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ABSTRACT

Global and local food system transformation is necessary in order
to ensure the delivery of healthy, safe, and nutritious foods in both
sustainable and equitable ways. Food systems are complex entities
that affect diets, human health, and a range of other outcomes
including economic growth, natural resource and environmental
resiliency, and sociocultural factors. However, food systems con-
tribute to and are vulnerable to ongoing climate and environmental
changes that threaten their sustainability. Although there has been
increased focus on this topic in recent years, many gaps in our
knowledge persist on the relation between environmental factors,
food systems, and nutritional outcomes. In this article, we summarize
this emerging field and describe what innovative nutrition research
is needed in order to bring about food policy changes in the era
of climate disruption and environmental degradation. ~ Am J Clin
Nutr 2020;00:1-10.
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Introduction

For clinical nutrition to be impactful, it is essential to consider
how the broader food system affects diets, nutrition, and health
outcomes of populations. There is considerable debate on how
food systems can be better positioned to provide safe and healthy
diets and support human health in a way that is environmentally
sustainable and resilient to climate change, as well as other
disruptions and shocks (1). As The American Journal of Clinical
Nutrition (AJCN) embarks on new territories (2), it is only
fitting that the Journal delves into the relation between food
systems and dietary, nutritional, and environmental outcomes.
Food systems involve the production, processing, packaging,
distribution, marketing, purchasing, consumption, and waste of
food (3). There remain many research questions and gaps in
evidence on how to transform food systems so that they benefit
both human nutrition and health while protecting ecological

resources, supporting livelihoods and affordable foods, and
upholding social, cultural, and ethical values. This article will
summarize this emerging field, and describe what new science,
research, and evidence are needed to bring about food policy
changes in the era of climate disruption and environmental
degradation.

The Climate Crisis and Environmental Degradation
across the Planet

The era of the Anthropocene

The Anthropocene Epoch was first described by Paul Crutzen
and Eugene Stoermer (4) as an unofficial time period that
signifies when human activity began having substantial effects
on planetary health—the health of human civilization and the
state of the natural systems on which it depends (5). There is a
growing body of evidence documenting how human activity has
altered, in some instances irreversibly, Earth’s systemic processes
(6). The sheer growth and migration of the world’s human
population, along with the need for food, water, shelter, and
livelihoods, have been major driving forces that have changed the
equilibrium of the planet. These changes include deforestation,
ocean acidification, pollution, loss of biodiversity, desertification,
and destruction of habitats and natural resources such as water,
soil, and ecosystems (1, 7, 8). Some of these processes have
triggered climate change, climate-related natural disasters, poor
air quality, water and food shortages, depletion of aquatic
food sources, and conflicts over resources (9—11). Many of
these changes are driven by the need to feed an ever-growing,
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increasingly urban population that demands different and more
diverse diets (7, 12).

Climate disruption and environmental degradation

Climate models continue to show that a change of >0.5°C
in global surface temperature will have devastating, irreparable
effects on the planet’s habitability for humans and many other
species (8). If we continue on a business-as-usual path without
serious action on climate change mitigation, the global surface
temperature will increase by >2°C above the preindustrial period
(13). The projected warming of the planet will result in more
hot days and hotter hot days across the globe, with regions
around the equator becoming unsafe for human health (13).
There will be significant changes to precipitation patterns and
more intense and stronger hurricanes and tropical cyclones,
as well as extreme droughts (14). Despite numerous calls for
action to mitigate these anthropogenic effects (8, 13, 15), global
temperature and greenhouse gases (GHGs) are increasing, and
sea levels continue to rise, which will have detrimental impacts
on many environmental processes, including declining terrestrial
and marine biodiversity, soil salination, and diminishing water
quality (15-17).

Impacts of climate and environmental change on health and
nutrition

Climate and environmental change are and will continue
to affect human health on a grand scale. As climate change
progresses, the environmental conditions needed for optimal
human health will come under threat, including clean air,
drinkable water, low pathogen exposure, and the ability to
produce, raise, harvest, and gather crops, animals, seafood, and
wild foods in sufficient and safe quantities and/or qualities.
Climate change introduces instability into the food supply, raises
prices of food, and ultimately reduces access to nutrient-dense
and healthy foods for certain populations (1). For example, rising
sea temperatures are affecting marine life and threatening fish
populations, a major source of protein, essential fatty acids, and
micronutrients for many around the world. The impacts of lost
biomass from the oceans are expected to disproportionally affect
countries in the global South (18, 19). Some models suggest that
changes in food availability due to climate change, specifically
reduced availability of fruit and vegetables, are estimated to result
in an additional 529,000 deaths by 2050 (20).

Climate change will likely affect the nutritional status of
all populations, but it will continue to have a disproportionate
impact on poor and marginalized populations, widening existing
equity gaps in nutrition and health outcomes. Climate change
has the potential to increase the prevalence of undernutrition by
affecting the immediate, underlying, and basic causes outlined
in UNICEF’s conceptual framework for maternal and child
nutrition (21). Examples at each level include facilitating
optimal conditions for infectious diseases; reducing household
food security; and altering livelihoods, particularly of those
in the agricultural sector. Nutritionally vulnerable populations,
including pregnant and lactating women, infants, and small
children, are likely to be the most affected by these trends;
the International Food Policy Research Institute’s IMPACT

model predicts that under conditions with limited intervention to
mitigate climate change, there will be an additional 4.8 million
undernourished children by 2050 (22).

Role of Food Systems, Agriculture, and Diet on the
Climate and Environment

The relation between food systems and the environment is
complex because environmental changes are both a driver and
an outcome of food systems. As Figure 1 shows, environmental
inputs such as soil and water quality, weather patterns, and
temperature influence food systems through their impact on the
production, storage, and transportation of food. This, in turn,
affects localized food environments—the place or places where
consumers interact with the food system to buy and consume food
(including markets, restaurants, and cafeterias, for example)—
by influencing food availability, quality, safety, and affordability
(23-25). Proximal outcomes of food systems include increased or
minimized exposure to contaminants, diet quality, and food loss
and waste. Each of these proximal outcomes affects both human
and environmental health outcomes.

Food systems exemplify the characteristics of complex sys-
tems, including the existence of feedback loops. One important
feedback loop in the food system is that environmental outcomes
affect environmental inputs; for example, GHG emissions from
food production and waste affect temperatures, and eutrophica-
tion from agricultural runoff affects water quality. In the context
of food systems, resilience has been characterized as the ability
to provide safe and sufficient food to all, not only in times of
normalcy but also in times of disturbance and shocks to the
system (26). Although shocks to the food system can include
natural disasters, pandemics, economic instability, and political
or social unrest, shocks can also include environmental stressors
that push beyond the boundaries of the system. The COVID-19
pandemic is demonstrating the fragility of certain parts of current
food systems and underscoring the interconnectedness of each
component of the food system (27).

Numerous reports have measured the impact of food systems
on the environment (28-32). Globally, agriculture and livestock
production utilize ~40% of arable land (33), account for ~70%
of fresh water withdrawn for human purposes (29, 34), and
are responsible for ~11% of GHG emissions (although some
estimates range from 11% to 24% depending on what is counted)
(35). Of all GHG emissions from the food system, 80%-—
86% come from agriculture (with the remaining food systems—
related emissions coming from food processing, packaging,
transportation, or retail) (32). Expanding agricultural land use
is a major contributor to rising carbon dioxide concentrations
in the atmosphere, biodiversity loss due to deforestation, and
draining of wetlands (31, 32). Furthermore, the use of synthetic
fertilizers—which contain high concentrations of nitrogen and
phosphorus—is a significant source of eutrophication globally
(36, 37).

Climate change puts the quantity, quality, stability, and
safety of the global food supply at risk (29). Changes such
as rising temperatures, increasing atmospheric carbon dioxide,
rising sea levels, and changing weather patterns all affect
the functionality and efficiency of food supply chains (38).
Because optimal food production requires specific conditions (for
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FIGURE 1 Conceptual framework for food systems and the environment. Environmental inputs such as soil and water quality, weather patterns, and
temperature influence food systems through their impact on the production, storage, and transportation of food. This affects localized food environments—the
place or places where consumers interact with the food system to buy and consume food—by influencing food availability, quality, safety, and affordability
(23-25). Proximal outcomes of food systems include increased or minimized exposure to contaminants, diet quality, and food loss and waste. Each of these
proximal outcomes affects both human and environmental health outcomes. Finally, a feedback loop exists in that environmental outcomes affect environmental

inputs. GHG, greenhouse gas.

example, certain crops or pests may thrive in a narrow band
of temperatures), disruptions to environmental conditions can
negatively affect crop yields, the nutrient content of crops, and the
broader ecosystems that support food production and livelihoods
(20). Climate forecasting models estimate that average land
temperatures will increase in the next 100 y (29). As land
temperatures increase, certain areas of the globe, particularly
tropical low-latitude areas, will experience decreased crop yields,
whereas higher-latitude areas may experience increased yields in
the short term (39). Lower yields and instability of production,
in turn, threaten food security and nutrition by increasing food
prices, which can affect the dietary diversity of poor households
(40-42). In addition, geospatial differences in crop yields may
result in greater reliance on a global rather than on a local
food supply (43), which in turn may affect the equity of food
distribution, food sovereignty, and the sustainability of food
systems.

Although rising atmospheric carbon dioxide may stimulate
photosynthesis and improve water efficiency of crops (44),
simulation models suggest that potential gains in crop yields from
rising carbon dioxide will not fully offset diminished crop yields
due to rising temperatures and other environmental consequences
of climate change (45). Myers et al. (38) argue that with increased
climate disruption, the protected purchasing power of wealthier
populations could leave those who are poor more food insecure
because of their inability to access and afford food. The impact of
floods and heat stress will affect the health and welfare of animals
as well (46).

In addition to affecting the quantity of food, rising atmospheric
carbon dioxide concentrations may also diminish the quality
of food. Certain staple crops such as rice and wheat have
decreased protein, iron, and zinc content when grown under high
carbon dioxide conditions (38, 47-49). Even if the decrements
in micronutrient content are minor, they may disproportionately

affect populations of lower socioeconomic status whose diets rely
predominantly on nutrient-poor staple grains. When combined
with rising food prices, particularly for more nutrient-dense foods
that are already out of reach (50, 51), this may worsen the risk of
micronutrient deficiencies among more vulnerable populations.
The effects of climate change on human health are not
limited to impacts on crop yields and the nutrient content
of those crops. Temperature increases will also result in the
proliferation of pests and pathogens in ways that may harm both
crop production and human health. For example, aflatoxins—
carcinogenic and immunosuppressive pathogens produced by
certain molds—afflict crops such as maize and peanuts in
tropical regions of the world and their consumption may be
associated with increased risk of morbidity and mortality, poor
pregnancy outcomes, and child growth (52). Researchers predict
that aflatoxins may become a more prevalent food safety issue
even in temperate regions where aflatoxin exposure has typically
not been a concern: for example, for maize grown in Europe
(53). In addition, increased proliferation of pests may result in
increased use of pesticides, and we will discuss potential effects
on human health in a subsequent section. Finally, warmer weather
and increased atmospheric carbon dioxide facilitate harmful algal
blooms that produce toxins, which can have negative impacts on
the ability to access blue (aquatic) foods for diets, on human and
marine health, and significant economic consequences (17).

Increased Attention to the Issue

National governments have been negotiating a response to
climate change for nearly 3 decades, since the adoption of the
UN Framework Convention on Climate Change in 1992. Yet
states have still not reached a binding international agreement
with provisions to avert environmental disaster (54). At the Paris
climate conference in 2015, 196 states agreed on a goal to keep
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average global warming <2°C, but national pledges added up to
only one-third of the emissions reductions required to meet the
Paris deal’s goal. In addition, some countries have yet to ratify the
agreement, and the United States, the largest emitter of GHGs per
capita, formally withdrew from the agreement on 4 November,
2020.

However, over the last 5 y we have seen increased attention
from both nutrition and environmental scientists on the relation
between food systems and the environment. Landmark reports on
the causes and consequences of climate change have highlighted
the importance of food systems and human diets for planetary
health (1, 7, 30, 55). The cyclical nature of the relation between
the environment and nutrition demands that nutrition scientists
engage in food systems transformation to improve diets of the
current population while conserving natural resources for diets
of future generations. Nutrition scientists are in a unique position
to contribute to collaborative efforts that support both human
and planetary health. Nutrition is inherently a multidisciplinary
science with a wide umbrella that includes expertise ranging
from molecular biology to community-level behavior change
communication. In addition to encouraging dietary shifts that
support both human and planetary health, nutrition scientists can
collaborate with other disciplines to connect the dots between
human health and efforts to promote sustainable agricultural
practices, reduce food loss and waste, improve food processing
or packaging, and conserve resources in foodservice settings and
food environments (56, 57).

Nutrition scientists have been traditionally siloed into those
who study undernutrition and food insecurity and those who
study overweight, obesity, and diet-related noncommunicable
diseases (NCDs) (58, 59). There is also a disconnect between
those who work on nutrition within a humanitarian context and
those who focus on prevention or long-term development issues
related to undernutrition (60). Given that many of the challenges
we face are global in nature, and with rapid convergence in
the type of diets being consumed and growing commonality
in the type of disease burdens faced in both low- and middle-
income countries (LMICs) and high-income countries (HICs),
these traditional boundaries may adversely affect our ability to
identify and implement public health interventions relevant to the
field (61, 62).

Because of the nature of food systems—complex and intercon-
nected with multiple drivers, outcomes, and stakeholders—we
cannot gain a better understanding of interventions and policies
that will reduce all forms of malnutrition and mitigate environ-
mental consequences without a systems approach that facilitates
collaboration between experts in undernutrition, overweight and
NCDs, environment, climate, and agriculture. Many gaps in our
knowledge still persist on the relation between environmental
factors, food systems, and nutritional outcomes. Evidence is just
beginning to gather as nutrition research embraces a more inter-
and transdisciplinary approach to improve diet quality and reduce
all forms of malnutrition (63).

Gaps in Our Knowledge

We need to better understand how food systems will affect
diets, nutrition, and health outcomes in different contexts, under
different drivers, with different political and societal transitions,
and the potential implications for environments and overall

planetary health. Currently, there is a growing body of scientific
effort in this space, but we need to ensure the generation
of evidence includes a “nutrition lens” and disentangles the
bidirectional relation between the environment and human
diets, nutrition, and health. We also need to go beyond just
understanding associations and impacts to also understanding
levers of change within food systems and how to operate them.
The field of nutrition has further built upon its original focus
on specific nutrients to now include examination of whole dietary
patterns, with the rationale that behavior change may be more
easily attained by addressing the whole of diet—a unit of analysis
that more closely aligns with how people make food choices
(64). A growing body of literature takes an even broader view
on dietary patterns, assessing their associations with not only
human health but also environmental impacts including GHG
emissions, land and water use, and biodiversity (65-67), and the
EAT-Lancet Commission Report represented an attempt to find
synergies between healthy diets and sustainable food production
at a global level (1). Research on the sustainability of various
dietary patterns increasingly highlights the existence of both
co-benefits and trade-offs between nutrition and environmental
impacts (68, 69). Although some research has shown that
diets which rely mostly on plant-based sources have lower
GHG emissions, reduced deforestation, and decreased water
footprints (especially in HICs) (1, 65), in many LMIC contexts
improving nutritional status may benefit from a focus on adequate
nutrients with more inclusion of animal source foods in the
diet, which may be accompanied by an increased environmental
footprint (70). Even in specific contexts where a reduction in
animal source food consumption may be warranted (e.g., among
populations where animal source foods are consumed beyond
what is necessary to meet nutrient needs), the path to achieving
this is not straightforward. To recommend such solutions, we
need more information on local and country contexts, including
the agricultural and livestock systems which livelihoods are
dependent upon, micro-food environments, dietary needs and
health considerations, the affordability of foods and overall diets,
sociocultural norms, and lifestyles of specific subpopulations.

Environmental inputs and food system processes

Thus far, most research on the connection between food
systems and nutrition has focused on the 2 “ends” of food
systems: agricultural production and consumer dietary intake.
However, a host of other activities exist between the farm and the
fork that affect nutrition and health, which some have referred
to as the “missing middle” of the food supply chain (71). Issues
such as food processing and packaging, postharvest loss along
the supply chain, and food distribution mechanisms all have an
important bearing on nutrition and health outcomes.

Most research on the impact of climate change on the
nutrient content of crops has focused on staple crops; to
date, very few studies have examined how climate change
may influence changes in the production and consumption of
nonstaple food groups (20, 72). More research is needed on
how different kinds of crops—particularly those that are nutrient-
dense such as fruits, vegetables, and legumes—will fare in a
+2°C world. Understanding how nutrient content may differ
in food grown under various climate change conditions will
be vitally important for policies and interventions designed to
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promote diet quality and reduce the prevalence of micronutrient
deficiencies. Similarly, there is a need to better understand the
relation between climate and food production more broadly. For
example, how is climate resilience in agriculture affected by the
scale of food production, the extent of trade, or the amount of
biodiversity?

In addition, further research is needed to identify and measure
sustainability within food environments. An individual’s food
environment influences the food they choose to purchase and
consume (23, 73). Sustainability has not been incorporated
within traditional food environment frameworks (74), but as
more research and policies consider the sustainability of dietary
patterns, there is a need to understand how food environments
should be designed to address both health and sustainability.
These measures include the ecological footprint of foods
available within an environment (with metrics including water,
land, and GHG emission footprints), the amount and type
of packaging companies and retailers use, the availability of
combined eco- and health labeling on food packages, the
availability of consumer-facing information on food sourcing
and origins, food safety labels and checks, and minimization of
food waste in food environments (75). Governments may also
prioritize the importance of sustainability relative to the food
security of their populations very differently depending on the
dominant problem they are trying to solve, leading to different
policy choices (76).

A growing area of research is how climate change may
affect food purchasing behaviors and whether environmental
sustainability is a motivation for behavior change among food
systems stakeholders, including consumers. For stakeholders
involved in food production and supply chains, how might
economic incentives or other measures increase the adoption of
practices that benefit human health while stewarding ecological
resources? For consumers, how might environmentally motivated
behaviors differ between various age groups, socioeconomic
classes, and in different country contexts? Are the synergies
with health sufficient for environmental sustainability to be a
motivator for consumers when making dietary choices? Whose
ability to purchase nutritious foods is more resilient to the impacts
of climate change, and for those who are disadvantaged, how
can we ensure they are not left behind? We need to better
understand the extent to which people in different contexts are
aware of the environmental impact of the food they buy, and
how this awareness may affect food choices—does it bolster or
hinder the healthiness of food choices? Finally, we need more
research on policies and interventions that incentivize healthy and
sustainable diets—both from the standpoint of consumer choice
and from the standpoint of agricultural and food supply chain
practices.

Proximal outcomes of the food system
Diet.

Shifting dietary intake at the population level is a formidable
challenge, regardless of whether it is motivated by health,
environmental, or other reasons. In the United States, for
example, diets do not align with the Dietary Guidelines for
Americans, as illustrated by the nationwide average Healthy
Eating Index-2015 score of 56.6 out of 100 (77). Human dietary
behavior is complex, and the extent to which it is driven by social

norms related to environmental impact compared with health or
other motivations is uncertain and an important topic for further
research. One environmental motivation for dietary change is
related to a question of resource use: even if the food system
can produce adequate calories for a growing global population,
can food production systems keep up with the demand for
more resource-intensive foods? Rising incomes worldwide may
increase the demand for animal source foods by 70% (7), which
tend to have the highest environmental impact depending on
where and how food is grown and raised.

In order to effectively change dietary intake, we need a
comprehensive understanding of what people consume. Global
dietary intake data that are nationally and subnationally repre-
sentative remain sparse (78). Most countries do not consistently
and systematically collect individual dietary intake data, and the
data that do exist are often based on models relying on household
expenditure and consumption survey data, food balance sheet
data, and/or data from subpopulation nutrition surveys (79, §0).
Although these modeled estimates may give us a sense of
dietary intake and patterns of consumption, they are an uncertain
substitute for robust, representative individual dietary intake
data reflecting recent consumption patterns at a national level.
Collection of robust longitudinal dietary data will also allow
researchers and policymakers to better understand how diets are
changing over time and why. Since the early 1990s, researchers
have been aware that diets are rapidly changing globally (81),
but surprisingly little evidence has been collected to document
this change and identify the primary drivers of change. Given that
dietary factors are a leading cause of the global burden of disease
(79), the time for a systematic global effort to understand how
diets are changing is overdue.

There is a long, tangled history of discussions, definitions,
and metrics around sustainable diets (82). Rachel Carson’s
influential Silent Spring, published in the 1960s, highlighted
the human footprint on the environment, and Francis Moore
Lappe’s Diet for a Small Planet politicized the impact of
large-scale animal production on natural resources. Joan Dye
Gussow’s work on “ecological nutrition” in the 1970s stressed
the unsustainable nature of the United States’ food systems
(83). Since that time, a growing body of literature has bridged
the disciplines of public health, environmental sciences, and
ecology. The terms may have changed—econutrition, sustainable
diets, public health ecology—but the topic continues to be
in the spotlight owing to the growing severity of climate
change in the last 20 y and increased public awareness of
the contribution of food systems to environmental degradation.
Notably, the UN has not reached a consensus on an agreed
definition of sustainable diets, although draft definitions have
been developed. The definition drafted by the FAO in 2010
(84) did not provide substantive guidance on what specifically
constitutes a sustainable diet from an environmental, biological,
cultural, and health standpoint. A second attempt was made in
2019, where the FAO and WHO established guiding principles for
sustainable and healthy diets (85). These guiding principles are a
set of broad qualitative recommendations but may not be useful
for quantitively assessing if a diet is sustainable. At the same
time, Food in the Anthropocene: The EAT-Lancet Commission
on Healthy Diets from Sustainable Food Systems published in
2019 (1) proposed a healthy reference diet that could meet both
human and planetary health needs. Although the Commission
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report had serious limitations (86), it called for grand food system
transformation and laid out a roadmap for this transformation,
starting with significant changes to what is currently consumed
around the world.

One of the shortcomings of the EAT-Lancet Commission
report was that it provided a single healthy reference diet for the
world, and did not take into account that healthy and sustainable
diets may differ in their availability, accessibility, and cost at the
global, regional, and individual levels (87). Even more so, what is
considered healthy is not always sustainable, and what is consid-
ered a sustainable diet is not always a healthy one (88). Moving
forward, nutrition scientists need a better understanding of how
diets are changing, more scientific consensus on definitions and
metrics to assess the sustainability of dietary patterns (87), and
methods to test the effectiveness of interventions to promote diets
that are both healthy and sustainable.

Food safety in the food system.

Human exposure to harmful chemical and biological agents
occurs throughout multiple stages of food supply chains. In
food production, agricultural workers may be exposed to
high amounts of pesticides or other agrochemicals, which are
associated with increased risk of poisoning, decreased fertility,
and potential increased risk of cancer and diabetes (89-91).
More research is needed on the nutrition and health effects of
pesticide usage (92), particularly in LMICs, where a significant
proportion of the population depend on agriculture for their
livelihoods. Currently, few studies have explored the relation
between pesticide exposure and adverse maternal and nutritional
outcomes in LMIC settings (91, 93-95). Because pesticide
and chemical regulation varies from country to country, it is
important to have representative data regarding the health and
nutritional risks associated with pesticide and chemical use and
exposure within the food system. It is also critical to assess the
extent to which consumer perceptions of pesticide, chemical, and
antimicrobial exposure may influence food purchasing decisions
(96). Information regarding food safety and its impacts on
producer behavior, consumer awareness, and consumer behavior
is limited, particularly in Sub-Saharan Africa and Asia (97).

The world’s reliance on plastics for production, manufac-
turing, and packaging has made plastics ubiquitous in the
environment and, in turn, in food systems. Plastics enter food
systems directly through food packaging or indirectly through the
environment. As countries develop longer supply chains, packag-
ing becomes necessary to preserve shelf life. Plastic packaging
can lead to exposure to chemicals such as Bisphenol A and
phthalates, which have been linked to increased risk of obesity,
cancer, and diabetes (98-100). Although some governments in
HICs have mandated more regulation over these chemicals,
in many instances they are replaced by structurally similar
chemicals that may have similar or worse health effects (101). On
the other hand, little is known about the use of these chemicals
in food packaging in LMICs, and more research is needed to
assess the prevalence of exposure, potential health outcomes, and
to find solutions to reduce these exposures (102). More distal
sources of plastic enter the food supply when discarded plastic
breaks down into particles known as microplastics and these are
released into the surrounding environment. The prevalence of
microplastics has been documented in oceans and marine life,

but currently, little evidence is available on how microplastic
consumption affects human health (103).

Food loss and waste.

Food loss typically refers to losses that occur earlier in the
supply chain between the farm and the retail market. Food waste
typically refers to food discarded at the retail or consumption
phase of the food supply chain. Food loss and waste increase
the environmental footprint of food systems owing to methane
emissions from the breakdown of organic materials in landfills
and owing to the natural resources embedded in the production
of wasted food. Food loss and waste also expose inequities
in access to safe and healthy foods and represent a missed
opportunity for nutrition. Food waste is nutrient waste. In the
United States, nutrient-rich foods such as animal source foods,
fruits, and vegetables account for >70% of food loss and waste
(104). Food wasted at the retail and consumer levels alone
averages 1217 calories, 33 g protein, 6 g fiber, and 286 g Ca
per person per day (105). What does nutrient waste look like
in other countries, especially those with a higher prevalence of
micronutrient deficiencies? There is a need for more accurate data
on the scale of food loss and waste globally and subnationally,
and a need for research to identify cost-effective policies and
interventions to reduce food loss and waste (106). The FAO
has established 2 new indexes to measure food loss and waste.
The food loss index estimates that 14% of the world’s food
produced is lost up to the retail level, with South and Central Asia
experiencing the most significant losses of <20%. The food waste
index will be published later this year (107).

Distal outcomes of food systems
Nutrition and health outcomes.

The Global Syndemic Commission recently published a report
in The Lancet in which they defined the “syndemic”—the
consequences of undernutrition, overweight/obesity, and climate
change—as being related, interactive, and bound. The authors
make a strong case with the support of other studies that climate
change will diminish projected reductions in undernutrition (59).
Policymakers and researchers have noted that many policies and
interventions to address obesity may also have simultaneous
positive effects on climate change progression (59, 108), but
more evidence is needed on how climate change may affect
obesity prevalence and how the rising prevalence of obesity
affects climate change. Furthermore, there are uncertainties on
the impacts of environmental degradation and climate change
on micronutrient deficiencies. Plenty of research is emerging on
the micronutrient content of foods with increased temperature
changes and the carbon dioxide fertilization effect earlier
described, but much less so on the impacts that climate change
may have on the micronutrient status of populations.

Environmental outcomes.

The effects of food systems on environmental outcomes may
vary by region and by method of food production. Many data
gaps and methodological gaps remain in our understanding of
how different foods, food groups, and dietary patterns affect
a suite of environmental outcomes, including GHG emissions,
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Points of Intervention
Throughout the Food System

Nutrition Research Methods

(both quantitative and qualitative, where applicable)

Goals of Intervention

Improve nutritional status and health

Basic science research - -
outcomes (morbidity and mortality)

Nutrients (e.g., through supplementation)

Clinical research Foods (e.g., through fortification, breeding,

ingredients, processing) Improve food security (stability, availability,

Epidemiology (including both experimental and access, and utilization of foods and nutrients)

observational study designs) Dietary patterns (e.g., through environmental

! . Improve f fi
Implementation science interventions, guidelines, behavior change) prove food safety
n . i r i
| lived ) Human biology (e.g., through pharmaceutical Change knowledge, attitudes, or behavior
nquiry into lived experience or clinical interventions) Decrease food loss and waste

Research on policy, governance, and ethics

Knowledge, attitudes, and behavior Increase efficiency, especially in ways that

Systems science improve food affordability

Food environments

Lessen environmental impact
and resource use

Transdisciplinary research Food supply chains and value chains

Meta research Food production practices

(including crop, livestock, marine) Reduce structural inequities

Protect human rights and dignity

FIGURE 2 Roadmap for evidence at the intersection of food systems, the environment, and nutrition. An innovative program of food systems research
draws from a range of methods, intervenes on multiple points throughout the food system, and embraces a diversity of goals that support and complement the
traditional goal of improving nutritional status and health outcomes. Within each domain, the items are not intended to be hierarchical; the goal is to show that
there are a range of complementary methods, points of intervention, and goals.

blue and green water use, land-use change and deforestation,
eutrophication, and acidification. These effects, of course, depend
on how food is grown, where, and by whom. For example, the
livestock animal systems of Brazil have very different water
and land use footprints than a pastoralist system in Northern
Kenya (109-111). Tomatoes grown in hothouses have a different
GHG profile than tomatoes grown in Southern California (112).
Cashews have a much higher blue and green water footprint than
peanuts (113). Live lobsters flown from Maine to Paris have a
different GHG emissions footprint than mussels harvested locally
(114). Our current knowledge of the environmental footprint of
food is limited by the fact that most data to date focus on a few
specific foods (livestock and staple grains), on a few specific
environmental stressors (namely GHG emissions), and mostly on
HIC settings (115).

There is a need for the nutrition community to work with
climate and environmental scientists to go beyond global and
regional averages and understand how healthy and unhealthy
dietary patterns and the foods that comprise those diets affect
the environment in more localized contexts. For example, a
given dietary pattern may have a low average environmental
impact at the global level; but what is the environmental impact
of that dietary pattern in a specific region, and how might
that dietary pattern align with the nutritional needs of specific
subpopulations such as hospital patients or university students?
A higher resolution of data is required before dietitians and
other nutrition professionals are equipped to make menu planning
or nutrition education decisions that appropriately reflect both
health and environmental considerations.

The Call for Research and Innovation

AJCN’s call for innovative food systems research is looking for
work that draws from a broader range of research methods, points

of intervention within food systems, and goals of intervention—
as outlined in Figure 2—as well as work that attempts to
make connections within each domain. For example, in looking
at points of intervention throughout the food system, how
do food supply chains affect dietary patterns? In looking
at how intervention goals may complement each other, how
might reducing structural inequities improve nutrition and health
outcomes? Areas of research include:

e Research that illuminates the connections between agri-
culture, food value chains, climate, environment, diet,
nutrition, and human health.

Research that seeks to improve public health through efforts

related to environmentally sustainable food production and

value chains.

Studies of food systems stakeholders, food environments,

consumer behavior, and dietary consumption that are

representative of low- and middle-income contexts and how
health and environment are measured in these contexts.

» High-quality analytical methods and tools to collate, curate,
and analyze data across food systems; integration of data
sets across disciplines; and new empirical research to
solve the grand challenge of sustainable development. The
recently launched Food Systems Dashboard is one such tool
that brings together a vast array of food system indicators
across countries (116).

Transforming food systems to ensure that the food we produce
is accessible, affordable, safe, nutritious, sustainable, and equi-
table for all is our moral imperative. At a time when science,
evidence, and facts are increasingly scrutinized, and, at times,
disregarded in political decision-making processes, research and
scientific endeavor has never been more important. Research
plays an important role in charting the course for nutrition, health,
and sustainability. This will require a creative approach that
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bridges knowledge across disciplines in publications that inform
action at different levels from subnational and national to regional
and global. As researchers and generators of data and evidence,
we need to ensure that our scientific pursuits answer the critical,
real-time questions that are dividing our world. One of those
questions is how both human and planetary health can thrive
while meeting the demands of a growing human population,
and if we can’t have it all, what trade-offs are we willing to
live with? It is time for the nutrition community to answer this
question, laying out the paths forward along with the trade-
offs. To fully address this question, it will require that nutrition
scientists collaborate with other sectors, disciplines, and experts
to develop a more nuanced understanding of how specific shifts
in food systems can have broad impacts on sustainability.
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