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Chapter 1
Introduction

Food is highly valued by society for many different reasons. Not only is food critical
to human survival, but it is also important for nourishment and health, livelihoods
dependent on food systems, economies growing through shared food supply chains
and trade, peace and prosperity, and thriving cultures and traditions. Food comes from
“food systems,” which encompass everything from food production to its consump-
tion. Food systems are shaped by actors and policies that determine their functionality
and priorities.

Food systems vary dramatically—some move food to the far reaches of the world
in what are termed “globalized food systems,” while others utilize very localized
farm to fork-type community systems. Regardless, everyone, every day engages with
the food system and makes choices that shape them in different ways. The means by
which food systems function are not only shaped by people. Food systems are shaped
by governments and policies, global shocks and trends, and relationships between
countries and regions. Looking broadly, one could say that food systems have become
incredibly efficient atmoving anddelivering food—lots of it andmany types—around
the world to feed a massive population. However, closer inspection reveals cracks
and fissures in food systems that give rise to insufficiencies and inequities [1].

Constraints on food systems cause some of these fractures. The global popu-
lation is rapidly expanding, with the expectation that our planet will be home to
9.7 billion people by 2050 [2]. Along with this growing human population, urban-
ization, changing diets, environmental degradation, and, most worryingly, climate
change place unprecedented stresses on food systems that threaten food security,
diets, and nutrition [3]. At the time of this writing, the world is also grappling with
the COVID-19 pandemic, a global health system shock that has affected the func-
tionality of many world systems, including food systems, and further exacerbated
geopolitical strife, world disorder, and economic decline [4, 5].

Given these risks and constraints, the creation, implementation, and investment
in effective policies are critical to support healthy, equitable, and sustainable food
systems for improved diets and nutrition. Policy action is vital and indispensable,
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because the world must contend with a universal, complex burden of malnutrition
from which no country is immune. Every country’s population struggles with one or
more forms of malnutrition—hunger, undernutrition, micronutrient deficiencies, or
obesity—with some countries facing two, three, or even four forms of malnutrition
[6]. Themultiple burdens ofmalnutrition are rapidly rising in low-andmiddle-income
countries [7].At the same time,malnutrition in all its forms contributes to a significant
proportion of global ill-health, with malnutrition as the leading cause of morbidity
and mortality in the world [8].

Globally, 1 in every 11 people suffer from hunger and about 25% of the world’s
population experience food insecurity [9]. Given the vast economic growth expe-
rienced in our modern era, it seems unfathomable that people still struggle to put
enough foodon the table to feed their families.Children under the age of five represent
an important marker of the overall population’s health. Of this age group, 20% are
chronically undernourished (stunted), while 6% are overweight worldwide [6, 10].
In recent decades, the prevalence of stunting has been on the decline, but overweight
prevalence is rising within this age group. Micronutrient deficiencies, particularly
vitamin A, iodine, iron, and zinc, affect billions of people around the world [11].
Although the true extent of micronutrient deficiencies is poorly understood, the link
between deficiencies and disease is well established. The prevalence of overweight
and obesity in adults has grown significantly in recent decades, with a staggering 2
billion adults affected by overweight and 678 million with obesity [6].

Diets are one of the major causes of malnutrition and its subsequent health
outcomes. Food systems shape the types of foods people consume, which make up
their overall diets [12]. Unfortunately, diets are moving in the wrong direction across
a suite of metrics and trending toward unhealthy, unsustainable, and inequitable
patterns [13]. Healthy diets are also proving to be unattainable for large segments
of the world’s population because of geographic and economic barriers to access.
Systemic and societal justice issues also marginalize populations and prevent them
from engaging with food systems, which results in catastrophic inequities in food
availability, accessibility, and utilization [9].

Unhealthy diets are now one of the top risk factors globally for deaths and
disability-adjusted life years (DALYs) lost. The risks posed by unhealthy diets
surpass those of air pollution, tobacco smoking, and high blood pressure [14].
Unhealthy diets do not typically contain sufficient health-promoting foods, such
as fruits, vegetables, whole grains, nuts and seeds, milk, seafood, and aquatic foods
high in omega-3 fatty acids. Instead, unhealthy diets consist of foods like red meat,
processed meat (smoked, cured, salted or chemically preserved), sugary drinks [15],
and highly-processed foods characteristically high in salt, trans fats, added sugars,
and additives with health effects that are less well known [16]. These diets, some-
times referred to “Western diets,” increase the risk of heart disease, diabetes, some
forms of cancer, and stroke [7], and put 11 million people at risk for death on an
annual basis [14]. These dietary changes have largely occurred over the last 30 years
as a result of lifestyle changes, migration to urban areas, shifting livelihoods, and
economic growth [17]. In some parts of the world, diets are still insufficient in calo-
ries and/or diversity of foods, which serve as a risk factor for food insecurity, and



1 Introduction 3

child and maternal undernutrition [8, 14]. The COVID-19 pandemic will exacerbate
these dietary insufficiencies [18].

This book aims to provide readers with an understanding of the landscape of food
systems in high-, middle-, and low-income countries, and explain how food policies
and interconnected food systems affect the diets and nutrition of populations all over
the world. Ensuring food security and nutrition for the global population is a grand
challenge fraught with many contentious issues. For the global population to be food
secure, there is a need for functional, healthy, and sustainable food systems and
policies that support those systems. Food systems and policies are contingent on a
complex network of individuals and institutions. Depending on the policies enacted,
food systems can direct and determine the availability, affordability, and nutritional
quality of the food supply, which influences the amount and variety of foods that
people are willing and able to consume.

The creation and implementation of public policies are influenced by the
agriculture-led economicgrowthof countries, health andnutrition of populations, and
environmental sustainability of landscapes [19]. Conflicts about land, technology,
natural resources, subsidies, inequity, and trade all play out in the food policy arena.
By choosing to read this book, you, the reader, will become familiar with both
domestic and international food policy processes and typologies, along with the key
players in the international food security landscape. This book empowers its readers
to critically analyze and debate how policy and science interact to influence regarding
nutrition outcomes.

Part I of this book, “Introduction to Major Concepts and Frameworks,” lays the
groundwork for understanding the changing landscape of food systems, diets, and
malnutrition. Chapter 2 outlines the necessary concepts and frameworks that frame
this landscape. Food systems, food supply chains, food environments, and other food
policy terminology are delineated. The food system gathers all the elements—envi-
ronment, people, inputs, processes, infrastructures, institutions, etc.—and activities
that relate to the production, processing, distribution, preparation, and consumption
of food, as well as the outputs of these activities, including health and nutrition,
socioeconomic, and environmental outcomes.

Chapter 3 provides an overview of food policy and food politics. Making invest-
ments that orient food systems and food environments toward nutrition and health
outcomes is a challenging task due to their complexity and trade-offs. Policymakers
need access to the latest and most rigorous evidence when formulating policies that
will best address malnutrition burdens and unhealthy diets. Instead, they are often
functioning “in the dark,” with limited data on what works for a specific context.
Policymakers may be able to identify the core set of interventions needed for certain
outcomes, but the path to implementing these interventions and achieving desired
outcomes is riddled with uncertainties.

Part II, “Changing Food Systems andDiets for Nutrition,” delves into the complex
relationship between diets, nutrition, and health. Chapter 4 introduces the concept of
diets and explains how diets affect health. Diets are composed of foods that range in
healthfulness and nutrition. Many different factors influence a person’s diet. Healthy
diets meet an individual’s nutritional needs and support overall health. Dietary
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patterns vary by region, but global diets are less than optimal. These suboptimal
diets directly affect nutrition and health outcomes. Poor diets are now considered a
top risk factor for death and disability.

Chapter 5 presents “the big picture” of malnutrition, starting with the historical
context of the current nutrition situation. This chapter delineates the global burden
of malnutrition, the causes, and the consequences for health. Malnutrition takes
different forms: undernutrition (underweight, stunting, and wasting); micronutrient
deficiencies; and overweight and obesity. These forms of malnutrition affect all
countries, whether developed or developing, and can also co-exist within countries,
communities, households, and individuals.

Chapter 6 provides an overview of global dietary patterns, explaining howdemand
has shifted dietary choices and affected nutrition. The chapter describes the “nutri-
tion transition” and explains how various factors have influenced its evolution. The
impacts of globalization, trade, and urbanmigration are also considered. The choices
that individual consumers make are influenced by individual preferences and habits,
culture, marketing, food availability, and price. These choices are important for
shaping food systems, which have secondary effects on economies and the envi-
ronment. Changing diets and consumption patterns have been influenced by many
factors, including changes in demography and urbanization, unfriendly built environ-
ments that allow for less physical activity, food environments that are often unhealthy
and misleading, and barriers to nutritious food access, such as food deserts and high
food prices.

Chapter 7 describes the many drivers of food system change that influence nutri-
tion and diets. These include biophysical and environmental factors; innovation,
technology and infrastructure; and political and economic; sociocultural; and demo-
graphic influences. These drivers can shape food systems in both positive andnegative
ways, some of which are predictable, while others come as disruptive shocks.

Part III of the book, “The Influence of FoodPolicy onDiets andNutrition,” focuses
on the food policy landscape and its influence on diets and nutrition. Chapter 8
focuses specifically on food supply chain policies. Food supply policies shape the
way that food is produced, moved, traded, and consumed. However, political agendas
and power struggles can influence supply chain policies and interventions. This
chapter highlights risks for food policies that often result in contentious debates about
how to feed the world well while ensuring economic growth. Key policy issues are
discussed, including rising food prices, food assistance, agricultural subsidies, and
trade policies.

Chapter 9 focuses on policies that impact the food environment, which is where
people engage with food systems through local outlets or public procurement estab-
lishments. The chapter discusses “food politics” and the influence of trans-andmulti-
national food and beverage companies and other private sector entities on regulations
and guidelines that affect nutrition outcomes. It also delves into policies that inform
and guide consumers toward healthier eating. Some countries have dietary guidelines
that make recommendations about what types of foods to consume within a person’s
dietary pattern. These rarely align with what the food system can supply and are
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often pitted against environmental and sustainability limits. These guidelines do not
always have a meaningful impact on consumer behavior or nutrition literacy.

Part IV of the book, “New Challenges to Achieving Healthy Diets for Nutrition,”
focuses on emerging challenges for food systems. Chapter 10 examines diets through
the lens of environment and climate change. The global food system uses 40% of the
earth’s land, 70% of its freshwater, and many other natural resources. It contributes
11–24% of greenhouse gas emissions, as well as other air and water pollutants.
This chapter considers the environmental impacts of food systems, the bidirectional
relationship between food system activities and climate change, and the potential for
climate-smart food systems to address these issues.

Chapter 11 focuses on new technologies across food systems that are shaping
access to healthy diets. Emerging technologies hold the potential to improve storage,
packaging, and preservation of foods, particularly perishable foods (often those
considered healthy foods, like animal source foods, fruits, and vegetables) in trans-
port and storage. Technology can also help consumers access food in different ways
through smartphone apps, “walk in/walk out” technology, and shared economies. The
chapter discusses how these technologies can shape diets and, ultimately, nutrition.

At the end of this book, we hope that the reader will have a deeper understanding
of how food systems influence the types of diets that people consume and how critical
food policy is to achieving benefits for human health, equity, and the environment.
This book aims to convey the significance of food and diets for human health and
nutrition, as well as their fundamental importance for the 2030 Sustainable Devel-
opment Goals, the roadmap of 17 goals to guide nations toward future prosperity for
people and the planet.
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Introduction to Major Concepts

and Frameworks



Chapter 2
Food Systems, Food Environments,
and Consumer Behavior

Introduction

Food is critical to good nutrition and health, but it is also an essential part of culture,
society, tradition, religion, and individual values. Food systems consist of everybody
and everything involved in bringing food from “farm to fork.” This chapter provides
an overview of food systems and the key concepts necessary to understand how food
systems function. Food systems consist of all the components and activities related
to the production, processing, distribution, preparation, and consumption of food.
Farmers and other food producers, consumers, businesses, civil society groups, and
governments play major roles in the food system. These actors influence, direct,
and engage with food systems in different ways. Food system activities affect health
and nutrition outcomes, as well as socioeconomic status and the environment. Food
supply chains, food environments, and consumer behavior represent three major
components of food systems.

Food and Its Role in Society

In choosing what food to eat every day, people make decisions that extend beyond
their immediate survival needs to participate in something much grander. The daily
necessity to eat binds people to their food and dietary choices. Food is also integral
to people’s values, traditions, cultures, religions, and the everyday structures that
comprise societies. The choice of food helps define a person’s identity, habits, and
aspirations. People make food choices based on their beliefs and values, preferences
and desires, and relationship to the origins of food.

Foodplaysmany roles in every aspect of society and culture. Foodnourishes us and
fuels our economies. It represents traditions and sustains heritages through culinary
knowledge and eating practices. Food serves human life by providing sustenance
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Fig. 2.1 Role of food
(Source Created by authors,
not previously published)
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and facilitating relationships with others. It fosters relationships with food producers,
sellers, sociocultural organizations, nature, and others.As Fig. 2.1 shows, food is vital
to health, as well as connections to culture, non-human animals, and the environment.

Our dietary patterns consist of the foods and ingredients we regularly consume.
These foods are made up of macronutrients, such as fats, proteins, and carbohy-
drates, and micronutrients, such as vitamins and minerals. These foods also contain
chemicals that, when combined, can promote or impair health. Diets are shaped by a
person’s choices, habits, and lifestyle. The cost, convenience, desirability, and texture
of certain foods also influence diets [1].

Healthy diets provide a sufficient quality and quantity of food, meaning that they
are rich in both nutrients and energy. They also contain a diverse range of foods and
are safe from foodborne pathogens. These diets should be affordable, accessible, and
culturally acceptable [2, 3]. However, the ideal is not the norm. While the causes of
malnutrition are multifaceted and complex, suboptimal dietary patterns contribute
significantly to global malnutrition in all its forms [4].

What Are Food Systems?

Food systems consist of everybody and everything involved in bringing food from
“farm to fork.”This definition includes peoplewhoplay a role in producing food, such
as farmers and retailers, as well as people who are influenced by these activities, such
as shoppers at a grocery store ormarket [5]. In addition to individuals, institutions and
organizations are critical components of food systems. Food systems also include the
environment; agricultural inputs, such as fertilizer andwater; and infrastructure, such
as roads, stores, and machinery on farms. Through the many activities and processes
of the food system, food can be grown and produced, processed, distributed, prepared,
and, ultimately, consumed [6].

Food systems are highly interconnected—any intervention or policy that addresses
one part of the system will affect other parts. Health, politics, society, the economy,
and the environment all intersect with food systems. As a result of this intercon-
nectedness, any action can lead to unintended consequences. Figure 2.2 shows a
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Fig. 2.2 Conceptualization of a food system in its simplest form [7]

conceptual diagram of a general food system.
There are three major definitions of the food system [8]:

• The Food System: “the interconnected system of everything and everybody that
influences, and is influenced by, the activities involved in bringing food from farm
to fork” [8].

• A Food System: the food system in a specific region or context.
• Food Systems: the entirety of all different forms and types of food systems in

different regions and contexts. The concept of food systems describes the full
diversity of food systems whose characteristics and operational scales vary.

A “food systems approach” is a departure from traditional approaches, which
tend to be sectoral with a narrowly defined focus and scope. Instead, a food systems
approach uses a holistic, comprehensive view of the entire system. This approach
includes the actors within the food supply chain and governance mechanisms that
shape their roles. A food systems approach requires “food systems thinking,” which
identifies and describes the influences, or “drivers,” and relationships in the systems.
Food systems thinking also considers how these influences intersect with each other
in both positive and negative ways [8].
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In order to implement this approach, it is important to understand themajor compo-
nents of food systems that shape their existence and direction. These components,
which are a significant focus of this book, are food supply chains, food environments,
and consumer behavior [3].

What Are Food Systems Meant to Do?

Food systems involve far more than producing enough food to feed the world.
Through diets, they contribute to nutrition and health outcomes. Healthy diets are
essential for preventing malnutrition in all its forms, which include undernutri-
tion, micronutrient deficiencies, and overweight and obesity [9, 10]. Malnutrition
contributes to poor health outcomes and diet-related noncommunicable diseases
(DR-NCDs), such as diabetes, coronary heart disease, cancer, and stroke [11, 12].

The relationship between food systems and the environment is complex and bidi-
rectional. Food systems depend on the environment and natural resources, but food
system activities can degrade and impair these resources [13]. Food production alone
is the largest cause of global environmental change [14]. The demand for certain
foods and diets contributes to unsustainable water and land use, biodiversity loss, and
increased greenhouse gas emissions (GHGe) [14, 15]. Current food system activities
place unprecedented pressure on natural resources and lead to fundamental changes
in ecosystems worldwide [14].

Food systems are also central to the lives of people around theworld. Food systems
improve social and gender equality and reduce rural poverty. They also help improve
the resilience and livelihoods of vulnerable populations affected by conflict and
natural disasters. Food systems provide income and employment for millions of
people, particularly smallholders and poor people in rural areas. The agriculture
sector employs an estimated one billion people worldwide, of whom 97% live in
developing countries [16]. Food systems also impact social and cultural outcomes
[17].

Who Influences and Engages with Food Systems?

Manydifferent actors play a role in the food system: farmers andother foodproducers,
governments, businesses, civil society, institutions, and consumers. Some actors are
responsible for producing food, while others process, transport, sell, and prepare
food products. Some actors may implement policies and take actions that directly
affect the food system, while the influences and interests of other actors may be more
subtle [8].

Collectively, these actors influence how food gets from farm to fork. They
contribute to society’s health and environmental sustainability issues, but they are
also critical to solving these problems. Food system actors may be driven by different
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motivations: some act altruistically to help others and strengthen society, while others
operate under political or financial incentives [18]. Some may be unaware that their
actions have any influence on or consequence for the food system.

Within the food supply chain, the distribution of food system actors can be visu-
alized as a misshapen hourglass. At one end of the hourglass, there are 1.5 billion
producers. More than 70% of these producers operate on a small scale. The world’s
7 billion consumers are at the other, wider end of the hourglass. The hourglass’s
narrow neck contains the system’s food processing companies, traders, and retailers.
The activity of transporting, processing, packaging, enhancing, and pricing food is
concentrated among a few large private sector actors [19].

Farmers, livestock producers, and fishers: The global community of food
producers is extremely diverse. Around the world, there are more than 570 million
farms. Most of these farms are small and family-operated [20]. By some estimates,
small and family farms manage 53% of the world’s agricultural land and account
for more than 50% of global agricultural production [20, 21]. Globally, 135 million
people engage in fishing, aquaculture, and other related activities, such as processing
and trading, as a source of employment. Most of the world’s fishers and fish farmers
are small-scale producers [22, 23]. Small-scale farms and fishers play an important
role in food production and security.

Private sector: The private sector is highly influential within the food system: it
affects food production, pricing and affordability, consumer attitudes and percep-
tions, and public policy. This sector includes the agriculture industry, food and
beverage companies, food service, and retailers. Within this sector, small, mid-sized,
and large enterprises operate at the local and global levels. Companies in the agri-
food industry provide agricultural inputs, trade goods, process and package foods,
and prepare and sell the final product to consumers. These businesses are involved
in every stage of the food supply chain [8, 24, 25].

Consumers: Consumers influence food systems through their buying choices.
Consumers are a diverse group that ranges in age, race, sex, geographic location,
socioeconomic status, ethnicity, and culture, among other attributes. Food access,
availability, price, and other contextual factors can affect consumer behavior and
demand. As citizens, consumers can also express their beliefs and preferences about
food system policies by voting, organizing, and engaging in other forms of civic
activity [26].

Governments: Good governance is critical to building healthy, sustainable food
systems.Governments develop and implement policies, enforce regulations, andoffer
incentives to different stakeholders to achieve desired outcomes. In some countries,
governments directly manage and even participate in food production, while in other
countries, the state regulates and facilitates the activities of food systems through
policy. Food policies and programs include consumer and farm subsidies, food safety
regulations, resource management, and trade policies, among others. These activities
influence both the private sector and consumers. One government’s food policies can
also affect the activities of other countries, especially regarding trade [8, 18, 27].

Civil society: Around the world, many civil society groups act to promote food
system goals. These non-governmental organizations may operate at the local or
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global level to support positive nutrition, health, and environmental outcomes. These
groups can help initiate changes to food systems and shape public policy. Themission
of these groups may differ—some focus on empowering women or small-scale
farmers,while others advocate for health or the environment—but these varying goals
are all connected to the food system. Civil society groups help to influence govern-
mental policy and industry actions through advocacy, cooperation, and accountability
[3, 18].

Collaboration between different food system actors can be critical to ensuring
a well-functioning system. Effective partnerships require an understanding of the
motivations and perspectives of different parties. Without this awareness, even well-
intentioned pursuits can falter, as shown by the case of Golden Rice (Box 2.1). The
failure of Golden Rice also illustrates the complex concerns that underpin people’s
decisions about what and how to eat.

Box 2.1 Golden Rice, a vision unrealized
In the 1990s, the Rockefeller Foundation funded the International Rice
Research Institute and Syngenta to develop technologies that would address
the scourge of vitamin A deficiency. At the time, vitamin A deficiency was
causing death and blindness among women and children in many parts of the
world [28]. The Rockefeller Foundation’s vision was singular—use cutting-
edge genetic plant breeding technology to insert beta carotene (a vitamin A
precursor) into kernels of rice, a food highly consumed around the world.

Golden Rice was the result of this genetic modification (GM). Through
various field trials, the new breed of fortified rice was found to be effective in
reducing vitamin A deficiency [29]. While the technology worked miracles,
the GM rice was met with significant resistance by countries and communities
[30, 31].

Twenty years later, the controversies remain. There has been strong objec-
tion to GM technology in many parts of the world, and in places such as the
Philippines, non-governmental agencies advocating for farmer and consumer
rights groups destroyed Golden Rice crops. Both “top-down” government and
policy dialogue and “bottom-up” community engagement are critical to ensure
acceptance of such an intervention [30]. In the case of Golden Rice, policy
engagement with various food system actors was not effectively done [32].
Instead, countries have tried to ban or postpone the technology, leaving Golden
Rice mired in regulatory battles [33].
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Components of Food Systems

Food Supply Chains

Food supply chains involve all the activities needed to bring food from farm to
fork. These activities include producing, storing, distributing, processing, packaging,
marketing, and selling food, as well as consuming it and disposing of food waste
[34]. Actors in the public and private sectors play a role at every step in the food
supply chain [35].

The structure and operation of food supply chains depends on local context. Some
supply chains are long and engage many actors, while others are short and involve
fewer actors [36]. In some places, food supply chains have become both longer and
more efficient because of increasing urbanization, income growth, and globalization.
Figure 2.3 shows the different steps of the food supply chain, along with the various
actors engaged at each stage.

Like food systems, food supply chains are highly interconnected. The word
“chain” implies that activities are closely connected. An individual actor’s deci-
sions at one stage in the chain can affect the actions of someone at a different stage
in the chain. These decisions affect the way that food is produced and processed
along the supply chain, all of which has consequences for food security, safety, and
nutritional value [38].

Most of the world’s food is produced on farms. Around the world, there are more
than 570 million farms [39]. Nearly 40% of the world’s labor force is engaged
in agriculture [40]. Farming systems, or “agroecosystems,” differ in their size,
capacity, and methods. Some systems have a global reach, while others cater to
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Fig. 2.3 Food supply chains [37]
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local markets. Production methods are diverse and may include organic, conven-
tional, and biodynamic approaches. Some producers grow only one type of crop,
known as monocropping, while others grow a mixed set of crops.

Livestock production systems, aquatic ecosystems, fisheries, and aquaculture are
also important for diets and nutrition. This sector represents an estimated one-third
of global agricultural gross domestic product (GDP) and employs an estimated 1.3
billion people [40]. Animal products are an important source of protein and essen-
tial micronutrients for the world’s population: meat, milk, and eggs provide at least
31% of dietary protein, and aquatic animal products like fish provide at least 16%
of protein [41, 42]. Animal source foods (ASF) are produced in a wide range of
farming systems that include grazing systems, concentrated animal feeding oper-
ations (CAFOs), fishing, and aquaculture. These production methods have serious
implications for the environment: producing ASF requires more than three-quarters
of the world’s agricultural land and generates 14–20% of total GHGe [43].

The vast array of farming systems can be envisioned as a spectrum with industrial
agricultural systems at one end and small-scale, subsistence farming at the other end.
Industrial agricultural systems often involve the large-scale, intensive production of
monoculture crops or livestock [44]. These systems tend to maximize yields and
labor productivity through equipment andmechanization that operate at economies of
scale. “Scale economies”mean that, given the production expenses, suchmethods are
only economical when used in large operations. Industrial systems also extensively
use external inputs like synthetic fertilizers, pesticides, and antibiotics [44]. While
there are variations across industrialized systems, these systems typically have the
capacity to quickly and efficiently produce a significant amount of food [45–49].

Small-scale farming is practiced by millions of smallholders and family farms
throughout the world. Many different definitions exist for “smallholder agriculture,”
“family farms,” and “subsistence agriculture,” but most concur that small-scale farms
operate on less than two hectares of land [20, 21, 50, 51]. Small and family farms
can be highly efficient and are important for protecting natural resources. These
farms produce more than half of the world’s agricultural products and manage an
equal proportion of the world’s agricultural land [20, 21]. In the United States, small
family farms account for nearly half of the country’s farmland [52]. Small-scale farms
are predominantly located in Asia and Africa, where they contribute significantly to
food security and poverty reduction [50]. Box 2.2 describes the role played by small-
scale Andean farmers in producing quinoa, an ancient staple grain that has become
increasingly popular around the world.

Box 2.2 Quinoa, an indigenous crop of the Andes, goes mainstream
For thousands of years, small-scale farmers in the Andes have been growing a
nutritious grain called quinoa. This protein-rich staple carries great importance
for farmer families in Bolivia, Colombia, Ecuador, and Peru.

Until a decade ago, quinoa was largely unknown to the rest of the world.
Quinoa’s popularity rose rapidly and demand for the “superfood” began to



Components of Food Systems 17

grow in places like the United States and Europe. Imports of quinoa to the
United States grew ten-fold and its price tripled [53].

As quinoa became increasingly sought-after around theworld, someworried
about the Andean farmers who grew the staple grain. Would Andean farmers
see the financial benefits of quinoa going mainstream?Would they continue to
consume the food themselves? Fortunately, the answer to both questions was
“yes.” Studies suggest that not only did quinoa farmers in the Andes continue
to consume the food as part of their diet, but they also benefited from the growth
of the commodity in international markets [53].

Despite its growing popularity, there are regulations and restrictions on
how quinoa seeds and germplasm are traded across countries. As a result,
Andean smallholder farmers remain responsible for conserving the biodiversity
of quinoa species and their cultivation [54].

Mixed crop-landscape systems combine crop agriculture with livestock or aqua-
culture. Also known as “diversified farming,” this integrated system can produce a
diverse range of different foods [55]. Mixed or diversified systems produce approxi-
mately half of the world’s food and more than half of the nutrients in the global food
supply [56, 57]. Producers in these systems often grow many different crop species
and varieties that include protein-rich crops, such as lentils; traditional foods, such as
leafy greens; and underutilized crops, such as fonio and sorghum [3]. These systems
can have a reduced impact on the environment and natural resource base, but may
face many challenges, such as low productivity and limited connection to markets
[58, 59].

Organic farming aims to promote agro-ecological balance and biodiversity. This
production method uses few, if any, synthetic chemical inputs, such as pesticides,
insecticides, and herbicides, in order to protect natural resources [60]. Some argue
that organic foods have fewer pesticides and chemical residues than conventionally-
grown products [61], a claim that is supported by several systematic review studies
[62, 63]. Research on the nutritional value of organic foods has led to mixed results,
and the long-term health benefits of diets high in organic foods remain unclear [63–
66]. The demand for organic food has increased in recent decades, although these
products are often much more expensive than conventionally-grown foods [67, 68].

After the initial production stage, most food products move to the processing and
packaging stage of the supply chain. Food that is not immediately consumed by the
producer must be stored for later consumption or distributed. First and foremost,
food processing can help extend shelf life and avoid food loss. Processing can also
contribute to nutrition outcomes by improving nutritional qualities, increasing the
bioavailability of nutrients, and improving the sensory characteristics and functional
properties of foods. It can also eliminate toxins that are harmful to health, such as
foodborne microbes [69–71]. Common means of food processing include milling,
cooling or freezing, smoking, heating, canning, fermenting and extrusion cooking
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Table 2.1 Classification by degree of processing of food and beverage products [72, 73]

Category Definition Examples 

Unprocessed or 
minimally processed Single foods, no or very slight modifications

Fresh or frozen fruits and vegetables, milk, eggs, fresh 
fish, fresh meat

Basically processed
Single foods, processed as isolated food 
components or modified by preservation methods

Sugar, oil, unsweetened canned fruit, unsalted canned 
vegetables, white rice, flour, pasta

Moderately 
processed Single foods with the addition of flavour additives

Sweetened canned fruit, salted canned vegetables, 
salted nuts, whole-grain bread, cereals with no added 
sugar

Highly
processed Multi-ingredient, industrially formulated mixtures

Sugar-sweetened beverages, salty snacks such as 
chips and crackers, cookies, cakes, candy, refined-grain 
bread, ready-to-eat cereals with added sugar, pre-
prepared meals, margarine, ketchup, mayonnaise

Source Created by authors, not previously published

[71]. Table 2.1 illustrates the different categories of processed foods and examples
of those foods.

Food value chains are a specialized type of supply chain. Although “food value
chain” is often used synonymously with “food supply chain,” there is a clear distinc-
tion between the two terms. Food value chains refer to the more specific process of
adding value to a food product. In a food value chain, a product’s value increases as
it moves through each stage of the chain. This value can be achieved by improving
the food product’s functionality, safety, or nutritional value through processing. This
change is then often reflected in the price of the product [74].

After the processing stage, food products are transported to markets and retail
outlets. These spaces may be formal, such as stores, or informal, such as street
vendors [75]. Informal markets are an important source of food for poor populations
in low-andmiddle-income countries (LMICs), but supermarkets and fast-food chains
have expanded significantly to reach the mass market in these countries [76, 77]. The
retail landscape directly affects the food environment where consumers make their
purchasing decisions [40].

Food Environments

Food environments are the places where people engage with food. These environ-
ments are where consumers make decisions about what to order, buy, or consume.
These environments include the physical, economic, political, and sociocultural
contexts that affect people’s food choices. In addition, food environments include
opportunities and conditions, all of which can influence dietary preferences, food
choices, and nutritional status [78, 79].

For many communities, the food environment consists of the foods they produce
and those they purchase from their local markets. For others, the food environment
is more global, with increasingly interconnected local, regional, and international
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markets. Over time, food environments have become more complex as more actors
shape food systems [80–82]. Fifty years ago, most food was grown for household
consumption by small-scale producers in rural areas. Now, supermarkets that sell
food grown in far-away locales are increasingly common [83, 84].

The food environment involves many different types of interactions. “Food entry
points” are one type of interaction that represent opportunities—physical or other-
wise—to support diets and nutrition along the food supply chain [38]. The built
environment allows people to access these opportunities. It includes the human-
made surroundings and infrastructure where people live, work, and play. Consumer
engagement with the built environment depends on a range of factors, as shown in
Fig. 2.4 [85]. Political, social, and cultural norms also play a role in food environments
by influencing people’s choices [86].

Interactions with the food environment can also be understood to occur in “exter-
nal” or “personal” domains. As Fig. 2.5 shows, the external environment provides
the available foods, their prices, properties, and marketing. The personal environ-
ment consists of a person’s access to markets or the external food environment, their
willingness or ability to pay for food, and the convenience and desirability of those
foods [87, 88].

The availability and accessibility of food significantly influences the quality of
diets. Food availability involves having a sufficient amount of high-quality food to
satisfy a person’s dietary needs. This food should be free of adverse substances and
culturally acceptable [90]. Food access involves having the financialmeans to acquire
food in a way that does not threaten or compromise other basic needs. Access means
that adequate food is obtainable by all people, including vulnerable individuals and
groups [90]. Food access includes both physical and economic access.

Physical access to food depends on the built environment. The lack of appropriate
infrastructure in some LMICs can limit availability and access to foods, especially
perishable foods. In addition, “food deserts” and “food swamps” can be found in all
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Fig. 2.4 Consumer engagement with the built environment (Source Created by authors, not
previously published)
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countries. Food deserts are geographic areaswhere access to food is restricted or non-
existent due to the absence or low density of food entry points within a reasonable
distance. Food swamps are areas where there is an overabundance of unhealthy foods
but little access to healthy foods, especially fresh produce and minimally processed
foods. Evidence from some high-income countries indicates that food deserts and
food swamps are often found in low-income, underserved areas [91–93].

Economic access to food refers to food affordability and pricing. A household’s
income and purchasing power can be compared with the relative cost of food to
understand their economic access to food [94–96]. Around the world, fresh and
nutritious foods tend to bemore expensive and less economically accessible than less
nutritious, high-calorie foods [97]. In LMICs, people typically spend a significant
proportion of their household budget on food [98, 99]. Relative food expenditures in
high-income countries tend to be much lower, but low-income households in these
countries spend a greater proportion of their income on food [100, 101]. Food prices,
taxes, subsidies, and trade policies affect the affordability of food and influence
consumption patterns [96].

Food safety refers to food handling, storage, and preparation practices that prevent
contamination and foodborne illness. Contamination with pathogens or chemicals
may occur during the production, processing, storage, transport or distribution stages,
as well as in the household [102, 103]. More than 50% of all foodborne illness and
75% of related deaths occur in LMICs in Africa and Asia [104]. Standards and
controls, policies, interventions, and investments at the national or global level can
significantly influence food safety outcomes [104].
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Consumer Demand

Consumer preference helps determine demand for certain foods and diets. This
demand reflects people’s choices about what foods to acquire, store, prepare, and
eat, and how to share food within the household [105]. Income, education, taste pref-
erence, convenience, tradition, culture, and values determine consumer preferences
and choices [106–108]. The external food environment also influences preference
through various means of selecting, purchasing, preparing, and presenting food for
consumption [78, 89].

Food purchasing and consumption decisions are influenced by information that
people receive fromadvertising andmarketing, labeling, anddietary guidelines. Food
companies use branding, social media marketing, and advertisements to promote
their food products. Product placement and signage in retail stores also influences
dietary behavior. These promotional methods affect food acceptability, consumer
preference, purchasing decisions, and consumption [109–112]. Labels, declarations,
or warnings on food packaging, in food retail outlets, and on menus are other ways
to inform consumers [113–115]. National food-based dietary guidelines provide
recommendations on healthy diets that are adapted to the national context [116].
These guidelines can influence consumer preferences and inform both food supply
chain actors and policymakers [117].

Convenience and preference are also critical to consumer decision-making.
Sensory appeal and desirability are linked to the quality, safety, and familiarity of
the food product, as well as the individual’s own personal ideology, aspirations, and
habits [118]. “Food quality” refers to the attributes of a food product that influence its
value and enhance its acceptability to the consumer [103]. Social interactions, avail-
ability, and timeconstraints can affect a consumer’s perceptions of convenience [118].
Other attributes that affect preference include the size, shape, and color of a food item
or its presentation, the food’s texture, flavor, odor, freshness and safety, ingredient
and nutrient composition, production method (e.g., “organic” or “cage-free”), and
level of processing [119].

Life events and personal experiences also influence food choice. Throughout life,
people continuously consider and adjust their food values, preferences, and routines,
though these deliberations are not necessarily conscious. These experiences affect
consumer interactions with the food environment and guide eating behavior [120].
In turn, food choices influence nutritional status, health, and perceptions of identity,
all of which can affect life experience [120].

Key Messages and Conclusions

Food systems are highly complex and interconnected. All the world’s people interact
with the food system: whether these interactions involve producing food on a farm,
processing and selling it, monitoring safety and regulating, or buying and cooking
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food, everyone has a role to play. Food supply chains encompass all the disparate
activities of the food system, while food environments represent places where people
make decisions about what to buy and eat.

Food systems help to feed theworld, but they also do somuchmore. These systems
are interwoven with human society and the natural world. Food is critical to diets,
nutritional status, and health, but it also carries importance for culture and tradition.
Food systems provide employment and opportunity to millions of people around
the world. Successful food production depends on the environment, but agriculture
can also degrade and deplete natural resources, especially in the context of climate
change.

Food systems must meet the increasing and evolving dietary needs of a growing
global population in a sustainable way. Despite this daunting challenge, there is
a tremendous opportunity to address food security and nutrition along with social
justice and equality. To do this, a collective and integrated approach is imperative.
Food systems need to become more inclusive, transparent, sustainable, and focused
on providing healthier foods. Later chapters will discuss the importance of these
goals and explore potential means of achieving them.
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Chapter 3
Food Policy

Introduction

This chapter introduces the concepts of food policy and governance. Food policy
affects how food systems operate and how consumers, producers, and other stake-
holders make decisions. Policy acts as a mechanism for governance by providing
guidance for decision-making and measures for accountability. Food governance
involves making and implementing policy decisions. Governments, consumers,
producers, businesses, non-governmental organizations, civil society, and many
others play a role in developing, implementing, and participating in food policy
and governance. Food policy has changed significantly in recent decades to reflect
emerging global trends. Consumer and civil society groups increasingly advocate for
holistic food policies that integrate policy across different areas and sectors relevant
to the food system.

What Is Food Policy?

Food policies are plans that affect the institutions, organizations, and actors working
in food systems. These policies represent the collective efforts of governments to
influence the operation of the food system and thus further social objectives. Food
policies are meant to shape the decision-making environment of food producers,
consumers, and retailers [1, 2].

Collectively, food policy affects who eats what, when, where, and at what cost. It
affects nutrition and health, livelihoods and communities, urban and rural settings,
and the environment and climate—now and into the future. Food policy is important
for consumers as well as the people who grow, transport, process, and sell food:
“Because everybody eats, food policy affects everyone” [3, p. 2].
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Most often, food policies are closely connected to governmental actions. The
policies of the private sector and civil society are also important for the food system [1,
4]. By setting regulations or changing stakeholder incentives, food policy is meant to
shift the food system’s structure and functionality toward a given country’s intended
goals.

Policy success is measured over time, though evaluating the direct impacts of
policies is not always possible given the complexity of contributing factors. The
success of a given policy can be assessed by its implementation within a specific
context, achievement of intended effects, effective maintenance, and scalability over
the long-term to improve diets and health of larger populations [5]. Despite policy-
makers’ best intentions, sometimes actions can lead to unintended consequences or
cause harm instead of improving the food system [4, 6].

Like any field of policy, food policy can be delivered at multiple levels from
the local to the global. It can be highly specific or a general overarching approach.
Food policies often involve a complex web of institutions, infrastructure, people,
and processes [3]. Figure 3.1 shows the many types of food policies that exist. Some
policies focus primarily on agriculture, while others concern urban food systems.
Food policies can focus on very specific actions, such as food labeling or advertising,
or provide broader guidance on diets for their populations.
Policies can be translated into action by using objectives that alignwith a country’s

needs, budgets, and specific, measurable targets. Thus, it is important for policies
to be implemented as programs, such as national school meals or social protection
programs, like food safety nets, or as helpful guidelines for the public, such as
food-based dietary guidelines [7].

Laws and regulations also influence food policies. In the United States, for
example, the Food, Drug, and Cosmetic Act of 1938 allowed the government to
enforce food and drug regulations. TheMeat InspectionAct, Poultry Products Inspec-
tion Act, and Egg Products Inspection Act are three major federal laws that govern
adulterated foods. The Food and Drug Administration (FDA) and the U.S. Depart-
ment of Agriculture (USDA) are the twomajor regulatory bodies that are responsible
for enforcing these laws and regulations. The FDA oversees the regulation of 80%
of the U.S. food supply. This agency has jurisdiction over domestic and imported
foods, and it regulates all foods and food ingredients introduced into or offered for
sale in interstate commerce. The USDA shares in the regulation of meat, poultry, and
certain processed egg products.

What Is Food Governance?

Governance encompasses the process of making and implementing decisions. It also
includes the structures through which these processes occur [8]. More specifically,
food governance involves the effective delivery of food security and nutrition to all
members of society, especially the most vulnerable. In countries with strong food
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governance, governments commit to national food plans as part of the national devel-
opment strategy. These countries convene intersectoral coordinating committees and
maintain regular surveys and data collections. They also allocate funding in their
budgets for food strategies and plans, among other criteria [9].

Policies are a critical component of governance. Food and nutrition policies are
multisectoral, which means that successful policy development and implementa-
tion requires collaboration between different individuals, institutions, and systems.
Effective policies require an understanding of which actors are “pulling the levers,”
or influencing outcomes in order to drive food system change. Interactions between
actors can also influence the effectiveness of policy. Context also affects how well
actors work together to develop and implement policies. In “enabling environments,”
actors share political will, coordination, and accountability [10].

A political economy approach to food governance focuses on actors and their
power relationships. Over the years, many explanatory frameworks have been used
to address challenges in the food system. Other approaches focus on the natural
sciences, especially agronomy, or on the economics of supply and demand. Unlike
these other approaches, a political economy approach focuses on how policies cause
certain outcomes across food systems [11]. This approach considers the institutional
framework in which actors operate, and it assesses how individual actors contribute
to policy impacts [11, 12].

Who Influences Food Policy and Governance?

Food policies are subject to the influences and interests of many different stake-
holders. There may be significant overlap between food system stakeholders and
actors, but stakeholders have a stronger interest in how food systems function. These
parties compete for a role in shaping policy and governance [3]. Stakeholders may
be individuals, organizations, or unorganized groups. In most cases, food system
stakeholders fall into one or more of the categories shown in Fig. 3.2.

The stakeholder groups shown in Fig. 3.2 are very diverse. A vegetarian and
an omnivore may both be consumers, but their policy preferences might be very
different. Likewise, the preferences of an urban factory worker differ from those of
a rural farm laborer. Within a household, demographics and gender roles can also
affect policy interests [13].

Food policy is meant to address the challenges of a highly complex food system.
Given the enormity of this task, food policies may not meet every stakeholder’s needs
and interests. Food policies are negotiated between government agencies, which
include ministries of finance, agriculture, health, commerce, trade, environment, and
foreign affairs. Various bureaucracies and lobbying groups often attempt to shape
policy negotiations. Because of these different influences, government action is likely
to include conflicting goals and policy measures that may contradict each other.
Policies may be influenced by certain parties that hold considerable power within
food systems [13]. Box 3.1 describes howpolicies and interventions to eliminate trans
fats from the food supply require the participation of many different stakeholders.
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Fig. 3.2 Food system stakeholders (Source Created by authors, not previously published)

Box 3.1 Food system stakeholders and the elimination of trans fats
Trans fats are an artificial product contained in partially hydrogenated oils.
In the early 1990s, trans fats entered the food supply as a key ingredient in
processed foods due to their low cost and long shelf life. Consumption of
trans fats, even at low levels of intake, is a major risk factor for cardiovascular
disease, which is the leading cause of death globally and accounts for one in
every three deaths [14]. Trans fats also increase the risk of other diseases, such
as diabetes, cancer, andAlzheimer’s disease [14, 15]. Removing trans fats from
the food supply is an effective way to prevent cardiovascular disease.

Over time, many countries and jurisdictions have implemented policies to
eliminate trans fats. Of these interventions, the most successful have been
multicomponent approaches that involve different stakeholders. Since 1993,
Denmark has attempted to reduce trans fat consumption through increasingly
progressive strategies, which include food labeling and voluntary collaboration
with industry. In 2003, the country implemented a ban on the use of industrially
produced trans fats in food. As a result of these efforts, deaths from cardiovas-
cular disease declined 3.2% more than in similar countries without trans fat
restrictions. In the United States, Canada, and Costa Rica, multi-stakeholder
interventions that involved food labeling and voluntary reformulation have also
reduced the availability of trans fats and improved health outcomes, although
to a lesser extent than strategies that involved legislation [15–19].
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In 2018, the World Health Organization (WHO) launched the REPLACE
initiative to eliminate trans fats from the global food supply by 2023. Achieving
this goal requires the participation of many different food system stakeholders.
Policymakers need to implement and enforce regulation on trans fats, and
governments must collaborate to monitor trans fat content in food products.
Food companies need to work together with governments to reformulate their
products and replace trans fats with healthier oils and fats [14]. By 2021, the
WHO reports that 58 countries will have introduced legislation to reduce or
eliminate trans fats from the food supply [20]. Despite this progress, two-
thirds of the world’s people remain unprotected from trans fats. The most
comprehensive reforms have occurred in high-income countries, although low-
and middle-income countries (LMICs) experience far more deaths associated
with trans fat intake [14]. Without further action, trans fat intake will likely
remain high among poor populations that consume more processed, packaged
foods [15].

Historical Transitions Toward a Holistic Food Policy

Food policy has evolved significantly in recent decades to reflect changes in our
world. Thirty years ago, food policies focused on reducing hunger, addressing rural
needs, and increasing food productivity. Now, food policies focus more on urbanism,
obesity, and global trade issues [13]. For example, nutrition policy has evolved from
the 1970s, when nutrition policy focused on singular approaches that lacked intersec-
toral collaboration. Inmore recent years, nutrition policy becamemuchmore holistic,
as Table 3.1 shows. The international development community has increasingly
recognized the importance of nutrition, which has facilitated more cross-sectoral
attention and an increasingly holistic view of nutrition [21].

Most food policies are intended to address specific aspects of the food system,
instead of more comprehensively addressing challenges through a holistic food
system policy. Existing policies are relatively narrow and focused in their scope:
examples include dietary guidelines, subsidies, trade, taxes, and labeling schemes.
However, many communities have advocated for a “systems approach” that would
integrate relevant food policies. A “systems approach” to food systems explores how
the entire system is connected in order to understand the influence of different activ-
ities across the system and the need for improved feedback mechanisms. A systems
approach to food policy involves making these connections across discrete policy
areas and different levels of government, as well as between the public and private
sectors [22].

Holistic, integrated food policies have been implemented in some cities and
regions around the world. In Washington, DC, for example, policy is integrated
across the various food outcomes and actors that are needed to shape food systems
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Table 3.1 History of nutrition policy and politics [21]

1970                               1980                                  1990                             2000          2010

From the protein era 
to multi-sectoral 

planning

Evolution of nutrition policy and politics

From multi-sectorality
to nutrition 

isolationalism
Micronutrient 

era

UNICEF conceptual 
framework (1990)

From obscurity 
to global priority

Increasing 
momentum

Lancet Nutrition Series
(2008)

Nutrition4Growth 
Summit (2013)

MDG 1 
(underweight target)

Food price spikes (2007-8)

Lancet Nutrition 
Series (2013)

SUN Movement
(2010 onwards)

McLaren: “The 
Great Protein 
Fiasco” (1974)

International Conference 
on Nutrition, National 
Development and 
Planning (1971) 

Berg: “The
Nutrition Factor” 
(1973)

World Food Conference
(1975)

1976 World Bank study

Sen on entitlements
(1981)

Nutrition planning cells
(mandate without power)

Iringa Programme
(Tanzania, 1985)

Field (1987)

Focus on micronutrient 
supplementation and 
breastfeeding

Micronutrient 
Initiative formed 
(1993)

International 
Conference on Nutrition
(1992)

World Bank-UNICEF 
collaborations 
(Gillespie et al 2003)

Capacity focus 
(Heaver 2005)

Mainstreaming 
Nutrition Initiative 
(2011)

Increased focus on the
“double burden”

Copenhagen Consensus
(2008)

World Summit for 
Children (1990)

for urban residents (Fig. 3.3). The policy focuses not only on better diets, but also
on more equitable access, livelihoods, and sustainability.

The International Panel of Experts on Sustainable Food Systems established
a Common Food Policy that the European Union region could use to develop a
more holistic food policy and align relevant policies that impact food. The proposed
policy would implement a new “governance architecture” for policies related to food
production, processing, distribution, and consumption, as shown in Fig. 3.4. The
Common Food Policy aims to support the development of a more sustainable food
system for the region.

The Common Food Policy recommends policy integration to resolve the inef-
ficiencies of the current policy space. The policy’s authors argue that the ad hoc
development of Europe’s current food policies have resulted in confusion. They
advocate for integration across policy areas and governance levels, as well as across
government levels. The authors suggest that policies should consider long-term solu-
tions and ways in which holistic food systems can incorporate sustainability. This
proposed policy would also involve democratic decision-making to reclaim public
policies for the good of public health and manage the influence of powerful interest
groups [24].

Key Messages and Conclusions

Food policy and governance play a critical role in determining how food systems
operate. Policymakers use policy to address the challenges of a highly complex food
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Food Access and Equity
Create a DC Good Food Investment 
Fund to invest in  locally-owned food 
business serving DC neighborhoods 

with low access to healthy food
Promote programs that explore how 
nutritious food can improve health

Increase awareness of new grocery 
options in DC

Nutrition and Food 
Systems Education

Conduct a DC nutrition education 
landscape analysis

Enhance collaboration among DC 
nutrition education

Increase connections between the 
healthcare sector and nutrition 

and food system education

Entrepreneurship 
and Food Jobs

Identify strategies to increase affordable 
commercial kitchen space, storefronts, & 

retail opportunities for DC food 
entrepreneurs

Deploy innovative strategies for food 
businesses to support high-quality food 

careers
Identify DC regulations that present 

challenges for small businesses

Urban Agriculture
Expand the Urban Land Lease 
Program and Urban Agriculture 

Tax Credit in collaboration with the 
DC Director of Urban Agriculture
Explore funding opportunities for 

an Urban Agriculture Infrastructure 
Fund

Sustainable Supply Chain
Determine how District food policy can 
address climate change and increase 
DCís preparedness for severe weather 

events
Publish the centralized kitchen study

Develop best practices for institutional 
food procurement in DC

Enhancing health, 
equity, and 

sustainability by 
engaging diverse 

voices 

Fig. 3.3 Washington, DC 2020 Food Policy [23]

system. Governments, consumers, non-governmental organizations, businesses, and
many others influence the development and implementation of food policy. These
policies matter for everybody, because everybody eats.

Over the years, food policy has evolved to focus on obesity, urbanization, and
global trade.A holistic policy approach is increasingly needed to address the complex
challenges within the food system. Investments are needed to orient food systems
toward better diets, nutrition, and health outcomes. Yet making these investments is a
challenging task, because of the inherent complexity of implementation and potential
trade-offs [25]. Policymakers need access to the latest and most rigorous evidence
to best address food system challenges, but they are often forced to deliberate with
limited data about what works in a specific context [26]. They may be aware of the
core set of interventions needed to achieve a certain set of outcomes, but the path
to implementing these interventions is full of uncertainties due to factors outside of
their control [27].
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ENSURING ACCESS TO LAND, 
WATER AND HEALTHY SOILS

REBUILDING CLIMATE-RESILIENT, 
HEALTHY AGRO-SYSTEMS

PROMOTING SUFFICIENT, HEALTHY & 
SUSTAINABLE DIETS FOR ALL

BUILDING FAIRER, SHORTER, & 
CLEANER SUPPLY CHAINS

PUTTING TRADE IN THE SERVICE OF 
SUSTAINABLE DEVELOPMENT A NEW GOVERNANCE 

ARCHITECTURE FOR 
SUSTAINABLE 
AGRICULTURE

• Top down techno fixes to 
bottom-up, farmer-led
innovation

• Agribusiness dependence on 
farmer autonomy

• Chemical-intensive 
monocultures to diversified 
agroecological systems

• Obesogenic environments to healthy 
food environments

• Low-cost to true-cost food systems
• Making the healthiest option the 

easiest

• Volume to value
• Designing low-waste, low-

plastic food systems
• Exploitative conditions to 

sustainable livelihoods

• Free trade agreements to sustainable 
trade agreements

• Investor Protections to citizen 
protections and corporate 
accountability

• Export orientation and commodity 
specialization to diversified, territorial 
markets

• Extractive to regenerative land & 
resource use

• Soil degradation to living soil
• Unsustainable land development 

to farming first

Fig. 3.4 Holistic proposed food policy for the European Union [24]
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Chapter 4
Nutritious Foods, Healthy Diets,
and Contributions to Health

Introduction

This chapter introduces the concept of diets and explains how diets affect health.
Diets are composed of foods that range in healthfulness and nutrition.Many different
factors influence a person’s diet. Healthy diets meet an individual’s nutritional needs
and support overall health. Dietary patterns vary by region, but global diets are less
than optimal. These suboptimal diets directly affect nutrition and health outcomes.
Poor diets are now considered a top risk factor for death and disability.

What Are Diets?

Diets are made up of foods, which can be categorized as “nutritious” or “less nutri-
tious,” and these, in turn, make up either a “healthy” or “unhealthy” diet. Nutritious
foods includewhole grains, fruits, vegetables, nuts and seeds, beans and legumes, fish
and seafood, and dairy. Foods rich in total polyunsaturated fatty acids, omega-three
fatty acids, and dietary fiber are in this group.

Less nutritious foods may be known as “highly-processed and packaged,” “ultra-
processed,” or “junk” foods. This group of foods includes excessive amounts of
unprocessed red meats, processed meats (e.g., sausage, bacon, ham, hot dogs),
highly-processed starches (e.g., chips, crackers, breakfast cereals, baked goods like
cookies or pastries, instant noodles), added sugars (e.g., candy and sweets), and
sugar-sweetened beverages (SSBs). Foods that contain high levels of saturated fat,
trans fat, dietary cholesterol, and sodium are in this group [1].

As discussed in Chapter 2, an individual’s food choices and diet are affected by
many factors throughout life. In addition to physiological needs, social, psycholog-
ical, and economic factors also play a role in determining what foods people eat.
These factors also change over time. For example, a parent or caregiver makes most
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food decisions for young children. During adolescence, body image concerns and
others’ opinions can influence what teenagers eat. Adults are more likely to consider
price, healthfulness, convenience, and preference when they choose what foods to
purchase and eat [2].

Healthy Diets

Ahealthy diet consists of a diverse set of nutritious foods and ingredients that meet an
individual’s nutritional needs.Healthydiets support a healthybodyweight andoverall
health.Diets can also help prevent or reduce the risk of chronic and noncommunicable
diseases (NCDs) throughout life [3–5].

TheWorld Health Organization (WHO) recommends that an optimal diet contain
a variety of foods that are sufficient in quantity, high in quality, diverse, and free from
harmful pathogens [10]. Dietary diversity is an important component of a healthy
diet, but it does not always indicate that the overall diet is healthy. A diverse set of
foods can be a combination of less healthy foods [6, 7].

There are many ways to assess diet quality, as Box 4.1 shows. In addition to the
recommendations from the WHO, moderation and balance are other indicators of
a high-quality diet. Diet quality can be difficult to define, partly because diets vary
depending on cultural customs, individual needs, and local availability of food items
[8].

Box 4.1 Components of diet quality
• Sufficient quantity, or “adequacy,” means that food should meet energy

needs in the form of calories. These needs are based on an individual’s age,
weight and size, sex, activity level, and overall life stage;

• Quality refers to the types and varieties of foods that an individual eats;
• Diversity, or “variety,” means an assortment of foods both within food

groups and across the range of food groups;
• Safety involves minimizing the risk that food might be contaminated with

pathogens or diseases during any stage of the food supply chain. These
stages include production, processing, storage, transport, and distribution,
as well as storage, preparation, and cooking within households;

• Moderationmeans that people should limit their consumption of foods and
nutrients that are associated with chronic disease. Foods that are high in fat,
saturated fat, sodium, cholesterol, and sugar should be eaten in moderation;

• Overall balance refers to the proportionality of each element in the diet
[9, 10].

In 2019, the Lancet journals created the Eat-Lancet Commission on Food, Planet,
and Health to determine targets for healthy diets and sustainable agriculture. The
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Commission, a team of diverse, multidisciplinary scientists, explored the potential
for a diet that could maintain and improve human health while remaining within the
boundaries of planetary sustainability. This new reference diet complements but is
distinct from the WHO’s recommended healthy diet. In the 2019 Eat-Lancet Report
onHealthyDiets for SustainableFoodSystems, theCommission described a universal
healthy reference diet, or “Planetary Health Diet,” that includes more healthy foods,
such as fish, vegetables, fruit, legumes, whole grains, and nuts, and fewer unhealthy
foods, such as red meat, sugar, and refined grains. Optional foods to be consumed
in moderation include eggs, poultry, and dairy foods. The Commission’s findings on
diets and sustainability are discussed in greater detail in Chapter 10.

Current Diets

Diets contribute to nutrition and health outcomes for people throughout all stages of
life. Nutritional needs are highest during periods of rapid growth, such as early life
and adolescence. Despite their importance, diets remain suboptimal for populations
around the world. For most people, their diets do not fully support their nutritional
needs.

Healthy diets are critical in the very beginning of life because infants and young
children have high nutritional and energy needs. Breast milk is a vital source of
nutrients and contains biologically active components that aid in the development of
the infant’s immune system and intestinal microbiota [11]. Exclusive breastfeeding
involves feeding only breastmilk, not any other liquids or solids, for the first six
months of a child’s life. Despite the nutritional value of breastmilk, only 42% of
children around the world are exclusively breastfed [12].

After six months of age, other foods can be incorporated into a child’s diet.
However, these foods are often insufficient in energy or quality: Globally, 59% of
young children do not eat animal source foods (ASF) on a daily basis and 44% do
not eat any fruits and vegetables [12, 13]. More young children in upper-middle-
income countries consume at least seven food groups than do children in low-and
lower-middle-income countries (Fig. 4.1a) [12]. In upper-middle-income countries,
twice as many children are fed eggs, meat, poultry, and fish than in low-and lower-
middle-income countries (Fig. 4.1b) [12].

Dietary constraints continue as children grow older. A school-based survey
conducted in 83 countries found that 33% of children aged 10 to 17 do not eat
fruit daily and 86% do not consume vegetables daily. However, 44% of children
report consuming soda every day [14]. Some studies have also shown that adoles-
cent girls, particularly those living in South Asia, have inadequate intakes of iron,
iodine, vitamin A, zinc, and calcium due to their diets [15, 16].

Suboptimal diets remain prevalent in adulthood. The consumption of nuts and
seeds,milk, andwhole grains falls belowoptimal levels,whereas the global consump-
tion of less nutritious foods and unhealthy nutrients exceeds the optimal level, as
shown in Fig. 4.2. In every region of the world, consumption of sodium and SSBs
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surpasses the recommended intake. The consumption of processed meat is 90%
higher than the recommended intake, while red meat consumption is 18% higher
than recommended [17].

Dietary patterns differ by region. The consumption of vegetables is highest in
Central Asia, while legume consumption is high in the Caribbean, tropical Latin
America, South Asia, and sub-Saharan Africa. Red meat consumption is high in
Australia and parts of Latin America. Processed meat consumption is high in North
America, Western Europe, and high-income countries in Asia Pacific. The highest
intake of trans fats occurs in high-income North America, central Latin America,
and Andean Latin America [17].

Box 4.2 Disappearing traditional diets
Certain traditional, region-specific dietary patterns can positively affect health
and well-being. These diets, which may be called “blue zone” diets, include
the Mediterranean, Nordic, and Okinawan diets [18, 19]. These traditional,
regional diets tend to be more plant-based with high intakes of fruits, vegeta-
bles, legumes, and nuts and low consumption of unhealthy, processed, pack-
aged foods. Other shared characteristics of these diets include “slow eating,”
local procurement of foods, and dietary moderation, as well as lifestyle factors
like physical activity and quality time spent relaxing [20]. These patterns have
been shown to beneficially influence human health, longevity, social cohesion,
and in some cases, environmental resilience [21, 22]. For example, theMediter-
ranean diet has been found to help reduce the risk of cardiovascular disease,
some forms of cancer, and dementia [23, 24], while the Nordic diet has been
shown to reduce the risk of cardiovascular disease [25].

Although these region-specific diets are critically important, they are disap-
pearing. In Okinawa, many older people still follow the traditional diet that
focuses on plants and energy restriction, but younger Okinawans consume
more Westernized diets. Okinawa has the world’s highest number of fast-food
establishments per capita and, since World War II, the population has transi-
tioned from having the lowest bodymass index (BMI) to the highest among the
Japanese population [19, 26]. The Nordic diet is also disappearing, as it is too
expensive for many to consume on a daily basis [27]. Dietary shifts inMediter-
ranean regions, such as southern Italy, Greece, and Spain, have contributed to
rising rates of obesity and NCDs [28].

Other traditional diets around the world are also disap-
pearing quickly. Indigenous populations living in the Arctic territories
of Canada are increasingly consuming diets high in processed, packaged
foods and experiencing more sedentary lifestyles. These changes are due to
limits on whale hunting and mechanization of hunting, as well as food policies
that shift food environments and allow mass media advertising of unhealthy
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foods [29, 30]. Among the Maasai of East Africa, pastoralists are becoming
less nomadic and dependent on animals for food. As a result, their diets
are shifting from milk and meat to starchy, staple grains provided by food
assistance programs [31].

Health Consequences of Suboptimal Diets

Suboptimal diets are considered amajor risk factor for negative health outcomes. Poor
diets have long been considered the greatest avoidable cause of death and disability
[32]. Suboptimal diets are now a top risk factor for deaths and disability-adjusted life
years (DALYs) lost. Around the world, various dietary risk factors contribute to 11
million deaths and 255 million DALYs [17, 33, 34]. Of these deaths, cardiovascular
disease caused 10 million. More than 45% of diet-related deaths occurred among
people aged younger than 70 years [17].

Poor diets can directly lead to malnutrition. As Chapter 5 discusses, malnutrition
can carry lifelong ramifications for disease burden, income earnings, and productivity
[35–37]. Malnutrition in all its forms contributes to more lost DALYs than tobacco
smoking, high blood pressure, and high fasting plasma glucose (high blood sugar).
Globally, nutrition and dietary risks combined contribute significantly to disability,
regardless of a country’s wealth status. NCDs are the primary cause of disabilities
associated with nutrition and dietary risk [17, 34].

Globally, diets low in health-promoting properties present the greatest risk to
health. The top dietary risk factors are diets low in whole grains, fruits, vegetables,
and nuts and seeds, and diets high in sodium. This research on dietary risk factors
suggests that not eating healthy foods is more detrimental to health than eating
unhealthy foods [6, 17, 38].

Dietary risks vary across different regions of the world. For much of Asia, the
main dietary risk factor is cured, high sodium meats. For sub-Saharan Africa, low
consumption of vegetables presents the greatest risk for disease and disability. In
Latin America, low consumption of nuts and seeds represents the most significant
dietary risk factor for deaths and DALYs [17].

Dietary shifts are also associated with an increasing prevalence of overweight and
obesity and NCDs worldwide [39]. Dietary trends and resulting health outcomes are
an issue for all countries, regardless of wealth status. Low-and middle-income coun-
tries (LMICs) face additional burdens as they transition from undernutrition to over-
weight and obesity, and experience the risk of NCDs [40–44]. Changes to lifestyles
and activity levels also have important implications for the onset of overweight,
obesity, and NCDs, such as cardiovascular disease and diabetes.
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Key Messages and Conclusions

Diets are intertwined with food systems and healthy, optimal diets support nutrition
and overall health throughout life. Expert recommendations for optimal diets include
a diverse range of healthy foods that are of sufficient quantity, quality, and safety,
and limit the consumption of less nutritious foods.

Despite their importance, diets remain suboptimal around the world.Many people
do not consume enough healthy foods, like whole grains, fruits, vegetables, and nuts.
The consumption of less healthy foods high in sugar, salt, and fat, often presented
in packaged, highly-processed foods, far exceeds recommended intakes. As a result,
current suboptimal diets are responsible for more deaths globally than any other risk
factor [17]. To help counteract these risks, diets need to incorporate more healthy,
nutritious foods that come from sustainable, well-functioning food systems.
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Chapter 5
The Multiple Burdens of Malnutrition

Introduction

This chapter explains the importance of nutrition in the life cycle and the impact of
malnutrition across generations. Malnutrition takes different forms: undernutrition
(underweight, stunting, and wasting); micronutrient deficiencies; and overweight
and obesity. These forms of malnutrition exist in all countries, whether developed
or developing, and can also coexist within countries, communities, households, and
individuals. The chapter discusses the global burden of malnutrition, its causes, and
the consequences for health.

Nutrition

Nutrition is a critical component of health and development. Nutrients from food
include macronutrients, such as carbohydrates, fats, fiber, and proteins, as well
as minerals, vitamins, and water, some of which are considered micronutrients.
Micronutrients are needed by the human body in smaller quantities.

To achieve optimal nutrition throughout life, an individual must consume and
process nutrients and other substances contained in food. The digestion process
involves the absorption and metabolism of nutrients, and the excretion of waste
products. Nutrients in food are critical for energy, growth, cell repair, reproduction,
and overall health.

Over the course of life, an individual’s nutrients and energy needs change: during
periods when the body is growing, the individual needs more nutrients. These growth
periods occur during infancy, adolescence, and pregnancy. After these periods of
intensive growth, the need for increased energy and certain nutrients declines [1, 2].
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Nutritional Science

Nutritional research is a multidisciplinary field that has evolved to examine whole
dietary patterns. Unlike some other scientific disciplines that conduct experiments
with randomized control trials, nutritional science must often rely on observational
studies and surveys. These researchmethodsmay lack precision andmake it difficult,
if not impossible, to prove causality. Globally, updated dietary intake and nutrition
survey data remain limited. Conflicts of interest and bias also present issues for
the discipline. Despite these challenges, independently funded research can provide
strong evidence on the associations between diets, nutrition, and health [3].

Malnutrition

Malnutrition refers to an inadequate, unbalanced, or excess intake of nutrients in
an individual’s diet. Undernutrition, micronutrient malnutrition, and overweight and
obesity are the three major forms of malnutrition. Undernutrition includes wasting
(low weight for height), stunting (low height for age) and underweight (low weight
for age). Wasting encompasses recent, severe weight loss, usually due to lack of food
and/or infectious disease. Stunting is the result of chronic or recurrent undernutrition.
Micronutrient-related malnutrition includes deficient or excess intake of important
vitamins andminerals. Overweight and obesity result from an excess intake of energy
[4].

Malnutrition is a serious condition that can adversely affect an individual’s health.
Poor nutrition negatively affects a person’s physical and cognitive development, and
it impairs the body’s immune and cellular systems.Malnutrition can also increase the
risk of developing communicable diseases and noncommunicable diseases (NCDs).
Globally, unhealthy diets are major risk factors for diet-related noncommunicable
diseases (DR-NCDs), such as cardiovascular disease, certain cancers, and diabetes.
As a whole, malnutrition limits an individual’s ability to achieve her full devel-
opmental potential and restricts productivity [5]. Different forms of malnutrition
contribute to various health impacts and long-term development challenges [6].
Box 5.1 defines these different forms of malnutrition.

Malnutrition is a global challenge. Worldwide, every country is affected by one
or more forms of malnutrition. Overweight and obesity is on the rise: globally, an
estimated 1.9 billion adults and 38.3million children are overweight or obese. Under-
nutrition remains a pressing concern, especially for low-and middle-income coun-
tries (LMICs). Approximately 462million adults are underweight, while 144million
children experience stunting and 47.5 million experience wasting [4].
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Box 5.1 Different forms of malnutrition
Undernutrition: chronic or acute conditionwhen aperson’s energy andnutrient
requirements are not met. Undernutrition results from under-consumption or
impaired nutrient absorption and use. It includes deficits in energy intake, as
well as micro-and macronutrient deficiencies.

Stunting: low height for age. The WHO considers stunting to be a public
health problem when 20% or more of the population is affected.

Wasting: low weight for height. This situation often indicates recent, severe
weight loss due to not having enough to eat or experiencing an infectious
disease. Wasting becomes a public health problem when 5% or more of the
population is affected.

Overweight and obesity: abnormal or excessive accumulation of fat. This
situation is caused by an energy imbalance between calories consumed and
expended. Overweight and obesity is often combined with a sedentary lifestyle
[4, 7, 8].

Hunger and Food Insecurity

Hunger refers to a state of not having enough food to meet physiological needs. The
experience of hunger encompasses everything from short-term physical discomfort
to a life-threatening lack of food [9].Hunger canmanifest through undernourishment,
micronutrient deficiencies, stunting, and wasting.

After decades of progress, the global prevalence of hunger has risen in recent years.
According to the Food and Agriculture Organization of the United Nations (FAO),
hunger and undernourishment affects an estimated 690million people, or 8.9% of the
global population. Worldwide, Africa experiences the highest prevalence of hunger,
affecting 20% of the continent’s population. Asia also has a significant population of
undernourished people, though the region has made significant progress in reducing
hunger and the prevalence of undernourishment is less than half that of Africa. Since
2014, Latin America and the Caribbean have experienced a significant increase in
hunger prevalence [10].

Food security encompasses the ability of all people to have physical, social, and
economic access to sufficient safe, and nutritious food that meets their dietary needs
and food preferences [10, 11]. The four dimensions of food security are food avail-
ability, access, utilization, and stability. Food access refers to the physical presence
of food; access indicates whether a household can obtain the food; utilization encom-
passes optimal consumption of nutrients and energy; and stability measures whether
a household is food secure over time [10]. Food insecurity is a highly complex
outcome that can result from hunger, as well as poverty, conflict, and climate change,
among other causal factors [12]. Food insecurity can contribute to multiple forms of
malnutrition, as shown in Fig. 5.1.
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Globally, far more people experience food insecurity than hunger. More than 2
billion people, or 25.9% of the global population, suffer from moderate to severe
levels of food insecurity [13]. As with hunger, the prevalence of food insecurity has
risenworldwide since 2014 as a result of increased conflicts, often exacerbated by the
effects of climate change, and economic slowdowns. Africa experiences the highest
levels of food insecurity, though Latin America and the Caribbean are experiencing
the fastest growth in food insecurity.Worldwide,womenaremore likely to experience
food insecurity than men [10].

Undernutrition

Undernutrition is a widespread global concern with special implications for young
children and women. Worldwide, 144 million children under the age of five are
affected by stunting and 47.5million are affected bywasting [14]. An estimated 9.4%
of women and 5.7% of adolescent girls are underweight [15, 16]. Undernutrition
is a critical issue for these populations because the first 1,000 days of a child’s
life are critical to growth and development. Poor nutrition during this period can
lead to adverse health outcomes that can reverberate throughout life and even affect
subsequent generations [17, 18].

The prevalence of childhood undernutrition is highest in Africa and Asia. The
majority of children under the age of five who are stunted reside in Southern Asia
(55.9 million), Eastern Africa (23.1 million), and Western Africa (17.8 million).
Burundi, Eritrea, Timor-Leste, Niger, and Guatemala experience the world’s highest
prevalence of stunting. The most recent data indicates that in Burundi, Eritrea, and
Timor-Leste, more than 50% of children under the age of five are stunted. The
prevalence of wasting is highest in Southern Asia, where 25.2 million children are
affected by wasting. More than half of the world’s wasted children live in Southern
Asia. The most recent data indicates that wasting prevalence in children under five
years of age is highest in South Sudan, Djibouti, India, Yemen, and Sudan [14].
Box 5.2 illustrates how Ethiopia has addressed extremely high levels of stunting in
children under the age of five.

Box 5.2 Ethiopia’s astounding efforts to tackle stunting
Ethiopia is a country that has been grappling with undernutrition for centuries
and knows howdevastating deep, prolonged hunger can be. From1983 to 1985,
Ethiopia suffered from one of the last great famines the world has seen. An
estimated 400–500,000 people died of starvation due to significant droughts
and conflict [19]. Since that devastating event, Ethiopia has vowed to never
face famine again. While the prevalence of children under the age of five who
suffer from stunting remains incredibly high in the East Africa region, Ethiopia
has reduced stunting from almost 70 to 40% since 1992 [20].
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How did a low-income country with minimal resources make such progress
in tackling stunting? Nutritional status has improved due to increases in agri-
cultural productivity, increased competency and coverage of community health
workers (especially in rural areas), parental education, and reductions in open
defecation, among other causes [20, 21]. Despite these gains, the improve-
ments have been unequal. Many of the poor, uneducated, and rural still suffer
disproportionately from stunting. A sub-regional analysis of Ethiopia shows
that stunting prevalence among these vulnerable populations has not improved
[22, 23].

Low birth weight (LBW) is another important indicator of poor nutritional status.
LBW is defined as live births in a given population and over a given time period with
a birth weight of less than 2.5 kg. Infants born with LBW experience an increased
risk of morbidity and mortality. Although many newborns are not weighed at birth,
estimates indicate that LBW affects more than 20 million infants [15].

Micronutrient Deficiencies

Micronutrient deficiencies affect billions of people around the world. These deficien-
cies in essential vitamins and minerals are also known as “hidden hunger.” Micronu-
trient deficiencies are a major public health concern, especially for populations in
LMICs. Deficiencies in vitamin A, iodine, iron, and zinc are the most common.More
than 340 million children under the age of five experience deficiencies in essential
vitamins and nutrients, though the full extent of micronutrient deficiencies across
populations and age groups is poorly understood [16, 24].

Overweight and Obesity

Overweight and obesity is a fast-growing problem for populations around the world.
A staggering 2.01 billion adults are affected by overweight and obesity, with a higher
number of women being overweight and obese than men [15]. Additionally, 38.3
million children under the age of five are estimated to be overweight [14].

The prevalence of overweight and obesity has increased dramatically in recent
decades. Between 1980 and 2013, the proportion of overweight adults increased from
28.8 to 36.9% inmen and from29.8 to 38.0% inwomen [25].Between1980 and2008,
obesity prevalence in adults increased from 4.8 to 9.8% inmen and from 7.9 to 13.8%
in women [26].
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Overweight and obesity is a global concern. To date, not a single country has
experienced a decline in obesity [27]. The prevalence of obesity is highest in Amer-
ican Samoa, Nauru, Cook Islands, Marshall Islands, and Palau, where the estimated
prevalence of obesity exceeds 60% inmen and/or women [28]. Urbanization has long
been considered a major driver of overweight and obesity, but prevalence in rural
areas is on the rise. Globally, rural areas experienced more than half of the increase
in mean body mass index (BMI). Some LMICs experienced up to an 80% increase
in mean BMI [29].

Multiple Burdens of Malnutrition

In recent decades, the epidemiology of malnutrition has shifted, and the overall
global causes of morbidity and mortality have changed. While stunting remains high
in some parts of the world, overall stunting among children under five years of age
has slowly declined. At the same time, the prevalence of overweight among children
has risen (Fig. 5.2), as well as among adolescents and adults. In LMICs, stunting and
thinness in women are declining, while overweight is increasing in most age groups
[16].

Around the world, populations are increasingly experiencing themultiple burdens
of malnutrition. The “multiple burden of malnutrition” is understood as the coex-
istence of undernutrition and overweight, obesity, and DR-NCDs. Some experts
characterize these burdens as “double” or “triple” burdens. The global increase in
overweight andobesity prevalencehas been themaindriver ofmultiple burdengrowth
[30]. Different forms of malnutrition can overlap in countries, households, and indi-
viduals, with some experiencing multiple burdens of different forms of malnutrition
[30–32].
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The double burden of malnutrition (DBM) is largely concentrated in the world’s
poorest countries, as shown in Fig. 5.3. The figure shows the number of countries
that changed DBM status from the 1990s to 2010s, by gross income quartile. Sub-
Saharan Africa, South and East Asia, and the Pacific are especially affected by the
DBM. In some areas, such as sub-Saharan Africa and South Asia, the prevalence of
overweight and obesity is concentrated among wealthier populations and in urban
areas. In many other areas, the risk of the DBM affects lower-income populations
and those in rural areas [30].

The DBM also exists at the household and individual levels. Some households
contain both overweight parents and undernourished children, though the prevalence
of these “double burden” households varies considerably [30, 31, 33]. In Asia, for
example, the prevalence of double burden households ranges from 5% in Vietnam to
30.6% in Indonesia [34]. Worldwide, it is estimated that 3.6% of children under the
age of five (15.9 million) experience both stunting and wasting at the same time [16].
Approximately 1.8% (8.2million) of children in this age group experience conditions
associated with both stunting and overweight [16]. Box 5.3 describes the challenges
faced by India in combating the DBM at both the population and household level.
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Box 5.3 India’s challenge in dealing with the double burden
of malnutrition
India struggles with a double burden of malnutrition. This burden is especially
significant because India has the highest burdens of undernutrition in theworld.
With the rise in overweight and obesity, Indian populations are at significant
risk for developing NCDs, and diabetes is already escalating at an alarming
rate [35].

The DBM primarily affects adults, although it can also manifest across
different generations within households. The latest national survey data indi-
cates that 19.6% of adult men and 22.4% of adult women are underweight,
while 17.1% of adult men and 18.6% of adult women are overweight and obese
[36]. Over the last 20 years, both rural and urban residents have experienced
increases in obesity [37]. An individual can demonstrate multiple burdens: a
woman who is obese can be anemic, and a child who is stunted can also be
overweight. Household-level evidence suggests that women are at risk of being
overweight, whereas children living with their mothers tend to be underweight
[36, 38].

India’s DBM is largely the result of economic, epidemiological, and nutri-
tion transitions. India’s income growth is one of the major macro-trends of the
country’s transition. As India’s economy and GDP has grown, the prevalence
of overweight has increased and underweight has declined. Rising levels of
education and wealth are positively associated with increases in overweight
and obesity. Diets are also changing: increased consumption of processed,
packaged foods are highly correlated with the rise in obesity and anemia,
whereas intake of legumes, fruits, and vegetables are correlated with declines
in undernutrition on the sub-continent [36, 39, 40].

Causes of Malnutrition

Malnutrition is caused by a range of complex, multifaceted determinants. In addition
to a lack of nutritious food, malnutrition can be caused by illness, lack of access
to healthcare, and poor care practices, as shown in Fig. 5.4. UNICEF’s concep-
tual framework of child undernutrition identifies three major causes of malnutri-
tion: basic, underlying, and immediate. Basic causes of undernutrition include broad
societal, economic, and political contexts that have a long-term impact on food
security and nutrition. These factors can perpetuate poverty and limit access to the
resources needed to achieve optimal nutrition and health [41, 42]. Underlying causes
of undernutrition affect an individual’s dietary intake and exposure to disease. These
causes include household food insecurity, inadequate childcare and feeding practices,
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Fig. 5.4 UNICEF framework on undernutrition [42]

unhealthy living environments, and inadequate healthcare [42]. Lastly, immediate
causes of undernutrition include inadequate dietary intake and disease [43].

The causes underlying the different forms of malnutrition are related and inter-
twined. Both undernutrition and overweight and obesity share many of the same
underlying causes, such as poverty, inability to access healthy diets, poor infant
and young child feeding practices, and unhealthy food environments. The increased
consumption of ultra-processed food has been linked to increases in obesity and
NCDs, although the impact of these foods on stunting prevalence is less clear.
Consumption of these foods is increasing among young children,which could present
a risk if these foods are replacing nutrient-rich foods [30, 44].

The gut microbiome, which is made up of microorganisms living in the digestive
tract, is also important for preventing malnutrition. The relationship between diet,
health, and themicrobiome is reciprocal. Diets, nutrition, health, and the environment
influence the health and diversity of the microbiome. In turn, the microbiome affects
micronutrient uptake and metabolic pathways. Research suggests that the micro-
biome may help protect against infections that increase the likelihood of developing
nutritional deficiencies.

Poor nutrition and health can harm the microbiome and perpetuate the cycle
of malnutrition. Malnutrition can impair the microbiome’s maturation or affect its
functioning in a way that increases the risk of disease [45]. The microbiome can be
harmed by diseases that lead to complications like intestinal inflammation, enteric
infection, and nutrient malabsorption [46]. Disruption to the microbiome during
childhood can also lead to metabolic syndromes, including obesity [45].
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Consequences of Malnutrition

Malnutrition adversely affects health and well-being throughout the entire life cycle,
as shown in Fig. 5.5. As discussed in Chapter 4, unhealthy diets are contributors
to poor nutrition outcomes, as well as morbidity and mortality of many popula-
tions around the world. The consequences of malnutrition carry broad implications
for societies and populations, as well as individuals and households. Some groups
are particularly vulnerable to malnutrition, including those with specific nutrient
requirements at critical stages of their life cycle, such as young children, adolescent
girls, pregnant and lactating women, the elderly, and people who are ill or immuno-
compromised. Marginalized groups that have less control over their diets due to
societal circumstances are also vulnerable to malnutrition. These groups include the
urban and rural poor, those that are geographically isolated, and some Indigenous
peoples. [47].

The emergence of undernutrition early in life is especially harmful to health. In
the short term, undernutrition increases the risk of mortality and morbidity [48].
Undernutrition in women and children is the underlying cause of 3.5 million deaths
and represents 35% of the disease burden in children under five years of age [5]. In
the longer term, it is associatedwith shorter adult height, increased risk of overweight
and related NCDs, lower life expectancy, and, for women, poor pregnancy outcomes
[1, 18, 49–51]. Undernutrition affects brain development andmotor skills, whichmay
prevent undernourished children from reaching their full developmental potential [1,
18, 52, 53]. In adolescent and adult women, undernutrition can lead to diminished
productivity, complications in pregnancy, and an increased risk of mortality [54].

Overweight and obesity is a major risk factor for a wide range of NCDs.
These include heart disease, diabetes, musculoskeletal disorders, and some cancers,
including breast, ovarian, prostate, liver, kidney, and colon cancer [8]. High BMI
accounts for 4 million deaths globally: more than two-thirds of these deaths are
linked to cardiovascular disease [55].

Micronutrient deficiencies can negatively affect growth and development, impair
health, and lead to disease. These deficiencies can cause birth defects, growth impair-
ment, reduced cognitive function, and greater vulnerability to infectious diseases
[56, 57]. Micronutrient deficiencies are associated with specific health conditions:
for example, iodine deficiency can lead to goiter, compromise mental health, and
limit intellectual capacity [58, 59], while vitamin A deficiency can contribute
to visual impairment, diarrheal disease, and measles [60]. Vitamin A deficiency
contributes to 600,000 deaths worldwide, while deficiencies in zinc are responsible
for 400,000 deaths [5].

Women and children are especially vulnerable to the effects of micronutrient
deficiencies. Due to the physiology of menstruation and increased nutritional needs
during pregnancy, adolescent girls and women experience a heightened risk of devel-
oping iron-deficiency anemia. The problem of anemia appears intractable among
this population: prevalence in girls and women ages 15–49 is 32.8 and 40.1% among
pregnant women [15]. Anemia is associated with maternal and child mortality, poor
physical performance, and chronic kidney and heart disease [61]. Among children
and adolescents, anemia is also the leading cause of years lived with disability [62].
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Malnutrition also carries economic and societal implications. Undernutrition
increases the risk of impaired cognition, which can result in poor academic perfor-
mance, less schooling, and reduced economic productivity [63]. Both undernutrition
and micronutrient deficiencies can impair workforce productivity, which can lead
to serious economic consequences that affect national development, particularly in
LMICs [1]. Overweight and obesity can lead to higher health costs and lowered
productivity. From 2011 to 2025, the global economic burden of NCDs is estimated
to be USD 7 trillion, with cardiovascular disease accounting for most of that expense
[64].

Intergenerational Cycle of Malnutrition

The effects of malnutrition can span generations, as maternal malnutrition affects
the health of children. For the child, poor nutrition can begin in utero and extend into
adolescence and adulthood. For girls, the cycle of malnutrition may continue with
their children into the next generation. The intergenerational cycle of malnutrition is
perpetuatedbybiologicalmechanisms, such as sharedgenetic traits, and sociocultural
factors, such as intergenerational poverty, among others. The effects of this cycle can
persist throughout several generations: birthweight is correlated across generations
and many generations are required to fully “wash out” the consequences of poor
nutrition [17].

The intergenerational cycle of malnutrition begins with maternal health and
pregnancy. Although health and nutrition prior to conception influence pregnancy
outcomes, many women around the world are not nutritionally prepared for the
demands of pregnancy [2]. Maternal undernutrition can impair an unborn child’s
growth, lead to LBW, cause pregnancy complications, and increase the risk of infant
death [2, 6, 17, 48]. It also increases the risk of childhood underweight, stunting,
wasting, and micronutrient deficiencies [2, 6, 17]. Maternal overweight and obesity
is associated with pregnancy complications, increased fetal adiposity, micronutrient
deficiencies, congenital anomalies, and infant death [2, 6].

Malnutrition that occurs early in life can carry long-lasting consequences. The
“Fetal Origins of Adult Disease” hypothesis, which is also known as the “Develop-
mental Origins of Health and Disease” hypothesis, posits that early life factors, such
as poor nutrition, can increase the risk for chronic conditions later in life [65–70].
Infants that experience intrauterine growth retardation and are born with LBW face a
heightened risk of mortality and developmental deficits. LBW infants are more likely
to experience underweight or stunting in early childhood [71]. Excessive nutrition
in early life can also lead to adverse health outcomes. Higher birth weight and fast
postnatal weight gain are associated with an increased risk of obesity, abdominal fat,
and insulin resistance in adulthood [6]. Box 5.4 describes the Dutch famine birth
cohort, a seminal case that illustrated the importance of maternal diets for a child’s
health throughout life.
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Box 5.4 Born undernourished to die overnourished
The Dutch famine birth cohort was one of the most important epidemiological
studies to show the relationship between undernourishment in early life and
increased risk of obesity andNCDs in adult life. DuringWorldWar II, foodwas
rationed in Amsterdam due to wartime embargoes on food trade. The rations
were insufficient to meet the population’s caloric needs, leading to severe
hunger and famine in the winter of 1944–1945 [72, 73]. The famine signif-
icantly affected the health of the general population, but vulnerable groups,
including pregnant women, faced the worst impacts [74].

After the war ended, rigorous obstetric records were collected to track
the health of women and their offspring. This record-keeping resulted in the
Dutch famine birth cohort, which consisted of approximately 2,400 children
conceived during the famine and born between 1943–1947. These babies expe-
rienced lower birth weights than those who were not exposed to famine in
utero. This cohort was studied into adulthood to better understand the long-
term consequences of prenatal exposure to famine. One of the major findings
was that those born in times of famine experienced increased risk of coronary
heart disease, diabetes, and obesity as adults [75, 76]. The Dutch famine cohort
is just one of many examples that show how maternal nutrition and diets affect
a child’s growth, both in utero and throughout life [77].

In addition to pregnancy and early life, adolescence is an important stage in
the intergenerational cycle. Adolescence represents the transition from childhood to
adulthood: this period can establish future dietary patterns and behaviors, all ofwhich
can affect the risk of NCDs in adulthood and the health of future generations [62, 78].
Sustained nutrition during this period can help compensate for malnutrition in early
childhood, but undernourished children who rapidly gain weight in later childhood
and adolescence are at heightened risk of chronic disease [50]. Catch-up growth
during this period may not fully mitigate the effects of undernutrition on cognitive
development and behavior [78, 79]. Without interventions that address maternal and
child nutrition, a stunted girl is likely to become a stunted adolescent whose own
children are born with LBW and thus continue the cycle of malnutrition (Fig. 5.5).

Key Messages and Conclusions

Malnutrition remains a serious issue in many parts of the world. Currently, 1 in
3 people suffers from some form of malnutrition. While stunting is declining, the
number of people who are hungry is rising, as is the prevalence of overweight and
obesity in children, adolescents, and adults.Many individuals, households, and coun-
tries are grappling with double or triple burdens of malnutrition, with an increase in
malnutrition among poor and rural populations.
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The causes of malnutrition are multifaceted. While poverty plays a significant
role, poor access to diets and poor infant and young child feeding practices are also
significant influences. Poor sanitation and hygiene, lack of access to healthcare, and
increasingly, climate change and conflict all contribute to the malnutrition burden.

The challenge of combating global hunger and food insecurity has grown ever
more difficult. Since 2014, the prevalence of hunger and food insecurity has risen
worldwide as a result of conflict, climate change, and economic downturns [10].
The COVID-19 pandemic is worsening the global prevalence of hunger and food
insecurity.Worldwide, between83and132millionpeople likely joined the rolls of the
undernourished in 2020. A subsequent economic recovery would reduce the number
of undernourished, but the overall prevalence of hunger and undernourishment will
still be higher due to the pandemic [10].

The consequences are dire. Because malnutrition can carry repercussions
throughout the entire life cycle and even affect future generations, the impacts on
growth, development, and productivity are debilitating. A significant malnutrition
burden affects the economic growth of nations and income earnings of individuals.
It also affects an individual’s ability to learn, perform, and grow to his or her full
potential, creating a lifelong malady that reverberates through future generations.
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Chapter 6
Transformations Across Diets and Food
Systems

Introduction

This chapter explains how our changing world has shaped food systems and diets.
Although healthy diets and nutritious foods are essential to health, current global
dietary patterns are suboptimal. Over time, changes to global food systems have
led to less healthy diets. The “nutrition transition” refers to the significant dietary,
lifestyle, and epidemiological shifts that occur as global incomes rise. Changes to
global food supplies, environments, and prices have expanded access to both healthy
and unhealthy food options for consumers. The transformation of diets and food
systems is driven by globalization, trade, urbanization, and consumer preference.

Changing Diets

In the last three decades, dietary patterns have changed significantly around the
world. These changes affect the health of people in low-, middle-, and high-income
countries. Some dietary changes have positively affected health outcomes, while
other changes have impaired health. Although some positive changes have occurred,
global diets remain suboptimal.

Around the world, some dietary patterns have changed in positive ways. Since
1990, fruit consumption has increased in all regions and vegetable consumption has
increased in some areas. The consumption of trans fats has declined in all regions,
while red meat consumption has declined in most areas [1]. Income growth and
a more interconnected food supply have helped to improve dietary diversity and
facilitate these positive changes in consumption.

Despite these positive changes, the consumption of less healthy foods has also
increased. Processed meat consumption has increased in all regions of the world.
In East Asia, the consumption of red meat rose by nearly 40%. Sugar-sweetened
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beverage (SSB) consumption has risen in most regions, with the largest increase in
North America [2]. In some parts of the world, the consumption of highly-processed
packaged foods has also increased. As Fig. 6.1 shows, global per capita sales of
packaged foods rose more than 13% between 2005 and 2017. Although consumers
in Europe, North America, and Oceania purchase the highest volumes of packaged
foods, sales growth is currently stagnant or declining in these regions. Africa and
Asia experience a smaller volume of packaged food sales, but sales have steadily
increased since 2005 [1].

In addition to shifts in dietary patterns, people around the world have also changed
how they eat. The number of calories consumed increased 24% since 1960, while
the amount of protein consumed rose by 25% and fat by 46% [4]. Since the 1970s,
portion sizes have grown larger, especially in theUnited States, UnitedKingdom, and
Latin America [5, 6]. Large portions are the “new normal,” as consuming excessive
calories has becomeprevalent regardless of a person’s age, sex, socioeconomic status,
or body mass index (BMI). Increases in portion size are especially common among
energy-dense, high-calorie food products [7].

More and more, people obtain food from restaurants, fast-food chains, cafete-
rias, street vendors, and other places away from their homes. In the United States,
food eaten away from home accounts for more than 50% of total food expenditures
[8]. Snacks eaten “on the go” have increasingly replaced main lunches and dinners
[9]. Eating outside the home has also become more common in Asia, Africa, Latin
America, and the Caribbean, where the proportion of overall income spent on foods
eaten away from home has risen significantly [10, 11]. In low-and middle-income
countries (LMICs), between 13 and 50% of total energy intake comes from ready-to-
eat food sold by street vendors [12]. The demand for foods eaten away from home is
likely to increase in the next decade as an estimated 3 billion people enter the global
middle class [13].

The Nutrition Transition

The nutrition transition is a specific type of dietary shift that occurs as people move
to urban places and their lifestyles change. The term “nutrition transition” refers to
the demographic and epidemiological shifts that take place among populations along
with dietary and lifestyle changes [14, 15]. Urbanization, migration, economic devel-
opment, globalization, and trade have significantly influenced the nutrition transition
[16, 17].

As countries become wealthier and more urbanized, people increasingly live in
different environments, as Fig. 6.2 shows. As part of this transition, low-income
countries begin to adopt the patterns of more industrialized, high-income nations.
Rural subsistence farming becomes less common and populations become less reliant
on agriculture for their livelihoods. Food supply chains, markets, and environments
become more varied and, sometimes, more sophisticated and longer [18].
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These changes to economies and food systems directly affect diets and nutrition.
As economies transition, diets change from simple, less diverse ones to those with
a range of options. Populations that previously relied on staple grains and seasonal,
local foods are able to access more diverse and nutrient-rich foods, including animal
source foods (ASF).While these changes can help people access healthy foods, there
is also more access to processed and fast foods [19].

The changes associated with the nutrition transition also affect health outcomes.
In addition to dietary shifts, physical activity often decreases as lifestyles, employ-
ment types, and transportation change [19]. As a result of these changes, disease
burdens can shift: populations that were previously vulnerable to undernutrition,
communicable diseases, and maternal and child mortality may instead experience
higher levels of overweight, obesity, and noncommunicable diseases (NCDs) [20].
LMICs may be able to avoid negative health outcomes associated with the nutrition
transition but doing so requires significant effort.

Food System Transformation

In recent decades, food systems around the world have changed significantly. Food
systems are more interconnected at both global and local levels, with longer, more
complex food supply chains. A range of different actors produce, process, transport,
and sell food through those chains [21–23]. As a result of globalization, urbanization,
and increased wealth, people’s food preferences and behaviors have shifted toward
diets that are cheaper, less healthy, andmore convenient [24, 25]. Changing lifestyles,
technological developments, and public policy are also important drivers of food
system transformation [4]. Sudden shocks, such as the COVID-19 pandemic, can
also radically change food systems, at least temporarily, as Box 6.1 illustrates.

Box 6.1 Effects of the COVID-19 pandemic on food systems
In December 2019, the SARS-CoV-2 virus was traced back to a seafood wet
market in Wuhan, China. These markets are food environments where wildlife
and other animals are bought and sold for fur, medicine, and food [26]. The
SARS-CoV-2 virus causes COVID-19, a zoonotic disease, which led to a full-
blown global pandemic. The origins of COVID-19 lie in animals; a “spillover
event” likely caused the infectious disease to spread to humans. In the case
of SARS-CoV-2, the spillover event was shown to be catastrophic for global
world order, creating significantmorbidity and death among theworld’s human
population and long-term economic upheaval [27].

The COVID-19 pandemic clearly illustrated how a health system shock can
have profound impacts on every other system, including food systems [28].
Within the global food system, the middle of the food supply chain—including
the processing, packaging, and distribution stages—was the hardest hit [29].
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COVID-19 also impacted people’smovements, making physical access to food
more challenging [30–32]. Lockdowns, curfews, and restrictions on border
movement constrained food access and made it difficult for food retail and
food service facilities to operate in a normal capacity [31]. As a result, more
people suffered from or became at risk of food insecurity, child undernutrition,
and variable increases in food price [33–35].

As the pandemic continued to grip the world, emerging case studies showed
how COVID-19 affected food security at the national and regional levels. In
Italy, strict lockdowns disrupted people’s eating behaviors, which contributed
to an increase in stress-induced unhealthy food consumption (emotional eating)
and eating anxiety [36]. In Spain, consumption of calories increased while the
nutritional quality of diets decreasedduring lockdown [37].Amongadolescents
in Pakistan, home confinement and school closures led to a decline in physical
activity, while overall food consumption, intake of unhealthy foods, andweight
gain increased [38]. In Saudi Arabia, online grocery buying, home-cooked
meals, and takeout food orders all increased during the restrictions. Families
also consumed more food, especially less healthy snacks [39]. While strong
measures were not put in place to limit movement in the United States, food
establishment operating hours and capacities were restricted. In the Asia and
South Pacific region, quarantines and the ensuing loss of incomes constrained
food access and consumption at the household level. Export bans on basic
foods also increased food insecurity [40].

Changing Food Supplies

The food supply refers to the number of crops and animal products that contribute
to energy, protein, fat, and food weight. Over time, the production, movement, and
trade of vast amounts of food within food supplies has become incredibly proficient.
In the past 50 years, most countries’ food supplies have increased on average. The
proportion of calories from energy-dense foods in these food supplies has increased
as well [41].

At the same time that national food supplies have increased, they have also become
more similar. On average, variation between food supplies has declined bymore than
68%.While the availability of energy, protein, and fat has increased inmost countries’
food supplies, the global population, as a whole, increasingly relies on a relatively
short list of major food crops. The most important crops in this group are wheat, rice,
sugar, maize, and soybeans [41]. Crops like wheat, rice, and soy have become more
widespread in the food supply, while crops like sorghum, millet, rye, cassava, and
sweet potato have become marginalized and less important [41, 42].
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The global dependence on a limited number ofmajor crops carries implications for
human health and the environment. The production of these foods requires expan-
sive monocultural systems of agriculture [43, 44]. These production systems are
supported by agricultural supply policies and are highly productive per unit area,
which increases the affordability of these foodsworldwide [45].However, the cheaply
available macronutrients sourced from these crops contribute negatively to health
outcomes by increasing the risk of obesity, heart disease, and diabetes [46, 47]. Fruit
and vegetable consumption can contribute positively to dietary diversity and health
outcomes, yet the supply of these foods is currently insufficient to achieve healthy
diets for all [45, 48].

Trade policy can make national food supplies and diets more diverse. Trade
increases the availability of different types of foods and extends the season in which
products are available [49, 50]. International food trade is essential to nutrient access:
it allows lower-income countries to feed and nourish huge numbers of people [51].
While trade influences the range of available and affordable foods, it also introduces
less healthy foods that are cheaper and could be harmful to health [52–56]. To achieve
positive health outcomes through trade, policymakers must focus on the nutrition
imperative. Without this focus, trade can manifest as either a positive stimulus or an
obstacle to health [57, 58].

Changing Food Environments

Around the world, food environments are changing rapidly as a result of increasing
globalization, urbanization, and income growth. Globalization affects distribution
and retail models, which can rapidly change the organization of the entire food
supply chain [59, 60]. Globalization contributes to the expansion of supermarkets and
hypermarkets in LMICs. While these retail outlets provide larger population centers
withmore choice and higher-quality food, they can also exclude ormarginalize small-
scale producers from certain supply chains [21, 59, 61–65]. Box 6.2 describes in
detail how globalization affects food environments with specific cases fromMexico,
Brazil, and Ghana.

Box 6.2 The globalization of food environments
Food environments are evolving around the world. Much of this evolution is
driven by demand, as the food retail sector responds to the changing tastes and
rising incomes of its consumers. Food environments also influence the demand
for new foods and diets through the density and proximity of retail outlets, and
the price, promotion, placement, and provision of different types of food [66].

Globalization also affects food environments as large-scale multinational
companies expand across the world [14, 25]. Many governments struggle to
govern the public health impacts of food systems when powerful companies
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arrive and dominate the direction of food systems in their countries. Multi-
national food and beverage companies exert their influence by introducing
“Westernized” foods and dietary patterns. The introduction of new foods and
eating habits contribute to rapid dietary shifts away from traditional foods and
diets [67, 68].

The influence of multinational food companies is especially strong in Latin
America, sub-Saharan Africa, and Asia, where fast-food chains and food
companies have rapidly transformed diets [69, 70]. In Mexico, SSBs and
processed foods became more accessible after the North American Free Trade
Agreement led to increased investment byU.S. companies like Coca-Cola [71].
On average, Mexicans purchase 1,928 calories of packaged foods and bever-
ages per day [72]. In the Brazilian Amazon, Nestle recruited local women
to sell their food products door-to-door across the favelas, a highly successful
venture reaching 700,000 low-income customers per month [73]. In Ghana, the
rapidly expanding Kentucky Fried Chicken (KFC) chain introduced a menu
that blends local culture with “aspirational” American food. To change the
perception that fast food is a “special treat” rather than an everyday routine,
KFC also reduced its prices and targeted its advertising to newly middle-class
customers [74].

The cases ofMexico, Brazil, and Ghana are just a few examples of countries
experiencing the effects of globalization on their food environments. World-
wide, global sales of fast food grew 30% from 2011 to 2016 [74]. From 2002 to
2016, sales of ultra-processed foods by global companies increased by 20–90%
in lower-income countries [75]. These transformations lead to both benefits
and negative consequences. A larger proportion of people’s diets consist of
foods that are cheap, convenient, and tasty. However, these foods are largely
unhealthy, and this cheap food paradigm comes at a significant cost as rates of
obesity and NCDs rise around the world [76].

Changing food environments also affect consumer preferences and demand. The
“supermarket revolution,” or rapid spread of formal supermarkets and fast-food
chains, has increased the availability and affordability of a wide range of products
[77, 78]. This expansion is associated with the increased consumption of processed
foods, which is also linked to rising obesity and less healthy diets. As consumer pref-
erences change due to urbanization and income growth, consumers can also shape
the food environment through their buying power [64].

Changing Affordability of Healthy Diets

For many people around the world, nutritious foods and healthy diets are unafford-
able. Healthy diets cost 60%more than diets that meet basic nutrient needs and nearly
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five times more than diets that meet basic energy needs. Globally, 1.9 billion people
in Asia, 965 million in Africa, and 104.2 million in Latin America and the Caribbean
cannot afford healthy diets [79]. Of the healthy diets proposed by the Eat-Lancet
Commission, the most affordable one exceeded household per capita income for
more than 1.58 billion people [80].

Food prices are a major driver of consumption patterns. Price-induced dietary
changes can impair dietary diversity and quality, contribute to malnutrition, and
adversely affect health [81–83]. Since 2003, the real price of food has risen around
the world [83]. Rising prices can have tangible and dramatic effects: in 2008, the
global increase in cereal prices drove an additional 40 million people to hunger [81].

Changes to global food prices most directly affect people in low-income coun-
tries. Local productivity and value chain efficiency can make perishable nutritious
foods more expensive and difficult to trade [82]. Populations in low-income coun-
tries spend a large proportion of their income—up to 62%—on food expenditures
[84]. Poor households are especially vulnerable, as they may spend 50–80% of their
income on food [80, 85]. Poor populations primarily rely on cereals and have less
access to ASF, fruits, and vegetables [86]. To cope with rising prices, poor popula-
tions may consume cheaper staple foods or energy-dense, low-nutrient foods; limit
consumption of nutrient-rich foods; and reduce overall food intake [81–83].

Increases in global food prices have smaller impacts on consumers in middle-
and high-income countries. People in these countries spend less of their income—
between 6 and 30%—on food purchases. As the prevalence of diet-related noncom-
municable diseases (DR-NCDs) rise in these countries, governments are increasingly
using food price as a means to encourage healthier eating [83]. These interventions
require further research, but initial evidence suggests that taxing unhealthy foods and
subsidizing healthy products can improve diets [87].

Income and diet quality are interconnected. As incomes rise in low-income coun-
tries, households typically tend to buy more expensive, perishable foods, such as
ASF, fruits, and vegetables [19, 88]. However, rising income is also associated with
substantial increases in the consumption of less nutritious foods [89, 90]. With more
disposable income, people tend to consume more foods high in sugar, salt, and satu-
rated and trans fats, such as highly-processed and packaged foods, SSBs, and red and
processed meats [91]. Snacking and eating away from home also tend to increase,
with less cooking taking place at home [92, 93].

Incomes are projected to increase over time, which will influence global diets. As
an additional 3 billion people enter the global middle class by 2030, there will be
more demand for ASF, edible vegetable oils, and processed foods. The demand for
ASF is expected to double, while demand for starchy staples will slow. The demand
for takeaway foods will also likely increase [13]. Some countries, such as China and
Brazil, have already experienced increased demand for ASF as incomes rise. This
trend reflects the situation in developed countries with already higher incomes per
capita, where demand for these foods is higher compared to less affluent nations [94].
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Key Messages and Conclusions

Global dietary patterns are not in alignment with optimal human health. People’s
food choices and diets present a considerable risk for disease and mortality. Despite
these risks, projections of future dietary patterns indicate that the trend of eating less
healthy foods will continue.

Dietary changes occur because of shifts in globalization, urbanization, and other
global economic drivers. These drivers have contributed to a “nutrition transition,” in
which changes in dietary consumption and energy expenditure have coincided with
economic, demographic, and epidemiological changes.

Changes to the food system also affect diets. Food supplies are highly efficient but
risk becoming overly dependent on a limited number of crops. Food environments
are evolving toward super-and hypermarkets that provide both diverse, safe foods
and less healthy, energy-dense ones.

Food affordability remains a massive challenge around the world. Perishable,
nutritious foods tend to be unaffordable for a significant number of people, particu-
larly the extremely poor. As incomes rise, people are often able to afford more foods,
which include both healthier and less nutritious foods.
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Chapter 7
Drivers Shaping Food Systems

Introduction

Food systems are affected by many different factors in complex ways. These influ-
ential factors are considered “drivers” when their impacts occur consistently over
a period of time and thus durably alter food system activities and outcomes [1].
Drivers may be endogenous to food systems, but many are independent and exoge-
nous. Food system driversmay be governed or shaped by external actors, and impacts
may be deliberate or unintentional. Drivers can affect every component of the food
system, from food supply and environment to consumer demand.This chapter focuses
on major macro-level drivers, which include environmental, sociocultural, political
and economic, and demographic drivers. The chapter also discusses the present-
day challenges and future opportunities presented by innovation, technology, and
infrastructure.

Biophysical and Environmental Drivers

The natural resource base provides the foundation for the food system. Through
the mediating influence of the food system, diets and nutrition outcomes are also
inextricably linked to natural resources and ecosystems. Natural resources include
land, water, nutrients, soil, sunlight, energy, and biodiversity, all of which are critical
inputs needed to produce food [2]. The natural resource base supports the diver-
sity of landscapes and ecosystems, which have multiple benefits for people and the
environment.

Climate change and variability affect the productivity and resilience of ecosys-
tems and landscapes that produce food. The effects of climate change also carry
repercussions for the health and nutritional status of communities and households.
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Ecosystems and Biodiversity

The food system is heavily dependent on ecosystems and biodiversity. Ecosystems
include areas that are managed by people, such as farms, as well as wild areas, such
as forests and waterways. Biodiversity refers to the number and inter-species variety
of plant and animal species [3]. Food systems rely on “ecosystem services” that
provide benefits for the overall nutrient recycling system and human health [4] (see
Box 7.1).

Box 7.1 What are ecosystem services?
Ecosystem services are the benefits people derive from ecosystems. Ecosys-
tems provide services and goods, such as food, wood and other raw mate-
rials, plants, animals, fungi and microorganisms. They also provide essen-
tial regulating services, such as crop pollination, water purification, and soil
stabilization, and cultural services, such as recreation and a sense of place [4].

The relationship between food systems and ecosystems is highly complex, because
environmental changes are both a driver and outcome of food systems. Agriculture
and food systems can only be sustained if natural resources, including soil, water,
land, and biodiversity, are well managed through sustainable use and conservation.
If soil lacks key nutrients or is contaminated with heavy metals, for example, crop
yields and livestock production can be impaired. Decreases in food production can
subsequently affect food security, dietary quality, and human health [3].

As part of this bidirectional relationship, food system activities can impair the
health of ecosystems and natural resources. As Chapter 9 discusses in detail, food
production is the largest cause of environmental change [5]. Production activities
contribute 11–24% of the planet’s greenhouse gas emissions, use 40% of available
land, and use 70% of available freshwater [5, 6]. Agriculture and food production
are major drivers of biodiversity loss, deforestation, species extinction, and natural
resource degradation [5, 7]. If not properly managed, certain agricultural methods
can increase environmental degradation. For example, industrialized methods that
extensively use chemical inputs, such as fertilizers, pesticides, and antibiotics, can
negatively affect ecosystems [8, 9].

Food security, diets, and nutrition all depend on biodiversity [3], much of which
can be found in wild landscapes, such as forests and waterways, as well as farms.
“Agrobiodiversity” refers to the types of foods and the vast varieties of species used
for food and agriculture. Farm size is closely linked to agrobiodiversity: smaller
farms and landscapes produce more diverse crops and thus provide more nutrients,
particularlymicronutrients, as compared to large-scale farms [10]. Around theworld,
agriculture systems of different countries have become increasingly similar. The food
supply has followed suit, as populations rely on the same major food crops, such
as wheat, rice, sugar, palm oil, maize, and soy [11]. Other foods such as sorghum,
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millet, sweet potato, and yam have beenmarginalized. At the same time, food system
activities and the demand for certain foods negatively affect global biodiversity.
The growing demand for animal source foods (ASF), such as meat and dairy, has
significantly impaired the world’s biodiversity “hotspots.” To expand agricultural
land, these hotspots,which contain 44%of theworld’s plants and 35%of its terrestrial
vertebrates, have been reduced by nearly 90% of their original size [12, 13].

Climate Change

Climate change refers to significant changes in global weather patterns and sea levels
that have occurred over a significant period of time. Human activity is the primary
cause of planetary warming and, regardless of any mitigation efforts, global surface
temperature change is projected to exceed 1.5°C by the end of the twenty-first century
[14, 15]. Projections of climate variability suggest that less predictable, shifting
seasons and climate-related natural disasters, such as severe floods and droughts,
will affect food systems and human health. At the present and in the future, the
effects of climate change negatively affect environmental ecosystems and human
well-being.

Climate change affects the entire food system, as shown in Fig. 7.1. Increased
planetary warming is expected to reduce crop productivity in some low-resource
settings. Countries in tropical regions will experience the greatest declines in crop
productivity and fish populations [16]. At the storage and distribution stages of the
food system, climate change is projected to cause food losses from fungal contam-
ination and extreme weather events that disrupt supply chains, among other factors
[17–19].

Climate-mediated changes to food systems will ultimately affect diets and nutri-
tion. As climate change leads to declines in agricultural productivity and increases
in food losses, food prices will likely rise, and nutritious foods will become even less
affordable. Research on food prices indicates that when prices rise, people consume
fewer nutritious foods and more inexpensive, ultra-processed foods [19, 21, 22]. The
effects of climate change may also affect nutritional quality: increases in carbon
dioxide have been shown to reduce the zinc, iron, and protein content of some staple
crops, such as grains and legumes [21, 23–25].
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Fig. 7.1 Effects of climate change on the food supply chain [20]
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Left unmitigated, the effects of climate change on the food systemwill likely cause
increased food insecurity. Low-income populations are at a heightened risk of food
insecurity and limited access to an adequate supply of nutrient-dense foods [26, 27].
The effects of climate change on food security and nutritional status may also result
in lower incomes, reduced resilience, and, on a broader scale, more displacement,
migration, and prolonged poverty [14].

Sociocultural Drivers

Food choices reflect personal identity, culture, and social traditions. Food is an impor-
tant part of culture: the types of foods we consume, the way we prepare and eat them,
the people with whom we share food, and the places where we eat are repositories of
tradition. Individual choices and food systems both shape and reflect cultural iden-
tity. Cultural tradition and gender norms are major drivers of food environments and
diets.

Social Norms, Culture, and Traditions

Cultural traditions and social norms influence food habits and dietary patterns.
These habits may be variously called “cuisines,” “foodways,” “food heritage,” or
“food cultures” [28, 29]. Culture underpins every aspect of food and eating: it influ-
ences food acquisition, ingredients and preparationmethods, meal composition, food
presentation, number and timing of meals eaten each day, portion size, and fasting
cycles, among others [29, 30].

A culture’s food habits provide value and meaning that extend beyond physical
nourishment. The act of sharing food is a social experience that reflects cultural values
and represents a collective association [28, 29, 31]. Food behaviors and habits may be
practical or symbolically meaningful in a given culture [29, 30]. Cultural values and
traditions influence perceptions of acceptability: the “cultural relativism” of eating
helps explain why foods like foie gras, chitterlings, chicken nuggets, bushmeat,
genetically modified (GM) foods, and insects are alternately embraced or abhorred
around the world [28].

Food choice is essential to individual identity, as it can shape a person’s sense
of self and standing in the world. Food can signify a person’s economic or social
status, religion, or ethnic background [29, 32]. Many cultural beliefs and values are
so highly ingrained and internalized that people are unaware of their influence on
self-identity [29, 30]. Research indicates that people make assumptions about the
values, lifestyle, and behaviors of others based on their dietary patterns [29].
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Women’s Status and Empowerment

Around the world, women play a major role in shaping food systems and diets.
In their biological and social roles as mothers and caregivers, women give birth,
breastfeed, and tend to the needs of children. In most societies, women also prepare
the food that the entire household eats. As workers and laborers, women represent a
significant proportion of the agricultural workforce [33].

Despite their importance, the contributions made by women often remain under-
valued. Women bear more responsibility for unpaid household and childcare labor
than men, which affects their involvement in other activities, such as paid work. In
some regions, rising migration and changing livelihoods have led women to become
increasingly responsible for agricultural production. This “feminization” of agricul-
ture ismost common in SouthAsia, especially in countries likeNepal andBangladesh
where the male heads of households have migrated to other countries or regions that
have a surplus of low-wage labor. Even as women take on more work, their access
to agricultural inputs, tools, information and extension services, land, and other
resources remains limited. These obstacles can limit women’s agricultural produc-
tivity, reinforce existing gender norms, and perpetuate poverty [34–37]. The added
responsibility of agricultural labor can also carry negative repercussions for health
and nutrition outcomes [38, 39].

Women’s empowerment can directly affect household-level diets and nutrition.
“Empowerment” refers to a woman’s ability to make life choices for herself and
others [40]. A woman’s status and level of empowerment affect her ability to manage
her time, make decisions, utilize health services, and control household income and
other resources [40–45]. Empowerment influences the nutritional status of women
and children: higher levels of empowerment are associated with an increased share
of income spent on food, improved food security, and increased dietary diversity [43,
45–49]. A comparative study of low-and middle-income countries (LMICs) showed
that improved educational attainment and societal status for women played a major
role in reducing hunger between 1970 and 1995 [50–52].

Political and Economic Drivers

A country’s political landscape can significantly influence the functionality of food
systems through agricultural, health, and trade policies. In many countries, policies
such as agricultural subsidies and trade can influence the availability and affordability
of certain types of food. In turn, this can affect what foods are available in the food
supply [53, 54]. Governments can also implement food-based dietary guidelines,
which can shape policies and promote a healthy diet. For example, tax policies can
be used to de-incentivize the consumption of less healthy foods, such as sodas and
junk food. Investment is needed to ensure sufficient resources are devoted to creating
a sustainable food system [55].
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Leadership and Governance

At both the global and local level, governments shape food systems through policies
and investments. Governance involves the use of economic, political, and adminis-
trative powers to manage a country’s affairs. Global nutrition governance involves
improving nutrition outcomes through decision-making, implementation, account-
ability, and other processes and mechanisms. Effective governance requires political
commitment, leadership, policy coherence, knowledge and data, and capacity [56].

Policymakers consider many factors and strive to balance the needs of many
stakeholders as they make decisions that influence food systems. These decisions
involve the design and implementation of policies, aswell as investments in programs
that strengthen public health and food systems. Policy decisions can contribute to
an “enabling environment” that yields positive outcomes for food and nutrition
goals, or a “disabling environment” that results in negative outcomes [57]. Food
and nutrition governance may be influenced by civil society groups, international
and regional organizations, donors, research organizations, academia, and private
sector companies. Power dynamics play an important role in decision-making: more
prominent, powerful groupsmay exert undue influence on decision-making and leave
less powerful groups marginalized. Disagreement between influential actors can also
lead to power struggles and imbalances that shape food systems in unsustainableways
[55, 58].

Globalization and Trade

Globalization and trade play a major role in shaping food systems. Globalization is
a dynamic process that increases the interconnectedness of populations around the
world [59]. Globalization and trade have helped facilitate the integration of global
markets, direct investment by foreign companies, expansion of transnational food
companies, and cross-cultural food marketing [60]. These drivers affect the type,
quantity, quality, cost, and desirability of foods that are available to consumers, as
Fig. 7.2 shows [60, 61].

Globalization and trade are a significant influence on diets and nutrition. Through
trade, globalization has increased the diversity of the food supply, particularly
micronutrient-rich foods, and reduced the cost of food [62]. Trade has allowed for
greater access to seasonal foods year-round [63]. However, globalization is also
considered a major driver of the nutrition transition: it has helped shift diets toward
more energy-dense processed and prepared foods and led tomore sedentary lifestyles
[64–67]. In low-income countries, trade has incentivized the production of energy-
dense foods, led to higher prices for more nutritious foods, and contributed to the
increased popularity of “Westernized” diets [68, 69]. Box 7.2 describes how free trade
has increased consumption of fatty meats in Pacific Island nations, and how these
countries have used policy action to address the health impacts of these foods. While
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Fig. 7.2 Impacts of trade on food systems and diets [61]

globalization and trade can improve dietary diversity and mitigate undernutrition,
these drivers can alternately increase the risks of overconsumption and exacerbate
inequality [60–62, 70].

Box 7.2 Trade policies to reduce unhealthy meat consumption in Fiji,
Samoa, and Tonga
In Pacific Island countries, policymakers have used trade policies to address
unhealthy food environments with varying success. In these countries, glob-
alization and trade liberalization have contributed to the increased avail-
ability of imported foods high in sugar, salt, and fat [71]. Free trade has
also led to the “dumping” of low-quality, inexpensive food [72]. These foods
have contributed to a rapid nutrition transition and significant increase in the
prevalence of obesity, cardiovascular disease, diabetes, and other diet-related
noncommunicable diseases (DR-NCDs) [72, 73].

In 2000, the government of Fiji banned the sale of mutton flaps, which
resulted in an immediate decline in the product’s availability. Prior to the
ban, the country imported more than 220 tons of mutton flaps from New
Zealand alone. Although the policy allowed mutton flaps to be imported for
processing rather than direct sale, it effectively halved the number of imports.
The ban was widely supported by consumers and retailers, though many poli-
cymakers doubted the measure would improve the overall healthfulness of
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diets. Some stakeholders also feared that the ban would negatively affect low-
income consumers who relied on the inexpensive meat. The positive response
to the policywas likely driven by prevailing public concerns about the quality of
mutton flaps, advocacy by healthcare professionals, and a consumer awareness
campaign about the product’s health risks [71, 72].

In 2004, Tongan policymakers drafted a proposal to restrict the import of
mutton flaps. However, the draft measure was not ultimately advanced to the
legislature over concerns that it would complicate the country’s entry into
the World Trade Organization and its trade relations with neighboring coun-
tries. While mutton flap consumption had long been considered a public health
concern, some stakeholders expressed doubt that an import ban would help
improve diets, given the widespread use, popularity, and low cost of mutton
flap meat [72].

In 2007, the Samoan government banned the import of turkey tails, effec-
tively ceasing their supply.A government health survey found that, as a result of
the ban, approximately half of survey respondents shifted to consuming other
cheap meats, such as sausage or mutton, while one-quarter shifted to lower-fat
meat and seafood products. When Samoa ascended to the World Trade Orga-
nization in 2011, however, the ban on turkey tails was reversed. The measure
was considered a barrier to free trade and subsequently replaced by a 300%
import duty [72, 74].

The cases of these three Pacific Island nations illustrate the complexities
of trying to align nutrition and trade goals. Though it is difficult to ascertain
whether these policy measures directly led to declines in fatty meat consump-
tion, these measures helped to alter the food supply and raise consumer aware-
ness of the linkage between unhealthy foods and adverse health outcomes.
Even less successful measures represent an important attempt to expand policy
dialogue in order to integrate food systems and health into the trade agenda
[72].

Conflicts and Humanitarian Crises

The stress of violent conflict and humanitarian crisis affects every aspect of food
systems. At the production stage, crops, livestock, land, and water systems may be
destroyed. Disruptions to infrastructure can impair the processing, distribution, and
sale of food products [75, 76]. As a result, food supply chains that were previously
stablemay become unpredictable. These disruptions contribute to food shortages and
limit food access and overall food security. Crises can also affect people’s livelihoods
and lead to lower incomes [77].
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The relationship between crisis, food insecurity, and malnutrition is highly
complex. Violent conflict and/or natural events, such as droughts or floods, are often
the primary drivers of crises. However, food insecurity can also contribute to conflict
through rising food prices, price volatility, and food shortages [78–81]. Crises also
act as drivers of food insecurity and malnutrition. Box 7.3 describes how South
Sudan’s ongoing conflict situation has affected food insecurity and childhood under-
nutrition. Globally, the prevalence of chronic undernutrition is increasingly concen-
trated in conflict-affected countries [82, 83]. The effects of conflict carry adverse
consequences for nutrition and health throughout an individual’s life and into future
generations [79]. Given the persistent effects of conflict on hunger, countries that
experience long-standing crises may struggle to escape the cycle of poor nutrition
and poverty [83, 84].

Box 7.3 The effects of war on nutrition and food security in South Sudan
In 2011, South Sudan gained independence from the Republic of Sudan to
become the world’s newest sovereign nation. The country’s victory was hard-
fought following decades of violent conflict and associated poverty, famine,
and disease. The triumphof independencewas short-lived, however, as political
struggles between the country’s two largest ethnic groups led to the onset of
civil war in 2013. By 2018, the war had displaced approximately 4.5 million
people and led to the deaths of an estimated 380,000 people, either through
direct conflict or disease, hunger, and other causes exacerbated by the fighting
[85, 86]. Peace agreements signed in 2018 and 2020 have brought hope for the
resolution of conflict, though the security situation remains highly fragile and
complex [87].

Thewar in South Sudan has culminated in amassive humanitarian crisis that
has destroyed livelihoods and deepened poverty. The conflict has decimated
the country’s already-limited infrastructure and disrupted access to healthcare,
education, water and sanitation, markets, and humanitarian aid. An estimated
40% of the country’s population has access to safe water, while only 10%
can access basic sanitation [88]. Economic decline and instability have led
to high inflation rates and currency depreciation [69, 84]. Rural areas, where
most of the country’s population lives and works in subsistence farming, have
been hardest hit. The fighting has targeted agricultural assets, limited access
to livestock products, and resulted in shortages of staple foods [77, 89].

The country’s protracted humanitarian crisis has also intensified food inse-
curity and malnutrition. In 2017, famine was declared amidst record-high food
prices and inflation [77, 84]. As in many conflict settings, it is difficult to
ascertain accurate, up-to-date food security and nutrition data, but estimates
suggest that 5.5 million people currently face acute food insecurity, a figure
that may rise to 7.3 million by 2021 [88, 90]. Among children under the age of
five, between 31–58% experience stunting and between 10–22.7% experience
wasting [91, 92].
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Key drivers of food insecurity and undernutrition in South Sudan
include poor macroeconomic conditions and limited access to basic services.
Widespread disease, such as the severe cholera outbreak in 2017, and subop-
timal young child feeding practices, such as low rates of exclusive breast-
feeding, also contribute [84, 91]. Low agricultural yields, limited food imports,
and high transportation costs have led to rising food prices, limiting access and
availability [77, 84]. Food insecurity and poverty have also been exacerbated by
cyclical flooding and droughts, as well as the more recent threat of COVID-19
[89, 93].

Demographic Drivers

Population change, urbanization, and migration influence the trajectory of food
systems around the world. These demographic drivers affect food consumption
and demand, which carry ramifications for food production and the environment.
Changing population dynamics affect hunger and food security and are intensified
by climate change and conflict. These drivers are especially relevant in LMICs.

Population Growth

By2050, the global population is projected to grow to 9.8 billion people. Thismassive
expansion represents an increase of approximately two billion people from the global
population in 2020, as shown in Fig. 7.3. Population growth will primarily be driven
by rising birth rates in Africa and Asia. Some regions, such as Africa, will experience
a growing population of young people, while others, like Europe and Asia, will face
a significant aging population [94, 95].

Population growth and changing dynamics place tremendous strains on food
systems. Shifts in population dynamics coincide with changes in global dietary
patterns. These changing diets increasingly feature ASF, which are highly resource-
intensive and environmentally impactful. Population growth and dietary change act
as major drivers of global land use change [97]. The world’s growing population
will require more food to sustain itself, but the demand for certain resource-intensive
foods, such as some ASF, will place undue pressure on an overburdened system.
While land use efficiencymay lead to higher yields, these productionmethods require
external inputs, such as pesticides and fertilizers, that negatively affect the environ-
ment [98]. As the global population grows, changes to dietary patterns and food
demandwill be necessary to ensure the sustainable production of sufficient nutritious
food for all [95, 99, 100].
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Urbanization

The global population is increasingly becoming urbanized. By 2050, more than 6
billion people, or approximately two-thirds of the world’s population, will live in
urban areas (Fig. 7.4). The vast majority of this growth will occur in Africa and Asia,
where 56% and 64% of the respective populations will be urbanized [101–103].
These changes have major ramifications for food systems and natural resources, as
urban areas currently account for 60% of global energy consumption, 70% of global
waste, and 70% of greenhouse gas emissions [102].

Urbanization changes people’s relationship with food and shapes their food
systems. Rising urbanization is associated with an increase in energy-dense diets
and greater demand for ASF, fats and oils, refined grains, and fruits and vegetables.
Many urban dwellers prefer processed and prepared foods, which can be less healthy
than fresh foods but more convenient [55, 104]. Urbanization changes the food envi-
ronment by increasing the number of supermarkets, which can provide a safer, more
varied array of foods. However, low-income populations may not have physical
or economic access to healthy, fresh foods from these retailers [105–107]. For these
populations, the “built” environment in urban areas helps determine nutritional status,
food security, and food safety [108, 109].

The effects of urbanization on food consumption and demand will likely present
additional challenges for food systems. Urban demand influences the types of foods
grown in agricultural areas and how these foods are processed, distributed, and
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marketed. Urban spaces require longer food chains and more processing, packaging,
and refrigeration [55, 102, 104]. Urbanization is also a major driver of land use
change: the expansion of urban areas displaces agricultural production from fertile
croplands and contributes to biodiversity loss [110, 111].

Migration and Forced Displacement

Around the world, people leave their homes for many different reasons. Migrants
may move to find new jobs, reunite with family, or pursue educational opportunities,
among other reasons. Others experience forced displacement as internally displaced
persons, asylum seekers, or refugees. War or conflict, natural disasters, extreme
environmental events, or different forms of persecution can force people to relocate.
International migration is on the rise: in 2019, there were approximately 272 million
migrants, an increase of more than 40% since 2000 [112].

Migration, food systems, and rural development are highly interconnected.
Economic growth in non-agricultural sectors has historically been a major driver of
rural-to-urban migration: poverty and lack of opportunity can act as “push factors”
that compel people to leave low-paying agricultural work, while job availability in
urban areas can likewise act as a “pull factor” for migration. Young people are
most likely to leave the agricultural sector in rural areas and migrate for better
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employment opportunities [113]. Rural areas are also disproportionately affected
by violent conflicts that damage or destroy agricultural assets and lead to forced
displacement [114]. Migration flows will likely increase as the effects of climate
change on agriculture intensify the competition for natural resources [113].

Forcedmigration, hunger, and food insecurity intersect as part of a complex cycle.
Violent conflicts and climate shocks underpin food insecurity and displacement:
conflicts are a major driver of the rise in global hunger and forced migration, while
climate shocks exacerbate fragility and food insecurity [114]. Food insecurity acts as a
driver for migration, especially when caused by conflict or climate-mediated impacts
on agriculture [114, 115]. People may migrate to escape hunger or famine, or they
may relocate for employment opportunities that increase their household’s resilience
to food insecurity and other shocks [113]. Migration can also increase vulnerability,
which can contribute to higher levels of food insecurity among migrant populations
in their destinations [116].

Innovation, Technology, and Infrastructure

In past decades, innovation and infrastructure have been a major influence on food
system transformation. These drivers will continue to be critical as the world’s soci-
eties address the needs of a rapidly growing population in the context of climate
change and natural resource scarcity. Building more efficient, sustainable food
systems will require new research and technologies, as well as better access to and
use of existing technologies and infrastructure.

Innovation and Technology

Innovation and technology are major drivers of food system transformation. The
Industrial Revolution modernized agricultural production through mechanization,
breeding methods, and fertilizers. Technologies in food processing and preservation
have changed the way food can be stored, cooked, and transported [117]. Modern
innovations in agricultural technology, product development, processing, packaging,
and logistics can stimulate change at other stages of the food supply chain.Demand or
supply at one stage in the food supply chain cangenerate newdevelopments that rever-
berate throughout the food system.University research centers, applied research insti-
tutions, and private sector companiesmaywork independently or collaborate through
public–private partnerships to research and develop food system technologies [118].

The effects of innovation and technology on the food supply chain can positively
shape diets and nutrition. Farm technologies help support agricultural intensification,
improve productivity, and enhance efficiency. These innovations have generated non-
farmemployment opportunities that are especially beneficial for women and youth
[118]. Longer supply chains connect rural farmers to markets and provide them
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with opportunities to produce more diversified, high-value crops. Technology can
improve access to information, reduce costs, protect food safety, and create alterna-
tive networks throughout the food supply chain. These innovations have primarily
affected nutrition outcomes by lowering food costs and making seasonal foods more
widely available. Time-saving technologies have positively altered women’s respon-
sibilities, allowing them more time to engage in the labor market, education, or
childcare [118–120].

Technological innovations also carry negative repercussions for food systems. The
opportunities presented by farm technologies do not extend to all food producers,
especially small-scale farmers. Long supply chains are often more vulnerable to
climate shocks, food safety risks, disease, conflict and unrest, and energy costs.
These chains have also introduced more processed and packaged foods into the food
supply. While these convenience foods may contribute to economic development
and women’s empowerment by freeing up time that would otherwise be spent on
food preparation, they negatively affect health and nutrition outcomes. High costs,
limited capacity, and lack of connectivity also present challenges to technological
adoption. As Chapter 10 discusses in more detail, the impacts of new, potentially
“disruptive” food system innovations, such as gene editing, automation, and big
data, on sustainability and food system goals remain hypothetical.

Infrastructure and the Built Environment

Infrastructure is a critical component of food systems, as it facilitates the transporta-
tion of food from the place of production to the places where it will be processed,
distributed, sold, and consumed. Transportation requires road, railway, and shipping
infrastructure to move food by motor vehicle, train, ship, plane, or animal. Infras-
tructure has improved significantly over the last 50 years: in the last 15 years alone,
travel times between cities in sub-Saharan Africa have radically declined. Trips that
once required three to five hours can now be accomplished in one hour or less
[121]. However, infrastructure quality and access vary considerably, and many of
the world’s politically marginalized and poor, rural populations remain disconnected
from markets [20, 55, 122, 123].

Infrastructure directly affects food environments. Food must be transported over
long distances to areas of food shortage in order to improve security and stabilize
prices. Efficient, quick transport protects against food waste and foodborne disease.
Evidence suggests the quality and availability of infrastructure can affect nutrition
outcomes in young children [124]. Infrastructure also influences people’s ability to
access food through the built environment: it helps determine the distance to food
entry points and the transportation needed to access these points [55]. “Obesogenic”
environments lack access to healthy, affordable foods, and feature an overabundance
of fast-food and takeout restaurants that foster unhealthy dietary patterns [125, 126].
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Key Messages and Conclusions

Food systems, diets, and nutrition are shaped by many different, highly complex
drivers. Environmental, sociocultural, political, economic, and demographic factors
all play a role in food system transformation. The global population is continuously
changing as peoplemigrate to urban areas, birth rates increase in some areas and stag-
nate elsewhere, and lifestyles shift. Globalization heightens the connections between
countries and facilitates international trade. Population growth and changing diets
require more resources to produce food, yet the effects of climate change present a
monumental challenge.

These dynamic food system drivers intersect and evolve in complex ways. As the
world’s population rapidly grows and evolves, the food system will need to sustain-
ably produce enough nutritious food for all. Agricultural productivity is bound by
the natural resource base, but food system activities can also degrade these foun-
dational resources. Globalization, migration, and urbanization shape food supply
chains and dietary patterns. These drivers can improve access to nutrient-rich foods,
but they also contribute to the overconsumption of highly-processed, energy-dense
foods. They also affect sociodemographic patterns and household structures in ways
that influence broader cultural and societal traditions. Policy governance can help
mediate these evolving trends,mitigate challenges, and create enabling environments
for diets and nutrition. Technology and infrastructure are also critical, though these
innovations must be developed and implemented in ways that protect the health of
both people and the planet.
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Chapter 8
Policies Affecting Food Supply Chains

Introduction

Food and agricultural policies shape what types of food are produced and their
movement through the food supply chain at the global, regional, and local levels.
As Chapters 2 and 3 describe, the supply chain involves all the activities needed to
bring food from farm to fork, including production, trade, transportation, processing,
packaging, andmarkets.Many different actors create, enact, and oversee policies that
govern these activities and processes, with governments being the primary player
in enforcing policies. Yet there are many other actors that implement these poli-
cies, which in turn, take food supply chains into different purposes and directions,
including the private sector of food and beverage industry and traders.

Well-functioning, ideal food supply chains provide sufficient safe, nutritious food
for everyone around the world. This chapter discusses the many different types of
food supply policies relevant to diets and nutrition, as well as the role that different
actors play in shaping these policies. Policies that affect food production and trade;
processing and packaging; and markets, distribution, and public procurement repre-
sent opportunities to improve supply chains and leverage them for nutrition and
health goals.

Ideal Food Supply Chains for Diets and Nutrition

Ideal food supply chains ensure that safe and nutritious foods are available, acces-
sible, affordable, and safe for all people. In recent decades, food supply chains have
changed dramatically to become longer,withmore actors interacting across the chain,
and more complex. This transformation reflects increased globalization and urban-
ization, income growth, supply chain modernization, and dietary demand shifts [1].
Although changes to global supply chains have improved access to diverse, nutritious

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
J. Fanzo and C. Davis, Global Food Systems, Diets, and Nutrition,
Palgrave Studies in Agricultural Economics and Food Policy,
https://doi.org/10.1007/978-3-030-72763-5_8

109

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-72763-5_8&domain=pdf
https://doi.org/10.1007/978-3-030-72763-5_8


110 8 Policies Affecting Food Supply Chains

foods for some, they have also expanded the availability of less healthy processed
and packaged foods. Changes to the supply chain also influence the availability,
safety, price, and marketing of food within the food environment [2]. Policy inter-
ventions that govern different activities along the supply chain can help leverage
and reorient these chains for positive nutrition and health outcomes. Ideal supply
chains can increase access to nutrient-rich foods and increase the nutritional value
of products as they move along the chain [3].

Value chain analysis can help to leverage nutrition throughout the supply chain.
As described in Chapter 2, food value chains represent the ways in which value
is added to food products within the supply chain. “Value” may refer to economic
worth, product features, and/or the product price relative to its benefits [4, 5]. Value
chain analysis helps identify points within the supply chain that can be leveraged, or
changed, to achieve nutrition goals. These leverage points include nutrition “entry
points,” where nutritional value can be enhanced, and “exit points,” where nutrients
are removed as a food product passes through the chain [1, 6]. Figure 8.1 depicts the
ways in which nutrition can enter and exit the supply chain [1]. Through value chain
analysis, nutrition entry points can be optimized and exit points minimized.

Agricultural production, the initial stage of the food supply chain, is fundamental
to nutrition and health. Agricultural productivity can ensure food security and sustain
the nutritional and health status of billions of people [7]. Policy support and interven-
tions that improve harvest techniques and training, connect farmerswithmarkets, and
develop infrastructure can help reduce food andnutrientwaste at the production stage.
Limiting losses of fruits, vegetables, and nuts is especially important, given their
nutritional value and potential for value addition [8]. Investments that support farm
systems growing a diversity of crops and livestock can potentially contribute posi-
tively to dietary quality, diversity,micronutrient status, and reductions inmaternal and
child undernutrition. However, achieving the greatest benefits from farm diversifica-
tion may require addressing other causal factors, such as access to markets, behavior
change, and education [9–23]. Biofortification and genetic strategies, such as genet-
ically modified organism (GMO) technology, can also improve nutrient density and
quality, as well as the resilience of crops and livestock to environmental challenges
and efficiency of production [24]. Diversity contributes to ecosystems, which can be
mutually beneficial to agricultural productivity [24, 25].

Once food is produced and passes through the “farm gate,” its nutritional value can
be improved at the processing stage. Processing and packagingmethods can optimize
food quality and nutrient availability, improve safety, reduce waste, and increase
a product’s shelf life [24]. These methods may include milling, cooling, heating,
canning, fermentation, and drying, among others. Some of these methods can range
from low- to high-tech. Food fortification adds either one ormultiplemicronutrient(s)
to food products. Products that are fortified are often staples—flours, oils, milk,
and salt. Food product reformulation, often done by the food industry, removes or
reduces less healthy ingredients, such as sodiumand trans fats, from foods [26]. These
processing methods are especially valuable for populations with higher nutritional
needs and requirements, such as young children and pregnant women.



Ideal Food Supply … 111

In
pu

t S
up

pl
y

Pr
od

uc
tio

n
Po

st
 H

ar
ve

st
 

St
or

ag
e

Pr
oc

es
si

ng
D

is
tri

bu
tio

n
M

ar
ke

ts
 a

nd
 

R
et

ai
l

La
ck

 o
f k

no
w

le
dg

e 
of

 
im

pr
ov

ed
 v

ar
ie

tie
s 

or
 

nu
tri

tio
us

 c
ro

ps
 

C
on

ta
m

in
at

io
n,

 s
po

ila
ge

 
an

d 
fo

od
 lo

ss

N
ut

rie
nt

 lo
ss

es
 d

ur
in

g 
m

illi
ng

 o
r p

ro
ce

ss
in

g,
 

co
m

bi
na

tio
n 

w
ith

 
un

he
al

th
y 

in
gr

ed
ie

nt
s

“F
oo

d 
de

se
rts

 a
nd

 s
w

am
ps

,” 
ex

po
rt/

im
po

rt 
im

pa
ct

s 
on

 
pr

ic
es

 a
nd

 a
va

ila
bi

lit
y

La
ck

 o
f a

cc
es

s 
to

 in
pu

ts
 

an
d 

bi
od

iv
er

si
ty

 (s
ee

ds
, 

fe
rti

liz
er

, e
xt

en
si

on
)

Ad
ve

rti
si

ng
 c

am
pa

ig
ns

 fo
r 

un
he

al
th

y 
fo

od
s,

 lo
ss

 o
f 

sm
al

l f
oo

d 
re

ta
ile

rs

M
in

im
iz

e 
nu

tr
iti

on
 “

ex
iti

ng
” 

th
e 

va
lu

e 
ch

ai
n

M
ax

im
iz

e 
nu

tr
iti

on
 “

en
te

rin
g”

 th
e 

fo
od

 v
al

ue
 c

ha
in

Fo
cu

s 
on

 w
om

en
, f

ar
m

 
di

ve
rs

ifi
ca

tio
n,

 e
xt

en
si

on
 

se
rv

ic
es

, i
nd

ig
en

ou
s 

cr
op

s

Af
la

to
xi

n 
an

d 
ot

he
r 

co
nt

am
in

an
t c

on
tro

l, 
re

fri
ge

ra
tio

n 
an

d 
co

ld
 

st
or

ag
e

Fe
rm

en
ta

tio
n,

 d
ry

in
g,

 
fo

rti
fic

at
io

n,
 p

ro
du

ct
 

re
fo

rm
ul

at
io

n 
(re

du
ce

 s
al

t, 
su

ga
r, 

un
he

al
th

y 
fa

ts
)

Im
pr

ov
ed

 a
nd

 tr
ad

iti
on

al
  

se
ed

 v
ar

ie
tie

s,
 

bi
of

or
tif

ic
at

io
n 

st
ra

te
gi

es

M
es

sa
gi

ng
 o

n 
th

e 
im

po
rta

nc
e 

of
 n

ut
rit

io
n 

an
d 

be
ne

fit
s 

of
 h

ea
lth

y 
di

et
s

Sc
ho

ol
 fe

ed
in

g 
pr

og
ra

m
s,

 
vo

uc
he

r s
ch

em
es

, 
ta

rg
et

in
g 

of
 m

ar
gi

na
liz

ed
 

po
pu

la
tio

ns

F
ig
.8
.1

E
nt
ry

an
d
ex
it
po
in
ts
fo
r
nu
tr
iti
on

al
on
g
fo
od

su
pp
ly

ch
ai
ns

[1
]



112 8 Policies Affecting Food Supply Chains

Post-production interventions that target quality, sustainability, logistics, and
processes along the supply chain can also be leveraged for nutrition. In low-and
middle-income countries (LMICs), interventions to improve storage and cold chain
capacity can help reduce post-farm food losses. In high-income countries, consumer
education and retail-level interventions are themost effective leverage points tomini-
mizewaste [8]. Private standards and certifications,whichmaybe voluntary or legally
mandated, can contribute to improvements in food safety, health [2], environmental
sustainability, and fair labor [27]. Emerging technologies, such as high-pressure
processing and Ultraviolet irradiation, provide more sustainable, energy-efficient
methods of processing food products [24]. Interventions that shift consumer demand
toward healthier food options can reverberate across supply chains to affect processes
and outputs at earlier stages [1]. Raising awareness of the importance of nutrition
and providing technology capacity and assistance to increase the nutritional value
of foods among supply chain actors can also help influence demand for healthy,
nutritious foods.

Policies that Shape Food Supply Chains and Their Impacts
on Diets and Nutrition

Many types of food supply policies can improve the diversity and quality of foods.
These policies tend to focus on production and trade, processing and packaging, and
distribution and markets. Examples of these policy levers are shown in Fig. 8.2.

Agricultural production

Processing

Food environments

Labeling and Promotion

• Incentives for horticulture and crop diversification
• Crop insurance and access to credit
• Investment in R&D and technology
• Investment in local production        

• Healthier ingredients in food processing (e.g., less salt, sugar 
and unhealthy fats)

• Trans fat bans
• Standards in food (salt, fat quantity in meat)

• Economic incentives (taxes and subsidies)
• Barriers and facilitators to access (e.g. junk food free check-outs)
• Zoning laws 
• Farm-to-school programs
• Community and school gardens

• Improved labeling (leads to product reformulation)
• Restrictions on food marketing
• Mass media campaigns 

Fig. 8.2 Food supply policy levers [28]
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Policies that Affect Food Production and Trade

Subsidy policies
An agricultural subsidy is an incentive paid by governments to farmers or agribusi-
nesses. Subsidies help to supplement income earned through agriculture, manage
the supply of agricultural commodities, and influence the cost of those commodi-
ties. Typical subsidized commodities are staple foods, such as rice, maize, wheat,
feed grains, cotton, dairy, sugar, and oilseeds like soybeans, as well as some meat
products.

Many countries have enacted agricultural subsidy policies. In Europe, the
CommonAgricultural Policy, launched in 1962, aims to improve agricultural produc-
tivity, ensure a reasonable standard of living and income for farmers, and maintain
rural life. As part of the EU’s Green Deal, their 2020 Farm to Fork initiative takes a
strong stance on introducing sustainability and resilience into food production and
trade policies. In the United States, the Farm Bill provides subsidies for major crops,
such as corn, sugar, dairy, cotton, and other major cash crops. In China, more than
$150 billion USD is directed toward agricultural subsidies, with significant funding
for soybeans [29, 30].

Subsidies benefit food producers and governments, but they also present chal-
lenges. These policies provide farmers with a consistent income and insurance
during times of hardship. However, they penalize agricultural businesses that grow
produce not included in subsidy coverage. In the United States, for example, fruit
and vegetable crops are not eligible for subsidies, which lessens the incentive for
farmers to grow these important, nutritious crops [31]. Subsidies help countries
manage their food supply and reduce the need to import food. However, these policies
require government intervention and impact other markets. Subsidies also strengthen
the market control of big agribusiness companies and environmentally harmful
production methods favored by such companies, such as monoculture cropping and
concentrated animal feeding operations (CAFOs).

Historically, subsidy programs have helped ensure the provision of staple grains
for the world’s population. These policies have focused on improving the agricultural
productivity of staple grains and cereals. Subsidies have contributed positively to food
security goals, but these programs rarely align with what is considered a healthy diet
(Fig. 8.3). In many countries, subsidy policies do not incorporate nutrient-rich crops
or align with the recommendations of dietary guidelines [32].

Evaluating the impacts of agricultural subsidies on diets and nutrition remains
a major challenge. Subsidy programs are typically designed around political and
economic goals rather than health aims [34]. As such, further research is needed to
understand how subsidies can affect diets and nutrition. Establishing causal connec-
tions and disentangling the effects of subsidies from other factors is also difficult.
Research that definitively determines the effects of subsidies on diets and nutrition
would be highly complex and possibly infeasible [35]. However, existing research
suggests that subsidies can positively affect diets and nutrition in some contexts.
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4%

19%

47%

3%

19%

8%

How we should be eating

Sugar
Cereals and Starches
Fruits and Vegetables
Oils & Fats
Meat, Fish, Eggs, Beans
Milk and Milk Products

16%

47%

11%

11%

11%
4%

What we are actually producing

Sugar
Cereals and Starches
Fruits and Vegetables
Oils & Fats
Meat, Fish, Eggs, Beans
Milk and Milk Products

Fig. 8.3 What we produce to what we eat [33]

In LMICs, subsidies contribute to positive outcomes through agricultural produc-
tion, household income, household behavior, and changes in food consumption [36].
Box 8.1 illustrates the challenges of linking subsidies to nutrition outcomes in the
United States and Malawi.

Box 8.1 Impact of agricultural subsidies on nutrition in the United States
and Malawi
Subsidies have long been a major component of agricultural policy. Subsidy
programs can affect agricultural intensification and diversification, as well as
nutrition outcomes. Despite the importance of subsidy policies, their effects on
nutrition and health remain difficult to ascertain. In some cases, the evidence
may be unclear, while in others, it may be challenging to disentangle the effects
of subsidies from other causal factors.

In the United States, agricultural subsidies finance the production of
commodity crops, such as corn, soy, and wheat. The effect of these subsidies
on nutrition and health outcomes is highly debated. Several research studies
suggest that the overconsumption of calories from subsidized crops like corn
and soy is associated with heightened cardiometabolic risks and obesity [37–
39]. While some researchers have called for agricultural and nutrition policies
to be better aligned for the sake of health outcomes, others argue that subsidies
have low or negligible impacts on dietary patterns and obesity [37, 40, 41].

In Malawi, tobacco has long been the focus of agricultural commercializa-
tion, despite the crop’s high production costs, uncertain yields, and inconsistent
profit margins. In 2005, the government implemented the Farm Input Subsidy
Policywith the goal of increasingmaize production, improving household food
security, and enhancing the autonomy of the country’s food supply. Research
on the impacts of agricultural subsidies identified meaningful benefits for diets
and nutrition. The provision of these subsidies was associated with increased
crop diversification, household dietary diversity, and improvements in child
undernutrition [42, 43]. However, input subsidies were not the sole cause of
improved dietary diversity, as diversity of livestock production and women’s
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empowerment and education also significantly affected food consumption [44].
In addition, the prevalence of childhood stunting was lower among maize-
producing households than those that produced cash crops and limited staple
food production [45].

Price and income support policies
Price and income support policies affect activities throughout the food supply
chain. Given the interconnected nature of the food supply chain, interventions that
target specific processes or activities can have broader impacts on pricing and costs
throughout the chain. Over time, changes to the food supply chain have altered the
distribution of cost and profit within the supply chain. The balance of cost and profit,
or the “value” of a product, has shifted away from food producers to processors,
manufacturers, and retailers [46, 47]. Innovations throughout the food system, such
as agricultural efficiencies and cold chain technologies, and economic drivers, such as
globalization, have contributed significantly to these value shifts [46]. Costs, profits,
and value within the supply chain are also shaped by many other factors, such as the
availability and cost of agricultural inputs, logistics and transportation costs, labor,
environmental regulations, trade tariffs and bans, and consumer demand [46–48].

Historically, price and income support policies have focused on the production
stage of the supply chain. These interventions aimed to reduce volatility in producer
incomes and food prices, help producers manage risks, and subsidize the produc-
tion and pricing of select commodities [46, 47]. Although price and value shifts
within the supply chain have resulted in lower food prices for consumers, concerns
remain about the consolidation of power by processors and retailers [46–48]. More
recent policy interventions have focused on expanding opportunities for small-scale
farmers, optimizing the potential for competition amidst increasing vertical and hori-
zontal integration, and ensuring fair contracting agreements [47–53]. However, some
argue that concerns of market abuse are exaggerated, and policy interventions could
affect the transmission of costs within the supply chain, resulting in higher food
prices for consumers [48, 54].

Pricing and income support policies influence diets and nutrition through their
effects on food prices at the consumer level. Food prices directly affect food afford-
ability, consumption patterns, and diet quality. Populations in LMICs tend to spend
a larger proportion of their income on food than do people in high-income countries,
though there is significant variation within wealthy countries [55]. For many poor
households, increases in food prices often reduce the quantity and nutritional quality
of food consumed, which can lead to reductions in diet quality [56–59]. Increases in
food prices are associated with a higher prevalence of stunting in children, impaired
growth in infants, and decreased micronutrient status in mothers [60–66].

Trade policies
Trade policies influence global food availability, as well as food production and
imports at the global and national levels. Trade can affect both producers’ profits and
consumers’ costs, primarily through its effects on food prices. Trade policies can also
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shift production patterns, leading to improvements in the way food is produced and
traded. Policies governing trade also affect many other aspects of the food system,
as Chapter 6 describes.

International trade is critically important to the food supply chain because it
facilitates the movement and distribution of different types of foods and the nutrients
contained within foods around the world. Without trade, far fewer people would be
able to meet their nutritional needs. For example, 934 million would be deprived of
protein and 146 million would not be able to fulfill vitamin A requirements. As a
result of free trade, it is estimated that an additional 70 million people have access
to folate and 16.79 billion more can access vitamin B12 [67].

Demands at the consumer level can have important implications for trade patterns.
Although individual consumers in lower-income countries—where the impact of
trade could be most beneficial—do not have global market influence, their aggregate
demands can be important [68]. For example, low-income countries in West Africa
that have a strong national demand for rice can be important rice importers, despite
having a low per-capita income. If efforts to shift consumer preferences to nutrient-
rich food products were successful at an aggregate scale, they could potentially help
create a substantial market demand [69]. This type of dietary shift is reflected in the
growing demand for diets rich in sugar, oil, and meat, though this particular demand
shift has led to negative nutrition outcomes [2, 70, 71].

Despite the benefits of international trade for food supply chains, it also presents
many challenges for diets and nutrition. Globalization has increased the choice and
year-round accessibility of many fresh foods in more affluent markets around the
world. While open trade is generally associated with lower food prices, its effects on
food cost and availability can also make healthy options inaccessible for those most
in need. The distribution of imported food items—and associated nutrients—often
depends on the ability to pay.Globalization and trade liberalization are also associated
with an increase in access to energy-dense, highly-processed foods of little to no
nutritional value, especially in urban areas of LMICswhere there is significantmarket
infiltration [72]. Trade agreements that focus on food as an economic commodity
contribute to food environments where the most affordable, accessible foods are less
healthy ones [73].

International trade does not always ensure that populations in need of nutrients
have access to them.Many countries need to augment the micronutrient composition
of their food supplies, yet the foods that are most easily traded, such as staple grains,
are often low in these micronutrients. This deficit can be mitigated, however, by
encouraging the demand and regional trade of high-nutrient foods. Food aid, which
is linked to trade, likewise prioritizes staple grains duemainly to cost efficiencies and
easy transport: these grains provide energy but are not enriched with micronutrients
that are needed in recipient countries. For instance, the provision of rice to northern
Nigermaymeet a short-term caloric deficit and thus help stave off acutemalnutrition,
but it will not fulfill the long-term nutrient needs of the target population. Policy
actions that increase the nutritional diversity of food aid could help augment the
availability of food nutrients in national food supplies, however the logistics of doing
this is incredibly challenging amidst humanitarian response constraints [74–77].
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The effects of trade policies also reverberate beyond diets and nutrition. Trade
specialization that focuses on environmentally harmful crops, such as large-scale oil
palm plantations, can lead to deforestation. Countries may be vulnerable to sudden
changes in global trade patterns, whether due to price shocks; political polarizations,
shifts and priorities; or environmental disasters or other disruptions [78, 79].

Policies that Target the Processing and Packaging of Foods

Reformulation and bans on food ingredients
Reformulation is a change to a food or beverage’s processing or composition that
is intended to either reduce or remove harmful ingredients and nutrients or increase
beneficial ones. Harmful ingredients and nutrients affected by reformulation include
salt, added sugar, saturated and trans fats, and energy density. Beneficial ingredients
and nutrients include fiber and protein. Nutrient profiling, which is the classification
or ranking of foods based on their nutrient composition, is often used in reformulation
[80–82].

From a public health standpoint, reformulation is intended to improve diets, nutri-
tion, and health by decreasing the intake of unhealthy ingredients or nutrients without
requiringmuch in the way of consumer behavior change. Processed foods are usually
the target for reformulation strategies as the increased global consumption of these
products has been linked with overweight and obesity andNCDs [83–87].Minimally
processed foods can be reformulated as well, such as by reducing salt in canned
vegetables and reducing added sugar in dried fruit. Box 8.2 provides examples of
how foods can be reformulated to improve health outcomes.

Box 8.2 How reformulation improves the nutrient content of different
food products
• Reduces salt in chips, crackers, breads, processed meats, canned soups, and

sauces
• Reduces sugar in breakfast cereals, cookies, cakes, candy, and other

confectionery
• Reduces saturated and trans fats in dairy products, crackers, cookies, and

cakes
• Adds whole grains or other fiber to snacks, breakfast cereals, and breads
• Alters livestock diets to improve the fatty acid profiles of milk, butter, and

other dairy products
• Adds healthy oils to butter spreads
• Adds herb extracts to cooking oils, which delay degradation and improve

health properties
• Adds vegetables to chips, breads, and other products to increase their fiber,

vitamins, and phytochemicals
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• Adds phytochemicals, such as betalains (found in beets, for example), that
have strong antioxidant properties

Most reformulation efforts have been undertaken voluntarily by food and beverage
companies, which has led to an inconsistent approach with little accountability.
Voluntary reformulation has allowed the food industry to set their own targets,
including the number of affected products and timeframe. There is little account-
ability, as the industry monitors and evaluates its own progress. As a result, products
have been reformulated in an inconsistent way: foods that have not been reformulated
are available on store shelves alongside reformulated ones. Although this approach
has had the benefit of occurring without political intervention, it has allowed the food
industry to avoid direct mandatory regulation [88, 89].

Food labeling and taxes can also encourage the food industry to reformulate
foods. Labels range from informational front-of-package labels to warning labels.
Food companies may voluntarily reformulate products to receive a better label rating
or avoid a warning label. Increasing consumer demands for healthy and sustainable
foodsmay also compel the food industry to undertake reformulation. Companiesmay
voluntarily reformulate to avoid or pay less in taxes on foods that have been deemed
unhealthy. In response to taxes on sugar-sweetened beverages (SSBs) in several
countries, food companies reformulated their products to reduce sugar content [88].

While most reformulation efforts have been voluntary, mandatory limits and bans
on ingredients or nutrients, such as those on salt and trans fats, have stimulated
product reformulation. Mandatory reformulation allows the public health sector to
set meaningful targets and timelines. This approach is based on nutrition and health
research instead of industry profits, and it combines independent monitoring and
evaluationwithmeaningful consequences for noncompliance [90]. Box 8.3 describes
the United Kingdom’s campaign to reformulate foods high in sodium.

Box 8.3 Sodium reformulation in the United Kingdom
High sodium consumption can lead to high blood pressure, which is a major
risk factor for heart disease and stroke. Prepared and processed foods can
contain high amounts of “hidden” salt, which consumers may not be aware of
[91]. Reducing salt intake is one of the most cost-effective means of improving
health outcomes [92].

In 2003, the United Kingdom implemented a voluntary program in collab-
oration with industry to reduce sodium consumption. Key components of
the program included measuring salt intake in a random population sample
and setting targets for salt intake. The government’s strategy plan established
progressively lower voluntary salt targets for different foods and clear time
frames for industry to reformulate food products. The threat of regulatory
action helped to ensure that products were reformulated. The government also
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used nutrition labels and educational campaigns to inform consumers and raise
awareness of the health effects of excess sodium intake. During the first seven
years of the program, the sodium content of food products declined signifi-
cantly (up to 70%) and sodium levels in the UK population declined by 15%
[93, 94].

Many other countries have since followed the UK’s population-based
approach to reduce salt intake. In 2013, theWorld Health Assembly agreed to a
30% relative reduction in salt intake by 2025 as part of its target goal to prevent
and control NCDs [92]. As of 2015, 75 countries had developed national salt
reduction policies. In some countries, sodium consumption has declined due
to improvements in knowledge, attitudes, and behavior [95]. Existing evidence
indicates that comprehensive, multicomponent strategies that include manda-
tory reformulation, food labeling, and educational campaigns are more effec-
tive in reducing population-level salt intake than interventions that focus on
individual choice [96].

Fortification
Food fortification is the process of adding essential vitamins and minerals to
commonly consumed foods. Themost commonly fortified foods includemaize flour,
wheat flour, oils, rice, and salt, because these are commonly consumed everyday
foods and are ubiquitous in the food system. Examples include iodized salt, vitamin
A- and D-enriched oils, and B-vitamin fortified flours. Foods may be fortified to
replace micronutrients that are lost during processing, such as with cereals, or to
address micronutrient deficiencies in the population [97, 98].

Fortification policies and standards vary around the world, as Fig. 8.4 shows.
Some countries mandate the fortification of a food with one or more vitamins or
minerals. Mandatory fortification does not require any consumer-level behavior
change, meaning that consumers can continue to buy and eat their usual foods. This
approach is more likely to lead to a public health benefit, because the consumer does
not need to actively identify and purchase fortified food [99]. Other countries rely on
voluntary fortification by publishing official documentation and/or a food standard
that provides guidance or regulations for fortification [100]. This type of fortification
is undertaken at the discretion of the private sector, although it should be based on
governmental standards [97].

Food fortification interventions can directly lead to positive health and nutrition
outcomes. Fortification is one of the most cost-effective, proven interventions to
address vitamin and mineral deficiencies [101]. Within the last two decades, large-
scale fortification programshave beenmorewidely implemented inLMICs to address
deficiency diseases [102]. In countries worldwide, salt iodization programs have
reduced the risk of goiter, cretinism, low cognitive function, and iodine deficiency
[103, 104]. Fortifying various foods with iron has improved the hemoglobin and
iron status of women and children in many countries [98, 105–107]. Other food
fortification programs have been shown to reduce anemia, vitamin A deficiency,
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Mandatory fortification of wheat flour with one or more vitamins and minerals

No mandatory fortification of wheat flour or unknown

Fig. 8.4 Fortification legislation around the world [100]

and neural tube defects [103]. In addition to these health benefits, fortification also
spreads the cost and burden of intervention between consumers and the public and
private sectors [100].

Policies that Impact Markets, Distribution, and Public
Procurement

Marketplace policies
Food markets, grocery stores, and other retail outlets represent some of the many
physical spaces where people obtain their food. Markets can be formal, such as
stores, or informal, such as street vending. They can operate at a local, regional,
and/or international scale. Globally, 80% of smallholder farmers operate in local
and domestic food markets, many of which are informal [108]. Markets provide the
“value” at the end stages of the food chain, which makes them critical for actors in
the food supply. The marketing and retail stages of the food supply chain carry great
importance for consumers, as changes to these sectors have a greater impact on food
prices than changes at the production stage [47]. Chapter 9 delves further into the
environmental design and triggers of markets that shape consumer decisions.

Market and trade incentive policies can protect nutrition and health outcomes by
ensuring equal access for smallholder farmers.Many barriers prevent these producers
from accessing and benefiting from domestic and international markets. Policies and
investment that improve transportation and road infrastructurewould allowproducers



Policies that Shape … 121

to reach markets. Interventions that improve storage, including cold storage, would
help farmers preserve their harvests to sell at a later time [109]. Existing policies have
led to gains for both livelihoods and nutrition. In East Africa, for example, female
farmers supply nutritious crops, such as pumpkin and cowpea greens, to supermarket
chains [110]. Smallholder farmers in the Andes, West Africa, and Ethiopia have
likewise benefited from the popularity of nutritious traditional foods, such as quinoa,
millet, and teff, in North America and Europe [111].

Policies that governmodernmarkets and retailers alongwith freemarkets andopen
trade have also influenced diets and nutrition. In high-income countries, the consol-
idation of food marketing and retail has generally benefited consumers by lowering
food prices [53]. LMICs have increasingly experienced free and openmarkets, which
have resulted in a “supermarket revolution,” where modern retail outlets have rapidly
expanded at the expense of more traditional markets. In these settings, supermarkets
have increased access to diverse, affordable foods and contributed to improvements
in childhood undernutrition. However, modern markets can also contribute to over-
weight and obesity by increasing access to highly-processed foods [112–114]. Africa
is also seeing an increase in processed food consumption, which is associated with a
double burden ofmalnutrition (DBM) [115].While policies should incentivize super-
markets to supply more nutritious food items at affordable prices, the dynamics of
supermarket shopping could change rapidly over the next decade as online shopping
becomes more prevalent in developing countries.

Zoning laws
Physical access to food influences what people can purchase and consume. “Food
deserts” are places without markets or stores to buy food, while “food swamps”
are places with many food retailers but few, if any, healthy food options. Both food
deserts and swamps are an increasing problem around the world. Zoning policies
are needed to encourage healthy retail outlets and combat the spread of food deserts.
Regulations can restrict “unhealthy” food retail outlets, such as fast-food restaurants,
in order to address food swamps. These interventions can involve the provision and
promotion of healthy beverages, fruits and vegetables, and other nutritious foods in
supermarkets, small food retailers, and rest stops [116]. Zoning regulations can also
help limit the advertising of unhealthy foods. These policy actions affect both the
retail stage of the food supply chain and food environments, which are discussed in
Chapter 9.

Zoning policies can improve access to healthy foods, which can lead to better
outcomes for diets and nutrition. In households that experience food insecurity,
barriers to food access are associated with lowered consumption of fruits and vegeta-
bles [117]. Mobile markets, food carts, and other easily accessible retail outlets
that provide fruits and vegetables have contributed to healthier diets and nutritional
benefits in numerous high-, middle-, and low-income countries [118–121]. Fast-
food and other retailers can incorporate more nutritious options into their menus
to improve diets. In Mexico, fast-food restaurants offer healthy options like fruits,
salads, and rotisserie chicken [122]. However, the long-term effectiveness of these
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policy interventions depends on consumer demand, food retail competition, and
retailer profitability [123].

Public procurement policies
Public procurement policies shape programs that provide social protection and
“safety nets.” These programs are meant to reduce poverty by “catching” low-
income populations undergoing hardships in a “safety net” that provides assistance
until they can sustain themselves. Safety net interventions include a wide range of
programs with different impacts—from cash to vouchers targeting food purchases
and food itself. The largest safety net programs operate on a national scale, such as
those in India and Ethiopia, though there are many informal programs woven into a
community’s social structure that operate on a smaller, local level.

Public procurement policies also affect the provision of food in public places,
such as schools, hospitals, workplaces, and government buildings. These policies
contribute to improved diets and nutrition outcomes, as well as educational status
and livelihoods, in many different contexts [124–126]. These policies, and their
effects on nutrition and health, are discussed in detail in Chapter 9.

Common social protection interventions include cash and in-kind transfer
programs, which provide a substitute for income, and food assistance programs,
which enhance access to food. The terms and parameters of these programs vary.
Cash transfer programs may be unconditional, meaning income is given without any
obligations, or conditional, meaning that participants are required to participate in
work, training, education, health, nutrition, or other activities. Eligibility for income
or food assistance may be determined by income or inclusion in a marginalized
community.

Safety net programs can positively affect diets, nutrition, and health. In certain
countries, cash and food transfer programs have been shown to improve diet quality,
food insecurity, and undernutrition [127]. In cash transfer programs in Africa and
Latin America, households spent the majority of their cash on food, which led to
improvements in food security and dietary diversity [128–139]. These programs
also contribute to increases in livestock ownership, farm and non-farm assets, and
savings [140]. Well-designed evaluations can also improve nutrition outcomes [141,
142]. Conditional cash transfer programs contribute to better health outcomes, as
children from households that participate in these programs aremore likely to receive
preventive health checkups, and, in some countries, experience improved growth
outcomes [141–144].

Although safety net programs can positively affect diet and nutrition outcomes,
their impacts have not always been significant or beneficial. In India, thePublicDistri-
bution System positively affected calorie consumption and select nutrients but did
not affect nutrition in poor households [145, 146]. Evaluations of different safety net
programs showed insignificant impacts on child growth [143, 144], mixed impacts
on children’s diets [144], and insignificant impacts on nutrition outcomes [147].
These programs can also result in unintended negative outcomes for diets and nutri-
tion. Some interventions have provided or subsidized foods and beverages high in
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energy, sugar, fat, and salt. In other contexts, cash transfer assistance has been used
by households to purchase unhealthy foods [127].

Key Messages and Conclusions

By bringing food from farm to fork, food supply chains function as the “nervous
system” of the food system. Supply chains are critical to the overall functionality
of food systems, and activities throughout the chain carry meaningful implications
for diets, nutrition, and health. The importance of food supply chains was starkly
demonstrated by the stresses of the COVID-19 pandemic. Disruptions to farm labor,
processing, and transportation contributed to supply chain pressure that affected
food availability around the world [148]. In both times of peace and crisis, policies
governing food production, trade, processing, and retail are essential to maintaining
an efficient food supply chain.

Food supply chains also present opportunities to improve the diets, nutrition,
and health of people around the world. While subsidy, income support, and trade
programs can ensure food security, low consumer prices, and access to healthy foods,
they may also expand the availability of less healthy foods. Policies that support food
reformulation and fortification can reduce harmful nutrients and improve nutrient
value without requiring consumer behavior change. Marketplace, zoning, and public
procurement policies can enhance diets and nutrition by supporting diverse agri-
cultural production, limiting sales of unhealthy foods, and protecting low-income
populations. Through policy interventions, food supply chains can be leveraged for
nutrition in order to increase nutrients and reduce losses as foods pass along the chain.
Integrating nutrition into the food supply chain can lead to changes that resonate
throughout the food system in order to further benefit diets and health.
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Chapter 9
Policies Affecting Food Environments
and Consumer Behavior

Introduction

Food environment policies affect the places where consumers engage with the food
system. Different food environment policies can influence food availability, afford-
ability, and marketing, all of which shape food choice and dietary quality. Food
choice and demand are also influenced by a number of other factors: some of these
are immediate to an individual, such as price and taste, while others are more distal,
such as social customs and norms [1].

The chapter describes how optimal food environments can support healthy diets
and nutrition. Select policy areas that influence diets and nutrition are discussed,
including foodmarketing andadvertising,market-based subsidies and taxes, labeling,
food-based dietary guidelines and mass media campaigns, consumer awareness and
nutrition education, and nudge and choice architecture. The application of policy
action within physical spaces and places is also described.

How Food Environments Affect the Food Supply
and Consumer Demand

Food environments represent the intersection of the food supply and consumer
demand. Through these environments, the “demand” side of food systems can shape
and influence the food supply. Increases in income and share of disposable income
affect food demand, as people have more money to spend on non-food products.
Since the proportion of income spent on food decreases as incomes rise, growth in
global food demand will be greater if incomes grow faster in developing countries
than in high-income countries [2]. Urbanization raises the demand for nutrient-dense
foods such as fruits and vegetables, oils, and animal source foods (ASF) [3].
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Figure 9.1 shows how an individual’s preferences and influences intersect with
the food environment to shape decision-making. A person’s income, family and
friends, religion, and culture all drive decision-making within a food environment.
Individual, household, community, and social influences also affect what people
choose to consume and how they make those choices [4].

Ideal Food Environments

Ideal food environments promote healthy diets, improve nutrition outcomes, and
provide foods that are diverse and of high quality. This diverse set of foods must
be convenient and catered to differing tastes without foregoing healthfulness. Food
products must also be readily available and safe. If the food environment includes
highly-processed, packaged foods, these products should be lower in sodium, sugar,
and unhealthy fats.

In ideal food environments, food and nutrition information is accessible and
readily available to consumers. Labeling information should be provided on food
packages, display cases, or menus. Warning labels must be easy to read. These labels
should inform consumers about nutrition information and ingredients.

Food should be affordable and accessible to all. Healthy, high-quality food should
not be overly expensive and thus inaccessible for most of the world, especially those
with limited incomes. Prices should be stable, and, during times of crisis, there should
not be price gouging that impacts the poor.

The physical locations of food environments affect people’s ability to access
food. The quality of food vendors should be equalized across neighborhoods and
income strata, so that the geography of food environments does not discriminate.
Road infrastructure and transportation should make food markets easy to access,
especially in remote areas where markets are far from residential areas or people
have other difficulties in accessing markets. This remoteness is common in rural,
agriculture-based societies in low-income countrieswhere the nearest town ormarket
can require a day of travel. For urban places, some parts of cities are disconnected
from markets, with very minimal public transport access to get to those markets.

The physical environments of food products are important as well. Unhealthy
foods should not comprise the majority of sale or discount products, nor should
they be displayed in the front of stores or near cash registers. Junk food should not
be advertised, especially not to children who are easily attracted by toys, familiar
characters, and colorful displays [6, 7].
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Why Physical Spaces and Places Matter

Food environments include far more than markets, grocery stores, or restaurants.
Food can be found everywhere. The provision of food in schools, hospitals, work-
places, and government buildings is commonplace. Food is even sold in bookstores,
hardware stores, movie theaters, airports, and train, bus, and gas stations.

Schools

School food environments influence diets and health outcomes by shaping what,
where, and when children eat. Policies and programs that target school food envi-
ronments can help increase the consumption of fruits and vegetables and reduce
intakes of sugar-sweetened beverages (SSBs) and unhealthy snacks [8]. School food
programs can improve dietary intake and reduce the risk of chronic disease, but the
greatest impacts on health require improving the whole school food environment [9].

School meals help ensure that children in school get at least one healthy meal per
day. These food programs are especially beneficial for children who are low-income,
food-insecure, and nutritionally disadvantaged [10]. “Take home” food rations can
alleviate pressures that families of schoolchildren face in putting enough food on
the table. In Burkina Faso, a comparison of school lunches and take home rations
showed that both improved attendance and mathematical scores, but the rations also
improved the nutritional status of students’ siblings [11].

Healthcare System

Innovations within the healthcare system provide a meaningful opportunity to
improve diets and nutrition. Food has been increasingly integrated into preventive
healthcare, as “food as medicine” interventions become more widely used. These
programs includemeals tailored to the patient’smedical needs, healthy food prescrip-
tions, and fruit and vegetable prescriptions. Early evidence suggests that food inter-
ventions promoting healthy diets delivered in healthcare settings may be associated
with improved health and food security outcomes, though further research is needed
[12–14].

In addition to food and nutrition interventions, nutritious food needs to be better
incorporated into all levels of the healthcare system. Vending machines and small
kiosks at hospitals often sell junk food. Stocking shelves with healthier options is not
cost-prohibitive and can promote wellness. Physicians can provide better counsel to
promote healthy diets to their patients with low incomes. They can facilitate and help
their patients with shopping and preparing nutritious foods that fit into their lifestyles
and wellness plans [15–17].
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Workplaces

Workplaces serve as a daily food environment for many people. Many office build-
ings and other workplaces have cafeterias that feed hundreds, or even thousands, of
employees every day [18]. Although evidence is limited, increasing the proportion
and affordability of healthy food options may help encourage the consumption of
healthy foods at worksites [19, 20].

Workplace dietary interventions can benefit both health outcomes and labor
engagement, as Ireland’s “Food Choice at Work” study showed through a complex
intervention of nutrition education and dietary modification [21, 22]. These interven-
tions can also address multiple forms of malnutrition. The “Table for Two” program
provides healthy meals to workplace cafeterias and other food providers for a small
surcharge, which is used to provide healthy school meals to low-income areas in
Africa, Asia, and the United States. Through this exchange, the program works to
combat overweight and obesity as well as undernutrition [23].

Policies That Focus on Food Environments and Consumer
Demand to Better Shape Diets and Nutrition

Food policies can affect food environments and consumer demand through several
different mechanisms, as Fig. 9.2 shows. Policy action can help develop an enabling
environment that promotes healthy diets and reduces barriers to the access of healthy
foods. These policymechanisms can also be harnessed to address the structure of food

Learned 
food 

preferences

Social Environment

Information 
Environment

Food 
Environment

Eating 
behaviors, 

dietary intake, 
body-mass 
index, and 

health status

1. Policy Actions 
that provide an 

enabling 
environment for 

healthy preference 
learning

2. Policy actions that 
overcome barriers to 

the expression of 
healthy preferences

3. Policy actions that encourage people to 
reassess at point of purchase

4. Food-systems response

Demand 

Exposure, modelling, 
incorporation of new 

information 

Income, time, etc.

Demand 

Fig. 9.2 Areas where policies can shape food environments [24]
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environments in order to promote healthy eating and provide consumer information.
Policies can be implemented through multiple mechanisms to generate cumulative
effects throughout the food system [24].

Food environments can help enable people to make dietary choices that support
their health and well-being. Policy action that targets food environments can be
used to influence people’s food preferences. Although some preferences are innate,
most are learned from family, friends, role models, and culture. Food availability,
information, marketing, and advertising also affect preference [25]. Policy can exert
influence on these external factors. For example, policies can limit the advertising and
marketing of junk food to youth, which can help prevent children from developing
preferences for unhealthy foods.

Structural changes to food environments can also encourage healthy eating.
Changes to the way that foods are priced and presented can “nudge” people into
making healthier choices [24, 26]. For example, the layout of food products in grocery
stores can be redesigned so that healthy foods are presented more prominently, and
customers can easily find them without having to search the store. Healthy foods can
be made more affordable through promotional “buy one, get one free” sales [27, 28].
Taxes on unhealthy food and beverage products can also discourage purchases and
help shift preferences [29].

Policies that shift people’s preferences are insufficient to create an enabling food
environment. Action is also needed to ensure that healthy, nutritious diets are acces-
sible to all. Many people face extensive barriers to accessing, preparing, and eating
healthy foods. These obstacles are especially significant for people with low socioe-
conomic status [30]. Infrastructure barriers exist in rural and urban areas, where
food quality varies across neighborhoods [24, 31, 32]. For example, policy changes
to zoning laws can address food deserts and help mitigate issues of limited physical
access to healthy foods.

Policy actions that support enabling food environments can lead to cumulative
changes throughout the food system. By shifting preferences and ensuring access,
these policies can influence food choice and demand. Providing consumers with
information is integral to stimulating interdependent actions throughout the food
system. For example, policies that require warning labels for foods with trans fats
can cause consumers to avoid those products. Food companies might subsequently
respond to the decline in demand by reformulating these products [33, 34].

Box 9.1 outlines several areas of smart food policies that reorient food environ-
ments toward healthier eating [24].

Box 9.1 Policy actions for food environments that enable healthy eating
• Provide nutrition counseling and education to families and caregivers
• Make healthy foods available in schools and restrict the sales of unhealthy

foods in places where children learn and play
• Teach food preparation and cooking skills to students
• Regulate the advertising of unhealthy foods to children
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• Reformulate food products to minimize unhealthy ingredients
• Subsidize the cost of nutritious, healthy foods and the transport of foods to

more isolated and/or rural areas
• Tax unhealthy foods, such as SSBs
• Implement zoning policies to ensure populations have access to healthy

foods
• Offer incentives for retailers to provide healthy food options in underserved,

low-income areas
• Deliver healthy foods and meals to elderly and housebound populations
• Inform consumers through food and nutrition labeling [24, 35].

Marketing and Advertising of Certain Foods

Marketing and advertising can influence consumer preferences and increase
demands for specific food products. Food can be marketed and advertised to many
different audiences through variousmedia channels andmessages. These approaches
include television and online advertising, packaging, product placement, in-school
marketing, branded products, and youth-targeted promotions [36]. Food promotions
are a specific type of advertisement that reduce prices for certain foods through
special deals, such as “two for one” or “buy one, get one free”, coupons, contests,
sweepstakes, and events [37, 38].

Some types of marketing can be highly problematic, such as the marketing of
junk food or unhealthy products to children. Children require special protection,
because they are especially susceptible to the influence of package design, color, and
character branding in food marketing. These cues are often advertised as “fun” or
“trendy” [37, 38]. Many of the products targeted at children are unhealthy, though
there is limited evidence that some child-centric ads can improve children’s diets by
increasing fruit and vegetable consumption [39].

Over the past decade, steps have been taken to reduce the marketing of junk food
to children. The World Health Organization recommended limiting the marketing
of foods and non-alcoholic beverages to children, a move which was endorsed by
the World Health Assembly in 2010 [40]. Many countries regulate the marketing of
food to children, though their methods vary [41]. These regulatory efforts include
banning the use of cartoons or toys in unhealthy food promotions and restricting the
marketing of fast food and other products high in calories, unhealthy fats, sugar, and
sodium. Some countries also require educational labels on advertisements for foods
containing added fats, sugars, or sodium [42].

Despite promising action, initiatives to regulate the marketing of unhealthy foods
to children have been insufficient. Too few countries have taken substantive action
and few regulatory efforts consider the effects of these promotions on public health
[41, 43]. To effect meaningful change, policymakers need to prevent the marketing
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of unhealthy foods to children by regulating child-centric promotional material on
product packaging, limiting commercials and messages on television and online,
requiring that store checkout areas be free of unhealthy products, and setting nutrition
standards for restaurant meals that are sold with toys, among other actions [42, 44].

Market-Based Subsidies and Taxes

Consumer behavior and food consumption can be influenced by making nutritious
foods less expensive. For many people, nutritious foods are unaffordable [45, 46].
Price promotions are an effective tool to encourage consumers to purchase more
nutritious foods. Reductions in prices are associated with increases in purchases
and consumption of fruits, vegetables, and other nutrient-dense foods [29, 47, 48].
Subsidies can also promote healthy eating: subsidies on fruits and vegetables have
been shown to increase consumption by 10 to 30% [49].

Making unhealthy foods more expensive is another way to shape diets and nutri-
tion. Taxes and subsidies can be used to affect prices and change dietary intake, as
Fig. 9.3 shows [49, 50]. For example, taxes on SSBs can lead to a 20 to 50% reduction
in consumption [49]. Price increases of other foods high in sugar, salt, and fat have
also been shown to reduce purchasing and consumption [48, 51]. Box 9.2 presents
the cases of Denmark and Mexico, where taxes on unhealthy foods led to markedly
different outcomes.
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Fig. 9.3 Overall effects of fiscal instruments on consumer behavior and industry [49]
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Box 9.2 Taxation of unhealthy foods in Denmark and Mexico
In 2011, Denmark became the first country in the world to implement a tax
on saturated fat in food products. The tax resulted in a 4% decline in satu-
rated fat consumption. During the period that the tax was active, vegetable
and salt consumption also increased [52]. Consumer demand for some oils
and fats shifted from higher-priced supermarkets to lower-priced discount
retailers [53]. However, most policy and industry actors opposed the tax on
economic grounds. The taxwas repealed in 2012, shortly before the publication
of research on its dietary effects [54].

In 2014, Mexico imposed taxes on SSBs and nonessential energy-dense
foods of approximately 10 and 8%, respectively. As a result of these taxes,
purchases of SSBs declined between 8 and 17%, with the highest declines
among lower socioeconomic households [55–57]. Purchases of nonessential
energy-dense foods declined by approximately 5%.Lowsocioeconomic house-
holds reduced their purchases of taxed foods by more than 10%, while high
socioeconomic households did not change their purchasing habits [56, 57].

Food subsidies and taxes can contribute positively to nutrition and health
outcomes, although further research is needed on their effects. These policy actions
can influence consumption in high-income countries, which may help reduce rates
of overweight, obesity, and NCDs [49]. Modeling indicates that these policies could
significantly avert disability-adjusted life years (DALYs) andhealthcare costs in some
contexts [58]. However, food taxes may impose a larger burden on the poor than on
wealthier consumers. To prevent this effect, taxes should be combined with subsi-
dies so that consumers can choose healthier products without spending more [59].
Most existing research has focused on the effects of taxes in high-income countries;
further study is needed to understand how these policies would drive consumption in
developing countries. A summary of the evidence on taxes and subsidies is presented
in Fig. 9.4.

Front- and Back-of-Package Labeling

Nutrition labeling provides consumers with information about a food product’s
nutrient content. These labels are usually found on the back of food packages,
though the use of front-of-package labeling is increasing. Back-of-package (BOP)
labels include dietary intake or daily value guides that present numerical information.
Front-of-package (FOP) labels use visual imagery, such as traffic lights or stars, to
evaluate the health of food products.

Although the information provided by BOP labels is highly reliable, these labels
are not the most effective way to inform and educate consumers. The Codex Alimen-
tarius Commission, which was established by the FAO andWHO, has helped set the
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standards for the nutrition guidelines found on BOP labels in many countries [60].
Although BOP labels are used in many countries around the world, there is limited
evidence that consumers understand these labels or use them in purchasing decisions.
These labels, which present information on serving size, calories, and nutritional
content through words and numbers, require some level of nutrition literacy and can
be difficult for consumers to understand [61].

FOP labels are not well regulated and are an “ungoverned space” where food
companies can make claims about the food without scrutiny or penalty. FOP labels
are increasingly being considered by many governments. FOP labels often use visual
images to convey information on whether a food is beneficial or detrimental for
health, which can be easier for consumers to interpret and may help them make
better food choices [62–64]. In several European countries, efforts are underway to
implement the Nutri-Score, a label that combines colorful imagery with evidence-
based nutrient profiling to classify foods [65, 66].

The effect of food labeling on purchasing and consumption remains unclear. The
evidence on purchasing behavior and consumption associated with labels is both
limited and mixed [62, 67, 68, 69]. Studies using simulated shopping experiences
suggest that, of all FOP and BOP label designs, the most effective means of changing
consumer behavior are warning labels, multiple traffic light designs, and the Nutri-
Score [33, 70]. Figure 9.5 shows the range of labels that are being implemented
around the world.

In addition to giving consumers more information, labels also help incentivize
industry actors to reformulate products. In Ecuador and Chile, FOP traffic light
labels and warning stop signs led to product reformulation by food companies and
decreases in purchases of food that had the warning label on their package. More
than 20% of companies reformulated at least one product that received a red traffic
light label for sugar, fat, or salt [72, 73]. Chile’s innovative FOP labeling system is
described in Box 9.3.
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Fig. 9.5 Policy actions to support enhanced consumer behavior for high-quality diets [71]

Box 9.3 Regulation of marketing, labeling, and the school environment
in Chile: A comprehensive policy to tackle obesity and improve the food
system
Chile’s obesity rate is one of the highest in all of Latin America. As of 2016,
approximately two-thirds of adults were overweight and nearly one-third was
obese. Chile has the second highest per-capita sales of highly-processed prod-
ucts in Latin America, with a rise of nearly 50% in per-capita sales of these
products between 2000 and 2013 [74].

In 2016, Chile implemented the Law of Food Labeling and Advertising to
address the country’s obesity epidemic and build a healthier food system. The
law required the use of FOP labels to warn consumers about products high
in energy, sugar, fat, and/or salt. It also prohibited the marketing of unhealthy
foods to young children and the sale of such foods in school or daycare settings.
This law was the first national regulation to comprehensively standardize the
promotion and sale of unhealthy foods [75–77].

The introduction of this law has significantly influenced consumer aware-
ness and purchasing. Since the law’s implementation, the warning labels have
become well-known among Chileans of diverse socioeconomic backgrounds.
Consumer surveys indicate that the warnings have influenced purchasing deci-
sions, with the majority of respondents stating that they choose products with
fewer or no warnings [77]. These findings are supported by impact studies
that show purchases of unhealthy foods and beverages declined by 7 and 23%,
respectively [76, 78].
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Food-Based Dietary Guidelines

National food-based dietary guidelines (FBDGs) are science-based, government
recommendations for healthy eating. These guidelines are an important consumer
resource that provide guidance based on the latest available evidence about the food
and nutrient composition of healthy diets. Governments adapt FBDGs to the national
context by considering cultural and social norms, among other factors.

Around the world, 83 countries have developed FBDGs that can be used by health
and nutrition professionals to provide contextually relevant dietary advice. World-
wide, FBDGsmostly alignwithWHOguidance ondiets [79]. Somecountries provide
general guidance on what to eat and how much, while others offer more detailed
recommendations that include “how-to” tips and strategies [80–82].

The development of FBDGs is both a scientific and political process that incorpo-
rates a range of evidence and stakeholder perspectives. These guidelines are informed
by dietary data, such as assessments of food and nutrient intakes and national
public health priorities to reduce diet-related diseases. Cultural preferences and other
national considerations also influence guideline development [79, 83].

FBDGs affect food systems and diets through their integration into national food,
agriculture, education, and/health policies and programs. FBDGs influence food
environments by setting standards for foods offered in schools, workplaces, hospitals,
and restaurants. For instance, in the United States, national guidelines form the basis
of federal food and nutrition assistance programs, such as school meal programs.
These guidelines inform and influence food system actors, such as policymakers
and private companies. In response to FBDGs, the food industry may improve the
nutritional quality of food products to better comply with the guidelines or change
how products are marketed [84, 85].

However, the guidelines do not necessarily reflect the reality of the food system
or support health goals. The FBDGs do not align with the capacity of what the
food supply can produce, and they do not necessarily affect consumer behavior or
nutrition literacy. There is little evidence that consumers consider FBDGs when
making decisions about what foods to purchase and eat [86–88]. Most FBDGs are
incompatible with at least one global health target, and approximately one-third do
not align with the global agenda for NCDs. To better achieve health goals, FBDGs
would need to increase the recommended intake levels for whole grains, fruits and
vegetables, nuts and seeds, and legumes, and reduce the recommended intake for red
and processed meat [89].

Further, most national guidelines fail to align health and sustainability goals. The
majority of the world’s FBDGs are incompatible with environmental and sustain-
ability goals, and only four countries have created FBDGs that align both health
and sustainability goals [89, 90]. The sustainability of diets is not addressed in most
current FBDGs, although it is an important issue that is likely to gain traction. Glob-
ally, dietary recommendations will need to address the question of how to provide a
sufficient nutritious diet to a population of 9 billion people without depleting natural
resources [79].
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Additionally, the evidence base used to develop dietary guidelines has been ques-
tioned. FBDGs should be informed by the best available evidence, which should be
reviewed by accepted methods, rated for quality, and graded. These best practices
are not always followed, and many variations and deficiencies exist in the devel-
opment of FBDGs [89, 91]. A review of guidelines published after 2010 showed
that most guidelines were updates of previous FBDGs or were based on other coun-
tries’ FBDGs.While most guidelines relied on scientific reports, few used systematic
reviews or reported review methods [91].

Mass Media and Behavior Change Communication

Mass media campaigns can help promote nutrition education, healthy diets, and
behavior change. Different forms of mass media include newspapers, radio, tele-
vision, billboards, and digital media. Social and behavior change communication
(SBCC) uses communication, marketing, and behavior theory to positively change
behaviors. Mass media can be used as a tool of SBCC to influence knowledge,
attitudes, and social norms. SBCC may involve multicomponent, community-based
mass media campaigns that incorporate nutrition strategies. Successful interventions
using SBCC help ensure community engagement and positive impacts on dietary
behaviors [92–94].

Interventions that use mass media to change behavior can positively affect diets
and nutrition. SBCC programs in low-and middle-income countries (LMICs) have
improved knowledge of infant and young child feeding practices, rates of exclu-
sive breastfeeding, child health outcomes, and support for nutrition [95–98]. These
programs can provide extended benefits when participants share their nutrition
knowledge with others. The review of a program in Bangladesh found that, after
the intervention, the neighbors of SBCC participants were more likely to feed their
children healthy, diverse diets that met the WHO guidelines for minimum dietary
diversity and acceptability [99]. In limited contexts, SBCC programs have also
been shown to increase consumer awareness of the effects of unhealthy foods, with
direct effects on product sales [100]. However, it is difficult to disaggregate the
specific contributions of SBCCandmediawithinmulticomponent interventions [94].
Althoughmodeling suggests that SBCCprograms can improve diets and prevent diet-
related deaths, more research is needed to identify effective, context-specific delivery
mechanisms [101, 102].

Consumer Awareness and Nutrition Education

Consumer knowledge, awareness, and behavior can be influenced through “agen-
tic” interventions that directly target individual choice and behavior rather than
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the contexts in which behaviors occur. Agentic interventions focus on an indi-
vidual’s personal agency, or “free will,” and are favored by governments around
the world [103]. These interventions provide information to individuals, who are
expected to use the information to increase their skills, build knowledge, and
make healthier choices. Examples include nutrition education, social marketing, and
obesity prevention campaigns [103–105].

Agentic nutrition interventions have mixed effects on diets, health, and equity.
These interventions may require a great deal of agency, or personal resources, from
the intended recipient [103]. In some contexts, agentic approachesmay have a limited
effect on health outcomes and can even worsen socioeconomic inequality [103,
104]. In LMICs, however, agentic interventions targeted to disadvantaged groups
can promote healthy eating and reduce social inequalities in diets [105]. Agentic
interventions are more effective when combined with other interventions, such as
those that improve access to markets, provide cash transfers, or offer nutrient and
food supplements [106–111].

Cooking skills are an aspect of consumer knowledge and behavior that signif-
icantly influences diets and health. Learning how to prepare and cook food can
have long-term benefits for nutrition and diets. Culinary interventions result in the
consumption of healthier diets, increased family socialization, higher confidence, and
more positive attitudes [112–118]. However, many people lack the cooking skills and
competence needed to ensure optimal nutrition, food handling and storage, and plan-
ning and budgeting [116]. This lack of knowledge is a major barrier to healthy eating
that can lead people to choose cheaper, more convenient, and less healthy foods.

Traditional food culture has increasingly been recognized as a critical compo-
nent of nutrition education and knowledge. Adapting nutrition programs to integrate
different cultural perspectives can improve acceptance among recipients [119]. These
programs help ensure that nutrition educators provide knowledge and skills that are
culturally appropriate and acceptable [120, 121]. In some areas, traditional food
culture is used to promote nutrition knowledge. For example, in response to rising
rates of obesity, South Korea implemented a campaign to promote the traditional
Korean diet. The program helped to increase fruit and vegetable consumption and
reduce obesity rates [122].

Choice Architecture and Nudges

Alongwith personal preferences and cultural factors, food environments significantly
influence consumer behavior. Consumer knowledge, awareness, and behavior can
be altered through interventions that incorporate “choice architecture” [123] and
nudges [124]. Instead of trying to convince people to change their behavior, these
interventions adjust the surrounding environment so that people are directed toward
healthier options [125].Choice architecture andnudges donot restrict buyingoptions,
regulate food choice through bans or taxes, or campaign for behavior change [126].
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Choice architecture and nudges help promote preferred behaviors. Choice archi-
tecture refers to the physical, social, and psychological aspects of the contexts that
influence people’s choices. Interventions using choice architecture attempt to influ-
ence consumer behavior on sub-conscious levels: this may involve placing healthy
products at eye-level in a store, grouping products based on their healthfulness, or
changing perceptions through product placement [47, 127].

Nudges are aspects of choice architecture that change behavior in predictable
ways. Certain habit-based behaviors can be “nudged” toward better options through
interventions that promote ease, do not restrict economic incentives, and require
little personal agency from the recipient [103, 125]. Placing healthy foods near a
store’s cash register is one example of a nudge [125]. Research indicates that most
nudge interventions contribute to positive outcomes and increases in the selection
and consumption of fruits, vegetables, and other healthy foods [124, 128, 129].

Key Messages and Conclusions

As the places where people engage with the food system, food environments serve
to integrate consumer demand and food supply. Policy actions that focus on food
environments are an important mechanism to alter diets and nutrition outcomes.
These interventions can also contribute tomore “upstream” effects on the agriculture,
processing, packaging, and retailing stages of the food system.

Ideally, food environments should promote healthy diets and improve nutrition
outcomes. Policy actions can help develop and support ideal food environments
through many different mechanisms. Food environment policies may increase the
accessibility and affordability of healthy foods through structural approaches, such
as market-based subsidies and taxes, package labeling, and dietary guidelines. Other
policy interventions attempt to influence food choices by improving consumer knowl-
edge and changing behavior.Massmedia campaigns, nutrition education, and nudges
are examples of these agentic interventions. The physical places where people make
food choices provide critical opportunities to intervene in consumer behavior.

Food environment policies can contribute positively to nutrition, diet, and health
outcomes, but further research is needed. Evidence shows that certain interven-
tions can influence dietary behaviors and nutritional status. However, people’s food
choices and behaviors are driven by many complex factors, so it can be difficult
to ascertain the influence of one specific policy action on behavior, especially with
multicomponent interventions. More study is needed to understand the effectiveness
and long-term impacts of food environment policies in different contexts. Addi-
tional research can also help policymakers understand how certain policies lead to
unintended consequences, such as worsened levels of inequality.
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Chapter 10
Sustainable Diets: Aligning Food Systems
and the Environment

Introduction

The need to ensure sufficient nutritious diets for all the world’s people without
putting undue further pressure on the environment presents a monumental chal-
lenge for the global community. The need to achieve this dual goal is heightened by
the commitments made in the 2030 Sustainable Development Goals and the twenty-
first Conference of the Parties on Climate Change that took place in Paris in 2015
(COP21). Food systems depend on natural resources and the environment, yet agri-
culture is a major driver of environmental degradation and climate change. Given the
impending challenges posed by population growth, migration, and climate change,
securing a sustainable future will require dietary patterns to shift significantly in
coming decades.

The concept of “sustainable diets” attempts to achieve these goals by bridging the
divide between agriculture and the environment. This chapter discusses the health and
environmental outcomes of sustainable diets, as well as research and policy implica-
tions. Over time, the concept of sustainable diets has evolved to encompass nutrition,
health, environmental, and economic dimensions. Yet there is still little guidance
on how to define and implement these diets. Research on the health and environ-
mental impacts of diets indicates that more plant-based diets support human and
planetary health. However, these findings are nuanced and highly context-specific.
Researchers and policymakers must also contend with various practical and ethical
conundrums, such as recommendations to limit the consumption of some animal
source foods (ASF) within some populations. Implementing these dietary shifts will
require further research to better assess dietary outcomes and trade-offs, as well as
to understand what policies and interventions work best.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
J. Fanzo and C. Davis, Global Food Systems, Diets, and Nutrition,
Palgrave Studies in Agricultural Economics and Food Policy,
https://doi.org/10.1007/978-3-030-72763-5_10

155

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-72763-5_10&domain=pdf
https://doi.org/10.1007/978-3-030-72763-5_10


156 10 Sustainable Diets: Aligning Food Systems …

The Agriculture–Environment Connection

The relationship between agriculture and the environment is highly complex and bidi-
rectional. Natural resources are integral to agricultural production and food systems,
but food system activities can impair environmental health. Agriculture acts as a
major driver of adverse global environmental change: production contributes up to
25% of the planet’s greenhouse gas emissions (GHGe), requires 40% of the earth’s
land surface, and accounts for 70% of freshwater withdrawals [1, 2]. Figure 10.1
provides more detail about how the agricultural sector uses landmass and contributes
to GHGe.

As part of the two-way relationship between food systems and the environment,
the ramifications of environmental damage also directly affect agricultural produc-
tion. Blighted natural resources, such as polluted soil, depleted freshwater reserves,
or biodiversity loss, can lower agricultural productivity and carry ramifications that
extend to landscapes far beyond the original point of impact [2, 4–6]. Climate change
also impairs agriculture, a situation which will only intensify over time. The effects
of climate change reduce the productivity and, in some cases, nutritional quality of
crops, livestock, and aquatic foods [7–10]. These repercussions threaten the overall
production of sufficient high-quality, nutritious food for the world’s growing popu-
lation, which will likely lead to more deaths from poor diets and nutrition [2, 11].
Box 10.1 describes how agricultural production has contributed to deforestation and
wildfires in the Amazon rainforest, a situation that will likely further exacerbate the
effects of climate change and lead to cumulative harms.
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Box 10.1 The burning of the Amazon: Threats to human diets and health
Over the last 10 years, the Amazon rainforest has been burning. In 2018–2019,
the fires gained international attention, as didwildfires surging across the planet
in places like California and the PacificNorthwest in theUnited States andNew
South Wales in Australia [12, 13].

What sparked these destructive fires? Some of these wildfires were spurred
on by nature—be it extremely dry conditions, droughts, heatwaves, or lightning
storms. In a vicious cycle, climate change can reinforce and exacerbate the risk
ofwildfires,while, in turn,wildfires contribute to greenhouse gas emissions and
hamper the planet’s ability to absorb carbon dioxide [14, 15]. Many wildfires,
including those in the Amazon, are also directly triggered by humans, largely
due to farmers and ranchers clearing forests and shrublands to growmore food,
log, or mine.

In the Amazon, the production of beef and soybeans are major drivers of
mass deforestation. Soybeans are grown to feed cattle, which is a massive
industry in Brazil—the country is the world’s top exporter of beef [16]. The
global demand for meat has directly led to deforestation as pasture lands are
expanded to feed cattle in Brazil and other parts of the Amazon [17–19].
Between 2015 and 2017, cattle ranching was a major driver of the annual
loss of 5,800 square kilometers in the Amazon [20]. Since 2010, JBS, the
world’s largest meat processing company, has been linked to one-third of all
deforestation in the Amazon [16].

Between 2010 and 2019, the number of fires in the Amazon increased by
35% [21]. In places like the Amazon, these fires destroy wild habitats and
biodiversity that are critical for food security and diets, as well as ecosystem
resilience [22]. As the “lungs of the earth,” the Amazon plays a major role
in carbon sequestration and the production of oxygen [15]. By damaging the
planet’s “lungs,” these fires hinder climate mitigation efforts and potentially
worsen the effects of climate change.

The History of Sustainable Diets

The concept of sustainable diets aims to address both human well-being and envi-
ronmental sustainability. Sustainable diets contribute to food security and nutrition
for current and future generations while simultaneously lowering the environmental
impacts of diets and food system activities [23]. This definition has evolved over
time and expanded to include the economic, ethical, and cultural aspects of diets
[1, 23–25].

The origins of the sustainable diet concept lie in the early environmental and
“econutrition” movements of the 1960s and 1970s. The dialogue began during the
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counterculture movement of the 1960s, as Rachel Carson’s Silent Spring and Francis
Moore Lappe’s Diet for a Small Planet, among other seminal titles, began to influ-
ence societal understanding of environmental well-being and degradation. Joan Dye
Gussow’s work on ecological nutrition in the 1970s and her book Chicken Little,
TomatoSauce, andAgriculture:WhoWill ProduceTomorrow’sFood? sparked further
discussions about the connection between environmental resources and agricultural
production. Later publications by Gussow and colleagues helped to formalize and
clarify the term “sustainable diets” [26–28].

Over time, the meaning and policy implications of sustainable diets have under-
gone much debate and development by diverse scientific disciplines. Beginning in
the 2000s, the concept became more prominently used to describe diets that met
recommended dietary requirements and contributed to environmental health. The
concept has since evolved to promote both economic and environmental stability
through low-impact and affordable foods that simultaneously improve public health
and nutrition. The importance of sustainable diets has also been increasingly recog-
nized by the international community. Sustainable diets and food systems are featured
in international commitments, such as the UN’s 2030 Agenda for Sustainable Devel-
opment, and national dietary guidelines as a means of addressing hunger, food
insecurity, malnutrition, global health, sustainable development, and climate change
[24, 29–32].

Despite the growing recognition of the importance of sustainable diets, there
is little agreement on how to define or apply the term. The FAO and WHO have
proposed an official definition for sustainable diets that acknowledges the concept’s
breadth and complexity, but the United Nations has not yet reached consensus on it.
Generally, sustainable diets are understood to be healthy, plant-based diets that are
less environmentally impactful. However, it remains unclear what, exactly, this type
of diet would look like “on the plate.” Given the ongoing discussion of the term’s
meaning, different stakeholders within the food systems may choose to interpret the
term’s meaning—and its policy implications—in varying ways that reflect their own
priorities [33].

The EAT-Lancet Report

In an effort to increase public awareness of the challenges facing food systems, the
Lancet journals created the Eat-Lancet Commission on Food, Planet, and Health.
The Commission was a diverse, interdisciplinary group of experts from the fields
of human health, agriculture, political science, and environmental sustainability. In
partnership with EAT, a global non-profit focused on food system transformation, the
Commission published the 2019 Eat-Lancet Report on Healthy Diets for Sustainable
Food Systems. The report explored whether diets could maintain and improve human
health while remaining within the boundaries of planetary sustainability.

As the first scientific review examining how to achieve a healthy diet produced
from a sustainable food system, the Commission’s groundbreaking report described
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a universal healthy reference diet, established measurable targets for sustainable
food systems, and called for a “Great Food Transformation.” The report’s reference
diet, or “Planetary Health Diet,” aimed to meet the nutritional needs of the planet’s
future population with a healthy, plant-based diet while restraining global warming
to 1.5 °C, as specified in the Paris Agreement. The diet includes large amounts of
vegetables, fruits, whole grains, legumes, nuts, and unsaturated fats; some seafood
and poultry; and little to no red meat, processed meat, added sugar, or refined grains.
The report also proposed scientific targets for the safe operation of food systems
within the six key earth processes of climate change, land-system change, freshwater
use, nitrogen cycling, phosphorus cycling, and biodiversity. The report’s authors
acknowledged that implementing the Planetary Health Diet and achieving transfor-
mation to sustainable food production by 2050 would require significant shifts in
dietary patterns and natural resource use [2].

The Planetary Health Diet is based on evidence from the published literaturemade
up of randomized controlled feeding studies with cardiovascular disease risk factor
outcomes, observational cohort studies with long follow-up and disease outcomes,
and randomized controlled trials of dietary patterns with cardiovascular disease risk
factors and disease outcomes. Pulling together the evidence of this literature, the
Commission also employed three different riskmodels to assess the health benefits of
the Planetary Health Diet. The three models showed that roughly the same estimated
number of adult deaths could be averted by the Diet—11 million per year.

Although the Eat-Lancet Commission’s report filled a critical gap in global nutri-
tion and sustainable diet strategy, it also sparked significant debate and criticism from
scientific and political circles. One review of theCommission’s PlanetaryHealthDiet
found that nearly 1.6 million people do not have the financial means to follow the
diet, which is especially concerning given that malnutrition is concentrated among
economically poorer populations [34, 35]. Other critics noted that meeting people’s
nutritional needs through the Diet would lead to unexpected environmental trade-
offs and require doubling yields of fruits, vegetables, and nuts globally by 2050, yet
the effects of climate change on agriculture will make it challenging to achieve this
goal [2, 36–40]. The report’s potential impacts on the livestock sector were especially
contentious,withmany criticizing the diet as being protein deficient and insufficiently
science-based [41, 42]. Though some critics acknowledged that significant reduc-
tions in meat consumption could benefit populations in high- and middle-income
countries, they noted that ASF can be a valuable source of nutrients for people
experiencing undernutrition [43].

Despite its limitations, the report helped forge consensus and inspire discussion
among many in the international community. The report’s findings were widely
welcomed by those in the public health, nutrition, and environmental fields [44].
The report’s dietary recommendations aligned with existing research showing that
plant-based diets promote health and environmental outcomes in middle- and high-
income countries [1] as well as with the United States Dietary Guidelines, with
some divergences in key food groups, such as red meat and whole grains [45]. These
findings also spurred governments and stakeholders to more closely examine food
systems in the context of climate change. The report encouraged these actors to
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consider potential guidance on sustainable diets and policies, as well as secondary
effects for agriculture and food production. By challenging the current status of diets
and food systems, the report asked policymakers to consider what changes would be
needed to shift diets and create sustainable food systems, who would benefit from
such changes, and the acceptability of potential trade-offs.

Health and Environmental Implications of Sustainable Diets

The concept of sustainable diets is based on research into the health and environ-
mental implications of diets and foods. Existing studies suggest that plant-dominant
diets are better for both human and environmental health. These diets include more
fruits and vegetables, whole grains, legumes, and fish, and fewer ASF, sugars, and
vegetable oils [2, 46, 47]. Replacing ASF with more plant-based foods can benefit
both health and the environment, as can replacing ruminant meat products, such
as beef, with animal foods with lower environmental footprints like poultry or
seafood [1, 2, 48–51]. However, nutritional needs and environmental outcomes are
highly context-specific depending on how and where food is grown, and health and
environmental priorities do not always converge [1].

Sustainable diets can support human health, but the relationship between health
and environmental gains is nuanced. Plant-dominant diets can help lower the inci-
dence of mortality, obesity, and DR-NCDs. Dietary patterns such as the Mediter-
ranean (a plant-based diet with minimal amounts of red meat inspired by traditional
eating habits in Spain, Italy, and Greece), pescatarian, and vegetarian diets have been
shown to help reduce rates of diabetes, cancer, and mortality from coronary heart
disease [1, 2, 50]. However, environmentally sustainable diets do not necessarily
support health outcomes. Diets high in sugar, salt, and refined starches and grains
have lower environmental footprints but do not provide sufficient micronutrients and
some are detrimental to health [33, 48, 52–54]. Further, some have argued that the
health benefits of sustainable diets are not statistically significant [48]. Recommen-
dations for sustainable diets can be especially problematic for populations in low-
and middle-income countries (LMICs) that experience nutrient deficiencies.

From an environmental perspective, plant-based diets confer more environmental
benefits than other diet types. The most commonly studied dietary patterns include
vegan, vegetarian, pescatarian, Mediterranean, and omnivorous diets. Of these diets,
plant-based dietary patterns have the lowest adverse effects on the environment [48,
49, 51, 52, 55–57]. Vegan and vegetarian diets are associated with the most signifi-
cant reductions in greenhouse gas emissions (GHGe) and land use. Vegetarian diets
are also associated with the most significant reductions in water use, with median
reductions of approximately 20–30% [52, 58]. Omnivorous diets that replace rumi-
nant meat with fish, poultry, and pork can lead to lower environmental impacts, but
these reductions are less significant than those of plant-based diets [49, 51].

Research examining the environmental footprints of specific foods or food groups
is less conclusive, but existing studies indicate that the impacts of specific food groups
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Fig. 10.2 Impact of food groups on five environmental pressures [64]

vary widely. As Fig. 10.2 shows, the production of ASF generates the majority of
food-related GHGe (72–78% of total agricultural emissions). These foods can also
negatively affect crop diversity, forests, water use, land use and land-use change,
and pollution. While staple crops generally have lower environmental footprints
than animal products, they account for 30–50% of cropland use, blue water use,
and nitrogen and phosphorus application, and more than 50% of grains are used as
feed for animals [59]. Fish and seafood production and harvesting can negatively
contribute to GHGe, land and water quality, and biodiversity. In some cases, fruit,
vegetable, and nut production requires more water and generates more GHGe than
certain meat products [50, 52, 60–62]. Overall, foods with lower impacts in one
environmental area tend to have lower impacts on other areas as well [63].

As with research on the health impacts of sustainable diets, the findings on envi-
ronmental impacts of diets are nuanced. Research comparing the impacts of specific
foods is limited due to the inconsistent methods and metrics used to assess envi-
ronmental, dietary, and health outcomes [31, 48, 49, 51, 65]. Relatively few studies
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examine dimensions of sustainability other than GHGe, such as land use, land-use
changes, water use, and biodiversity [2, 52, 66, 67]. These metrics can have differing
impacts based on geographical region and the life cycle of the food product, which
consists of all the inputs and energy needed to produce the food [68]. The environ-
mental impacts of different foods also vary depending on how and where food is
grown [33, 52, 69–71].

The Sustainable Diet Conundrum

The consumption ofASF presents amajor challenge for sustainable diets. Around the
world, the consumption of ASF is on the rise. The production of these foods, which
include dairy, beef, pork, poultry, and seafood, can be environmentally detrimental
and highly resource-intensive. Many sustainable diet recommendations advocate
for plant-based diets with little to no meat, seafood, or dairy. Although limiting
consumption of these foods can benefit the environment, these products can also be
nutritionally valuable, especially for populations at risk of undernutrition. To ensure
healthy diets for all, sustainable diet recommendations must balance environmental
and nutritional needs for diverse communities around the world.

In recent decades, the production and consumption ofASF has grown significantly
around the world. Between 1961 and 2014, global poultry production increasedmore
than 12-fold, while beef cattle production has more than doubled. ASF consumption
is concentrated inmanymiddle- and high-income countries. Americans, who account
for only 4.5% of the world’s population, consume approximately 15% of the meat
produced globally. Demand for meat has also risen in countries like China, where
consumption has grown 15-fold since 1961 and its meat imports are expected to grow
from USD $2.9 billion in 2007 to USD $149 billion in 2050 [72–75]. In wealthy
contexts, meat consumption often far exceeds daily nutrient requirements [72].

Given the adverse health and environmental implications of diets high in ASF,
dietary shifts are needed now more than ever before. Yet sustainable diet recom-
mendations that reduce or eliminate ASF can also be highly problematic, especially
for nutritionally vulnerable groups. ASF provides micronutrients that are difficult to
obtain in sufficient amounts from plant-based foods, especially vitamin A, vitamin
B-12, riboflavin, calcium, and iron. Inadequate intake of these nutrients can cause
anemia, poor growth, rickets, impaired cognitive performance, blindness, neuro-
muscular deficits, and eventually, death. The nutrients in ASF are critical for healthy
childhood development, growth, and maintenance, yet many people in lower- and
middle-income countries cannot afford these foods [76]. Countries that have the
highest burdens of undernutrition also consume the least meat. Instead of plant-based
diets, higher ASF intake can improve health outcomes for populations in regions like
sub-Saharan Africa and Southeast Asia, where undernutrition still contributes more
to the burden of disease than DR-NCDs [57, 64, 67, 77].

Recommendations to shift diets away fromASF present other ethical complexities
as well. The livestock, aquaculture, and fishing sectors provide a source of livelihood
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for millions of people around the world [78–81]. In many regions, ASF are an impor-
tant component of culture and religion [52, 78]. These foods are also meaningful to
individual identity and taste preference; for some, eating meat is associated with
strength, health, masculinity, and indulgence [82].

Research Limitations and Policy Opportunities

Achieving the goal of sustainable food systems and diets requires a better under-
standing of what constitutes a sustainable diet for different populations and contexts.
Additional research is needed to characterize and define the key environmental,
biological, cultural, and health determinants of sustainable diets, as well as to
provide guidance on what sustainable diets look like “on the plate” [31, 33, 49]. This
work requires better indicators to measure the health, environmental, and economic
outcomes of these diets, which in turn can help inform decision-making around
trade-offs [24, 49]. Monitoring and evaluation tools can inform research and policy-
making, but political will and consensus is also critical to achieving the dietary and
environmental goals underlying sustainable diets [83].

To meet key dietary and environmental goals in coming decades, further research
and intervention will be needed to understand and reduce the adverse environmental
effects of food systems. The agricultural sector has long been focused on increasing
agricultural yields and supplies of food without sufficient consideration to the envi-
ronmental ramifications of production. However valid, this focus on food security
has contributed to biodiversity loss, increased GHGe, and water pollution. Moving
forward, agricultural efficiency must be balanced with environmental health in order
to reduce GHGe from agriculture and land use, minimize biodiversity loss, phase out
unsustainable water withdrawals, and curtail air and water pollution. Many different
coordinated actions will be required to produce a sufficient amount of nutritious food
for all the world’s people while respecting planetary boundaries. “Climate-smart”
agriculture that addresses food security needs along with climate mitigation and
adaptation will be critical. Additional measures and indicators include dietary shifts,
improvements in technology andmanagement, and reductions in food loss andwaste.
Further study is also needed to ascertain how environmental outcomes differ based
on geographic context and production method [64, 84].

Policies can shift populations toward more sustainable diets, but more research
is required to understand what interventions work best and how to implement them.
Policymakers must also better integrate sustainability issues into dietary and nutri-
tion policies in order to create “policy coherence.” Few national food-based dietary
guidelines (FBDGs) incorporate elements of environmental sustainability [85, 86].
Instead, most recommendations are incompatible with the Paris Climate Agreement
and other environmental targets [87]. To overcome these limitations, the FAO and
WHO jointly released their “GuidingPrinciples onSustainableHealthyDiets,”which
outlines 16 key principles related to health, environmental, and sociocultural aspects
of sustainable diets. These principles are meant to inform governments and other
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actors in policy-making and communications from low- to high-income countries.
The guidance represents foundational elements of healthy and sustainable diets by
considering nutrient recommendations alongside environmental, social-cultural, and
economic sustainability [88].

Ultimately, achieving goals in one domain will present challenges for other
domains, a problem which is often exacerbated by interactions between different
aspects of the food system. The process of setting goals and prioritizing thresholds
to meet competing objectives presents ethical concerns. It is essential that thresh-
olds and constraints in one area, such as the environment, be balanced to account
for limits in other domains, such as health. The global community must realistically
optimize risks in different domains to find ways for humanity to responsibly inhabit
the planet. Thresholds should be determined by assessing the value of these risks
and negotiating concerns among stakeholders. Is it acceptable to take risks that might
exacerbate adverse health outcomes now in order to protect environmental outcomes
now and in the future? What thresholds can reasonably be achieved by the current
population?

Key Messages and Conclusions

Over the last 50 years, the concept of sustainable diets has evolved from a singular
focus on environmental outcomes to an approach that more broadly considers
the nutrition, health, environmental, and economic implications of diets and food
systems. Ongoing discussions of sustainable diets center around nuanced, rigorous
research that evaluates the many different dimensions of dietary outcomes. Now,
amidst the rising pressures of climate change and population growth, the shift to
more sustainable diets is arguably more important than ever before.

Although sustainable diets can lead to mutual benefits for human and environ-
mental health, achieving dietary change will be a daunting feat. Harnessing these
dietary benefits requires an integrated approach to health and sustainability that
considers the complex linkages between food systems, diets, human health, and the
environment. No single concept of sustainable diets can be applied to all settings, as
sustainability is highly context-specific and nuanced. Approaches to sustainability
must be tailored to differing needs across diverse countries, communities, and homes.
The ethical complexities posed by dietary recommendations will require careful
consideration to ensure fairness and equity for all. Further research will be needed
to provide more definitive guidance on sustainable diets and recommendations for
policy interventions.
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Chapter 11
The Future of Food: Shaping Diets
and Nutrition

Introduction

The future is now. Technology holds the power to transform the way people produce,
transport, prepare, and consume food. As lifestyles and incomes change around the
world, people are accessing food in many new ways. The availability of the internet
and mobile devices has fundamentally reshaped expectations about convenience and
consumerism. Emerging technologies can help address these dynamic shifts at both
the producer and consumer levels of the food system. Technological innovations
abound at every stage of the food supply chain. These technologies hold the potential
to let farmers produce food more efficiently, processors store and transport products
more safely, and companies develop unique foods. Whether consumers want more
information or simply more convenience, these advances promise to deliver a more
transparent, digitally connected eating experience personalized to their needs. This
chapter focuses on new technologies that are changing the operation of food supplies,
demand for certain types of foods, and culture shared around food.

Agriculture 4.0: Revolutionizing Food Supplies for Better
Diets

Over the last 100 years, the growth and pace of technological innovations has changed
dramatically. In the early twentieth century, the telephone, electricity, and automo-
biles were exciting new inventions, though it took a long time for all households
to have access to those technologies. In the last 30 years, transformative technolo-
gies have taken hold across the world and profoundly changed how people live. The
internet, mobile technology, and shared economies have significantly changed the
way that people communicate, function, and socialize. Unlike the innovations of the
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early twentieth century, these modern technologies have been rapidly adopted over
the last decade [1].

Many modern innovations are intended to improve food systems, diets, and nutri-
tion. These new technologies will ultimately affect every chain in the food supply
[2]. Advances in nanotechnology, 3D printing, and robotics will affect food produc-
tion and supply chains to deliver healthy foods [3]. High-tech solutions are being
developed to make tasty, plant-based proteins and lab-grown meat alternatives that
could eventually preclude the need to raise large numbers of livestock. The taste,
texture, and smell of these products have improved, which has already led to greater
acceptance in high-income contexts [4].

The term “Agriculture 4.0” refers to technologies that hold the potential to
transform different aspects of agriculture and the food system. These innovations
include developing or already operational technologies, such as precision, digital,
and vertical agriculture; robotics; gene editing; blockchain; the “internet of things;”
bio-economies; and big data [5]. As Fig. 11.1 shows, some of these innovations have
already been implemented, while others will require more time and development to
bring to market.

Despite the promising nature of these technologies, vast inequities in access still
remain. In many regions of the world, electricity, vehicular transport, and irrigation
are unattainable. In remote villages and other settings where subsistence farmers
rely on rain-fed agriculture, access to blockchain or nanotechnology to improve
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Fig. 11.1 Technologies and their readiness for markets [6]
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supply chains is unlikely, to say the least. The “digital divide,” which represents the
gap between those who stand to benefit from internet technologies and those who
do not, threatens to worsen already existing inequities between the world’s people
[7]. Many food system innovations are trialed, tested, and adapted in high-income
contexts with little adoption in low-income countries. Lab-grown meat products
remain prohibitively expensive and inaccessible to populations in low-income coun-
tries [4]. These issues of access and affordability stand in stark contrast to certain
high-income contexts, where large-scale monocropping systems test robotics and
drones to deliver the highest quality crops to urban consumers with an abundance of
choice and income to spend on specialty foods.

Digital, Precision, and Vertical Farming

Digital and precision technologies can be used to help improve the accuracy and
efficiency of agricultural production. Many farms use digital technologies to provide
real-time data on weather and market prices. Precision agriculture allows farmers
to use high-resolution data to apply site-specific fertilizers or pesticides to crops in
specific, efficient amounts. Farms employ driverless tractors and other unmanned
equipment to till land and carry out other labor. Some utilize robotics and drones to
be more precise in how food is grown. Digital imagery can also be used to determine
the optimal time to harvest crops.

Vertical farms function as an energy-efficient, self-containedmethod of producing
food. These farms consist of multi-story buildings with environments conducive to
growing crops, such as fruits, vegetables, and non-edible plants [8]. The concept
takes advantage of stacked farm levels, where the building captures all the stages
from inputs and growing of food to harvest, to effectively create an autonomous
supply chain. One of the benefits of vertical farming is its use of renewable energy
resources, such as solar panels to generate energy, biomass for fuel, and wind for
power [9]. Less energy is required overall, since there is less need for plowing,
transporting, and using other fossil-fuel dependent processes. However, questions
remain about the cost of vertical production, the foods that can be grown besides
horticultural crops and microgreens, and the capacity to feed a significant number
of people [10]. Cost is one of the most significant controversies of vertical farms
because the inputs necessary to generate vast quantities of food require significant
up-front investment, and the types of crops that can be grown at scale are not always
profitable [11, 12].

Middle of the Chain Technologies

Many technologies have been developed to improve efficiency along the “middle”
of the food supply chain, which includes the storage, transport, processing, and
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packaging stages. These innovations include efforts to reduce food loss and improve
the quality or sustainability of food products. At the storage and transport stages,
micro-cold transport and evaporative cooling systems are used to keep perishable
products, like fruits and vegetables, for extended periods of time.Micro-warehousing
is utilized to store foods in smaller, local distribution centers that are close to the
final point of delivery.

At the processing stage, near-farm mobile processing helps to improve the shelf
life of foods before shipment. Both new and old technologies use dehydration, snap
freezing, and solar drying techniques in order tominimize the loss of perishable foods
that easily rot or go rancid. More sustainable packaging options, such as biodegrad-
able material or edible packaging, are in development to reduce the use of plastic
and harmful by-products [13].

Producing New and Varied Foods: 3D Printing, GMOs,
and Lab-Grown Meat

New technologies are underway to formulate and produce new foods or variations
of foods in order to withstand adverse growing conditions or improve nutrition.
By helping to produce foods outside of traditional climate zones and under diverse
conditions, these innovations can support the dual goals of food security and climate
change adaptation. 3D printed food technology uses Computer Aided Design soft-
ware to make a three-dimensional object from a film fabrication technique [14]. This
technology improves on traditional cooking processes by mixing and processing
food ingredients into different shapes and designs with new textures and flavors.
3D printed foods face considerable uncertainty with consumers, as many are either
unfamiliar with the concept or express concerns about the “realness” of the food
product, its sensory qualities, and over-processing [15, 16].

Genetic modification (GM) is a technology that involves editing the DNA of cells
to change, remove, or add genes. This technology is intended to resolve agricultural
or nutrition challenges through genetically modified organisms (GMOs). The first
generation of GM crops aimed to produce higher yields from certain food crops
and improve resilience to environmental conditions. Across 25 countries, 17 million
farmers have adopted GM crops [17], and in the United States alone, 90% of all
corn, soy, and cotton is GM [18]. The second generation of GM crops is intended to
address nutrition issues that still prevail in some areas of the world [19]. To address
micronutrient deficiencies, biofortification through GM technology or conventional
breeding could be used to increase the nutritional content of staple crops [20]. In the
case of Golden Rice, beta carotene was built into the rice grain to produce a food rich
in vitamin A [21]. As with other GM food products, the debut of Golden Rice was
met with skepticism and resistance from consumers for cultural and ethical reasons.

As its name implies, lab-grown, or “cultured,” meat is produced in a laboratory.
This technology involves replicating muscle stem cells from livestock animals in
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a petri dish and then differentiating them into muscle tissue [22]. The nutritional
composition of these foods can be modified, enriched, and fortified in the lab to
match the nutritional content of conventionally produced foods [4]. Lab-grown meat
is considered a major disruptor to traditional livestock agriculture [4], but cost and
consumer acceptance remain as significant challenges. Although costs have declined
significantly in recent years due to technological advances,MemphisMeats indicates
that a quarter-pound of lab-grown beef costs $600 USD [23]. It is unclear whether
consumers will accept lab-grown meat, since they have historically been suspicious
of “unnatural” foods [24, 25]. Taste and food safety will also be critical to ensuring
market approval and acceptance [26].

The Disappearing Grocery Store, Restaurant, and Kitchen

Over time, supermarkets have displaced smaller chains and “mom and pop” shops
in both rural and urban areas in many countries. In cities, these same businesses are
now threatened by digital platforms that provide consumers with new experiences
and enhanced convenience. These platforms can engage consumers with a “tap” on
a mobile screen or a “click” on a browser. These digital platforms, which are termed
“direct-to-consumer (D2C) models,” disrupt conventional food supply chains by
displacing the middle of the chain, along with the traditional “brick-and-mortar”
grocery store. These models are designed for consumers who know what they want
and when—and usually, they want it immediately [1]. In the modern age, having
groceries or a prepared meal delivered to the doorstep only requires a mobile phone
and the willingness to subscribe to a service. Privacy concerns are a major obstacle
for these services, which collect vast amounts of data from consumers. In using these
services, consumers provide extensive information about their personal preferences,
tastes, and aspirations, which can be used by companies for future targetedmarketing
and advertising.

Physical food environments are also being reimagined with the goal of improved
convenience. Amazon, the online retail giant, has introduced a new type of phys-
ical store that eliminates the checkout process. With Amazon’s “Just Walk Out”
technology, shoppers only need a mobile device—no cash, no credit card, and no
checkout lines. The technology uses weight sensors to detect what products shoppers
take from or return to the shelves and tracks them in a virtual cart. The technology
is powered by computer vision and deep learning to detect motion and object move-
ment and activity, much like driverless car technology. Emerging concerns with this
technology include job elimination and excessive, unnecessary plasticwaste [27, 28].
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Food Delivery and Meal Services: Concierge Convenience

More and more, consumers want “concierge convenience” when it comes time to
prepare their foods. This concierge style involves having food delivered directly to
the consumers’ homes whenever they want and bypassing the in-person grocery
shopping. In the first six months of 2017, meal delivery services earned $781 million
USD globally [1]. Many of these online food shopping experiences allow for “one-
stop shopping,” where food and other household items can be purchased at once,
delivered quickly, and all transactions occur on a mobile device. Box 11.1 describes
how the COVID-19 pandemic heightened consumers’ reliance on contactless online
grocery shopping and food delivery.

Box 11.1 Effects of the COVID-19 pandemic on online food shopping
and delivery
As the COVID-19 pandemic gripped the world in 2020, quarantine orders,
lockdowns, and concerns about personal health and safety ledmany consumers
to abandon in-person shopping and dining out. Instead, many people turned
to online ordering to purchase food and have it delivered. Consumer surveys
show that 43% of shoppers bought groceries online during 2020, a two-fold
increase from 2018 [29].While food service sales in the United States declined
by nearly 8% during the early months of the pandemic, grocery store sales rose
by 16% as compared to the same period in 2019 [30]. In addition to the rise
in online shopping, the pandemic also changed in-person shopping behavior.
Consumers who continued to shop in grocery stores reported making fewer,
larger trips that maximized efficiency and limited browsing [31].

The pandemic transformed the retail landscape as stores and restaurants
were forced to abandon traditional sales models. Retailers hurried to set up
online ordering platforms, establish contactless points of turnover, and comply
with changing health and safety regulations. To meet the growing demand for
online ordering, some retailers increased ordering capacity and pickup services
by more than 60% [30]. The expansion of “ghost kitchens,” a delivery-only
food service model, allowed restaurateurs to avoid the expenses associated
with traditional in-person dining, such as rent, utilities, and employee wages.
Amidst high unemployment, many turned to the “gig economy” to work as
grocery shoppers or delivery drivers for food shopping and delivery apps.

The pandemic resulted in global upheaval both sudden andmassive in scale,
but it remains to be seen whether the impacts on food retail will last. Many
consumers, especially younger generations, are expected to continue using
e-commerce and contactless shopping due to their convenience, and market
research suggests that online grocery sales will represent more than one-fifth
of the grocery sector’s sales by 2025 [30, 32, 33]. However, e-commerce
accounted for only 7% of grocery shopping in 2020, and 78% of surveyed
consumers indicated a preference for traditional brick-and-mortar shopping.
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Online shopping presents a significant challenge for those without computer
skills or access to the internet, such as the elderly, poor, and others affected by
the digital divide. There are also concerns that online shopping may encourage
the purchase of less healthy foods, especially among low-income consumers, as
nutrition information is not universally available online and digital purchasing
makes it easier for retailers to track consumer preferences and deliver targeted
marketing [31].

While the major food delivery service apps doubled their revenue due to
the rise in online orders, these companies face many challenges to their prof-
itability, including growing concerns about the high commissions charged to
restaurants and the employment status of their workers. In several munic-
ipalities, newly introduced legislation has limited the commissions they can
collect from restaurants. Proposed legislation has attempted to address the issue
of whether low-paid delivery service workers are independent contractors or
employees entitled to benefits and higher pay. As the economic decline spurred
by the pandemic leads to the widespread closure of small businesses, there are
concerns that the most profitable retailers and restaurants will be large corpo-
rate outfits and chains that can develop their own ordering apps, outsource food
preparation to third-party operators in ghost kitchens, and employ low-paid gig
workers as kitchen staff to maximize profits [34].

The Lure of Street Food and Fast Casual

From food trucks to market stalls, street food is an important feature of the urban
landscape everywhere in the world. This type of food includes ready-to eat foods
and beverages that are prepared and/or sold by vendors in the streets or other similar
places [35]. On average, about 2.5 billion people eat street food every day [36]. Street
and informal foodvendorsmeet the growingdemand for inexpensive, convenient, and
fast-food options in urban settings, as their offerings are cheap and readily available
around the clock.

Although street food helps to address food security for populations in large cities,
concerns remain about the safety and healthfulness of these foods. The quality and
hygiene of street foods are normally unregulated, as most street food vendors operate
as part of an informal economy. Concerns over poor sanitation and unsafe, poor
food quality have led some governments to eradicate informal street vending [37,
38]. There are also concerns that the fried, oily foods typically offered by street
vendors contribute to obesity and do not align with a healthy diet [39]. While some
governments have blamed street vendors for outbreaks of foodborne illness and
subsequently banned them, others have tried to integrate informal vending in the
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regulated food environment and encourage the provision of healthy foods, as with
Singapore’s Healthy Hawkers Program [40].

Fast-casual restaurants were launched in the 1990s to offer higher-quality, healthy
food as compared to typical fast-food restaurants, such as McDonalds or KFC. In
2009, there were 17,300 fast-casual restaurants in the United States with sales of $19
billion. By 2018, the sector had more than doubled to reach 34,800 restaurants with
sales of $47.5 billion [41]. These outlets allow customers to design their own meals,
such as burritos, rice bowls, or pizzas, which often use organic, seasonal ingredients
and locally produced foods. Many fast-casual restaurants have shifted toward more
sustainable packaging and serving containers in lieu of plastic. In recent years, many
have transitioned to using smartphone apps to allow customers to order food ahead
of time and avoid waiting in line, which served them well throughout the COVID-19
pandemic.

Changing Palates, Changing Demands

More than ever before, consumers care about where their food comes from, who
prepares it, and what it contains. For many, food serves as a means of self-expression
and an important source of connection between communities. Food can convey values
and priorities, such as concerns about animal welfare, fair trade and labor prac-
tices, and the environment. Younger generations are especially engaged and embrace
technological innovations to help them personalize their health and nutrition goals.

Food has become ubiquitous within society. Blogs, podcasts, documentaries,
travel shows, and other television programs about food and cooking have become
more popular than ever before [42]. Professional chefs have become television stars
and household names, as have journalists and authors writing about historical and
present-day food culture and politics.Millions of books describing the ills of the food
system have been sold: for many consumers, Michael Pollan’s advice in The Omni-
vore’s Dilemma to “Eat food, mostly plants, not too much” has become a personal
mantra [43]. These cultural vanguards have effectively sparked a new dialogue about
how people can make conscious decisions to eat healthier, more nutritious foods
within a healthier food system [44].

Consumer Engagement and the Foodie Generation

Consumers are increasingly demanding more from their foods—more alignment
with their priorities and values, more creativity, and more options. The novelty and
entertainment value of food has grown as people have become less concerned with
eating healthy and spending quality time on preparing food. In the United States,
Americans spend 27 minutes preparing food and 58% still prepare dinner regularly,



Changing Palates, Changing Demands 177

although that figure has been declining since the 1980s [42]. More time is spent
working and watching cooking on television than actually doing cooking.

Many of these engaged consumers are self-professed “foodies” who seek out
new culinary experiences rather than simply eating out of convenience or hunger.
Foodies express an avid interest in food and often prefer locally grown, organic,
and high-quality options. The “Foodie Generation” of young adults aged 18 to 35
pursue information about their food choices through social media and the internet.
This new type of consumerism has forced food suppliers to rethink everything from
ingredients to promotional marketing.

Overall, new models of consumerism will have long-term consequences for how
society addresses health and nutrition, as well as how the food system operates.
Younger generations are more informed about nutrition and food, especially what
their food contains and how it is produced. They want more transparency from the
food industry and are willing to pay more for higher-quality food [45–47]. Although
food preferences and consumption behaviors are shifting, these trends do not neces-
sarily represent all consumers. Young people are not a unified cohort with a singular
identity and set of priorities. These consumer trends are more prevalent in high-
income settings than in low-income contexts, where concerns and priorities are
rightfully different.

Personalized Nutrition

Personalized, or precision, nutrition aims to address nutrition problems through
detailed health data. These data, which include multidimensional genomic and
metabolic information, can be used to better understand differences in how human
metabolism responds to diet [48]. Precision nutrition relies on a wide range of tools,
including high-throughput analytical chemistry techniques, longitudinal tracking,
data science, and behavioral interventions, to provide highly personalized and
targeted dietary guidance [49]. Recent research has evaluated how personalized
health data and dietary guidance can affect various outcomes, such as blood glucose
and cardiovascular risk [50, 51]. The growth of personalized nutrition reflects the
rising interest in using technology to track personal health. To help manage their
diets and health in a more personalized way, many people have turned to techno-
logical innovations that include wearable devices, smartphone apps that track food
consumption, online diaries, water bottles that monitor fluid intake, and even video
games [52–54].

However promising, there are many caveats to personalized nutrition and related
technologies. Personalized nutrition is in the early stages of development andmay not
be feasible in all settings, especially resource-poor settings [50]. The collection and
analysis of personal health information presents concerns about genetic profiling and
privacy [55]. In addition, the individual-centric approach of these technologies does
not address the underlying determinants of poor nutrition outcomes, such as socioe-
conomic inequities or unhealthy food environments. Unlike public health efforts that
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emphasize policies and programs, these technologies are unlikely to affect overall
population health [56].

The Implementation of Technologies

Across the food system, technological innovations are being developed and imple-
mented at a rapid rate. As Fig. 11.2 shows, these technologies span the production,
processing, packaging, distribution, consumption, and waste sectors. These innova-
tions include many of those discussed in this chapter, as well as artificially made
products, nano-drones, holobiomes and many others. Some technologies, such as
digital agriculture, are fully developed or near-ready interventions, while others,
such as nanotechnologies, remain in the research stage [57].

These technologies present an opportunity to address food system challenges by
engendering significant systematic changes. However, any potential change depends
on the acceptance of these technologies by various food system actors. While some
innovations could be implemented in low- and middle-income settings, the cost
and infrastructure needed for others would prohibit widespread use. Incentives to
encourage adoption and regulations to ensure technologies are appropriately used
are required to help guarantee equitable distribution.

Key Messages and Conclusions

Technology holds the potential to transform the food system.With emerging innova-
tions, the grand challenge of feeding the world a sufficient, healthy diet while staying
within planetary boundaries may be attainable. Technological advances encompass
the entire food supply chain, from the agricultural level to the processing and retail
stages in the middle and finally on to the consumer side. While technologies can
shape food environments and consumer preferences, demand for certain foods also
influences how new ideas take hold and thrive within society.

Despite the promise of new technologies, the future of food systems remains
uncertain. Many emerging innovations only exist in the early stages of development
and implementation. Some advances are scalable, while others will likely be too
costly to be widely applied. Without consumer acceptance for novel technologies,
these advances will never come to fruition. Some innovations pose ethical issues and
threaten to worsen existing inequities. While the world’s changing food culture has
inspired some consumers to learn more about their food, others prioritize convenient,
inexpensive options, often at the expense of health and nutrition. Achieving the goal
of a sustainable food system will require that cultural and technological advances
prioritize the fair distribution of healthy, nutritious, responsibly produced food in
tandem with knowledge and resources.
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Chapter 12
Conclusion and Ways Forward

Importance of Food Policy for Diets and Nutrition

In recent years, many have called for a transformation to our food systems for the
benefit of present and future generations [1–6]. This book has illustrated how impor-
tant food is to society, human health, the planet, and economic prosperity. Food is
central to every aspect of society. However, the systems that make, mold, move,
and monetize our food need to be nurtured, governed, and maintained if they are to
generate positive outcomes for society. Various actors and interventions are needed
to shape food systems in ways that benefit everyone and the planet. In this book, we
have highlighted the plethora of actors engaged in this work, some of whom hold
more power while others have less.

Malnutrition burdens remain universal—every country is affected, and for many
of the forms of malnutrition, in many parts of the world, little progress has been
achieved in tackling the burden or, in some cases, preventing further decline [7].
If no action is taken on climate change or inequities, these burdens could further
regress. Diets and the foods consumed by people contribute to the multiple forms
of malnutrition. Thus, food systems and the policies that shape diets are critical to
making a considerable positive impact on malnutrition.

Policies can influence the functioning of food supply chains, the architecture
of food environments, and the behaviors of consumers, as well as the drivers that
shape food systems in various ways. As this book has demonstrated, some policies,
such as agricultural subsidies or trade interventions, can benefit one aspect of food
systems without necessarily benefiting diets and nutrition. Conversely, some policies
can create powerful benefits for human health and break down inequities that affect
health disparities.
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Challenges Remain

Many significant and sometimes intractable challenges and controversies remain
amidst decision-making about how food systems should function and which actors
should be responsible for change. Policies that improve one set of outcomes may
harm another, as there will always be trade-offs and constraints. Policymakers must
determine how to ensure the most benefit, while at the same time mitigating against
the most harmful aspects of each and every decision. These decisions involve signif-
icant trade-offs between protecting economic growth, the natural resource base of
the planet, and human nutrition and health. Successful policy-making requires a
careful evaluation of what trade-offs the world is willing to live with in order to
avoid detrimental damage to human populations and the planet [6, 8, 9].

The COVID-19 global pandemic, which is ongoing at the time of this writing,
has now become a social, economic, health, and food system crisis with a significant
death toll. Research suggests that SARS-CoV-2, the virus that causes the disease
COVID-19, infected people through a zoonotic spillover event, in which the disease
jumped from animals, most likely bats, to humans [10, 11]. Data shows that of
emerging infectious diseases, 60% are zoonotic, and of that 60%, 72% originate in
wildlife [12]. Case tracing indicates that that the virus originated inWuhan,China and
specifically implicates a seafoodwetmarket, although this origin remains unresolved
[13, 14].

Food and agriculture play a significant role in the rise of zoonotic disease. Just
two centuries ago, humans only used about 5% of arable land for agriculture. Now,
we use 40% of the earth’s land for agriculture [1, 15]. This expansion of agriculture
is spurred by the need to feed a growing human population, much of which lives in an
urbanized world with growing demands for animal-sourced foods [16, 17]. Though
our global agricultural system is a very efficient system that produces plenty of food,
it carries costs for humans, the environment, and social equity [18, 19]. As a result
of expanded agriculture, the natural habitats where much of the world’s wildlife live
have declined and been outright destroyed, leading humans, domesticated animals,
and wildlife to live in closer proximity with each other [20].

Modeling suggests that if the global community does not take action onmitigating
the effects of food systems on climate change, we will not achieve the 1.5°C Paris
COP agreement target made in 2015 or, by the end of the century, the 2°C target [21].
Necessary action involves shifting diets toward more plant-based foods, avoiding the
overconsumption of calories, reducing food loss and waste, and producing food with
fewer greenhouse gases per unit of food produced and on less land. To address
the grand challenges facing food systems, these goals must be achieved in unison
using all available resources and tools, including technology and social change.
These “socio-technical innovation bundles” require strong political and institutional
enabling environments [4].

To resolve the complex issues inherent to food systems, many obstacles must be
overcome. Agricultural production systems are homogenous and dominated by too
few food crops and animals, including maize, rice, wheat, soy, chickens, and cattle
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[22]. This profound loss of diversity puts the planet at a multiplicity of risks that
include climate, nutrition, and zoonotic threats. The foods that predominate across
the agricultural landscape are oftenmisalignedwith human health and environmental
sustainability goals [1]. Over the last decade, violent conflicts have risen significantly,
with hotspots in some parts of Africa and Asia [23]. Along with climate change,
conflict is a major push factor for migration and urbanization. As those trends evolve,
dietary patterns and consumer demand are changing in differentways.Not all of these
changes are negative, however, as the movement of people results in a blending of
cultures and traditions, diversity, and opportunity.

Growing societal inequities also pose a serious challenge for food systems [24].
The marginalization and discrimination of some populations around the world can
amplify poor nutrition and health outcomes, with significant disparities becoming
increasingly noticeable amidst the COVID-19 pandemic. Many of the world’s poor
cannot access a healthy diet and have been systemically marginalized within food
systems and, more broadly, in society [25]. Approximately 65% of Africans and
South Asians can only purchase enough food to meet their very basic caloric needs
[25]—anything above and beyond that is unattainable.

We live in a world where technology, innovation, communication, and big data
are rapidly changing the ways we engage and cooperate. Technologies like GMOs
or lab-grownmeat could be potential game-changers that transform food systems for
better diets, ensuring systems are sustainable and saving us from significant climate-
related natural disasters. When the impacts of these technologies on the Sustainable
Development Goals are considered, however, there are significant trade-offs [6]. The
outstanding challenge remains to identify available technological options that are
ethically permissible and acceptable, and which can be considered and distributed
in fair and justifiable ways [4].

The directive to improve diets and nutrition lacks fixed leadership.At the end of the
day, who is responsible for ensuring adequate food security and nutrition? Achieving
optimal nutrition for the world’s people requires the engagement of multiple sectors,
disciplines, and institutions. This book has highlighted themany necessary actors and
interventions, but, historically, there has been an absence of accountability within
the nutrition sector, as illustrated by the common refrain that “nutrition is every-
body’s business, nobody’s responsibility” [26]. Why is this so? Is the problem that
other competing priorities are more readily visible than nutrition challenges, or that
the multiple solutions required to resolve nutrition issues seem too complex and
daunting? Whatever the case may be, food is relevant to every sector, every disci-
pline, and every person, and resolving issues with our food system is an “all hands-on
deck” challenge that is ripe for opportunity.

With Challenges Come Opportunities

In and of itself, the cost of inaction justifies the scaling up of policies to improve food
systems for diets and nutrition. Given that the burden of malnutrition and diets is now
amajor risk factor for death globally, the social and economic costs of inadequate food
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systems alone should elicit action. Addressing food insecurity and malnutrition does
not have to be difficult or expensive. Through better legislation, coherent policies,
political will, commitment, and accountability, change can happen.

As this book has illustrated, solutions exist. Policy success is a matter of investing
in and scaling these solutions to ensure that no one is left behind. Food supplies
and environments can be reshaped to improve diets and nutrition. The behaviors and
actions of actors are malleable and subject to change. Incentives can help to nudge
stakeholders and actors toward interventions with more beneficial outcomes. If we
are to ensure that food systems work for human and planetary health, governments
and other actors must take on the following actions:

1. Governments and private sector food actors must recognize the importance of
public health and nutrition in the food system policies that they enact. In doing
so, these actors need to create a sustained enabling environment and generate
political will and action with public health goals in mind.

2. Power asymmetries must be addressed to bring about stewardship. The private
sector has an important role in providing the foods that we consume every day,
but it should be held to account to benefit public health and environmental
sustainability while earning a profit. If companies do not prioritize these mutual
goals and act responsibly, theymust be penalized.Governments should shepherd
food system actors in directions that align with overarching policies.

3. Governments and investors must invest in food systems, which goes hand-in-
hand with rebalancing power. Governments and funders invest very little in
public health nutrition or food systems, which is astounding when the burden of
disease hinges on changing the types of foods available and accessible in food
systems.

4. Civil society groups should act as advocates for communities, particularly those
being left behind. These groups can create new movements and coalitions that
build substantive social networks to call out the challenges and inequities faced
by marginalized communities. This work can ensure that communities have
agency and power to shape food systems in ways that work for them.

5. Researchers who work to gather, share, and communicate evidence must not
be undermined or discouraged when data are disregarded. Research can chart a
positive path for food systems and bring about meaningful changes in political
thought and action [27].
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