malik et al., 2006; Morenga et al., 2013; 
Sonestedt et al., 2012; Swinburn et al., 2004), including cardiovascular 
mortality (Thornley et al., 2012; Yang et al., 2014) and type 2 diabetes 
(Basu et al., 2013). More broadly, high dietary intake of added sugars 
has been associated with hypertension, high blood cholesterol, higher 
blood pressure, and type 2 diabetes, leading the WHO to recommend 
limiting the consumption of free sugars to 5% of total energy intake 
(WHO, 2015b).

•  Overconsumption of animal products has been connected with 
heart disease, diabetes, and various cancers (Feskens et al., 2013; 
Green et al., 2016; Melnik, 2012; Oggioni et al., 2015; Tilman and Clark, 
2014). Some studies have identified excess insulin-like growth factor 
(IGF-1) as a driver of cancer cell proliferation in humans, e.g., in breast 
cancer, and have linked high IGF-1 levels to animal protein regardless of 
total protein intake levels (Endogenous Hormones and Breast Cancer 
Collaborative Group et al., 2010; Rowlands et al., 2009; Y. Zhang et al., 
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2010). Specific types of meat have also been associated with increased 
NCD risks. Following reclassification in 2015, the WHO considers that 
processed meats (such as hot dogs, ham, sausages, corned beef, 
canned meat, and meat-based sauces) may cause colorectal cancer 
and are associated with stomach cancer (IARC/WHO, 2015).11 It also 
considers that red meat (i.e., all muscle meat, such as beef, veal, pork, 
and lamb) is linked to colorectal, pancreatic, and prostate cancers 
(IARC/WHO, 2015). 

•  High sodium intakes are associated with higher blood pressure and 
hypertension (National Research Council, 2015). Globally, 1.7 million 
annual deaths from cardiovascular causes have been attributed to 
excess sodium intake (WHO, 2014).

•  A number of recent studies suggest that high consumption of  
saturated fats is associated with increased risk of coronary heart 
disease and diabetes (Forouhi et al., 2016; Zong et al., 2016; Chen et al., 
2017). However, the evidence in this area remains highly contested  
(see below).

•  The negative health impacts of trans fatty acids (TFAs) — a type 
of unsaturated vegetable fat typically found in manufactured cooking 
oils — are now the subject of broad consensus, with legal limits and 
bans on TFAs introduced in Denmark, Austria, Switzerland, Iceland, 
Hungary, Norway, and Latvia (Stender et al., 2016). In the United States, 
where trans-fat bans are already in place in New York City and the 
state of California, a nation-wide ban on partially hydrogenated oils will 
come into effect in 2018 (FDA, 2015). 

•  Overall, the increasing proportion of ultra-processed foods in 
diets has been identified as a driver of excess energy intake (Monteiro, 
2010). Ultra-processed foods are defined as “industrial formulations 
which, besides salt, sugar, oils, and fats, include substances not used 
in culinary preparations, in particular additives used to imitate senso-
rial qualities of minimally processed foods and their culinary prepara-
tions” (Steele et al., 2016). Often consumed in large portion sizes, and 
by nature high in fats, sugar, and salt, ultra-processed foods have been 
associated with obesity, chronic diseases, and other markers of poor 
health (Ludwig, 2011; Monteiro et al., 2012; Moodie et al., 2013; Moreira 
et al., 2015; Stuckler et al., 2012). 

•  High fruit and vegetable intake, meanwhile, is generally seen to 
reduce NCD risks. For example, it has been inversely related to the 
 incidence of myocardial infarction and stroke (National Research 
Council, 2015). 
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HOW MUCH DO WE KNOW ABOUT THESE IMPACTS, AND HOW 

WELL ARE THESE FOOD-HEALTH LINKAGES UNDERSTOOD? 

Diets and nutrition have been the subject of extensive attention in scientific 
investigation, media coverage, and public debate for decades. Consensus 
is growing around key points in the evidence base, and key understandings 
are being built. There is now strong agreement that dietary patterns play an 
important role in human health. There is also a widespread understanding 
about what healthy diets and unhealthy diets look like, although there are 
still some outstanding disagreements on the role of particular food items 
and nutrients, such as the role of animal fat in a healthy diet. And there 
seems to be increasing consensus on the need to look beyond the energy 
balance ( calories in/out) and to consider specific dietary components and how 
they interact (i.e., the impacts of different types of foods on blood sugar or 
hormonal factors, and the diverse determinants of metabolic rate) in order 
to understand what determines an individual’s weight, dietary status, and 
the resulting health implications. However, views continue to diverge around 
the collective strength and validity of an immense evidence base, and where 
responsibility for healthy diets (and the levers for change) ultimately lies. 
These contestations are illustrated by the following points:

•  Disputed role of saturated fats 
  The links between saturated fat and NCDs, and therefore the health 

impacts of meat and dairy consumption, remain highly contested. 
There is growing consensus in the public health community that current 
levels of saturated fat consumption in developed countries are too high 
and generate health risks, for example, more than 90% of the European 
Union population consumes higher levels of total and saturated fat 
than WHO recommendations (Schäfer Elinder et al., 2006). However, 
while studies have associated saturated fats with cardiovascular disease 
(CVD) and diabetes (see above), there is still significant debate over the 
broader impacts of dairy consumption, and how to translate this into 
dietary recommendations. For example, some studies show little to no 
correlation between dairy and increased risk of overweight and NCDs 
(Lawrence, 2013; German, 2009), while others have highlighted the 
possible positive effects of dairy on lowering incidence of type 2 diabetes 
and cardiovascular disease (Mozaffarian, 2014). This has led to calls for 
further research to clarify the role of dairy and saturated fat in contrib-
uting to NCDs, and for more caution regarding recommendations on 
fat consumption that are made irrespective of the types of products 
consumed (Arstrup et al., 2010; German, 2009). 

•  Multifactoriality of diet-related conditions
  Some uncertainty and contestation centres on methodological 

challenges in pinpointing causality where diet-related impacts are 
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concerned. Indeed, all diet-related conditions are complex and multi-
factorial, with the incidence of NCDs highly contingent on a person’s 
general health status, and obesity acting as a gateway to a variety 
of health conditions. For example, high consumption of SSBs may 
be a marker of a generally poor-quality diet, i.e., a diet characterized 
by higher total consumption of various (unhealthy) foods and lower 
consumption of fruits and vegetables (Liebman et al., 2003; McCarthy 
et al., 2006). Meanwhile, obesogenic diets and lack of physical activity 
often co-exist, making it difficult to isolate their relative contributions 
(Giskes et al., 2011). Furthermore, foods may have beneficial or harmful 
effects at different doses in different combinations and different 
individual (genetic and physical) circumstances (National Research 
Council, 2015). Controlling for the various factors is a major challenge, 
as double-blinded, placebo-controlled, randomized controlled trials 
(RCTs), often used in medicine to isolate a treatment and measure its 
health effect, are not always viable or appropriate in nutrition studies. 
While a number of influential global reports asserted that SSBs play 
a key role in the etiology of obesity (WHO/FAO, 2003; World Cancer 
Research Fund, 2007), some critical reviews of the evidence tended to 
be more cautious, highlighting methodological weaknesses in many 
studies (Gibson, 2008). The complexities in determining causality left 
ample space for interpretation. Some critical reviews described the 
evidence on SSBs as “not conclusive” (Bachman et al., 2006), “equivocal” 
(Forshee et al., 2008; Pereira, 2006), or just “probable” (World Cancer 
Research Fund/AICR, 2007). According to Anderson (2006), the associa-
tions between SSB and obesity had to be viewed as circumstantial, and 
therefore did not support cause and effect conclusions. More recently, 
however, the association between SSB consumption and poor health 
has received more scientific support. While a 2015 review of studies 
on SSBs and obesity found that more than two-thirds had at least 
one methodological weakness potentially compromising the conclu-
sion, the majority of studies with strong methodology—including two 
out of three randomized controlled trials (RCTs)—did demonstrate 
a positive association between SSB intake and risk of overweight or 
obesity, especially among overweight children (Della Torre et al., 2015). 
Still, despite the fact that consumption of SSB has been identified as 
a strong risk factor for long-term weight gain and noncommunicable 
diseases, cardiovascular mortality, and type 2 diabetes (Malik et al., 
2010), some critics continue to argue that it is unfair to single out one 
type of food as a driver of obesity (Brownell and Frieden, 2009).

•  Industry-sponsored nutrition science muddying the waters
  Question marks over the credibility of scientific research in this field — 

and the role of the large corporations in the food industry — represent 
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a further challenge in terms of building comprehensive and shared 
understandings. The empirical evidence on the influence of industry- 
backed studies in shaping understandings — and ultimately policy — is 
largest for medical, pharmaceutical, and tobacco research. However, 
emerging research supports the hypothesis that some corporations in 
the agri-food industry operate in a similar fashion and have meaning-
fully impacted debates around nutrition (Brownell and Warner, 2009; 
Nestle, 2016; The PLoS Medicine Editors, 2012). Lesser et al. (2007) show 
in a review of nutrition research on soft drinks, juice, and milk that the 
funding source may have a significant impact on study conclusions, 
with 0% of industry-backed studies reporting an unfavourable outcome 
(as compared to 37% of publically funded articles). Major discrepancies 
have been found between the results of industry-funded and non-in-
dustry-funded studies (including systematic reviews) on the health 
impacts of sugar consumption and SSBs (Bes-Rastrollo et al., 2013; 
Vartanian et al., 2007). Explicit attempts from the 1960s onwards to 
divert attention from sugar onto fat as a heart disease risk factor were 
recently uncovered, and are seen to have significantly derailed decades 
of medical research around sugar (Kearns et al., 2016; O’Connor, 2016). 
Popkin and Hawkes (2016, p. 175) conclude that it is only studies funded 
by the sugar and beverage industries that continue to cast doubt on 
the evidence — shown through extensive meta-analyses — of substan-
tial weight gain and cardiometabolic risks from SSBs. Industry funding 
of professional associations has also been alleged to heavily influence 
the framing of prominent public debates (Nestle, 2013; Simon, 2013, 
2015). For example, the scientific objectivity of the American Society for 
Nutrition (ASN) and the Academy of Nutrition and Dietetics (AND) has 
been called into question on the basis of strong ties to the food and 
beverage industry (Simon, 2013, 2015). This has major implications since 
the ASN is the publisher of three widely read nutrition science jour-
nals, the American Journal of Clinical Nutrition, the Journal of Nutrition, 
and Advances in Nutrition, in which many industry-funded studies are 
published. Meanwhile, the “Nutrition Fact Sheets” produced and publi-
cized by the American Dietetic Association (ADA) have been called into 
question on the grounds of industry partners having paid for the right 
to co-write them (Brownell and Warner, 2009). 

•  Shifting attention to the “food environment”
  Tensions can also be observed when considering drivers of unhealthy/

healthy diets. For decades, responsibility for diets has been placed 
at the door of individuals. Over recent years this view has been chal-
lenged. Consumer food choices have been increasingly understood 
in the context of the “food environment”: the “collective physical, 
economic, policy, and sociocultural surroundings, opportunities, and 
conditions that influence people’s food and beverage choices and 
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nutritional status” (Food Foundation, 2016). From this perspective, the 
availability of specific types of food in specific settings (e.g., schools, 
neighbourhoods) and a range of socio-economic and lifestyle factors 
(e.g., the growth of out-of-home dining) have been emphasized as 
drivers of dietary shifts, e.g., toward higher consumption of prepared 
foods high in added sugars, sodium, and fats (Caraher and Coveney, 
2004; Drewnowski et al., 2004; Lake and Townshend, 2006; Lobstein 
et al., 2004; Neff et al., 2009; Swinburn et al., 1999). Vicious cycles have 
been identified within unhealthy food environments. For example, 
increased consumption of highly processed foods has been found to 
contribute to — and be reinforced by — a gradual loss of food skills 
and food knowledge, reduced personal creativity and control over daily 
meals, and inhibited awareness of food ingredients and their health 
value (Engler-Stringer, 2010; Jaffe and Gertler, 2006; Lang et al., 2001; 
Larson et al., 2006; Smith et al., 2013). Refocusing attention on the food 
environment therefore significantly changes the framing of the diet 
question, leading to different types of inquiry and different types of 
policy. This shift has not been complete or systematic (see Section 3). 

A proliferation of ambitious policy actions in the past few years suggests that 
the public health challenge around overweight and obesity is being taken 
increasingly seriously. For example, soda taxes have been put in place in 
several countries and jurisdictions (such as Mexico, Hungary, India, and the 
United Kingdom). Meanwhile, ambitious food-based dietary guidelines have 
been introduced, notably in Brazil. However, while the quantity of evidence  
is extensive, major challenges clearly remain in terms of forging the under-
standings that will pave the way for sustained action to tackle the obesity  
and NCD epidemics. 
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COUNTING THE HUMAN AND ECONOMIC COSTS OF  

UNHEALTHY DIETS: SELECT ESTIMATES

•  Overweight and obesity have reached epidemic levels in many countries (Chan, 2016; 
WHO, 2015a). If trends continue their trajectory, almost half of the world’s population 
will be overweight or obese by 2030 (McKinsey Global Institute, 2014).

•  According to a recent worldwide assessment, from 1975 to 2014 the global age- 
standardized mean BMI increased from 21.7 kg/m2 to 24.2 kg/m2 in men, and from 
22.1 kg/m2 to 24.4 kg/m2 in women (NCD-RisC, 2016). 

•  Since 1980, the worldwide prevalence of obesity has more than doubled (Chan, 2016), 
with 39% of adults estimated to be overweight and 13% to be obese (WHO, 2015a). 
Worldwide, it is estimated that the number of obese adults grew from 105 million in 1974 
to 640 million by 2014 (Chan, 2016). 

•  41 million children under age 5 and 170 million under age 18 are now overweight  
(IFPRI, 2016).

•  Regionally, the Middle East, North Africa, Central America, and Islands in the 
 Caribbean and Pacific all have exceptionally high rates of overweight and obesity 
(above 44%) (Ng et al., 2014); the highest regional mean age-standardized BMI in 2014 was 
found in Polynesia and Micronesia (29.2 kg/m2 in men and 32.2 kg/m2 in women) (NCD-
RisC, 2016). Nearly 20% of India’s population is now overweight; 300 million Chinese are 
obese (Chan, 2016); 7 out of 10 Mexicans are considered overweight, with a third of them 
clinically obese (Chan, 2016; OECD, 2014)

•  In the USA, 71% of people are either overweight or obese (NCHS, 2016). It is estimated 
that obese individuals incur 30% higher medical costs than their normal weight counter-
parts (as cited in Wang et al., 2011). In that country, studies show that when one person in 
a household is obese, the household faces additional annual healthcare costs equivalent 
to 8% of its annual income (IFPRI, 2016). 

•  According to one estimate, $190 billion was spent on obesity-related medical care in 2005 
(Cawley and Meyerhoefer, 2012), but the full economic burden is even higher as this figure 
only accounts for direct healthcare costs (Lehnert et al., 2013). Total healthcare costs attribut-
able to overweight and obesity are projected to double every decade to account for 16–18% 
of total healthcare expenditure by 2030 (Wang et al., 2008, as cited in Wang et al., 2011).

•  In Brazil, in 2010, 57% of adult males and 43% of females were overweight or obese 
(Bahia et al., 2012). The healthcare costs associated with overweight and obesity were es-
timated between $2.1 billion (Bahia et al., 2012) and $5.8 billion (Rtveladze et al., 2013).

•  In Europe, 50% of people are either overweight or obese (WHO, 2015a).

•  In England, the cost of overweight and obesity in 2002 was estimated to be £7 billion, 
which included direct costs of treatment, state benefits, and lost earnings due to loss of 
productivity (Foresight, 2007).

•  Noncommunicable diseases are now the leading cause of death globally, with  
68% (38 million) of all deaths in 2012 being related to NCDs (WHO, 2014a). More than 
40% of these deaths occurred prematurely (before the age of 70) and would have likely 
been preventable with appropriate lifestyle changes, including healthier diets: 73% of  
all NCD deaths, and 82% of premature deaths, took place in low- and middle-income 
countries (WHO, 2014a). 

Box 4
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COUNTING THE HUMAN AND ECONOMIC COSTS OF UNHEALTHY DIETS: SELECT ESTIMATES

•  The main NCDs linked with unhealthy diets are diabetes, cardiovascular diseases, and 
some cancers.

•  Diabetes is closely linked with the rise of obesity. The global prevalence of diabetes is  
estimated to be 6.4% among adults aged 20–79 years. Between 2010 and 2030, there 
is projected to be a 69% increase in the numbers of adults with diabetes in developing 
countries and a 20% increase in developed countries (Shaw et al., 2010). 

•  The International Diabetes Federation estimates that 45% of adults with diabetes are 
 undiagnosed and that by 2040, 1 in 10 adults globally will have type 2 diabetes (IDF, 2016). 

•  The top three countries with the greatest numbers of people living with diabetes are 
China (110 million), India (69 million), and the United States  (29 million) (IDF, 2016). In 
China, a diagnosis of diabetes results in an annual 16.3% loss of income (IFPRI, 2016). 

•  Type 2 diabetes now increasingly affects younger people, resulting in a lifetime of treat-
ment of the disease and its complications. The American Diabetes Association estimates 
that the cost of diabetes in the United States in 2012 was $245 billion, including $176 bil-
lion in medical costs and $69 billion in reduced productivity (American Diabetes Associ-
ation, 2013). Twelve percent of global expenditure on healthcare ($673 billion annually) 
is spent on diabetes (P. Zhang et al., 2010).

•  Some forms of cancers are also associated with diets. In 2012, there were 14 million new 
cases of cancer, and 8.2 million cancer-related deaths globally (WHO, 2014b). Cancer 
accounted for 16.7% of all healthy years lost in the European Union in 2002, and 12.5% of 
all healthy years lost in the United States and Canada (Annals of Oncology, 2007). 

•  Cancer care cost the European Union €126 billion in 2009, with direct healthcare costs 
accounting for €51 billion (40%). The direct healthcare costs per person ranged from  
€16 in Bulgaria to €184 Luxembourg (Luengo-Fernandez et al., 2013).

•  In a 2014 report, the McKinsey Global Institute concluded that, based on disability- adjusted 
life years (DALY) data, obesity has roughly the same economic impact (about $2 trillion 
or 2.8% of global GDP) as smoking or the combined costs of armed violence, war, and 
terrorism (McKinsey Global Institute, 2014). 

•  According to the WHO, over a period from 2011–2025, the cumulative economic losses due 
to NCDs under a “business as usual” scenario in low- and middle-income countries could 
reach $7 trillion, as compared to an annual expenditure of $11.2 billion to implement 
a set of high-impact interventions (WHO, 2014a).

Box 4 (CONT.)
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IMPACT CHANNEL 5 �
FOOD INSECURITY

HOW DO HEALTH IMPACTS OCCUR THROUGH THIS CHANNEL?

Food security is an important determinant of individual health (Mikkonen and 
Raphael, 2010), and of public health (Neff, 2014). On global, regional, national, 
community, and household levels, food security is achieved when “all people, 
at all times, have physical and economic access to sufficient, safe, and nutri-
tious food to meet their dietary needs and food preferences for an active and 
healthy life” (FAO, 1996). At the individual level, food insecurity resulting from 
a lack of access to sufficient, safe, and nutritious food entails a series of direct 
and debilitating health impacts. 

Acute hunger/undernourishment
Inadequate intake of calories and proteins (protein-energy malnutrition/PEM)  
is the leading cause of death in children in developing countries. Under-
nourishment is a contributing factor in 45% of the 16,000 deaths each day of 
children under the age of five (GLOPAN, 2016). Stunted growth and compro-
mised neurodevelopmental capacity are also common consequences of PEM. 

Micronutrient deficiencies (MNDs)
Diets that are insufficient in micronutrients lead to a range of health prob-
lems throughout people’s lifespans. MNDs lead to risks of stunting, reduced 
immune function (and resulting risks of infection), loss of productivity, 
reduced mental capacity, and chronic disease (Bailey et al., 2015; Schaible 
and Kaufmann, 2007); they are also a major risk factor in tuberculosis and 
HIV transmission from mother to child. The most prevalent MNDs globally 
are iron, iodine, folate, vitamin A, and zinc deficiencies. Deficiencies in these 
nutrients can lead to conditions such as anemia (iron), blindness (vitamin A), 

Food security is an 
important determinant of 
individual health, and of 
public health. On global, 
regional, national, 
community, and household 
levels, food security is 
achieved when “all people, 
at all times, have physical 
and economic access 
to sufficient, safe, and 
nutritious food to meet 
their dietary needs and food 
preferences for an active 
and healthy life.”
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hypothyroidism and goiter (iodine), neural tube defects (folate), and increased 
risk of infections (zinc). There are currently 2 billion people globally suffering 
from MNDs (Knez and Graham, 2013). 

Mental health impacts
Long-term health consequences of childhood exposure to hunger include 
greater risks for conditions such as depression in adolescence and early adult-
hood (Kirkpatrick et al., 2010; McIntyre et al., 2013). But even without the expe-
rience of hunger, studies have shown an association between food insecurity 
and stress, depression, and anxiety (Weiser et al., 2015), triggered when individ-
uals experience food insecurity: due to uncertainty about their ability (financial 
or otherwise) to obtain food; by having to reduce the quality, variety, or, quantity 
of the food their families consume; or by experiencing hunger occasionally. 

Disease management
Overall, food insecure individuals are likely to have poorer health (Vozoris 
and Tarasuk, 2003), even when not experiencing the worst consequences of 
hunger and undernutrition. In a Canadian study of chronic physical and mental 
health conditions among adults (Tarasuk et al., 2013), experiences with food 
insecurity were closely associated with stomach or intestinal ulcers, mood/
anxiety disorders, migraines, hypertension, heart disease, diabetes, bowel 
disorders, back problems, arthritis, and asthma. Indeed, if not the cause, food 
insecurity makes it difficult for individuals to manage existing chronic health 
problems, such as coronary disease, diabetes, and HIV (Anema et al., 2009; 
Chan et al., 2015; Weiser et al., 2015). 

Who is affected? 
The worldwide proportion of adults suffering any degree of undernourishment 
has declined from 18.6% in 1990–92 to 10.9% in 2014–16 (FAO/IFAD/WFP, 2015). 
Sixty developing countries met or exceeded their Millennium Development Goal 
targets of halving, between 1990 and 2015, the proportion of people who suffer 
from hunger (FAO/IFAD/WFP, 2015). And globally, the prevalence of chronic 
malnutrition in children has continued to decline, from 40% in 1990 to 24% in 
2014 (WHO/UNICEF/WBG, 2016). Still, today, 2 billion people worldwide suffer 
from micronutrient deficiencies (MND), and nearly 800 million suffer from calorie 
deficiency (IFPRI, 2016). Children are particularly vulnerable, with over 159 million 
malnourished children under the age of five in the world (GLOPAN, 2016; IFPRI, 
2016). The prevalence of underweight (low weight for age) children in Southern 
Asia is over 14% (WHO/UNICEF/WBG, 2016). Clearly, progress in addressing food 
insecurity has been uneven around the world. While the rate of stunting among 
children has in general been declining by more than 30% since 1990, it has 
been declining at a slower rate in Africa (by only 17%), where in fact the absolute 
number of stunted children under five continues to grow (IFPRI, 2016). Indeed, in 
some African countries (e.g., Nigeria) some evidence suggests a rise in food inse-
curity since 2009 (Fawole and Özkan, 2017).
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HOW MUCH DO WE KNOW ABOUT THESE IMPACTS AND  

HOW WELL ARE THESE FOOD-HEALTH LINKAGES UNDERSTOOD?

Generally, the effects of undernourishment and malnutrition on human health 
are well known, and there are very few controversies about them. But there 
is often much debate about the incidence of food insecurity and its under-
lying causes. Food security has evolved to be a multidimensional concept, 
implying conditions not only at the individual level, but also at the household, 
community, and country levels. It refers to the availability of food, but also (and 
often primarily) to people’s access to it, and how food is used. Thus, measure-
ments of food insecurity have varied according to which dimension or feature 
is emphasized (Barrett, 2010), and they are very context-dependent. It is not 
uncommon to find widely different estimations of food insecurity for even the 
same country (Fawole and Özkan, 2017). The Food Insecurity Experience Scale 
(FIES), a validated tool developed under the FAO’s Voices of the Hungry project, 
has paved the way for some international comparisons of the incidence of food 
insecurity experienced by people around the world (FAO, 2016). Indeed, the 2014 
survey confirmed the systematic nature of food insecurity, finding incidence 
of some degree of food insecurity among adults in Belgium (7.8%), Canada 

COUNTING THE HUMAN AND ECONOMIC COSTS OF  

FOOD INSECURITY: SELECT ESTIMATES

•  Malnutrition costs $3.5 trillion globally, which is 11% of world GDP. This  encompasses 
wasting (acute malnutrition) and stunting (chronic malnutrition), as well as MNDs  
(IFPRI, 2016).

•  The “Cost of Hunger in Africa” study found that child undernutrition in four African 
countries incurred economic losses equivalent to between 1.9% (Egypt) and 16.5% 
(Ethiopia) of GDP (African Union Commission et al., 2014).

•  One conservative estimate of the health costs of hunger and food insecurity in the 
 United States, excluding missed workdays and nonmedical costs, still amounted to  
$67 billion USD per year in 2005 dollars (Brown et al., 2007). 

•  A recent Canadian study estimated that the total annual health costs for adults living in 
severely food insecure households is 121% higher than for those in food secure house-
holds (Tarasuk et al., 2015).

•  MNDs are estimated to cost developing countries between 1% and 5% of GDP annually 
(Stein and Qaim, 2007). 

•  Iron deficiencies, the most common type of MND, can result in a median productivity 
loss of about $4 per capita, or 0.9% of GDP in developing countries, with even higher 
costs in industrialized countries due to higher wages (and despite lower prevalence) 
(Darnton-Hill et al., 2005). South Asia suffers from the highest prevalence of anemia, 
which costs $5 billion to the region annually.

Box 5
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(8.0%), and Italy (8.2%) — only slightly below Brazilian rates (8.3%). FIES results 
also indicate that over 10% of the adult population in the United Kingdom and 
in the United States experience some degree of food insecurity. 

At the individual level, an existing disease burden has been identified as a risk 
factor for food insecurity (Castleman & Bergeron, 2015). Disease can impair 
the nutritional status of individuals, reduce household income due to loss of 
working days, and compete for the scarce resources of the poor through the 
cost of healthcare. Other causes of food insecurity have been identified in 
the interaction among socio-economic, environmental, and political factors 
embedded in, and impacting, food systems. Among the underlying (but inter-
acting) causes of food insecurity, the most cited by international organizations 
and researchers (see for example Caritas Australia, 2015; Castleman et al., 2015; 
FAO, 2015; Godfray et al., 2010; Harvest Help, 2012) are the following:

•  Poverty: The most important immediate cause of food insecurity 
everywhere is people’s lack of access to adequate, safe, and nutri-
tious food; the preeminent reason for this lack of access is insufficient 
income to participate in markets where food is sold. Poverty also 
threatens food security through its association with poor sanitation, 
inadequate healthcare, and poor childcare and feeding practices at the 
household level (see Section 3).

•  Food price shocks: Because much of the food people need is 
purchased, sudden price hikes can significantly impact food security. 
These can come from local or internal conditions in a country (e.g., due 
to a major drought), or price hikes can be instigated by international 
conditions (such as those affecting global grain prices in 2007–2008), 
given the increasing globalization of food markets.

•  Natural disasters and climate change: While droughts and other 
extreme weather events (floods, typhoons, and cyclones) can be 
seen as local conditions leading to poor harvests, food scarcity, and 
higher food prices, climate change (a global phenomenon) is playing 
an increasing role in driving these events. Still, the impact of climate 
change on food security can vary depending on different geographical 
characteristics and different regions’ capability for adaptation.

•  Agricultural problems: A number of agricultural problems, such as 
pests and livestock diseases, can impact the capacity of a region to 
produce food, leading to scarcity and food insecurity. Gaps in agri-
cultural knowledge and poor practices can lead to low productivity. 
Environmental degradation of agricultural resources (water quality and 
availability, soil health) is a major preoccupation in many regions. Of 
increasing concern is a decline in available farming land due to a range 
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of reasons, from soil erosion, to urbanization, to “land grabbing” by 
international investors.

•  Population growth: The challenge of feeding an increasing world 
population with scarce resources has been highlighted for over 
200 years. More recently, while the rate of population growth has 
declined, renewed concerns have been expressed due to deteriorating 
environmental resources. Food security concerns have been particu-
larly intense for regions experiencing both rapid population growth 
and a significant decline in their resources for food production.

 
•  Poor governance and policies: Many studies, in different parts of 

the world, at different times, have pointed out government corrup-
tion (such as in deviating food aid during emergency situations) and 
political conflicts as potential drivers of food insecurity. Food insecurity 
can also emerge, as suggested in different studies, as the unintended 
consequence of national policies (e.g., land reforms in Zimbabwe), 
or international trade agreements, which disadvantage small-scale 
farmers. Insufficient public investment, particularly in agriculture and 
in supporting women farmers, has also been identified as a major 
contributor to food insecurity.

Much controversy on addressing food insecurity is based on which causes are 
prioritized, and which measurements are used. In selecting some causes over 
others, or some measurements over others, some features of food insecurity 
end up being neglected. Such choices have significant consequences, as they 
influence what interventions or solutions are proposed. But as the discus-
sion here (and for other health impact channels) suggests, a complex web of 
causality and diverse interactions with food systems should serve as a warning 
against analytical simplifications and silver bullet solutions.
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SECTION 3 
WHAT HOLDS BACK OUR  
UNDERSTANDING OF HEALTH IMPACTS  
AND OUR ABILITY TO ADDRESS THEM 
KEY CHALLENGES

The preceding analysis has shown that food systems affect health through 
multiple, interconnected pathways, generating major human and economic 
costs. The health impacts generated by food systems are severe and wide-
spread, and are being increasingly documented. These impacts are not limited 
to isolated pockets of unregulated production in specific locations, or to those 
excluded from the benefits of modern agriculture and global commodity supply 
chains. Many of the health risks profiled in Section 2 trace back to some of the 
core industrial food and farming practices, e.g., chemical-intensive agriculture; 
intensive livestock production; the mass production and mass marketing of 
ultra-processed foods; and, the development of long global commodity supply 
chains with dispersed accountability and often dangerous and deregulated 
conditions. The scope, severity, and cost of these impacts suggests that histor-
ical progress in tackling problems like hunger, foodborne illness, and work-
place injury may be slowing or even unravelling, while a range of additional 
disease, contamination, and diet-related risks are emerging fast. The industrial 
food and farming model does not bear the entire burden for these problems, 
but has clearly failed to provide a recipe for addressing these problems indi-
vidually or collectively. An urgent case for reforming food and farming systems 
— and rethinking the industrial model in particular — can therefore be made 
on the grounds of protecting human health. The five channels (see page 12) 
help to understand how and where these risks accumulate, and to identify the 
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gaps and complexities in the respective scientific debates. Each channel thus 
becomes a focal point for the action that is required to mitigate the impacts of, 
or find alternatives to, the prevailing industrial food and farming model.

The analysis also sheds light on the systemic nature of these health risks. 
The health impacts of food systems are interconnected, self-reinforcing, and 
complex. Food systems impacts are caused by many agents, and interact with 
factors like climate change, unsanitary conditions, and poverty — which are 
themselves shaped by food and farming systems. Several of these impacts 
reinforce one another, within and across the five channels. For example: the 
stress generated by high-pressure work environments in industrialized food 
processing plants is itself a key factor in increasing the risks of frequent phys-
ical injury (Lloyd and James, 2008); undernutrition and pre-existing disease 
burdens make people more sensitive to the impacts of environmental change 
and contamination (Whitmee et al., 2015), and at further risk of food insecu-
rity; and, livestock disease risks, e.g., in confined CAFO-style environments, 
encourage the extensive use of antibiotics, which in turn allows antimicrobial 
resistance (AMR) to spread. In other cases, risks are hard to trace to specific 
points in food systems, and tend to accrue across a range of food systems 
activities and over long periods of time. For example, zoonotic pathogens orig-
inating in livestock can spread through multiple pathways within and around 
food systems, thereby multiplying the risks and making it difficult to identify 
the source of outbreaks; antimicrobial resistance, meanwhile, is perpetuated 
by a complex interplay of ecological and genetic factors, spreading through 
multiple channels, multiplying the risks through contact between bacteria 
(forming “multidrug resistant” bacteria), and accruing through the combined 
animal and human uses of the same antibiotics (Marshall and Levy, 2011; You 
et al., 2012). Chronic exposure to Endocrine Disrupting Chemicals (EDCs) 
is particularly hard to trace to specific sources or even to specific chemi-
cals. Furthermore, food system practices do not act alone in driving these 
impacts; factors such as climate change and poverty play an important role 
in what emerges to be a complex causal web. As will be discussed below, this 
complexity is real and challenging, but should not be an excuse for inaction.

The analysis below places these impacts in the context of a broader food–health 
nexus, i.e., the web of interactions, imperatives and understandings at the 
intersection of food and health. Our attention is focused on the interface of 
science, policy, practice, and public awareness, where understandings are 
forged, narratives are reinforced, imperatives are cemented, and modes of 
thinking and acting are embedded. We ask how the inherently complex, self- 
reinforcing, and systemic nature of health risks plays out in the context of 
highly embedded imperatives and highly unequal power relations in food 
systems. In other words, are the connections made visible between the 
impacts, between different groups of people, between different parts of food 
systems, and between food systems and their broader social and ecological 
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context, or are they lost from view and reduced to narrowly framed solutions? 
Does the interconnected nature of these impacts help to make the case for 
systemic reform, or does it simply lock these impacts into the fabric of food 
systems? We identify seven key challenges that must be overcome in order 
to pave the way for comprehensive understanding and appropriate action to 
address the problems identified in Section 2. In brief, these challenges concern 
our ability to see the full picture of food system impacts (Challenges 1–2), under-
stand the connections between impacts and across food systems (Challenges 
3–6), and communicate them at the science-policy interface (Challenge 7). 

CHALLENGE 1: 

OVERCOMING BLIND SPOTS IN THE EVIDENCE BASE  

POPULATIONS WITHOUT POWER, PROBLEMS WITHOUT VISIBILITY

As described in Impact Channel 1 (Occupational Hazards), the precarious 
working conditions across global food systems create a situation in which 
those exposed to the greatest health risks are not seen or heard. In particular, 
the insecure status of hired and migrant labourers, and high turnover among 
labourers, works against the reporting of abuses and impacts. The economic 
imperatives running up and down the food chain perpetuate these insecure 
conditions and dissipate responsibility. The “buyer-driven” chains that charac-
terize sectors such as horticulture allow companies sourcing foods/ingredients 
to work in a flexible way with a range of potential suppliers, who are them-
selves responsible for contracting labour, in a context of high competition for 
these retail contracts and thus severe cost pressures (Barrientos et al., 2016; 
Dolan, 2004; Gereffi, 2001). These arrangements make it less likely for abuses 
to be reported to the direct employer, let alone for these complaints to be 
taken further up the chain. 

Women are disproportionately affected by many of the health impacts 
described in Section 2. This reflects the gender division of labour in agriculture. 
For example, women are more exposed to water contamination since they do 
much of the rice transplanting work. Also, there is an increasing feminization 
of agriculture around the world. For instance, in 2008 in Asia, 43% of all farm 
workers were female (and 48% in China); in Africa, women represent almost 
50% of agricultural workers (Agarwal, 2014). The relatively low power and  
visibility of women in many societies is therefore likely to translate into lower 
visibility of the health impacts faced by this increasingly key section of the  
food and farming workforce.

Geographic discrepancies in terms of power, visibility, and exposure to risks 
are also embedded in global food systems. Many of the most severe health 
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impacts (e.g., pesticide poisoning, hunger) affect the Global South dispro-
portionately. For all channels of impact, data availability is highly variable 
across different world regions, with information tending to be less complete 
for countries in the Global South. Occupational risks to farmers and farm-
workers in developing countries are particularly under-reported, e.g., due to 
highly incomplete records on pesticide usage and impacts. Documentation of 
the scope and severity of these problems is also undermined by lack of reli-
able census/population data, making it difficult to estimate the percentage 
of a given population group, e.g., farmers, suffering a given impact. Gaps 
affecting the Global South are particularly consequential, given how many of 
the world’s farmers, farm labourers, and food workers are in the Global South: 
some 60% of employment in Sub-Saharan Africa is estimated to be in agricul-
ture (FAO et al., 2015). Reporting discrepancies are not limited to occupational 
hazards. The official reporting of foodborne illnesses and hospitalizations is 
low around the world, but particularly in developing nations where the burden 
is likely to be highest (WHO, 2015a). 

These blind spots and hidden impacts make it less likely for problems to be 
prioritized politically, allowing health risks to continue accruing to marginalized 
populations. Even within wealthy countries, a vicious cycle can be witnessed 
whereby health conditions of marginalized populations are often poorly docu-
mented, researched, and addressed, reinforcing the social-health inequalities 
between different groups in society. For example, the health status of indige-
nous groups in North America has been frequently overlooked by mainstream 
research (see, for example, Eldridge et al., 2015; Wilson and Young, 2008). 
Furthermore, health-related inequalities may be self-reinforcing over time as 
a result of social (im)mobility. Historically, poorer populations have tended to 
be concentrated in the more polluted areas of cities. The industrial revolu-
tion saw wealthier populations move upwind, meaning that the East End of 
cities like Manchester and London — where factory fumes tended to blow and 
factory wastes were disposed of — became increasingly working class, with 
these patterns persisting even after a crackdown on air pollution (Heblich et al., 
2016). This geographic clustering of poverty and poor health means that large 
swathes of the population — including those with the greatest power and 
influence — are physically removed from some of the gravest health problems. 

The full extent of the health burden is also obscured by deficiencies in health-
care provisions in poorer countries. Cardiovascular diseases are the leading 
cause of death worldwide, but sudden deaths from heart attacks are more 
common in developing countries. In these cases, devastating impacts occur 
“with no lingering burden on the health system” (Chan, 2016). Similarly for 
cancers, expensive treatments are not available or accessible to most people 
around the world. As a result, the current costs associated with these diseases 
in developing countries are much lower than they would be if high-quality 
healthcare were more evenly available around the world. These discrepancies 
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may allow the focus to remain on developed countries where the major 
costs are amassed and counted — thus potentially downplaying the global 
and systematic nature of the obesity epidemic, and the “double burden” of 
undernutrition and overweight increasingly experienced by low-income and 
middle-income countries.

Systematic blind spots therefore undermine our ability to get a full picture of 
the impacts in food systems. Much of the available evidence — including the 
majority of evidence cited in this report — relies on data gathered in North 
America and Europe, and published in primarily English-language journals 
situated in those regions. This risks downplaying the extent of a specific health 
impact in the Global South relative to the Global North, and also allows the 
framing of the key health impacts in global food systems to be disproportion-
ately based on understandings emerging from the Global North. 

CHALLENGE 2: 

RECLAIMING RESEARCH FOR THE PUBLIC GOOD

How research is structured and financed, how problems are framed and 
research priorities are set, how data is gathered and to whom it is acces-
sible has a major impact on our understanding of the health impacts of 
food systems. Challenges in this regard emerge across the impact channels. 
In many countries and many sectors, the commitment of governments to fund 
research as a public good, or even to make data and research results available 
as a public good, has been increasingly compromised (see, for example, New, 
2017). In the past few years, many governments have reduced their support 
to all types of researchers, international research organizations (Dalrymple, 
2008), and even to public national surveys. Public sector agricultural research 
has been dramatically scaled back over recent decades, with government cuts 
straining higher education and agricultural research budgets (King et al., 2012; 
Muscio et al., 2013). 

Public sector funding cuts have generated a void that is increasingly being 
filled by private interests. This creates several problems. First, some issues 
of high public interest may not attract funding from private investors. For 
example, the gradual privatization of research funding has come alongside 
an increasing focus on those commodities for which there is a large enough 
market to secure a significant return on investment (Piesse and Thirtle, 
2010). In this context, minor species and traditional crop varieties have been 
neglected (Rahman, 2009), despite their nutritional benefits. Meanwhile, the 
need for analysis of system-wide interactions and solutions — so relevant for 
addressing health risks in food systems — is falling through the cracks. This is 
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reflected in the lack of interaction between different disciplines in many agri-
cultural colleges (O’Brien et al., 2013), the lack of attention to the complex inter-
actions between the natural environment and human society that underpin 
food systems (Francis et al., 2003), and the high proportion of doctoral and 
post-doctoral research topics in highly specialized fields of biotechnology as 
compared to research on agroecology (Francis, 2004).

Second, these trends have implications for the validity of the research that 
does emerge. While private funding can and often has produced good 
research and evidence, industry-funded research has in a variety of contexts 
and sectors been found to disproportionally favour outcomes aligned with 
industry interests (Bhandari et al., 2004; Lexchin et al., 2003; Perlis et al., 2005; 
Scollo et al., 2003). This can occur through conscious or unconscious influence 
on the definition of research questions (Bero, 2005; Lesser et al., 2007; Scollo 
et al., 2003), the experimental design (Djulbegovic et al., 2000; Lexchin et al., 
2003), the implementation of statistical analyses (Lesser et al., 2007), the inter-
pretation of statistical results (Alasbali et al., 2009; Golder and Loke, 2008), the 
extent or quality of peer review (Barnes and Bero, 1996; Scollo et al., 2003), 
and industry-related delays, suppression, or dissuasion regarding the publi-
cation of specific results (Bero, 2005; Lexchin et al., 2003; Okike et al., 2008). 
Industry influence over the framing of the research agenda and the terms of 
the broader scientific debate has also been identified through a range of addi-
tional practices: employing individual researchers as consultants or inviting 
them to sit on company boards in order to signal objectivity and legitimacy; 
funding professional and academic associations; publicly critiquing established 
but “inconvenient” evidence and sowing doubt about its validity, often through 
the use of front groups (see Challenge 7: Communicating complexity at the 
science-policy interface); and, using corporate social responsibility programs as 
marketing campaigns (e.g., to shift the focus from obesogenic diets onto the 
importance of active lifestyles by sponsoring sporting events). These practices 
have been increasingly identified in relation to nutrition science (see Impact 
Channel 4: Unhealthy Dietary Patterns) with major implications for shaping 
understandings. In particular, the decades-long attempts to shift attention 
from sugars onto fats is likely to have lasting implications in terms of creating 
general confusion around the role of different dietary components.

The increasingly prominent role of private actors, and the declining role of public 
research, also raises questions about data availability and access. Access to data 
on farm-level trends, environmental conditions, and disease incidence is essen-
tial in order to study, record, build understanding of, and develop appropriate 
policies to address various health impacts in food systems. Privately funded 
research in these areas may be deficient, or the data and results generated from 
such projects may not be divulged, raising major issues of transparency and 
accountability. Data withholding and access problems affect all of the impact 
channels. For example, lack of data collection by industry, or lack of access 
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to that data, has been identified as a major obstacle to identifying the health 
impacts of CAFOs on surrounding populations (National Research Council, 2015). 
Risk assessments for new technologies and chemicals (such as EDCs) also tend 
to rely on data generated and controlled by major agri-business firms, while 
information around biotech crops is notoriously difficult to access. In 2009, 26 
university crop scientists wrote to the US Environmental Protection Agency 
complaining that patents on engineered genes were preventing public sector 
scientists from researching the potential impacts of GM crops (Pollack, 2009). 
While most biotech companies now have agreements with universities on use of 
their patented technologies for research, scientists must still negotiate permis-
sion to conduct these studies from the companies themselves (Haspel, 2014; 
Stutz, 2010). Risk assessments for novel food additives are particularly reliant on 
industry data and private sector governance. As seen in Section 2, under US law, 
it is the responsibility of manufacturers to assess whether new substances are 
generally regarded as safe (GRAS) by scientific experts, with notification made 
voluntary and with little scope for public scrutiny.

Recent advances in “Big Data” could pave the way for major improvements in 
monitoring and mitigating food systems impacts, e.g., by deploying farm-level 
soil data to enable more targeted use of chemical inputs. However, current 
trends raise concerns about how that data will be used and to whom it will 
be available; vertical integration is continuing apace across the agri-food 
sector, with a handful of firms gaining an increasingly dominant position, and 
company information becoming ever-more opaque (IPES-Food, forthcoming). 

The challenge, therefore, is not simply to curb the production of research 
and data by private actors. The interaction between researchers and industry 
funding is highly complex, since in many instances, and particularly given public 
funding shortfalls, researchers are required to attract private funding sources 
and voluntarily approach industry members in search of grants. Such situations 
require at a minimum a careful analysis of potential conflicts of interest. Nor 
does public research always reflect public interests. In a context of increasing 
privatization, public-sector research has tended to echo the emphasis of 
private research agendas, e.g., mirroring the focus on increasing productivity 
for a small number of tradable crops via technological innovation (Jacobsen 
et al., 2013). Moreover, without major reinvestment in public data gathering, 
private firms will continue to be best-placed to conduct monitoring of risks and 
outcomes across food systems. Research priorities, structures, and capaci-
ties therefore need to be fundamentally realigned with principles of the public 
interest and public good. These principles, in turn, may need to be redefined 
through democratic processes and brought into line with the nature of the 
challenges food systems now face (i.e., cross-cutting sustainability challenges 
and systemic risks). The challenge, therefore, cannot be addressed within the 
scientific domain alone, and requires new ways of addressing food system risks 
at the interface of science, policy, and public debate (see Section 4).
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CHALLENGE 3: 

BRIDGING THE DIVIDE BETWEEN FOOD AND AGRICULTURE 

The blind spots in the evidence base, and particularly the risks accruing to food 
and farmworkers around the world, are compounded by a broader disconnec-
tion of the general public from the process of food production. This disconnec-
tion may be observed on three levels: physical (between high-population urban 
zones and the rural zones where food is produced); economic (more interme-
diaries between consumers and farmers, with a greater share of value moving 
up the supply chain at the expense of farmers); and, cognitive (decreasing 
knowledge of how food is produced and processed) (Bricas et al., 2013). These 
trends are particularly relevant in wealthy countries, where agriculture now 
makes up only a fraction of employment, e.g., around 1.5% in the United States 
(Bureau of Labor Statistics, 2013), and is often undertaken by seasonal migrants 
whose contact with the general population may be limited. 

As a result, the fact that food choices have implications for farming systems 
(and the health of those working within them) has become less obvious and, 
as a consequence, may be considered less important in the hierarchy of daily 
concerns. Even when farm issues are reported and brought to broader public 
attention, the links to the foods — and the brands — people buy on a daily 
basis are not always clear (Cook, 2010). Given the dispersed accountability and 
opaque nature of long global value chains (see Challenge 1), the connections 
to agricultural workers in distant countries are even less intuitive. The global 
nature of food systems leaves many people one step removed from the real-
ities of food production. For example, while European consumers may see 
animal agriculture in their own regions, as much as 70% of the protein-rich 
animal feed used in EU livestock production is imported (Schreuder and De 
Visser, 2014), in particular from South American countries where deforestation, 
evictions, pesticide poisoning, and rights abuses have been alleged in intensive 
export cropping zones (Ezquerro-Cañete, 2016; Mekonnen et al., 2015). 

The physical and cultural disconnect from agriculture may also undermine 
awareness of impacts to which people are themselves exposed, especially 
impacts transiting through environmental contamination. Chronic exposure- 
based impacts are particularly hard to trace to specific sources at specific 
points in time, but are closely associated with industrial agriculture (see 
Section 2). Agricultural contamination of air and water often occurs significantly 
upstream or upwind of where health impacts actually manifest themselves, 
e.g., in urban settings. Impacts of this type may be more readily associated 
with contributing factors in closer proximity (e.g., transport pollution, factory 
waste), particularly in the absence of connections to and knowledge of 
upstream agricultural realities. 
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This does not mean that the general public is indifferent to the plight of food 
and farmworkers or the ways in which food is produced. Recent events suggest 
that targeted campaigns to bring abuses to light can garner public support, visi-
bility, and political traction. For example, the withdrawal of the fumigant methyl 
iodide from the US market came on the back of vocal campaigns in which 
a broad spectrum of citizens mobilized in regard to risks almost exclusively 
accruing to farmworkers in the strawberry sector (United Farm Workers, 2017). 
Meanwhile, recent campaigns for a $15 “living wage” for fast-food workers in the 
United States have gained major visibility and widespread support (Davidson, 
2015). And in some cases people are looking upstream and reconnecting their 
own health with agricultural systems. While dismissed by the federal district 
courts, Des Moines’ lawsuit against upstream agricultural zones in Iowa may 
have symbolic importance in reconnecting people with agricultural realities and 
positioning them as stakeholders in the management of farming systems. The 
lawsuit sought to redefine the nitrate contamination of the city’s water supplies 
as “point source” pollution and called for redress under legislation designed to 
protect consumers — the Clean Water Act (Eller, 2017). 

These developments are promising, suggesting a growing solidarity with 
those producing our food, a growing willingness to challenge harmful modes 
of production and become active stakeholders in those debates, and a will-
ingness to make the way our food is produced a matter of public interest and 
public health. A critical mass of public awareness is required to force issues up 
the political agenda, particularly when those affected have the least power and 
visibility (see Challenge 1), and in some cases this has been achieved. However, 
public awareness of the problems in food systems — and particularly those 
affecting food and farmworkers in distant locations — remains sporadic. The 
challenge may be to build understanding that the poor conditions that peri-
odically come to light are the norm, not the exception, for many around the 
world. Moreover, these conditions are sustained by the personal food choices 
we make and the policies decided (at least nominally) in our name. Ultimately, 
a pool of cheap and insecure labour, dangerous conditions and system-
atic stresses for farmers and foodworkers are what sustains the low-cost 
commodity production at the base of global food systems. Keeping the bulk of 
these problems out of the public eye and off the record-books — and ensuring 
that these problems, when they emerge, are perceived as anecdotal rather 
than systemic — is what maintains the fragile contract between consumers 
who want affordable and abundant (but not exploitation-based) food, a system 
that provides it, and the governments who shape the underlying priorities 
(e.g., through agricultural, food, and trade policies favouring cheap commodity 
production). Reconnecting people with the realities of the food they eat — and 
bringing the true cost of the cheap food model to light — is therefore a major 
leverage point for unlocking the food-health nexus.
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CHALLENGE 4: 

BROADENING THE FRAME OF THE NUTRITION PROBLEM 

Debates around diets and nutrition — both under- and over-nutrition — are 
particularly vulnerable to framings that obscure key connections and under-
mine the basis for comprehensive understanding and systemic action to 
address health risks in food systems. 

Food security is often framed in terms of “feeding the world,” i.e., delivering 
sufficient net calories at the global level. Narratives and solutions put forward 
by agribusiness firms, international agencies, governments, and a variety of 
other actors often emphasise this aspect of the challenge. Approaches of this 
type tend to minimize the questions of how, where, and by whom additional 
food is grown, and the questions of distribution, access, and power on which 
hunger is often contingent (see IPES-Food, 2016). This has often remained the 
case even when the focus on productivity has been broadened to take in nutri-
tional concerns, e.g., “food and nutrition security.” 

In many development schemes and research programs, the focus has been 
placed on single nutrients through supplementation, fortification, and biofor-
tification, with little emphasis on durably improving people’s access to diverse 
diets (Frison et al., 2006; Burchi et al., 2011). A focus on single nutrients also 
remains pervasive in discussions around dietary guidelines. These approaches 
have been criticized for promoting “nutritionism” — the reduction of food’s 
nutritional value to its individual nutrients — at the expense of broader under-
standings and more systemic solutions. For some, nutrient-focussed guide-
lines are a legacy of a time when food insecurity was the primary diet-related 
issue, and risk promoting the (excess) consumption of foods that nominally 
meet nutrient cut-offs, regardless of their broader implications for health and 
how they fit into a healthy dietary pattern (Jessri and L’Abbe, 2015; Mozaffarian 
and Ludwig, 2010). A focus on single nutrients also paves the way for multina-
tional food companies to use “nutritional positioning” to bolster their power 
and influence (Clapp and Scrinis, 2017, p. 578).

In response to such criticisms, new approaches to dietary guidelines are 
increasingly food-focused, emphasizing greater consumption of foods that 
most contribute to healthy diets, as well as the avoidance of those foods 
whose consumption is most likely to lead to unhealthy diets (e.g., Brazil, 2014). 
However, the legacy of “nutritionism” lives on and is proving hard to shift polit-
ically. Even when the focus is on foods and food groups, misunderstandings 
around nutrients can be propagated. For example, the USDA’s decision to 
classify dairy as a “food group” (e.g., for the purposes of its My Plate guide) 
has been criticized for promoting a view that dairy products are needed to 
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obtain calcium and to underpin a healthy diet, despite calcium being present 
in a range of other foods (Hamilton, 2016; Harvard School of Public Health, 
2012), and despite ongoing concerns about consumption of saturated fats 
(see Impact Channel 4: Unhealthy Dietary Patterns). Indeed, a major conflict 
of interests has been alleged, given that the USDA is also responsible for 
promoting dairy commodities as part of its core business.

A more nuanced and holistic debate about the nutritional outcomes of food 
systems can be observed when discussion is framed around “nutrition- 
sensitive agriculture” (Jaenicke and Virchow, 2013; Maluf et al., 2015; Ruel and 
Alderman, 2013; Wesley, 2016). This concept expands the scope well beyond 
calories and specific micronutrients, considering the nutritional implications 
of food production models and their environmental interactions (e.g., via soil 
health), as well as the implications of food processing and utilization for  
nutritional value. In other words, this approach questions the assumption  
that nutrition can be improved without explicit consideration of food produc-
tion, distribution, processing, policy, and programming. However, not all  
definitions — and not all interventions — reflect this holistic view. The US 
Agency for International Development (USAID, 2015) has defined nutrition- 
sensitive agriculture as “agriculture investments made with the intention of 
also improving nutrition.” In this context, technological approaches such as 
seed biofortification can also be framed as “nutrition-sensitive agriculture,” and 
the focus on delivering nutrition through the food system is at risk of dilution. 

A tension can also be observed between attempts to frame diets as a func-
tion of broader food environments and persistent narratives suggesting that 
diet-related health is simply a question of personal responsibility. As described 
in Impact Channel 4, framing health impacts in relation to the food environ-
ment changes their complexion considerably, shifting the attention from 
individuals onto the socio-economic factors in which people’s choices are 
embedded. However, reviews of public and media discussion around obesity 
have found persistent framing around individual responsibility, with environ-
mental and structural drivers less frequently mentioned (De Brún et al., 2015; 
Saguy and Almeling, 2008). A return to individual responsibility has also been 
identified in the prevailing advice to consume various items “in moderation.” 
While advice of this nature may be fundamentally sound, it has been criticized 
for downplaying the factors shaping people’s choices, as well as implying that 
all foods can be part of a healthy diet (Nestle, 2003; Heiss, 2013; Simon, 2006).

As described in Section 2, obesity and diet-related NCDs are multifactorial, 
while the specific contribution of different dietary components can rarely be 
identified with certainty. The underlying causes of hunger and MND are also 
wide-ranging. This brings a degree of inherent complexity, and requires atten-
tion to socio-economic and political factors, and to the power relations running 
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Fig. 5: Broadening the frames of the 
debate on diets and nutrition
Debates on diets and nutrition range from 
narrowly framed approaches to a focus on 
the broader socio-economic conditions for 
health and sufficient diets.
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across food systems and determining people’s access to food. However, 
prevailing narratives and imperatives tend to disconnect different pieces of 
the puzzle, promoting incomplete understandings and piecemeal actions, and 
leaving the root causes of unhealthy and insufficient diets unaddressed.

CHALLENGE 5: 

ADDRESSING THE FOOD-HEALTH-CLIMATE NEXUS  

RECONNECTING HEALTH RISKS TO ECOLOGICAL DRIVERS

As indicated throughout Section 2, many of the health risks in food systems 
are deeply intertwined with ecological change and degradation. However,  
the full extent of these interactions — and their cyclical nature —  is often 
overlooked. In particular, food systems are a major driver of climate change, 
which in turn exacerbates a series of health risks associated with food systems. 
While estimates differ, food systems may account for as much as 30% of all 
human-caused GHG emissions (Niles et al., 2017). Climate change, in turn, 
stands to aggravate a series of health impacts across the channels. For 
example, the changing climate may bring novel vectors into newly temperate 
climates, driving alterations in the incidence and distribution of pests, para-
sites, and microbes, or create temperature-related changes in contamina-
tion levels (Newell et al., 2010; Watts et al., 2015); for example, people may also 
be exposed to a greater accumulation of mercury in seafood as a result of 
elevated sea temperatures (Ziska et al., 2016). New food safety risks could also 
emerge as a result of increasing floods and droughts (WFP, 2015). Meanwhile, 
climate change is likely to provoke crop losses due to changing frequency and 
severity of floods and droughts, and even to decrease the nutritional value of 
important food crops, such as wheat and rice, as atmospheric carbon dioxide 
reduces protein and essential mineral concentrations in plant species (Niles et 
al., 2017; Watts et al., 2015; Ziska et al., 2016). Through changes in rainfall and 
temperature-driven shifts in plant biomass, climate change is also expected 
to affect the extent, frequency, and magnitude of soil erosion (Whitmee et al., 
2015), with major knock-on effects for health (e.g., increased nitrogen leaching 
into water, threats to food production and food security). Climate change is 
also likely to increase the risks of natural disasters (e.g., landslides, tsunamis) 
with the potential to exacerbate food-related health impacts, particularly food 
insecurity (Watts et al., 2015). 

Food systems also contribute to broader environmental and land use changes 
in ways that exacerbate specific health risks. As much as half of the emerging 
zoonotic infection events from 1940–2005 have been attributed to changes 
in land use, agricultural practices, and food production (Whitmee et al., 2015). 
Given that agricultural expansion is so often a driver of land use change, 
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Fig. 6: The Food-Health-Climate nexus
Food systems are a major driver of climate 
change. In turn, climate change exacer-
bates a range of health risks associated 
with food systems. 
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food systems contribute both directly and indirectly to these impacts. Climate 
change is likely to be a key driver of these land use shifts (e.g., due to loss of 
fertility in existing production zones). These impacts are therefore extremely 
wide-ranging, and highly significant. According to the EPA, “overall, climate 
change could make it more difficult to grow crops, raise animals, and catch fish 
in the same ways and same places as we have done in the past.”12 

It is also important to think beyond health impacts per se and to consider the 
broader ecological basis for health. The practices associated with industrial 
agriculture (e.g., chemical-intensive agriculture) are disrupting ecosystems in 
fundamental ways, and undermining their capacity to provide essential environ-
mental or ecosystem services such as controlling soil erosion, storing carbon, 
purifying and providing water, maintaining essential biodiversity and associated 
services (e.g., regulating diseases), and improving air quality (see, for example, 
Millennium Ecosystem Assessment, 2005; IPES-Food, 2016). All of these services, 
provided by nature, are under severe threat, with far-reaching implications for 
human health. For example, with some 35% of global food production depen-
dent on pollination, the loss of pollinators — closely associated with pesti-
cide use — could fundamentally undermine future food production (WHO & 
Secretariat of the Convention on Biological Diversity, 2015; Whitmee et al., 2015). 
The general disruption of marine ecosystems is also occurring at a rapid rate, 
threatening fish populations and thus a key source of protein for many people. 

Health risks in food systems are therefore deeply connected to environmental 
risks, and not only those health risks transiting directly through contamination 
of water, soil, and air (i.e., Impact Channel 2: Environmental Contamination). 
Steps to address the environmental impacts of agriculture (including climate 
mitigation and adaptation measures) are therefore also steps to address the 
human health impacts of agriculture — and are doubly urgent. Action to date 
has tended to focus on mitigating specific environmental outcomes of agricul-
ture (e.g., restricting the use of specific pesticides with proven harmful impacts 
on pollinators) without considering a more fundamental redesign, and without 
addressing the central role of industrial food and farming systems in driving 
environmental degradation and disrupting ecosystems (for further discussion, 
see IPES-Food, 2016). 

The broader ecological landscape in which health risks are embedded has 
also been overlooked in discussion of disease and contamination risks. For 
example, discussion around zoonotic infections and foodborne disease risks is 
often focused around increasing “biosecurity” and “biocontainment” in indus-
trial livestock production facilities (or CAFOs). However, this only addresses 
one part of the problem. Zoonotic disease risks emerge at the intersection of 
animal, human, and ecosystem health, and respond to processes of globaliza-
tion, climate change, land use change, and urbanization (Cunningham et al., 
2017; Whitmee et al., 2015). The risks cannot be addressed within a specific 
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CAFO; even the most “biosecure” operation faces a series of potential disease 
transmission pathways, such as ventilation systems (often required due to the 
confinement of large herds), insect carriers, or production waste, as well as 
the underlying problem of increased disease susceptibility of animals in these 
conditions (see Impact Channel 2) (Graham et al., 2008; Leibler et al., 2009). 
Moreover, industrial livestock production and its protein feed requirements 
is itself a major driver of climate change and land use change, which in turn 
exacerbate infectious disease risks. Key outbreaks of zoonotic disease affecting 
human populations, e.g., avian flu in Southeast Asia, have multiplied in indus-
trial holdings, although responses have tended to focus on “backyard” opera-
tions (and their greater exposure to wildlife) as weak links in the chain, and have 
framed biosecure industrial holdings as the solution (Graham et al., 2008).

Given the extent of the problems described above, a deeper rethink of the 
ecological basis for food production and for human health is required. This 
not only entails consideration of different management practices (particularly 
for livestock), but also of fundamentally different paradigms based on reinte-
grating agriculture with the environment (e.g., agroecological systems that 
nurture ecosystems, maximize biodiversity, and rebuild soil fertility). In other 
words, the challenge is to see the impacts as part of a complex social-ecolog-
ical system, and to retain that systemic view when it comes to defining impera-
tives and solutions at the science-policy interface. 

CHALLENGE 6: 

ADDRESSING THE FOOD-HEALTH-POVERTY NEXUS:  

SEEING HEALTH IMPACTS IN THEIR SOCIO-ECONOMIC CONTEXT

Health impacts in food systems are also rooted in complex and deep-seated 
socio-economic drivers, as seen across the impact channels. Understanding 
these connections and breaking these cycles is a precondition for meaningful 
and effective action to address health impacts in food systems. 
 
The various dimensions of poverty — including material deprivation and 
social exclusion — make it a major determinant of health. Strong associations 
have also been shown between inequality and a range of negative social-
health outcomes, irrespective of absolute wealth (Wilkinson and Pickett, 2010). 
Poverty and inequality not only exacerbate the likelihood of food-related health 
impacts, but can also increase their severity: people in poverty are less likely 
to have the resources to deal with the health conditions they incur. The trends 
are self-reinforcing over time. Poverty can lead to undernourishment, and 
undernourished people may suffer from lower productivity, making their earn-
ings potential even lower and keeping them trapped in poverty. Poverty and 
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inequality are therefore key compounding factors in several of the severest 
health impacts associated with food systems. Poverty is universally recognized 
as a key driver of food insecurity, and is a major contributing factor to poor 
dietary health, obesity, and the associated risks of NCDs (see impact channels 
4 and 5). There has been increasing recognition that hunger is fundamentally 
a distributional question tied to poverty, social exclusion, and other factors 
affecting access to and utilization of food (WHO, 2008; World Bank, 2010; FAO, 
2015). These understandings have been forged most eloquently by Amartya 
Sen (1981, 1983), who argued that hunger is not due so much to a lack of food, 
but to a lack of “entitlements” and “access” relating to inequalities built into 
mechanisms for distributing food. As seen in Section 2, food insecurity is not 
limited to poor countries: discussion around access to food has allowed this 
reality to be recognized and understood (Riches, 1997; Riches and Silvasti, 2014). 

Poverty can also exacerbate the health risks in food systems via poor sanita-
tion conditions. Those living in hazardous locations prone to flooding or land-
slides, close to waste sites, and without access to clean water and sanitation 
are generally among the poorest in society (Whitmee et al., 2015). Unsanitary 
conditions can exacerbate a range of health risks in food systems, e.g., facili-
tating the spread of foodborne disease throughout the chain and in the home, 
or raising the risks of pesticide poisoning on-farm. 

Food systems drive poverty and inequality in a variety of ways. First and fore-
most, food systems have perpetuated poverty conditions through precarious 
employment and low monetary compensation for many farmers, farmworkers, 
and foodworkers. The vast majority of poor people in the world, anywhere, 
are engaged in agriculture and other food production and distribution activi-
ties. A report by the ILO estimates that “most jobs in rural areas do not ensure 
sufficient levels of income for workers to afford adequate food for themselves 
and their families” (ILO, 2015b, as cited in Anderson and Athreya, 2015). Another 
study indicated that food preparation and service workers (#1), dishwashers 
(#2), and farmworkers (#7) are among the lowest-paid groups in the United 
States (Bureau of Labor Statistics, 2012). Food systems also help to create the 
underlying unsanitary conditions that afflict poor communities around the 
world, e.g., through widespread environmental contamination of water sources 
via agricultural runoff, and through overuse of often scarce water resources. 

In other words, the food-health nexus is also a food-health-poverty nexus, and 
health impacts in food systems cannot be seen in isolation from socio-economic  
drivers. However, seeing these connections and breaking these cycles is a 
major challenge. Poverty is locked into the fabric of the prevailing industrial 
food and farming model. Over decades, various policies and imperatives 
have co-evolved to create what may be described as a “cheap food” model or 
“low-cost food system” (De Schutter, 2017; Wallinga, 2009). Production subsidies, 
trade liberalization, and a range of other measures have been put in place 
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Fig. 7: The Food-Health-Poverty nexus
Poverty is perpetuated by the low-cost 
commodity production underpinning modern 
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with a view to producing large volumes of cheap commodity crops. Livelihood 
pressures for farmers, downward cost pressures across the food system, and 
systematic exposure to occupational hazards have been accepted as the quid 
pro quo for a system that guaranteed a stable food supply, particularly for 
urban populations. Moreover, cheap food has allowed workers to be paid rela-
tively low wages in the manufacturing sector, acting as a de facto social policy, 
i.e., compensating for non-remunerative work (De Schutter, 2017; IPES-Food, 
2016). Cheap food has even been traded off against environmental contami-
nation; agro-chemical firms have argued against restrictions on pesticide use 
on the grounds that it will push up production costs and ultimately food prices 
(Furlong, 2016). In wealthier countries, the share of income spent on food has 
plummetted, and the expectation of cheap food has become highly embedded 
(see IPES-Food, 2016), further locking in the industrial low-cost model, despite 
its spiralling health and environmental impacts. 

The challenge, therefore, is not only to pay attention to poverty as a driver of 
health risks in food systems, but to avoid one-dimensional approaches that 
address only a specific manifestation of poverty (i.e., inability to access suffi-
cient calories) while reproducing the conditions in which poverty — and a 
range of associated health risks — are likely to persist. This calls attention to 
the need to address food systems and the economic model underpinning 
them in a holistic manner, and to ensure that alternative visions for delivering 
food security — without sacrificing other health goals — are brought to light. 

CHALLENGE 7: 

COMMUNICATING COMPLEXITY AND BUILDING A HEALTHIER  

DEBATE AT THE SCIENCE-POLICY INTERFACE

As described above, the health impacts of food systems are often complex, 
mutually reinforcing, and compounded by factors such as climate change and 
poverty. Communicating this complexity and interconnectedness is one of the 
greatest challenges in order to pave the way for responding appropriately to 
the problems identified in Section 2, requiring a nuanced discussion of risk and 
uncertainty at the science-policy interface. 

A range of food-related health risks tends to be brought to public attention, 
but nuance and context is often lost, while misunderstandings tend to be 
propagated and reinforced across a range of fora and actors. For example, 
media reporting on diets/nutrition is often focussed unduly on single studies 
taken out of their context (Goldberg and Hellwig, 1997; Jensen, 2008), and 
tends to simplify and misrepresent results to make stronger statements than 
the original research article (Chang, 2015; Pellechia, 1997). New findings on the 
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suspected carcinogenicity of food items are particularly prone to “single study 
syndrome,” loss of nuance, and failure to place specific risks in their broader 
context. Long-term cumulative effects have been confused with immediate 
acute risks in coverage of cases such as the “Alar” apple growth regulator 
scandal in the United States, undermining key understandings about food 
system risks (McCluskey and Swinnen, 2011). These trends feed into an already 
polarized public debate that tends to view foods either as all-powerful healers 
or toxic killers, where pre-conceptions (e.g., trust/distrust of “technology’”) are 
strong and tend to colour people’s interpretation of new “facts” (Chang, 2015; 
McCluskey and Swinnen, 2011).

In some cases, political reactions to health scares or controversies have failed 
to place risks in a broader context, tending to subjugate scientific detail to 
more emotive narratives. This pattern was particularly apparent in countries 
with strong carnivore traditions after the publication of the opinion of the 
International Agency for Research on Cancer on the carcinogenity of red and 
processed meats (see Impact Channel 4). A Facebook post by an Austrian 
government official read that “placing ham on the same level as asbestos is 
outrageous nonsense and only serves to unsettle people. There’s no doubt 
for me: Austria’s sausage is and remains the best” (AFP, 2015). In other cases, 
simplistic and sometimes mistaken explanations for health scares have been 
rapidly propagated in the face of uncertain and/or complex environmental 
contamination pathways. For example, unusual smog occurrence in the United 
Kingdom in March–April 2014 was widely attributed to “Sahara dust” in the 
media and by policymakers; however, a meteorological study concluded  
that the elevated rates of airborne particulate matter were largely driven by 
ammonium nitrate stemming from continental Europe’s agricultural ammonia 
emissions (Vieno et al., 2016). 

Failure to place risks in a meaningful context can also be traced back to the 
scientific literature itself, and the focus on delivering new and potentially 
media-genic findings. For example, “statistically significant” associations 
between various foods and cancer (sometimes both positive and negative for 
the same foods) are now so commonplace that major questions must be asked 
about the validity and implications of the findings (Ioannidis, 2016; Jackson and 
Ormerod, 2017). Meanwhile, the results of epidemiological studies have been 
found to be continually cited in the scientific literature even after failures to 
replicate initial findings (Ioannidis, 2016). 

When attempts are made to communicate complexity/uncertainty, and to revisit 
existing evidence, this can itself be seized upon to discredit the whole debate. 
For example, when new findings emerge that contradict previously reported 
numbers, industry groups have run advertisements that denounce the entire 
scientific dialogue (e.g., around obesity) as baseless “hype” (Mayer and Joyce, 
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2005; McHugh, 2006). With different foods in the crosshairs and different types 
of risk rising and falling in seemingly arbitrary ways, nutrition scientists have 
been portrayed as frequently “changing their minds” about advice on which 
products, in which quantities, one should consume in a healthy diet (Goldberg 
and Hellwig, 1997; Jensen, 2008). In this context, people become generally less 
trusting of scientists and their recommendations, and less motivated to imple-
ment lifestyle changes (Chang, 2015), even in non-controversial matters such as 
exercising and eating fruit and vegetables (Nagler, 2014). These factors exac-
erbate the already-strong cognitive bias to discount risk information (Hoek, 
2015). Others might react with extreme avoidance tactics. Simply avoiding foods 
associated with a health risk is a “lower-cost solution” than trying to obtain 
fuller information (McCluskey and Swinnen, 2011). In other cases, perceived 
complexity/uncertainty has been seized upon to suggest that consumers are 
ill-equipped to decide what is safe to eat. For example, industry campaigns, 
e.g., to defend High-Fructose Corn Syrup (HFCS), have been critiqued for 
promoting a “deficit” model whereby only medical professionals (i.e., “experts”) 
are capable of understanding nutritional risks (Heiss, 2013). 

The proliferating and fragmented fora in which food and health are discussed 
also present challenges in terms of building a nuanced discussion around 
food system risks and finding a common vocabulary for doing so. Distinct 
and non-interacting discourses can be identified in highly siloed academic 
communities, journals, magazines, and public discussion fora, each with its 
own problem diagnosis and emphases, its own body of evidence, and under-
pinned by highly divergent worldviews. For example, research on the allergenic 
risks of processed foods has been embraced within alternative and naturo-
pathic health sectors, while barely featuring elsewhere; successes in phasing 
out nontherapeutic antibiotic use in intensive livestock holdings in Northern 
Europe tends to be limited to agricultural journals, thereby failing to reach and 
engage with the public health community (Burke, 2012; Zinsstag et al., 2012). 
A rapidly shifting media landscape, and particularly the accessing of news 
via social media, has raised the risks of people forming their understandings 
within “echo chambers” in which the choices of one’s friends and contacts acts 
as a filter, and highly opinionated and “fake news” abound. People’s attention 
to source credibility is even lower for internet-sourced news than for tradi-
tional media (McCluskey and Swinnen, 2011). Some 61% of millennials source 
their news from Facebook, making it the most-used source of information, 
according to a 2015 poll in the United States (Mitchell et al., 2015).

It is challenging to forge meaningful dialogue in this context, or to confront 
different assumptions and worldviews. For example, for those with greater 
faith in industrial-scale solutions and global supply chains, the key stake in 
fighting food insecurity might be to biofortify crops, and the key step in over-
coming foodborne disease risks might be to increase biosecurity in industrial 
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holdings and raise traceability requirements in global supply chains. However, 
for others, the solution might be to move away from global food systems and 
to build “food sovereignty,” allowing farmers — so prevalent among the food 
insecure — to improve their livelihoods and avoid the multiple health risks 
of globalized systems. Arguments of the first type can be articulated in rela-
tion to specific risks to be addressed in specific policy areas (e.g., agriculture, 
research, development), while arguments based on systemic alternatives and 
new economic paradigms may not find a corresponding policy framework or 
forum. As a result, paradigms for risk management will be premised on expan-
sion of the global supply chains, trading regimes, and broader industrial model 
for which and through which current approaches and current policies have 
been defined, rather than held up against alternatives. This calls attention to 
the importance of ensuring the right policy frameworks for governing food 
systems in order to ensure a healthy and democratic debate.

Evidence gaps, incomplete transmission of scientific evidence to the broader 
public, misleading narratives, and non-interacting discourses therefore 
converge to create a climate in which specific risks and uncertainties take 
on disproportionate importance, others are systematically obscured, and 
the general ability to grasp the functioning of food systems is undermined. 
Building a new basis for discussing and communicating food system risks is 
therefore a pressing challenge, requiring action on multiple fronts. 
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SECTION 4  
IDENTIFYING LEVERAGE POINTS  
FOR BUILDING HEALTHIER FOOD SYSTEMS

As described in this report, many of the health impacts of food systems trace 
back to specific industrial food and farming practices, e.g., intensive  livestock 
production and chemical-intensive agriculture. Reforming these practices is 
essential. In its first thematic report, “From Uniformity to Diversity,” IPES-Food 
(2016) identified a paradigm shift toward diversified agroecological systems 
as the key to addressing the negative environmental and social impacts of 
our food systems. Diversified, agroecological systems refer to a model based 
on diversifying farms and farming landscapes, replacing chemical inputs with 
organic matter, optimizing biodiversity, and stimulating interactions between 
different species, as part of holistic strategies to build long-term fertility, 
healthy agro-ecosystems, and secure livelihoods. IPES-Food found this model 
to have major potential to deliver strong and stable yields, health-promoting 
food and farming systems, environmental resilience, and secure farming liveli-
hoods, thereby succeeding where current (industrial) food systems are failing. 
The analysis in the present paper underlines the case for this paradigm shift. 
Indeed, improving human health outcomes is a potentially promising entry 
point for sparking this transition, given the wealth of evidence supporting 
action on this front, the breadth of people exposed to these risks, and the 
mounting costs of inaction. 

However, the key question is how such a transition can occur. As the discussion 
above has shown, current paradigms and power relations are deeply entrenched 
and self-reinforcing. The pathway from evidence to understanding to action 



UNRAVELLING THE FOOD–HEALTH NEXUS 77              

|   SECTION 4: Identifying leverage points for building healthier food systems

faces a series of obstacles. Moreover, some modes of action embed ways of 
thinking that may erode the basis for addressing health impacts in sufficiently 
systemic ways. Through prevailing narratives and “solutions,” different prob-
lems continue to be disconnected from one another and from their underlying 
drivers, reinforcing the view that these are discrete problems to be solved by 
targetted actions to plug the gaps in the edifice. Health is continually split from 
other aspects of sustainability (e.g., environmental integrity), although they 
are intimately linked. Moreover, prevailing approaches tend to be premised 
on further industrialization, granting an increasingly important role to those 
with the technological capacity and economies of scale to generate data, 
assess risks, and deliver key health fixes (e.g., biofortification, highly traceable 
and biosecure supply chains). The governance structures of food systems 
— reflecting long-standing priorities, path dependencies, and policy silos — 
are ill-adapted to address the systemic and interconnected risks emerging 
from them. This in turn shapes the design of scientific research, reinforcing 
a focus on specific disciplines and specific causal relationships rather than 
system-wide risks and systemic alternatives, which are thus excluded from the 
science-policy interface and disconnected from mainstream debate. Power 
— to achieve visibility, to frame narratives, to set the terms of debate, and 
to influence policy — is at the heart of this nexus. Indeed, as the industrial 
model is further entrenched, a narrow group of actors is able to exercise ever-
greater control over data provision and scientific research priorities, as well 
as continuing to shape the narratives and solutions. Meanwhile, those most 
affected by the health impacts in food systems become increasingly marginal 
in the process. The low visibility of the problems affecting poor and marginal-
ized groups (particularly indigenous communities, migrant workers, and small-
scale farmers in the Global South) allows the cultural disconnect between food 
and agriculture to grow. This in turn makes people less attuned to the real 
costs of their food. Public communication of health risks further narrows the 
lens, often reducing food to specific nutrients — to something safe or toxic — 
and obscuring the people and the production systems behind it. 

In this context, even the more obvious steps to address these risks — e.g., 
levelling up to the best practices and closing regulatory gaps between different 
countries — are not as simple as they sound. Various health risks continue to 
occur systematically in various locations, sectors, and nodes of global supply 
chains. The industrial food and farming model that systematically generates 
these impacts also generates narratives, imperatives, and power relations that 
obscure its social and environmental fallout, and reinvent industrial agriculture 
as the solution. The failure to level up may therefore reflect a region or coun-
try’s disadvantaged position within global food systems, and modes of political 
priority-setting that fail to capture or address the health impacts affecting those 
with low power and visibility. To different extents and in continually evolving 
ways, countries have accepted trade-offs (e.g., between investment and regula-
tion) that are driven and sustained by other participants in global food systems 
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(e.g., multinational food companies, foreign governments and international 
organizations, and consumers in other parts of the world). These choices may 
also reflect the assumption that further industrialization of food systems is inev-
itable, and that systemic alternatives do not exist or are simply unviable. 

Furthermore, there are limits to “levelling up” in a context of global, system-
wide risks. For example, once antimicrobial-resistant bacteria have moved from 
livestock to human populations, they tend to proliferate widely. Steps to ban 
specific antibiotics for agriculture in specific locations can at best defend an 
imperfect status quo (reducing the chances of future AMR events) but require 
parallel steps elsewhere, and a global systemic shift to curb antibiotic usage in 
agriculture and other settings (Chang et al., 2015). 

The challenge, therefore, is not merely to address the under-prioritized 
impacts, but to address the ways in which priorities are set and impacts are 
traded off against one another. In other words, what is required is nothing 
short of revisiting the fundamental pillars and underlying assumptions of the 
industrial food and farming model. The evidence on food system impacts must 
continue to grow, providing an ever-stronger basis for action. But in parallel, 
we need a new basis for reading, interpreting, and acting on that evidence, in 
all of its complexity. Steps to build understanding of the interconnected nature 
of food systems and to build a healthy science-policy interface may therefore 
be just as important as steps to reform food system practices. Indeed, this may 
be a condition for those reforms to occur. 

The five leverage points identified below are proposed to help break the 
current cycles, addressing the deficits of public awareness, scientific evidence, 
and political will in combination. Collectively, steps to address these leverage 
points can provide a new basis for action to build healthier food systems.

LEVERAGE POINT 1: 

PROMOTING FOOD SYSTEMS THINKING 

Food systems thinking is both a means (a way of bringing the different prob-
lems and their connections to light) and an end (i.e., a basis for acting on the 
risks we face). Food systems thinking must be promoted at all levels, i.e., we 
must systematically bring to light the multiple connections between different 
health impacts, between human health and ecosystem health, between food, 
health, poverty, and climate change, and between social and environmental 
sustainability. Only when health risks are viewed in their entirety, across the 
food system and on a global scale, can we adequately assess the priorities, risks, 
and trade-offs underpinning our food systems, e.g., the provision of low-cost 
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food versus the systematic poverty conditions faced by small-scale farmers and 
foodworkers, and the environmental fallout of the industrial model. 

These understandings must be built and reinforced among a variety of actors. 
For example, political and scientific “silos” tend to mirror one another and must 
collectively be overcome (i.e., policymakers must request scientific advice of 
a systemic nature, and these more integrated approaches must find a polit-
ical audience and policy forum). Moreover, a healthy science-policy interface 
requires a broad basis of public understanding and awareness, and this in turn 
requires a healthy public debate in which scientific evidence is transmitted 
accurately and consistently (e.g., via news media), understanding of risk and 
uncertainty is rebuilt, and faith in science is itself re-established. 

Promoting understanding of the multiple interconnected dimensions of 
sustainability is a key step toward food systems thinking, and a prerequisite for 
building a basis of support for the type of holistic action that is required. For 
example, precautionary action to prevent specific practices that undermine soil 
fertility will only gain widespread acceptance if the links between soil health, 
ecosystem health, and human health are more broadly recognized. Promoting 
understanding of the breadth of health impacts across food systems, and 
their links to underlying factors such as poverty and inequality, is also crucial in 
order to weigh up key trade-offs. Furthermore, the international dimensions of 
these health impacts must be recognized and systematically brought to light, 
in order to capture the full scope of the problem, bring understandings into 
line with the global, cross-border nature of food systems and their fallout, and 
to reconnect people with the realities of the food on their plates.
 
All of this has profound implications for the way that knowledge is developed 
and deployed in our societies, requiring a shift toward interdisciplinarity and 
transdisciplinarity in a range of contexts. Higher education programs are 
already seeing some evolution toward systems analysis, higher-order thinking, 
and new approaches to collecting, managing, and interpreting data (O’Brien et 
al., 2013). Many universities have recently opened Food System Centres or Units 
that tend to break down the traditional silo structures of research. Concepts 
such as “ecological public health” (Lang, 2011), “planetary health” (Whitmee et 
al., 2015), and “One Health” (Cunningham et al., 2017) offer useful frameworks 
and a new vocabulary for unifying the different dimensions of sustainability. The 
notion of “foodscapes” has also emerged as a comprehensive framework for 
investigating how food, places, and people are interconnected and how, in turn, 
food environments may affect public health (Mikkelsen, 2011). The “sustainable 
diets” concept also seeks to bridge these divides (Burlingame and Dernini, 2011; 
Macdiarmid et al., 2012). These frameworks can help to promote holistic scientific 
discussions and pave the way for equally integrated policy approaches.
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Food systems thinking can also be encouraged on a smaller scale, equip-
ping people with the knowledge and understandings to ask questions about 
the food they eat, and to make sense of the information they receive. School 
curricula at all levels could include modules that integrate the multiple dimen-
sions of food systems, including hands-on experiential programs such as school 
gardens, food preparation facilities, and making meals a time for learning as 
much as for eating. Participation in community-supported agriculture and 
similar initiatives could also help to bridge the gap between producers and 
consumers, and to rebuild a broad basis of knowledge about food systems.

LEVERAGE POINT 2: 

REASSERTING SCIENTIFIC INTEGRITY AND RESEARCH  

AS A PUBLIC GOOD

Research priorities, structures, and capacities need to be fundamentally 
realigned with principles of public interest and public good, and the nature of 
the challenges we face  (i.e., cross-cutting sustainability challenges and systemic 
risks). Encouraging food systems thinking (Leverage Point 1) may help to 
preserve scientific integrity: less siloed and more systemic approaches in scien-
tific and political discussion may make it harder for specific actors to continue 
to separate the problems from one another and to frame the debate around 
narrowly defined, one-dimensional solutions. Scientific integrity could also 
be bolstered through changes in the rules governing scientific journals, e.g., 
around disclosure of conflicts of interest, and steps to make that information 
more visible (see Box 6). To address the problem at root, measures may also be 
required to reduce the reliance of researchers on private funding. Initiatives to 
fund and mandate independent scientific research and independent journalism 
on the health impacts of food systems (and on broader food systems impacts) 
are needed. Support could also be channelled to research and reporting that 
shines a light on industry-sponsored science, the role of industry front groups, 
and misinformation campaigns. Securing the necessary resources may require 
innovative funding models and the involvement of a range of public and private 
actors (e.g., philanthropies). Reflection is also required on the role of trade 
associations and industry-linked information portals and “front groups,” which 
may have greater capacity than public health agencies to communicate around 
food-related health risks, but also face key conflicts of interest and tend to blur 
the boundary between industry and education (Heiss, 2013).

Different forms of research involving a wider range of actors and sources 
of knowledge are also required to rebalance the playing field and challenge 
prevailing problem framings (e.g., industry-leaning approaches; a “Global North” 
bias; approaches that exclude impacts on certain populations). For example, 
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participatory research, which includes the people whose health is most affected 
by food systems, can help to overcome narrow research questions that exclude 
impacts on certain populations. Encouraging a broader shift in research modal-
ities, however, requires different incentives across academia. It also requires 
assurances that studies of this type will not be relegated to inferior or anecdotal 
status, and will be considered side-by-side with other types of inquiry, forming 
a meaningful part of the evidence base for assessing food systems.

Further investment in large-scale data gathering by intergovernmental orga-
nizations should be supported. The WHO-led Initiative to Estimate the Global 
Burden of Foodborne Diseases offers an example of collaborative data gener-
ation and capacity-building in ways that help to address the “Global North” 
bias in scientific knowledge. This initiative was launched in 2006, and after a 
decade-long effort was able to publish an authoritative estimate of the global 
foodborne disease burden in 2015, while also drawing considerable stake-
holder attention to this problem (WHO, 2015a). Another example of a global 
initiative that aims to redress the imbalance in regional data availability is the 
mapping of poverty and likely zoonoses hotspots by the International Livestock 
Research Institute (ILRI et al., 2012), one of the CGIAR research centres.

Participatory research, 
which includes the people 
whose health is most 
affected by food systems, 
can help to overcome 
narrow research questions 
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REFORMING EDITORIAL STANDARDS TO COUNTER INDUSTRY BIAS

Concerns about scientific integrity and conflicts of interest of industry- 
funded studies have long plagued the academic community. In 
response, some medical and nutrition journals have taken steps be-
yond standard financial interest disclosure to reduce the publication of 
potentially biased research. They include the following (Lesser, 2009):

 1)  Require authors to disclose both financial and non-financial 
(that is, personal, political, academic, ideological, or religious) 
competing interests that occurred within 5 years of the com-
mencement of the research [PLoS Medicine policy (The PLoS 
Medicine Editors, 2008)].

 2)  Require that all clinical trials and observational studies (in-
cluding nutrition trials) be registered in an appropriate public 
trials registry upon initiation of the study [American Journal of 
Clinical Nutrition policy (AJCN, n.d.)].

 3)  Prohibit the publication of review articles and editorials — 
which comment on published articles but do not present new 
research — by authors with significant financial interest in any 
company relevant to the topics and products discussed in the 
article [New England Journal of Medicine policy (Drazen and 
Curfman, 2002)].

 4)  In addition to any statistical analyses performed by the 
sponsoring industry, require that statistical analyses be inde-
pendently conducted by researchers who are not employed 
by the sponsor [JAMA: the Journal of the American Medical 
Association policy (Fontanarosa et al., 2005)].

The JAMA policy in particular sparked considerable backlash from 
industry representatives who alleged the imposition of an unfair 
double standard (Loew, 2005; Rothman and Evans, 2005), and trig-
gered a rumoured boycott of JAMA by industry (Wager et al., 2010). 
Indeed, a later analysis showed that after the policy change, the total 
number of published Randomized Control Trials (RCTs), particularly 
industry-funded or industry-supported RCTs, decreased significantly 
in JAMA, while it continued to remain steady or increase in journals 
that had not imposed a similar policy (Wager et al., 2010). While the 
policy may have been effective for JAMA, the simultaneous increase 
of industry-funded research in rival journals suggests that such steps 
may only reach public interest goals if they are taken discipline-wide. 
Others argue that industry bias is more likely represented in authors 
asking the “right questions” rather than interfering with the sta-
tistical analysis, which would limit the effectiveness of additional 
oversight (Smith, 2005). 

Box 6
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LEVERAGE POINT 3: 

BRINGING THE ALTERNATIVES TO LIGHT

Although the evidence base on negative health impacts faces several chal-
lenges and complexities, these impacts are nonetheless being increasingly 
documented, studied, and valued (in terms of human and economic costs). 
Less is known about the positive health impacts and positive externalities of 
alternative food and farming systems (e.g., agroecological crop and livestock 
management approaches that build soil nutrients, sequester carbon in the soil, 
or restore ecosystem functions such as pollination and water purification). 

The environmental impacts of organic production (and the implications for 
long-term productivity) are being increasingly documented, and form part 
of the growing evidence base on alternative systems. Evidence on the health 
impacts of organic production is also growing. For example, a recent system-
atic literature review concluded that both organic milk and meat contain 
around 50% more beneficial omega-3 fatty acids than their conventional equiv-
alents (Średnicka-Tober et al., 2016a; Średnicka-Tober et al., 2016b). However, 
important knowledge gaps remain and must be addressed through further 
studies. For example, compositional differences have regularly been found 
between organic and conventionally produced items, but long-term cohort 
studies showing these differences translating into human health benefits are 
still lacking (Baránski et al., 2017). 

It is also important to gather and compare information more holistically on 
the outcomes of different food and farming models (including but not limited 
to organic). In particular, attention is required to the “diversified agroecolog-
ical” systems described above. While these alternative systems take a variety 
of forms, are referred to with different terminologies, and feature in dispersed 
literatures, a growing body of evidence is nonetheless forming around them 
(IPES-Food, 2016). Some specific gaps still remain in regard to their health 
implications. For example, studies linking soil health and human health remain 
rare (Brevik and Sauer, 2015; Knez and Graham, 2013). However, identifying 
health impacts may be less important than documenting the combined and 
mutually reinforcing benefits of alternative systems. It is crucial to: document 
and communicate the potential of diversified agroecological systems to recon-
cile productivity gains, environmental resilience, social equity, and health bene-
fits; strengthen yields on the basis of rehabilitating ecosystems (not at their 
expense); build nutrition on the basis of access to diverse foods; and, to redis-
tribute power and reduce inequalities in the process (IPES-Food, 2016). These 
outcomes must be seen as a package and as a new basis for delivering health 
— one in which healthy people and a healthy planet are co-dependent. 
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A complete picture of the alternatives also requires more documentation of 
real-life experimentation at the policy level to support food system alternatives 
(see, for example, forthcoming case studies from IPES-Food13, and the Beacons 
of Hope project14). As summarized in the Lancet Series on Maternal Health and 
Nutrition (Ruel and Alderman, 2013), there is a dearth of evidence on the nutri-
tional effects of many interventions, including agricultural and rural development 
programs, social safety nets (e.g., cash transfer programs), and even school 
nutrition education programs. Information is also lacking on the effectiveness 
of soda taxes and a range of other steps taken to build healthier food environ-
ments (Garnett et al., 2015). Real-life policy experimentation can foster the “adap-
tive management” advocated by natural resource scholars (Lee, 1994), and can 
provide useful insights into how political economy obstacles can be overcome, 
and how priorities can be shifted at the science-policy interface (e.g., by forming 
new alliances, by generating new evidence or bringing it to bear in different ways). 

A solid information base on alternative food systems — how they perform, 
and how they can be effectively promoted through policy — can challenge 
the assumption that an ever-more industrial logic is the only solution for 
addressing health impacts in food systems, and can help to overcome the TINA 
(“there is no alternative”) syndrome, whereby practices with known negative 
effects are able to continue unchallenged. 

LEVERAGE POINT 4: 

ADOPTING THE PRECAUTIONARY PRINCIPLE

The health impacts of food systems reviewed in this report are multifactorial 
and at the population level. They are caused by many agents, and often rein-
force each other through various mechanisms, transiting through factors like 
climate change, unsanitary conditions, and poverty, which are themselves 
shaped by food systems activities and impacts. While determining definite and 
unique causes of a particular health condition is rarely possible, approaches to 
establishing causality in epidemiology — and the definition of “cause” — have 
made significant advances (Broadbent, 2009; De Vreese, 2009; Parascandola, 
2011). The single-cause model may still be suitable for the study of infectious 
diseases (i.e., in which the presence of an agent is necessary and often suffi-
cient to establish causation) but does not work well for the analysis of chronic 
diseases, which requires a multifactorial analysis of one or more agents 
(causes), the host (individuals’ characteristics), and the environment. Diseases 
are attributable to various (sometimes overlapping) causal mechanisms, acting 
together, no one of which may be sufficient or necessary to cause a given 
disease (Krieger, 1994; McGwin, 2010). Those different component causes are 
risk factors affecting the probability of the disease to occur in the population 
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(and raising uncertainties in complex systems). It is thus inappropriate to look 
for a solitary, unique, and definite cause for these conditions, or to set a bench-
mark of “scientifically incontestable evidence” (like for single-cause diseases) as 
a basis for action in food systems. From this perspective, disease prevention 
must increasingly be understood in terms of identifying specific risk factors 
(not the cause) by the accumulation of evidence from many different studies 
from many different disciplines (Hill, 1965; Ioannidis, 2016). It is the collective 
strength, consistency, plausibility, and coherence of these studies that estab-
lishes a given agent as a major risk factor in a disease.

This complexity is real and challenging, but cannot be an excuse for inaction. 
The precautionary principle in guiding policy was developed exactly for situa-
tions such as these. It requires policymakers to weigh the collective evidence on 
risk factors and act accordingly. For example, from a perspective of accumulated 
evidence, there may already be a strong basis for action where environmental 
contamination is concerned. Although causal inference cannot be established 
for EDCs, researchers have amassed compelling evidence of EDC effects in lab 
cells as well as in wild animals; this, combined with ubiquitous exposure and 
increased incidence of EDC-related diseases in humans, can be enough justi-
fication for urgent precautionary action. Indeed, the evidence gaps described 
in Impact Channel 2 did not prevent the Endocrine Society, on the basis of a 
comprehensive literature review, concluding that recent data “removes any 
doubt that EDCs are contributing to increased chronic disease burdens related 
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THE PRECAUTIONARY PRINCIPLE

The precautionary principle (PP) lowers the threshold for action by 
governments in the context of scientific controversy and the acquisi-
tion of new knowledge (Jiang, 2014; Von Schomberg, 2012). In simple 
terms, it states that “where there are threats to serious or irreversible 
damage, lack of full certainty shall not be used as a reason for post-
poning cost-effective measures to prevent environmental degrada-
tion” and human health risks (UN, 1992). The origins of the PP can be 
found in German and Swedish law (Löfstedt, 2004). It was enshrined in 
European law in the EU’s Maastricht Treaty of 1992 (Jiang, 2014). Here, 
it is commonly associated with a “reversed burden of proof,” which 
requires applicants to demonstrate conclusively that potentially nox-
ious products are harmless before being approved for use (Löfstedt, 
2004). It has henceforth been cited in the regulation of a wide range of 
products and imports, from hormones in beef to pharmaceuticals and 
pesticides. The normative and discretionary nature of the PP has led to 
considerable criticism, particularly by the business community and for-
eign trade partners who fear its use as a protectionist non-tariff barrier 
(Löfstedt, 2004). In response, in 2000, the European Union published 

the Communication on the Precautionary Principle that further defines 
the parameters of application: “The precautionary principle applies 
where scientific evidence is insufficient, inconclusive, or uncertain and 
preliminary scientific evaluation indicates that there are reasonable 
grounds for concern that the potentially dangerous effects on the 
environment, human, animal, or plant health may be inconsistent with 
the high level of protection chosen by the EU” (European Commission, 
2000). The Communication also states that the principles of propor-
tionality, non-discrimination, consistency, examination of costs and 
benefits, and examination of scientific developments shall apply. Euro-
pean case law shows that the burden of proof has differed significantly 
in cases where the PP has been invoked, though this is mainly due to 
differences in the strength of precaution applied at Member State level 
or written in secondary legislation (Jiang, 2014). Some analysts claim 
that the cost of regulation is causing a swing back to regulatory impact 
analysis (Löfstedt, 2004) and argue that the  European Union’s regula-
tory decisions closely mirror those of the United States, irrespective of 
their different regulatory philosophies (Wiener et al., 2010).

Box 7
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to obesity, diabetes mellitus, reproduction, thyroid, cancers, and neuroendo-
crine and neurodevelopmental functions” (Gore et al., 2015, p. 601). 

LEVERAGE POINT 5: 

BUILDING INTEGRATED FOOD POLICIES  

UNDER PARTICIPATORY GOVERNANCE 

Policy processes must be up to the task of managing the complexity of food 
systems and the systemic health risks they generate. Integrated food policies 
and food strategies are required to overcome the traditional biases in sectoral 
policies (e.g., export orientation in agricultural policy) and to align various poli-
cies with the objective of delivering environmentally, socially, and economically 
sustainable food systems. Frameworks for managing health risks, such as the 
“precautionary principle,” can be meaningfully and consistently deployed within 
integrated food policies, in line with the objectives described above. 

Trade-offs can also be captured and addressed in a single policy frame-
work. For example, a food policy could allow the trade-offs of the cheap food 
economy to be weighed and addressed in ways that an agricultural policy 
cannot. Full Cost Accounting or True Cost Accounting approaches can help to 
bring to light the true cost of cheap food, and to consider where these costs 
fall and the extent to which they offset any pro-poor impacts of the current 
model; indeed, as indicated in this report, many health impacts and their costs 
fall disproportionately on the poor — particularly in societies where health-
care costs are not mutualized. Food policies can and must unlock the food-
health-poverty nexus in order to drive meaningful progress in addressing food 
system health risks. 

Integrated food policies can also provide a forum for long-term systemic  
objectives to be set, e.g.: mapping out a sequenced transition away from 
industrial food and farming systems; reducing the chemical load in food and 
farming systems; devising strategies for tackling emerging risks such as anti-
microbial resistance and climate-related threats (e.g., shifting zoonotic risks, 
threats to productivity); managing scarce resources such as freshwater in the 
face of competing demands from agriculture, industry, and other uses; and, 
bringing agriculture and fisheries (particularly aquaculture) together under 
one roof to reflect on the collective challenges of protein availability and 
ecosystem management. 

These processes must be participatory. Beyond the organization and the 
formation of alliances, beyond lobbying and advocacy efforts, members 
of the public must find institutional ways to participate in governance, and 
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governance mechanisms must find institutional ways to include the breadth 
of affected populations. Governments around the world face difficult choices 
on healthcare, with increasing demands on limited resources. Meaningful 
stakeholder participation in governance is essential for transparency in setting 
the right priorities, developing appropriate policies, implementing programs 
effectively, and for monitoring results. Greater stakeholder participation in 
governance is needed to guarantee policy that is driven not only by evidence, 
but also by ethics and the broader public interest. Broader public awareness 
of and engagement with health risks in food systems is likely to be crucial in 
order to generate a greater understanding and acceptance of the basis on 
which decisions are being taken. This is particularly important when it comes to 
applying precautionary approaches (see Leverage Point 4) or considering the 
implications of particular policies, such as trade and investment agreements, 
for public health (McNeill et al, 2017). Rather than considering these as distant, 
technocratic exercises, the general public must become a partner in public 
risk management and priority-setting, and buy into the rationale and priori-
ties underpinning it. The institutionalization of such participation can also help 
prevent the undue influence of powerful groups in decision-making.

Meaningful integration of food policies and meaningful participation in gover-
nance could take different forms, and more studies are needed to examine 
different processes. Examples emerging in the past twenty years include 
experiments with municipal Food Policy Councils in North America, and the 
formation of Food and Nutrition Security Councils in Brazil as spaces for partic-
ipation of civil society in policy discussion, design, implementation, and moni-
toring. The project launched by IPES-Food in 2016, “Towards a Common Food 
Policy for the EU,” seeks to create such a policy process at the European level. 

The monumental task of building healthier food systems requires more 
democratic and more integrated ways of managing risk and governing food 
systems. A range of actors — policymakers, big and small private sector firms, 
healthcare providers, environmental groups, consumers’ and health advocates, 
farmers, agri-food workers, and citizens — must collaborate and take shared 
ownership in this endeavour.
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Building healthier food 
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the food-health nexus and 
pave the way to healthier 
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THE WAY FORWARD

Food systems affect human health in a variety of ways, often with severe  
consequences. This report has sought to describe and identify the key  
mpacts individually, within specific channels and collectively as part of a 
broader “food-health nexus” — the web of interactions, imperatives and  
understandings at the intersection of food and health. The report has shown 
that building healthier food systems requires ambitious and wide-ranging 
actions. The five leverage points identified suggest a series of steps: to  
reconnect the worlds of food production and food consumption; to reconnect 
the different problems with each other and with their underlying drivers; to 
rebalance power and bring all health impacts to light; and, to institute more 
democratic and more integrated ways of managing risk and governing food 
systems. In other words, a new basis of understanding and a new basis for 
political action are required in order to unravel the food-health nexus and  
pave the way for healthier outcomes. 

Around the world, movement in this direction is already occurring. Meaningful 
steps are being taken to close the reporting gaps in food systems; holistic 
counter-narratives are showing through the cracks; people are reconnecting 
with the realities of how their food is produced; and decisive actions are being 
taken on the basis of what we already know. The challenge is to keep the whole 
picture in view, to foster increasingly joined-up approaches, to build the basis 
of understanding and action in parallel, and to bring health alongside environ-
mental integrity and social equity as the common requirements of the sustain-
able food systems of the future. 
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ENDNOTES

1  A detailed description of the food systems approach employed by IPES-Food can be 
found in the panel’s first report, “The New Science of Sustainable Food Systems: Over-
coming  Barriers to Food Systems Reform” (2015): http://www.ipes-food.org/images/
Reports/IPES_report01_1505_web_br_pages.pdf.

2  Acute pesticide poisoning refers to the severe poisoning that occurs after exposure to 
a  single dose of pesticide, for instance through ingestion or skin contact, as opposed to 
chronic pesticide poisoning, which occurs as a result of repeated, small, non-lethal doses 
over a long period of time.

3  Some of the strongest evidence regarding hematopoietic cancers points to an associa-
tion between pesticide exposure and non-Hodgkin’s lymphoma (Eriksson et al., 2008; 
Fagioli et al., 1994; Spinelli et al., 2007), leukemia (Hoffmann et al., 2008; Kristensen et 
al., 1996; Van Maele-Fabry et al., 2008), and multiple myeloma (Kristensen et al., 1996; 
Nanni et al., 1998; Pottern et al., 1992; Viel and Richardson, 1993). For solid tumours, the 
most consistent positive associations have been found between occupational exposure 
and brain cancer, for instance in France (Provost et al., 2007; Viel et al., 1998), the United 
States (Kross et al., 1996; Samanic et al., 2008), Sweden (Rodvall et al., 1996), and Italy 
(Figà- Talamanca et al., 1993).

4  On-farm injury risks have been associated with machinery (Bancej and Arbuckle, 2000; 
Goldcamp et al., 2004; McCurdy et al., 2004; Meiers and Baerg, 2001), tractors and other 
vehicles (Carlson et al., 2005; Cole et al., 2006; Goldcamp et al., 2004; Jones and Bleeker, 
2005; Little et al., 2003; Marlenga et al., 2006; Rautiainen and Reynolds, 2002), the han-
dling of livestock (Franklin and Davies, 2003; Lindsay et al., 2004; Solomon et al., 2007; 
Sprince et al., 2003), and falls from machinery and farm structures (Alexe et al., 2003; 
Pickett et al., 2005; Sosnowska and Kostka, 2007).

5  The key conditions to which these workers are exposed include numbness; musculoskel-
etal symptoms in the neck-shoulder region, shoulders, wrists, and lower back; Raynaud’s 
disease, and cold symptoms.

6  Farmer suicides in India have been frequently associated with cotton farming, a non-food 
crop; however, cotton farmers are likely to be subject to the typical livelihood stresses 
running across agricultural commodity systems, making this an impact of relevance here.

7  Blue-baby syndrome is a potentially life-threatening condition that decreases the blood’s 
ability to distribute oxygen in the body.

8  While impacting health through environmental contamination, EDCs are also linked to 
health impacts as occupational hazards (Impact Channel 1) and contaminated foods 
( Impact Channel 3).

9  The key mechanisms that have been identified are mutagenic effects (direct changes to 
the DNA); endocrine effects (that promote the proliferation of abnormal cell clones); and 
immunotoxic effects (which disturb cancer surveillance mechanisms).

10  For one, it may not be clear which food product led to the illness; the food may be “com-
plex,” made up of many ingredients out of which only one was contaminated (Pires et al., 
2011); commodities may become contaminated with many agents, which complicates 
the detection process; the transmission and infection rates may vary according to the 
food product, pathogen, and demographic make-up of the consuming population; and 
transmission can occur by non-food mechanisms, such as the water used to prepare the 
food (Morris, 2011; Scallan et al., 2011b; WHO, 2015a). It is thus difficult to effectively de-
termine whether the global incidence rate of foodborne disease outbreak has increased 
or decreased in recent years.
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11  Processed meat was classified as carcinogenic to humans (Group 1), based on “sufficient 
evidence in humans that the consumption of processed meat causes colorectal cancer.” 
Press Communication IARC: https://www.iarc.fr/en/media-centre/pr/2015/pdfs/pr240_E.
pdf

12  By May 2017, this text had been removed from the EPA website following executive orders 
from the Trump Administration to redefine the agency’s work.

13  A forthcoming report from IPES-Food (due for completion in 2018) will compile a series 
of case studies of agroecological transition at a variety of scales (farm-level, community- 
level, regional and national). 

14  The Beacons of Hope initiative aims to highlight successful transitions toward sustain-
able, diversified food systems and provide a framework documenting their key char-
acteristics, impacts, and pathways in order to inspire replication across regions and 
scales. The final report is expected to be released in 2018. More: https://futureoffood.org/
priority- initiatives/beacons-of-hope.
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