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The Challenge

The year 2017 was, for the earth in general, the
most recent of a string of the 40 warmest years
on record (NOAA NCEI, 2017; Whitmee et al.,
2015). Global warming is associated with a var-
iety of environmental sequelae involving air,
water, temperature and adverse weather patterns
affecting land and water resources and ultimately
quality of life via changes in habitat and food pro-
duction. As the earth’s human population is ex-
pected to reach 9.7 billion by the middle of this
century, providing a booming population with
healthy diets will call for an estimated doubling of
global annual food production (UN DESA, 2017).

The world has not been able to provide suffi-
cient food (either via sustainable local production
or distribution of current food supplies) for the
poor and most vulnerable people to be able to ac-
cess healthy, diverse diets. The 2017 UN report on
The State of Food Security and Nutrition in the World
noted that After steadily declining for over a dec-
ade, global hunger is on the rise again, affecting
815 million people in 2016, or 11 percent of the
global population’ (FAO et al., 2017). In addition
to hunger, the UN report pointed out that malnu-
trition, caused by unbalanced diets, is likely to
affect many more people. For example, iron, iod-
ine, and vitamin A deficiencies affect more than
2 billion people, most prominently women, infants,
and children (Bailey et al., 2015).

The UN report highlighted climate/envir-
onmental change (CEC) as a primary driver of
this recent upturn in the prevalence of hunger
and malnutrition, emphasizing that these out-
comes involve both the sizes and nutritional
qualities of national food supplies. Most import-
antly, the report emphasized that food insecurity
and malnutrition are not simply outcomes of
agriculture and trade that affect health, but they
are also inputs, or factors affecting the health
of individuals and populations that, in turn,
impact national agricultural and economic de-
velopment. This means that CEC has the clear
potential to threaten global efforts to assure food
and nutrition security, to promote human welfare,
and to facilitate national development.

The challenge, therefore, is to address the
realities of CEC in ways that sustain the growth
of agricultural productivity, guard the nutri-
tional value of food supplies, and promote
health and opportunities for developing societies.

In meeting this challenge, it will be necessary to
consider human nutrition and health as key fea-
tures of food systems. In that light, this chapter
addresses the intersection of CEC, food systems,
nutrition and health. It presents the case for how
an ecological approach can clarify the relation-
ships of food systems and human nutritional
status, and the role of the latter as both an input
and outcome of human health. It also argues
that considering nutritional ecology in address-
ing CEC is likely to reduce risks of unintended
consequences.

Climate/Environmental
Change (CEC)

CEC is profoundly changing the global ecology
and quality of life. It is affecting food systems,
already challenged by the growing needs of an
expanding global population with its record uses
of energy, water, and land resources (Whitmee
etal., 2015). Rising levels of carbon dioxide (CO,)
may reduce the nutritional quality of crops and
crop yields, and cause increases in populations
of crop pests as well as increases in animal and
human parasites and pathogenic microbes. The
latter effects would very likely lead to increased
use of pesticides and veterinary drugs, which
could result in increased toxic residues in foods.
Extreme weather events are likely to affect food
supplies by impairing trade and other means of
food distribution, and by increasing food losses
through damage, spoilage and contamination
(Ziska et al., 2016).

CEC is also likely to affect the ways and
places people live. By increasing sea levels and
reducing regular rainfall, CEC is very likely to af-
fect patterns of land use and, hence, population
distributions in both coastal and upland regions.
Shifts are likely in the location and amount of
arable land, shrinking the amount in specific
geographical regions, including Africa, South
America and Asia, areas already at risk for food
insecurity (Zhang and Cai, 2011; Zabel et al.,
2014). In addition, CECis likely to lead to increased
accumulation of nitrogen and phosphorus in
soils, leading to increased levels in terrestrial eco-
systems and wetlands (Hasegawa et al., 2016),
losses of plant and animal species diversity (Pauls
etal., 2013; Pinkney et al., 2015), and reductions
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in numbers of insect pollinators (Ellis et al., 2015).
Food systems are likely to be affected by pressures
related to population changes. These pressures
include increased mobilization of organic pollu-
tants and rising numbers of refugees impacted
by severe weather events and compromised food,
social, economic, and health systems (UNHCR,
2018). The following sections focus more dir-
ectly on the impacts of CEC on specific aspects
of the global food supply.

Impacts on fisheries

The world depends on healthy oceans and their
related food systems. However, the world’s fish-
eries and aquacultures face challenges from CEC
(FAO, 2016). The World Wildlife Federation
(WWEF) reported a 49% reduction in marine fish
populations between 1970 and 2012 (WWE,
2015). Several factors have been identified as
contributing to these changes, most promin-
ently over-fishing: 31% of the earth’s oceans are
over-fished (FAO, 2016). Other factors include
rising water temperatures, ocean acidification,
and habitat destruction. In addition, evidence
suggests that rising levels of atmospheric CO,
are causing major changes in marine food chains,
leading to reductions in both the quantity and
quality of fish for human consumption (Rossoll
et al., 2012; Garzke et al., 2016; Golden et al.,
2016). These effects may also involve alter-
ations in the amounts and compositions of mar-
ine algae consumed by fish (Gomez-Gutierrez
etal,2011).

As the supplies of marine food sources de-
cline, pressures will increase to identify alterna-
tive ways of sustaining marine food production,
such as through aquaculture or, alternatively,
find other sources of protein nutrition. These
effects are likely to have greatest impacts on the
traditional diets of people living in low-resource
settings. The demise of traditional dietary prac-
tices will have health implications such as have
been documented by O'Brien et al. (2017). That
report showed a rise in the prevalence of vitamin
D-deficiency rickets among indigenous native
populations in Alaska whose diets had shifted
from the traditional sources of marine-based food
to more processed foods. The authors did not ad-
dress whether these shifts reflected changes in

fish availability. Nevertheless, the implications
are relevant to the concern about the impact of
CEC on fisheries as a major source of nutrition
to support health particularly in indigenous
populations that rely on fish as part of their trad-
itional diet (Golden et al., 2016).

Impacts on plant food sources

Plant foods are important components of healthy
diets. They provide sources of several nutrients
not found in most animal tissues, notably xantho-
phylls, carotenoids, and several vitamins (E, K and
C; thiamin, pantothenic acid and folate). CEC is
impacting food plants in several ways. Severe
weather events such as droughts and floods can
destroy food crops. Changing temperature, pre-
cipitation and increases in greenhouse gas emis-
sions (GHGE), most notably CO, and methane
(CH,), can reduce yields (Donatelli et al., 2015;
Kumar, 2016; Lee et al., 2017). For example,
research projects that, by 2050, warming could
reduce the world’s crop production by more
than 10%, even under two different scenarios —
one with pollution control measures that reduce
the surface ozone and another more pessimistic
scenario that sees an increase in ozone in most
regions (Tai et al., 2014).

GHGE can also impair photosynthesis and
reduce disease resistance (Niinemets et al., 2017;
Walker et al., 2017). Effects on non-agricultural
host plants can lead to reductions in pollinator
numbers (Ellis et al., 2015; Brown et al., 2016),
and increases in crop pests (Kumar, 2016;
Donatelli et al., 2017) which affect yields. Some
evidence suggests that CEC can also affect the
nutritional value of crops. Ziska et al. (2016)
conducted a systematic review of the literature
attesting to the impact of CEC on the US food sys-
tem. They concluded that rising atmospheric
CO, levels were likely to reduce the nutritional
value of grains and pulses, by reducing concen-
trations of protein and at least some essential
minerals (e.g. iron, zinc). Another set of re-
searchers (Medek et al., 2017) recently found
that under elevated CO, concentrations, the pro-
tein levels of rice, wheat, and barley decreased
by 7.6%, 7.8%, and 14.1%, respectively, leading
them to project that by 2050 an additional 148
million people will be at risk of protein deficiency.
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Research has also suggested that CEC can lead
to reduced levels of iron and zinc in grains
and legumes (Ziska et al. 2009; Myers et al.,
2014, 2015).

CEC may have different effects on crop sys-
tems depending on crop and geographic region.
For example, Ali et al. (2017) reported both in-
creased and decreased yields of four major food
crops (wheat, rice, maize and sugarcane) asso-
ciated with various aspects of CEC (maximum/
minimum temperature, rainfall) in Pakistan.
Similarly, Zhao et al. (2017) found different com-
ponents of climate change (increased sunlight
exposure, reduced humidity, reduced rainfall)
to be associated with different effects on spring
wheat yields across Inner Mongolia. Thus, deci-
sions about best practices in the face of CEC
must take ecological approaches that recognize
local contexts, in terms of impact on crop yield,
plant nutrient content, and land use patterns/
availability.

Impacts on animal-source foods

Compared with plants, foods derived from animals
tend to be better sources of biologically complete
protein, other essential minerals such as bio-
available iron and zinc, and several vitamins,
particularly vitamin B , (which is not found in
plants). In addition, the gut microbiome of ru-
minants such as cattle, sheep, and goats can use
plant materials like grasses, maize, and wheat
stalks that are not digestible by monogastric spe-
cies, including poultry, pigs, and humans. This
feature enables ruminant animals to harvest
nutrients over wide areas. Ruminants and mono-
gastrics also provide manure, which has value as
both fertilizer and fuel.

These benefits contrast with other features
of animal agriculture. First, many animals, par-
ticularly monogastrics and grain-fed ruminants,
compete with humans for food/feed grains and
grain legumes and, thus, for the acreage required
to produce those crops. Second, the gut microbi-
omes of ruminants produce CH,, a potent green-
house gas. A dairy cow, for example, produces
70-120 kg of CH, per year. Methane produced
from animal agriculture has been estimated to
account for 14.5% of the world’s total anthropo-
genic GHGE (Gerber et al., 2013). Livestock can

also be, in turn, impacted by CEC; research has
shown that animals reduce their feed intake by
as much as 25-30% in response to high temper-
atures (Thornton and Cramer, 2012).

Therefore, decisions about the roles of
animal-source foods in human nutrition must
consider trade-offs between nutrient production
and environmental impact. Such decisions will
be facilitated by developing sustainable animal
production practices that minimize methane gas
emissions (Farchi et al., 2017; Goldstein et al.,
2017; White and Hall, 2017), as well as develop-
ing alternative sources of protein and vitamin
B, (Latunde-Dada et al., 2016; van Huis, 2016;
Henchion et al., 2017).

Impact of CEC on biodiversity

Some effects of CEC on food systems are manifest
through changes in biodiversity at both macro
and micro levels (see Chapter 4). At the macro-
ecological level, negative effects on food yields
involve loss of pollinators, particularly insects,
due to loss of their food species and/or timing of
their availability relative to the pollination needs
of cultivated crops. These factors have a direct
effect on the diversity of agricultural production
systems, in turn negatively affecting individuals’
abilities to access the diverse diets crucial to good
health. In addition, numbers of pest species
(Newbery et al., 2016; Ziska and McConnell,
2016;Donatelli et al., 2017) may rise due to deg-
radation of natural habitats. For example, the
range of the mountain pine beetle has in recent
years expanded to more northern regions, owing
to warmer temperatures, leading to a large-scale
forest insect blight in North America (Ziska and
McConnell, 2016). These effects can be exacer-
bated by overexploitation of biological resources,
pollution, introduction of invasive species and,
in the case of oceans, acidification (CBD-WHO,
2015).

At a micro-ecological level, CEC has both
direct and indirect impacts on food systems and
human health. Negative impacts on the soil
microbial ecology or microbiome has direct
implications for food systems (Wall et al., 2015;
Andriuzzi et al., 2018). CEC impacts the natural
regulation of infectious diseases by exposing
humans to animal-borne pathogens, and pro-
moting antimicrobial resistance indirectly as a
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result of antibiotic use in animal agriculture
(McCrakin et al., 2016; Helke et al., 2017). CEC
also impacts food safety: rises in temperature
and changing precipitation patterns can im-
pact the presence of bacteria, viruses, and
parasites responsible for food-borne diseases
and zoonotic diseases; flooding and droughts
can contaminate agricultural soils (Tirado et al.,
2010).

Recent findings include evidence that
changes in the diversity of animal or human
gut microbiome can cause immune dysfunction
and increase susceptibility to both infection
and, in humans, non-communicable diseases
(NCDs) (CBD-WHO, 2015). Shifts in the gut
microbiome may be associated with shifting
dietary patterns due to changes in dietary
quality or nutrition transitions from traditional
dietary patterns (Popkin and Gordon-Larsen,
2004; Crittenden and Schnorr, 2017). Add-
itional implications of the intersection of CEC,
the gut microbiome and health include increased
exposure to antibiotics either directly via med-
ical treatment or indirectly via use in animal
production practices (Mie et al., 2017), reduced
food and water safety resulting in increased risk
of diarrheal disease (Levy et al.,, 2016), and
interactions between microbial diversity, health
and nutritional status (Duffy et al., 2015; Shiba-
taetal., 2017).

Nutrition Ecology

The intersections of CEC, food systems, and nu-
trition are complex (Raiten and Aimone,
2017). Understanding this nexus requires an
ontological approach in which the nature of
these relationships can be described. One such
approach is nutrition ecology, which considers
the effects of CEC on the ecologies of food sys-
tems and nutrition, including land/water ac-
cess and quality, air quality, temperature, wea-
ther, food safety, human use patterns, and our
efforts for their remediation. In application,
this approach can not only identify specific
diet/nutrition-related outcomes of CEC, but
also minimize the risks of programs designed to
address impact on global health having unin-
tended consequences on the environment, land
use patterns, and so on.

Nutritional ecological approaches acknow-
ledge that food systems are affected by multiple
factors, many of which differ according to local
contexts (Box 7.1). For example, as discussed
earlier, CEC may increase the yields of some
crops, but reduce yields of others. Similarly, CEC
may increase agricultural productivity in some
locales, but reduce it in others. Therefore, effect-
ive programs need to be locally indexed and com-
prehensive, including assessments of land use/
availability, crop responses, and food and nutri-
tion security. This is the advantage of using nu-
trition ecology as a framework from which to
analyze CEC.

The biological context

The term ‘nutritional status’ describes the
physiologically active (or potentially active)
amount of a given nutrient in an individual’s
body, and is typically expressed in terms related
to statistically derived ‘norms’. Individuals are
thereby categorized as ‘adequate’, ‘marginal’ or
‘deficient’ with respect to the nutrient(s) ana-
lyzed. In practice, this terminology is most use-
ful when referenced to those nutrients that are
dietary essentials and are frequently under-
consumed (e.g. iron, calcium, magnesium, vita-
min A, vitamin D, vitamin E, vitamin C, thiamin,
riboflavin, vitamin B, vitamin B ,, total protein,
essential fatty acids). Adequate nutritional sta-
tus is achieved by having an accessible supply
of nutrients in biologically available forms, and
by being able to perform the various physio-
logical processes required for their utilization
(i.e. ingestion, digestion, absorption, metabol-
ism, transport and integration into dependent
biological systems to support growth, develop-
ment and health). Each of these processes can
be affected by the health and developmental
stage of the individual. These relationships tend
to be reciprocal in nature, many involving feed-
back regulation. Such scenarios make the eco-
logical approach useful in the evaluation of
nutritional status, as well as the safety/efficacy
of drugs and other xenobiotics which similarly
affect and are affected by nutrition (Raiten,
2011). This approach includes considering the
presence of infections or NCDs and/or other
environmental exposures (air, food, water).
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Box 7.1. Components of the nutrition ecology.

Biological

U Endogenous factors: genetics, developmental stage, relationships between physiological systems
. Health context: infection, NCDs, inflammation

o Microbiome

. Food safety and impacts on health

Natural Environment

*  Climate: impacts on weather (severe weather, floods, drought, etc.)

. Impacts of industrialization: effects on water quality, exposure to toxins
o Water: supply, access, sanitation

U Food systems: indigenous foods, monocultures

Socio-economic Environment

*  Community

. Social/cultural factors that influence healthcare delivery/practices

*  The ‘built environment’ — physical facilitators/barriers to food security and health

. Household

. Women'’s roles in childcare, diet (procurement, production), household decision-making,
education

. Role of family in development of healthy behaviors

. Economic development context (health disparity)

. Food insecurity and mitigating factors (e.g. HIV/AIDS)

. Access to healthcare/services

. Consumer ‘drivers; e.g. disposable household income; increasing demands for western-type
dietary patterns

U The ‘Nutrition Transition’

Nutritional status affects many physiological
systems needed to respond to health challenges,
as well as to a community’s ability to work and
sustain agricultural and economic development.
Some of the ways in which poor nutrition can
affect human health and performance are as
follows:

Impaired women'’s health.

Poor birth outcomes.

Poor child growth, neurodevelopment.

Compromised immunocompetence leading

to increased disease risk:

o Diseases (HIV, TB, malaria);

o Infectious diseases (e.g. Zika) and
NCDs.

e  Compromised ability to deal with xenobiotics
(drugs, toxins).
e  Compromised work capacity.

The vicious cycle of food insecurity leading to
poor diet, malnutrition and adverse nutritional
and health outcomes is depicted in Fig. 7. 1.

Fig. 7.1. Vicious cycle of food/nutritional insecur-
ity, malnutrition and sustainability.

Superimposed on the daunting challenges
of global hunger and malnutrition is a complex
global health context. Figure 7.2 depicts the
intersection of malnutrition (over/under, ‘dual
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Pregnancy/ ) Death

Birth

Fig. 7.2. Nutrition, health and CEC (from Raiten et al., 2015).

burden’) and diet-associated NCDs (obesity, dia-
betes, cancer, cardiovascular disease). These
problems often occur simultaneously with the
persistent burden of such pandemic infections
as HIV/AIDS, malaria, tuberculosis (TB), diar-
rheal diseases along with emerging new infec-
tions such as the Zika virus. This global health
scenario is depicted in Fig. 7.2.

Implications for nutritional assessment

CEC affects food systems, nutrition and health.
An ecological integrated approach is needed to
meet the challenge of how to measure these re-
lationships in a rigorous and reliable manner.
Traditional, non-ecological approaches that
focus solely on food production and availability
are likely to be insufficient in this regard. For ex-
ample, economic and public health perspectives
tend to infer nutritional status by measuring ac-
cess to foods and patterns of food consumption.
Individual nutritional status is typically inferred
from the biochemical/physiological biomarkers
of a relatively few key nutrients. With the ab-
sence of other measures reflecting function of
specific biological systems (e.g. hemoglobin,
growth or grip strength), these approaches pro-
vide little information about how apparent nu-
tritional status was achieved or its effect.

The three classes of measures that repre-
sent the continuum of assessment from status to

function/effect and public health outcomes are
summarized in Box 7.2. Which category is used
and how it is interpreted will define the expect-
ations regarding their utility. The ability to assess
the impacts of CEC on health via nutrition in in-
dividuals and populations will necessitate fur-
ther development and inclusion of each.

The need for an integrated approach is ex-
emplified by the emerging understanding of the
importance of inflammation. Nutritional status
can affect, and be affected by, inflammation (Raiten
etal., 2015). Of practical concern is the impact of
inflammation on the interpretation of biomark-
ers of nutritional status. For example, many
biomarkers such as serum ferritin are used to
assess status and make decisions about dietary
adequacy. Yet the circulating levels of these bio-
markers are directly affected by the acute phase
response to inflammation, such that their con-
centrations may be the result of a physiological
response to inflammation rather than a dietary
insufficiency (Suchdev et al., 2016). Decisions
made using these biomarkers and not account-
ing for the impact of inflammation in their inter-
pretation can result in giving a nutrient like iron
to someone who is, in fact, not deficient. Such an
interpretation can under certain circumstances
place patients at risk for adverse effects (Raiten
and Ashour, 2015). Therefore, inflammatory
status must be considered as part of nutritional
assessment to avert drawing spurious conclusions
about nutritional needs, particularly in cases
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Box 7.2. Tools measuring nutritional status in ecological contexts (Raiten and Combs, 2015).

Biomarkers:

Bio-indicators:

with biomarkers of particular nutrients.

Public Health Indicators

o Sensitive, specific measures of nutrient exposure, status and function; interpreted in individual
biological contexts to distinguish between physiology and nutritional need.

. Reflect the actual ‘effect’ of a particular nutrient status or intervention.

o Currently, those of nutrient exposure are of limited value; they may detect a unique food
component, but few have been validated in practical contexts.

. Sentinel measures of functional change due to changes in nutritional status, disease or
intervention (e.g., measures of neurological function, growth, immune function, hematology).
. Lack sensitivity and specificity as sole measures of nutritional status, but have value when used

. Non-specific and non-sensitive with regard to nutrition and health.

. Reflect ‘system’ responses and/or shifts in response to population manipulation.

U Because of their systems context, they are similar to ‘bio-indicators’; it may be possible to use
nutritional biomarkers as bio-indicators of changes in food/economic systems if expectations
about responses are constrained to avoid making decisions out of context.

where biomarkers may reflect a physiological
response rather than a dietary imbalance.

Because ecological approaches to assessing
nutritional status yield more complete views of
local contexts, they are likely to be more useful
in understanding and addressing the impacts
of CEC and, especially, in reducing risks of unin-
tended consequences of well intentioned inter-
ventions. They will also facilitate the inclusion
of nutritional status in evidence-based clinical
decisions, designing population-based interven-
tions and standards of care, and developing
effective policies to address the complex global
health context affected by CEC.

Avoiding unintended consequences
of interventions

Addressing the food-system impacts of CEC
carries the risk of unintended consequences.
For example, increasing production of energy-
dense staple grains to ameliorate food insecurity
related to a changing climate may be associated
with increases in obesity risk, micronutrient
malnutrition and NCDs if those crops displace
pulses and other nutrient-dense crops. The deci-
sion to use food or supplement-based interven-
tions intended to prevent or treat iron-deficiency

anemia in women and children vulnerable to the
effects of CEC may raise the risk of clinical infec-
tions, particularly in areas of endemic malaria
(Mwangi et al., 2017). Economic programs de-
signed to improve household disposable incomes
among communities negatively impacted by CEC
may lead to a demise in traditional dietary pat-
terns with increasing reliance on commercially
processed foods (Popkin et al., 2004). Promotion
of animal agriculture to address dietary needs for
protein and vitamin B, , may increase GHGEs. Ef-
forts to create diets that are associated with a
low-carbon footprint (i.e. reduced contribution
of GHGE) may not meet dietary quality needs
(Payne et al., 2016). Table 7.1 includes some ex-
amples of how an ecological approach might be
applied to mitigate the likelihood of such unin-
tended consequences.

Integration to Effective
Implementation

CEC is a compelling issue that will require a
comprehensive response. Much needs to be done
to understand and then accommodate the ef-
fects of CEC on food and economic systems to as-
sure their sustainability. A full appreciation of
the nature of these relationships requires an
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Table 7.1. Nutritional ecological approaches to addressing CEC.

Challenge

CEC impact

Nutritional ecology approach

Improving food
security and diet
diversity

Addressing
micronutrient
malnutrition

Addressing the
‘nutrition transition’

Ensuring food safety

Understanding safety
and efficacy of
‘low-carbon
footprint’ diets

Meeting dietary
guidelines
including disease
prevention (NCD)

Addressing current
and emerging
infections

Changes in crop yields

Crop losses due to severe weather

Adverse impacts on land, air and
water resources

Reduced biodiversity

Changes in food composition

Increased food insecurity

Reduced nutritional values of plant
foods

Reduced options for biofortification

Demises of traditional food
practices

Reduced availability of traditional
foods capable of meeting
nutritional needs

Reduced access to arable land to
support sustainable agriculture

Increased pressure towards use of
processed foods

Reduced supplies of traditional
animal/marine sources

Rise in food-borne bacteria,
viruses, and parasites

Contamination of soil and water
through extreme weather events

Efforts to reduce GHGE by
producing diets with low ‘carbon
footprints’

Reduced capacities of food
systems to provide healthful
balances of fruits, vegetables
and animal source foods

Reduced water/food safety
Losses of crop biodiversity
Increases in vector-borne diseases

Understand food consumption patterns

Assess health context to determine impacts
(reduced intake, altered dietary patterns,
effects on nutrient needs, responses to
disease and/or treatment)

Assess food/nutritional security

Assess limiting nutrient status

Evaluate safety and efficacy of available
intervention strategies: assessment of health
context (infectious and NCD); relevant
biomarkers; therapeutics/toxin exposures

Assess local cultural trends/traditional diets

Assess changes in individual/ household
food consumption

Nutritional assessment

Assess attitudes/beliefs regarding
food/dietary patterns including schools

Resource constraints at household/
community levels

Assess how different actors ensure food
safety along food value chains

Understand impact of food-borne and
zoonotic diseases on human health

Address capability of such diets to meet
nutritional needs

Assess economic implications for
consumers’ sustainability

Assess feasibility and sustainability at scale

Assess agriculture capacity and sustainability
of resource use (land, water, economics)

Assess economic impact of changes to
agricultural practices

Assess food quality and acceptability by
local consumers

Assess health context with emphases on
at-risk groups (women/infants, elderly)

Assess water/food safety practices

Assess impacts on nutritional status

ecological approach to integrate the biology and
health contexts in determining best responses.

Such efforts will benefit from the nutritional e
ecology perspective, which will facilitate integrat-
ing relevant needs and available knowledge into
effective and sustainable interventions/programs.
This perspective will include the following: °

e  Basic biomedical/clinical/plant/animal
science research — to understand the
nature and mechanisms of problems related

to CEC, disease, toxicology, and all aspects
of human growth and development.
Knowledge translation — to devise best
practices in clinical assessment and surveil-
lance in identifying problems as they occur
in individuals and populations.
Interventions — to address problems in
sustainable (environmentally, economically,
and culturally) and biologically relevant/
efficacious ways. These include nutrition-
specific and sensitive interventions including
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sustainable food production practices for
crops and fisheries.

e Implementation — to identify the stake-
holders needed roll-out/scale-up effective
programs at local/community, national and
global levels.

e Monitoring and evaluation — to effect
timely and appropriate programs/policies
with effective and continuous feedback to
enable sustained responsiveness to con-
tinued change.

That the elements of the nutrition ecology inter-
act in non-linear ways provides both needs
and opportunities for their continuous analysis.
Therefore, effective data inputs/outputs are
needed to monitor and evaluate existing pro-
grams/policies to be responsive to environmental
and technological changes while minimizing risks
of unintended consequences.

Conclusion

The global imperative is complex: to support
stable, healthy dietary patterns that are envir-
onmentally friendly (particularly regarding

GHGE) and are acceptable across a range of cul-
turally diverse settings. Ultimately, the purpose
of agriculture is to support human health and
well-being. Translating available knowledge
about the relationships of diet and health de-
pends on developing evidence-informed guide-
lines and specific health targets. Following those
guidelines and meeting those targets will depend
on having sustainable food supplies. The chal-
lenge is to accomplish that goal in the face of
CEC (Aleksandrowicz et al., 2016; Horgan et al.,
2016; Péneau et al., 2017; Perignon et al., 2017;
Ridoutt et al., 2017). CEC is exerting profound ef-
fects on current and potentially future efforts to
feed and care for a hungry planet. Its impacts on
land/marine food systems are clear and signifi-
cant. The effects of CEC are not limited to food
systems; they also threaten health. Nutrition
serves as the biological variable of health that
links these effects. We have laid out a conceptual
framework for why and how the elements of the
nutrition ecology must be integrated into efforts
moving forward to sustain global food produc-
tion and improve human health in the face of
CEC. This approach will facilitate the develop-
ment of effective responses to one of the most
compelling challenges of our time.
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