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Abstract: Economics represents one of the four dimensions of sustainable nutrition. Affordable
nutrient density is a key indicator of access to sustainable healthy diets. While the nutritional value
of foods is assessed using nutrient density metrics, affordability metrics assess energy content and
nutritional value of foods in relation to their cost. To be nutrition-relevant, such economic indicators
are normally expressed in terms of monetary cost per calorie or per nutrient, as opposed to food
weight. Affordability of healthy foods can also be related to the relative cost of staple grains and linked
to local wages, incomes, and community purchasing power. The same concepts can be extended to the
carbon cost of food production. In parallel with the affordability metrics, greenhouse gas emissions
and other environmental costs ought to be calculated per 1000 kcal or per nutrient rather than per
kilogram of food. Foods and food patterns need to be nutrient-rich, affordable, culturally appropriate,
and appealing, and with low impact on natural resources. In this perspective article, we critically
reflect on the linkages between the economic and health dimensions of sustainable nutrition and
discuss some of the inherent tensions and synergies among them. Finally, we propose an approach
to better integrate economic and sustainability considerations in the nutrition policy. Policy goals
should prioritize balancing the nutritional value of food against its monetary or environmental cost.

Keywords: nutrient density; nutrient profiling; food prices; affordability; monetary cost; wages;
incomes; environmental cost

1. Introduction

The four domains of sustainability, as defined by the Food and Agriculture Organ-
ization (FAO) in 2010 [1] are health, economics, society, and the environment. For each
domain, there exist context-specific metrics and measures [2]. The healthfulness—or
more correctly—the nutritional value of individual foods and habitual food patterns
has been measured using nutrient profiling methods [3]. Economic access to food has
been measured in terms of food price and food affordability, the latter calculated as the
relation between food prices and the prevailing wages or incomes [4,5]. Social aspects
of sustainable food systems have been measured using any number of constructs, from
consumer preferences, attitudes, and behaviors to labor issues and the perceived value
of food systems to society [6,7]. Finally, the environmental cost of food systems has been
measured in terms of energy, water, and land uses that are associated with food production,
distribution, retail, consumption, disposal and waste [8,9].

The present focus is on the economic dimension of sustainability as it applies to food
and nutrition security globally. Nutrition security has been conceptualized in terms of
sufficient calories, adequate nutrients, or the diversity of food sources [10,11]. Here, we
need to distinguish between the availability of foods that are merely adequate in 44 calories
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and those foods that are healthy, in the sense of being both energy-sufficient and nutrient-
rich. Nutrition security requires both calories and nutrients. The next important distinction
is between nutrient density, as measured by nutrient profiling methods, and affordable
nutrient density, as indexed by a favorable relation between a food’s monetary cost and its
nutritional value [12]. Sustainable healthy diets, in FAO terminology, are built of affordable
nutrient-rich foods. Dietary diversity, often assessed using short dietary screeners, is an
additional proxy measure of dietary adequacy, especially in lower-income nations.

The affordability of healthy foods is an economic indicator that is directly relevant to
the concept of food security, also promoted by the FAO [13]. The four components of food
security are food availability, food access, utilization, and stability, the latter referring to
the absence of social and economic shocks. Of these, food access is most closely linked to
affordable nutrient density, that is the ability to acquire health sustainable diets. The FAO
report defined food cost as “the price per unit for each food item multiplied by the quantity
of the food item” and described the monetary value of the diet as “the sum of the value of all
the food items that make up the diet” [11]. By contrast, the affordability of diet was defined
as the monetary value of the diet relative to individual or population income [11]. The
concept of affordable nutrient density, recently launched by the FAO, draws on the health
and economic domains of sustainability, and has additional implications for measuring the
environmental cost of food production.

2. Economic Indicators of Food Access
2.1. Food Prices

Governments monitor food prices as part of routine economic surveillance. For
example, the Consumer Price Index in the USA and UK, provide benchmarks for the
food prices at retail [14,15]. Typically these indices are based on a representative market
basket of foods and beverages with prices that are systematically sampled over time. For
economic surveillance to become nutrition surveillance, food prices need to be linked with
the nutrient composition of foods. Food cost per calorie or per nutrient then becomes an
economic indicator of diet quality and population health.

Nutrition-relevant price comparisons become possible if the market basket were to
be stratified by food group [16]. This allows the comparison of e.g., retail prices for fruits
and vegetables with retail prices for processed snack foods or prices of sugar-sweetened
beverages with those for 100% fruit juice and milk. Between-group comparisons can
provide insights into the economics of food choice behavior and may help explain why
consumers often select lower-cost, unhealthy foods as opposed to healthier alternatives.

To allow price comparisons across food groups, food prices need to be standardized
in some way. The monetary cost of food has been measured in several ways [17]. As
shown in Table 1, food can be priced per kilogram of weight, per 1000 kcal, per standard
serving, or per the amount of some essential nutrient such as high-quality protein. The
choice of the denominator has implications for nutrition economics. As shown in Figure 1,
one kilogram of cabbage is very different from one kilogram of beef steak, wheat flour,
and Swiss cheese in both energy and protein content. First, low-cost cabbage is 90% water.
While water contributes to food weight and so determines energy density (kcal/g), it
provides no nutrients and no calories. The low price of cabbage (per kilogram) can be
misleading when it comes to the relation between food price and its nutritional value.

Calculations of affordability that are based on food weight tend to produce different
cost estimates from those that are based on food energy or food nutrient content. depending
on the food’s energy density that is largely driven by its moisture or water content [18].
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Figure 1. Energy (a) and protein (b) content per 1 kg of selected foods.

Table 1. Nutrient density in relation to the monetary and environmental cost of foods.

Indicator Numerator Denominator References
Mass (e.g., 100 g)
. Portion Energy
Food price Monetary cost ($) (e.g., 100 keal) [13,16,17]
Nutrient
- . Income Wages
Affordability Food price Total expenditures [19-21]
. . Mass (e.g., 100 g) Portion
Nutrient density ND score Energy (e.g., 100 keal) [3]
Affordable nutrient
density ND score $ [12]
ND score .
Environmental cost Protein (kilogram) 100.0 keal [22,23]
Keal 1 kg protein

Table 2 below shows the relative prices of cabbage, bread, ground beef and whole
milk calculated per 100 g, 100 kcal or per 100% Daily Value of protein. Table 3 shows
corresponding calculations for the environmental cost of foods in terms of greenhouse

gas emissions.

Table 2. Standardizing the monetary cost of selected foods by weight, energy, and protein content.

$/100 g $/100 kcal $/50 g Protein
Milk, whole 2 0.07 0.12 1.16
Beef, ground, cooked b 1.17 0.45 2.30
Bread, wheat 0.37 0.14 1.49
Cabbage, fresh, raw P 0.27 1.09 10.65

All prices based on a Seattle-area supermarket, June 2021. # For milk, $/100 g based on 1960 g per half gallon.
b For beef and cabbage, $/100 g takes into account edible portion only. Nutrient data from the USDA’s Food

Data Central [24].
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Table 3. Standardizing the environmental cost (Greenhouse gas emissions) of selected foods by
weight, energy, and protein content.

Greenhouse Gas Impacts (kg CO, Equivalents/Unit)

Food Item kg/100 g kg/100 kcal kg/50 g Protein
Milk, whole 0.27 0.44 4.12
Beef, ground, cooked 6.04 2.32 11.83
Bread, wheat 0.13 0.05 0.52
Cabbage, fresh, raw 0.03 0.29 4.64

Environmental impacts based on estimates from Poore and Nemecek, 2018 [22]. Nutrient data from the USDA’s
Food Data Central [24].

There are ongoing debates regarding the appropriate standardization of food prices [17,18].
Fruit and vegetables are eminently affordable when priced by weight; less so when priced
per 2000 kcal energy ration. Food affordability can vary depending on whether prices are
calculated per calorie or per nutrient. While expensive as sources of calories, fruits are
low-cost sources of vitamin C, whereas milk and dairy products are low-cost sources of
calcium. But when it comes to essential nutrients, high quality protein is the nutrient of
most interest. Among its lowest-cost sources in the US are eggs, milk, and dairy [13].

Interestingly, greenhouse gas emissions and water use that are associated with agricul-
tural production are typically calculated per kilogram of food or beverage [20]. The notion
that fruits and vegetables, including green, leafy vegetables, have a low carbon footprint
owes a great deal to the current method of calculating the environmental cost of food
production on a kilogram basis. Arguably, calculating the monetary or environmental costs
of food per kilogram is not relevant to food access, to nutrition security, or to population
health. Calculating the environmental cost of planet-friendly cabbage per 2000 kcal or per
1 kg of high-quality protein could produce results that are drastically different from what
is commonly reported [22].

2.2. Affordability of Food and Diet

By some measures, the United States has the most affordable food supply in the world.
In 2019, American households spent an average of 9.5% of their disposable incomes on
food [19], a percentage that has held remarkably steady over the last 20 years. This is a
deviation from much of history, when households spent upwards of 50% of their incomes
on sustenance, and stands in contrast low- and middle-income countries, where food
expenditures still make up between 30% and 40% of incomes.

For Americans and other residents of high-income countries, the relatively small
percentage of income required for the purchase of food has been celebrated as a triumph
of innovation and productivity and maintaining an affordable food supply is a policy
objective. Farm bureaus around the US promote the message of affordable food supply
each year in the so-called “Food Checkout Week”, the week during the year (typically in
February) when American households have earned enough to cover their food expenses
for the entire year [20]. The Canadian Federation of Agriculture promotes a similar point
in their “Food Freedom Day” [21].

Even with an affordable food supply, diet quality in the US and in other high-income
countries follow a socioeconomic gradient. Historically, being poor meant being hungry.
This is still largely true in low- and middle-income countries, where an estimated 690 mil-
lion people are chronically hungry [25]. With hunger come various forms of malnutrition:
Globally, 462 million adults are underweight and 149 million children are stunted, primarily
in low- and lower-middle income countries [26]. However, the advent of low-cost dietary
energy from refined grains, added sugars and vegetable oils has made it possible to obtain
“empty” calories at a relatively low cost. Poverty and other socioeconomic disadvantages
still limit the affordability of healthy nutrient rich diet. However, calories have become
affordable even if nutrients are not [27]. Obesity, once mostly observed in high-income
countries, has become increasingly prevalent in low-income countries [28].
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More nuanced indicators of affordability, linked to the prices of different food groups
can predict dietary risks and poor health outcomes. Generally, on a per calorie basis,
healthier foods and healthier diets cost more [29]. The cost differential between healthy
foods and starchy staples can predict prevalence of underweight and obesity [30]. The low
cost of “empty” calories from sugar and refined grains provides an economic reason why
obesity and non-communicable diseases are becoming prevalent among the world’s poor.
Limited access to healthy foods and healthy diets leads lower-income groups toward more
low cost processed foods and to worse health outcomes [27,29].

In general, higher-quality diets have been associated with higher estimated diet
cost and with higher reported food expenditures. Not surprisingly, some diets that were
specifically designed to be healthy turned out to be beyond the economic reach of the global
poor [30]. For example, the estimated cost of the EAT-Lancet food plan, designed as the
planetary benchmark for healthy eating, was well above the global poverty line. Despite
its reliance on planet friendly plant foods, the EAT-Lancet food plan was deemed not
affordable to more than 3 billion people [30]. There is an urgent need to assure affordable
nutrient density for all as noted in a recent FAO report [11]. The present goal is to outline
some economic indicators of food security and access to healthy foods.

3. Food Insecurity in the US and Globally

Food insecurity refers to limited or uncertain ability to acquire safe and acceptable
foods. Here the major distinction is between low food security and very low food security,
sometimes referred to as food insecurity with hunger [31]. Low food security refers to
reduced variety, quality, and appeal of food, without a reduction in energy intakes. Very
low food security involves a reduction in energy intakes and a disruption of eating patterns,
usually for economic reasons. Food insufficiency, a term used in federal surveys in the US
means that households sometimes or often did not have enough to eat [31].

The concept of affordability links food prices to wages and incomes. The current
hierarchy of food prices in the US and elsewhere is such that energy-dense foods of
minimal nutritional value typically cost less (per 2000 kcal) than do the recommended
healthier and more “prudent” foods. Not surprisingly, diet quality has been linked to the
household purchasing power and other indices of socio-economic status. Yet the prevailing
view in the US, reinforced by the USDA [18] is that households across all economic strata
are equally able to afford a healthy diet. However, it is well known that food expenditures
vary with social class. Percent of disposable income that a household spends on food is a
very reliable index of socioeconomic status. Consistent with Engel’s Law, higher-income
households (and higher income countries) spend more money but a lower proportion of
their income on food.

4. From Nutrient-Based to Food-Based Dietary Guidance

National dietary guidelines globally have become increasingly food-based as op-
posed to nutrient-based. However, the current emphasis on healthy foods and healthy
food patterns in the Dietary Guidelines for Americans (DGAs) is not without economic
consequences. Without forgetting about dietary adequacy and moderation, the 2020 DGAs
were largely formulated in terms of healthy food patterns and desirable food groups [32].

It is worth noting that the current research trend away from individual nutrients and
toward the evaluation of habitual food patterns marks a paradigm shift in nutritional
epidemiology. At one time, studies tried to link the consumption of a given nutrient to a
specific health outcome, adjusting for all possible covariates, including presumed indices
of socioeconomic status [33,34]. In many such studies, socioeconomic status was either
missing, incomplete, or was represented by proxy variables, such as smoking or physical
activity [35]. In general, research showed that more expensive (and more nutrient-rich)
diets consumed by better educated and wealthier people were indeed associated with more
favorable health outcomes. Relatively few studies have addressed food prices or diet costs
in relation to diet quality or population health [36—40].
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Individual nutrients can be cheap or expensive, depending on their food source [40].
Much of the very early research conducted by the US Department of Agriculture centered
on identifying those foods that provided calories, protein, and essential nutrients for the
lowest cost [12]. The goal was to provide affordable calories and affordable nutrients to
low-income Americans. Protein in a given diet can come from salmon and steak or from
less expensive rice and beans. More costly fresh spinach and inexpensive white potatoes
and are both rich sources of potassium. Vitamin C can come from fresh berries and from
frozen orange juice [12].

One of the main advantages of the nutrient-based approach to dietary guidance was
that consumers could be steered toward nutritious but lower-cost food choices. The Thrifty
Food Plan, essentially a mathematical optimization model, was intended to satisfy nutrient
requirements at minimum cost [41]. Protein, for example, was supplied by frozen ground
turkey, and vitamin C by frozen orange juice from concentrate. These lower cost options
become less viable as the dietary guidelines become increasingly food based. The cost
dimension becomes ever more important as the dietary guidance calls for specific foods
that are fresh, unprocessed, local, or organic.

Now that the DGAs specifically recommend consuming more seafood, whole fruit,
and leafy green vegetables, the question of substituting lower-cost food sources of some
key nutrients becomes moot. As noted below, each progressive edition of the DGAs seems
to favor the inclusion of more expensive foods in the habitual diet. Yet high food prices are
among the key barriers to accessing sufficient, safe and nutritious foods, especially among
lower-income groups [27].

5. The Healthy Eating Index in Relation to Diet Cost

The HEI (Healthy Eating Index) measures adherence to the DGAs [42]. The initial
HEI issued in 1995 was a 100-point scale based on subcomponents that were built around
dietary adequacy, moderation, and variety [43]. The HEI is revised every 5 years, with each
successive edition attempting to capture the intent of the dietary guidelines [43]. As the
DGA began to feature more costly foods, the HEI scores followed suit.

For example, vegetables were split into leafy green and deep orange vegetables while
lower cost potatoes (a vegetable) were grouped with starches. Fruit group was separated
into less expensive juice and more costly whole fruit. Seafood was added as category.
Negative scores were awarded to low-cost refined grains and to foods containing added
sugars and saturated fats. Giving higher HEI scores to diets composed of more costly
(and more nutrient rich) foods reportedly improved the observed association with health
outcomes. However, there was also the potential for a greater confounding with diet cost
and with consumer socioeconomic status. As documented before, adherence to dietary
guidelines in the US and UK does have economic consequences [36].

The USDA has created Healthy Eating Patterns primarily to show how the DGAs
could be met in a variety of ways. The three Healthy Patterns were Healthy Vegetarian;
Healthy US Style and Healthy Mediterranean eating patterns [44]. A recent analyses of
food pattern cost showed that each of the healthy patterns was of higher quality but also
more expensive than the current US diet [45]. The USDA Healthy Food Patterns were
lower in solid fats, sugars, and sodium but higher in protein, fiber, vitamins, and minerals.
However, the recommended US-Style Pattern cost $8.27/d, the Vegetarian Pattern cost
$5.90/d, and the Mediterranean Pattern cost $8.73/d. By comparison, the existing US
diets, as observed from NHANES data, cost much less: the estimated were $5.47/d for
Hispanics, $5.48/d for African-Americans, $5.94/d for Whites and $6.57/d for Asians [45].
Unequal access to healthy foods affects food security and is one cause of the observed
societal inequities in diet quality and health.

Given that the availability and access to healthy foods are often limited by socio-
economic factors, food insecurity in the US has been linked to prevalent overweight. Even
though healthier diets generally cost more, there is also a great deal of individual variability
in estimated cost for same-quality diets. People who achieve healthier diets at relatively low
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cost have been identified as being “nutrition resilient” [46]. Being able to nutrition resilient
may have to do (in the US) with ethnic food patterns, plant-based diets, and the ability to
prepare meals at home. There are ongoing studies to identify the social characteristics of
resilient people and the chief components of their diets.

6. Nutrient Profiling and Food Prices

The main purpose of nutrient profiling models is to help implement dietary guidelines
and to address issues of public health concern. Among high-income countries, limiting
excess calories, fat, sugar, and salt was the issue of public health concern. By contrast,
low- and middle-income countries still face problems of undernutrition and micronutrient
inadequacies. The definition of what constitutes a healthy food is context specific and
depends on population needs.

There are differences, but also similarities, between food-based dietary guidelines
and the existing nutrient profiling (NP) models. Whereas dietary guidelines apply to food
patterns and to total diets, NP models were specifically designed to assess nutrient density
of individual foods. Whereas dietary guidelines have emphasized foods and food patterns,
most NP models remain wholly nutrient based. Although some NP models award extra
scores depending on the food’s content of fruits, vegetables, legumes or nuts, priority is
given to energy density and nutrients of public health concern: fat, sugar and sodium.

NP models are generally designed to separate energy dense foods from those that are
nutrient dense or nutrient rich. Whereas energy density of foods is defined as kcal /100 g,
nutrient density is typically defined in terms of nutrient content per reference amount
of food—100 g, 100 kcal, or per serving. That separation has immediate economic con-
sequences. One problem is that dietary energy from refined grains, added sugars and
vegetable oils is relatively inexpensive; by contrast most nutrient rich foods cost more,
especially those that are unprocessed, fresh and/or organic. As a result, foods identified
as “healthy” by NP models are not only nutrient rich, but also tend to be more expensive.
Energy density and nutrient density tend to be inversely linked.

Nutrient density is often conceptualized as the partial or total absence from foods of
fat, sugar, and salt. These are known as nutrients to limit. In many NP models, foods are
penalized for excessive amounts of saturated fat, total or added sugar and sodium and
sometimes for excessive calories. However, the concept of nutrient density can also include
beneficial positive nutrients, known as nutrients, to encourage. In NP models, nutrients
to encourage typically include protein, fiber and a range of vitamins and minerals. The
vitamins and minerals are selected for inclusion in NP models depending on public health
objectives and local or regional nutrition needs at the population level.

In past studies, we have added affordability measures to NP methods [12]. Every NP
model that separates energy dense foods from those that are nutrient rich also shows that
nutrients are expensive—empty calories are cheap. Dividing nutrients per serving by cost
per serving gives a measure of cost per nutrient. This can be expressed in different ways,
notably in relation to prevailing incomes in different countries or areas.

7. Conclusions

The definition of food security as promoted by the FAO emphasizes having uninter-
rupted economic access to sufficient, safe, and nutritious food to meet both food preferences
and dietary needs. Affordable nutrient density, is an indicator of individual or popula-
tion access to acquiring a healthy and nutritious diet. Availability is more linked to food
production whereas utilization refers to non-food inputs in the pathway to better health.

The FAO has also noted that diets need to be both healthy and sustainable. Although
many exceptions apply, healthier food patterns not only cost more but also have a higher
carbon footprint. Future studies on the monetary and environmental cost of sustainable
healthy diets will require an interdisciplinary approach that joins epidemiology with
social sciences, economics, and the study of the environment. In particular, there is a
pressing need to develop a toolbox of social and economic indicators that are related to the
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affordability and environmental cost of sustainable healthy diets [47]. Policy makers need
to recognize that the four domains of sustainability are nutrient density, economics, society,
and the environment.
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