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ABSTRACT

In 2019, The EAT-Lancet Commission developed criteria to assist policymakers and health care systems
worldwide in sustaining natural resources to feed a forecasted 10 billion people through the year 2050.
Although American dietary habits and underlying food production practices have a disproportionately
negative impact on land, greenhouse gas (GHG), and water resources, there is limited information on how
this population can meet the EAT-Lancet criteria. To address this, we measured adherence to an adapted
version of the EAT-Lancet diet score criteria in United States (U.S.) populations overall and across racial/
ethnic subgroups (i.e., black, Latinx, and white). In addition, we assessed the benefits of adherence in
terms of saved environmental resources (i.e., land, GHG, and water). By performing these objectives, we
provide vital information for the development of effective intervention strategies in the U.S. with enough
refinement to address the human health and environmental implications of marginalized populations. Our
results demonstrate that, on average, Americans do not meet EAT-Lancet criteria overall or across racial/
ethnic subgroups. Shifting dietary intakes to meet the criteria could reduce environmental degradation
between 28% and 38%. Furthermore, these methods can be adapted to other nations for the development
of meaningful strategies that address the food, energy, and water challenges of our time.
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INTRODUCTION

P LANETARY BOUNDARIES ARE science-based thresh-
olds—such as changes in land systems, freshwater use,
climate change, and stratospheric ozone depletion—which are
intended to prevent destabilization of the Earth’s ecosystem."
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To achieve the United Nations Sustainable Development
Goals, the EAT-Lancet Commission on healthy diets and
sustainable food systems established a comprehensive
global diet score that meets nutritional standards while
remaining within planetary boundaries in year 2019.> The
proposed diet consists of vegetables, fruits, whole grains,
legumes, moderate or low amounts of seafood and poultry,
and low or no amounts of red meat, refined grains, added
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sugars, and starchy vegetables. Complementary research
validates the claim that healthier diets improve human
health outcomes as well as environmental sustainabili-
ty.>*>¢ Adhering to these criteria at the national level will
help to meet the global challenge of shifting toward more
sustainable diets and agricultural practices. In turn, this
will facilitate feeding a growing global population, of an
estimated 10 billion, through the year 2050.

Leading research indicates that the modern Western diet,
which is typically followed in the United States, does not
adhere to EAT-Lancet criteria.”* We argue that U.S. pol-
icymakers should take steps to ensure citizens adhere to
EAT-Lancet criteria for three primary reasons: (1) agricul-
tural activities for food production have a significant impact
on environmental resources, including greenhouse gas
(GHG) emissions>%'%; (2) the U.S. is one of the largest
GHG-emitting countries per capita and cumulatively in the
world'"'?; and (3) evaluating environmental impacts of in-
dividual dietary data within countries is needed for popula-
tion subgroups—especially disadvantaged groups.'® Still,
there is limited information on environmental performance
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and adherence to the EAT-Lancet criteria.'* Our study helps
to fill this gap by measuring adherence to an adapted version
of the EAT-Lancet diet score criteria for the U.S. overall and
across racial/ethnic subgroups.

Both structural and social factors—such as food produc-
tion and race/ethnicity—influence adherence to EAT-Lancet
criteria. For instance, global environmental change from
food production typically manifests as loss of biodiversity, '
changes in land use,'® water quality, and natural resource
use,'” as well as GHG emissions.'® Sociodemographic fac-
tors—such as race and ethnicity—are established predictors
of dietary adherence in the U.S."*2%!? Similarly, pertinent
socioecological dynamics emerge in food policy,”
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including dietary intake patterns that yield disproportionate
environmental degradation based on race/ethnic group-
ing,"®?*?> human health factors,®*° and perceptions of cli-
mate change risk for U.S. farmers.?® Evaluating adherence to
EAT-Lancet dietary criteria among U.S. populations may,
therefore, serve as a foundational step toward developing
intervention strategies that reduce environmental degrada-
tion through improved dietary behavior.

As noted, our study measures U.S. adherence to EAT-
Lancet diet score criteria across racial/ethnic subgroups
(i.e., black, Latinx, and white), using an adapted version
of these criteria. By calculating quantitative measures of
land, GHG, and water food consumption impacts (FCIs),
we inform strategies and interventions for meeting these
criteria. We use the term FCI as a quantified measure of
environmental change that derives from human food
consumption.24’25 Furthermore, we discuss how our
methodological approach can be adapted to suit the
population profile of countries around the world.

MATERIALS AND METHODS
FCI data sources and calculations

As a validated method for estimating and assessing the
environmental impacts of food production,®*?7-*5-2%-30
this study employed life cycle assessment (LCA) to
frame and identify sources for data collection. Although
the food system is made up of several interlinked LCA
stages and substages, this study specifically focuses on
the stages that correspond with cradle-to-farm-gate ag-
ricultural activities (i.e., production and processing ac-
tivities that occur before foodstuff leaves the farm gate
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boundary?*) and their correlation with food consumption.
Other food system LCA stages—such as food transport—
were excluded on the basis of representing only a small
portion of life-cycle GHG emissions and due to a lack of
available racially/ethnically specific data that aligns with
this study’s methodological framework.?=!

To capture the variety of foods consumed in the U.S.
which totals >7000 food items for >500 food commodi-
ties,”! food-energy-water (FEW) impact rates and food
consumption data were aggregated from centralized da-
tabases and pertinent studies. Sources including Open-
LCA, the Barilla Center for Food & Nutrition, the Food
and Agriculture Organization of the United Nations, and
the U.S. Department of Agriculture (USDA) were used to
develoP mean land, GHG, and water FEW impact
rates, 2432:33.34.35.36.37.38,39

We gathered per capita food consumption data from
the What We Eat in America—Food Commodity Intake
Database (WWEIA-FCID), which pulls data from the
Continuing Survey of Food Intakes by Individuals and
the National Health and Nutrition Examination Survey
(NHANES) data.>' More than 24,000 individuals were
sampled in the compiled data, which comprises 24-hour
recall data. Synthesized as a 2-day average across race/
ethnic groups (i.e., black, Latinx, and white), it represents
years 2005 through 2010. To be clear, the term ‘‘Black”
in this study represents WWEIA-FCID data for non-
Hispanic black people, ‘“‘Latinx” represents an average
of WWEIA-FCID data for Hispanic and Mexican Amer-
icans, and ‘“White” represents WWEIA-FCID data for
non-Hispanic white people across all age groups. Taken
together, these racial/ethnic subgroups represent ~92% of
the U.S. population.>* Since the WWEIA-FCID database
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did not provide data on the consumption of added sugars,
we developed per capita added sugars intake rates from
year 2003 to 2004 NHANES data.***° These were cal-
culated by averaging male and female consumption rates
of adults aged 18+ across race/ethnic groups, as 24-hour
recall data.

Here is the modular principal equation we used to
calculate FClIs:

FCI 6w = Y1 Xu * cLjG/whn (1)

where the subscript “L” stands for land, “G”’ for GHG,
and “W”’ for water; n represents a given food item; x,, is
the per capita consumption rate of » in units of g/day; and
cL/G/win represents the modular FEW impact factor for
food n.

We did not include work from previous studies that
have already established the statistical significance of
food consumption and FCIs across black, Latinx, and
white subgroups.”*** Nonetheless, these cited studies
ensured that the racially/ethnically specific results of this
study were meaningful and not simply due to chance.

Adapting the EAT-Lancet diet score criteria

Nutritional indices (also known as diet scores) are
widely accepted as effective tools to assess the popula-
tion’s adherence to various nutritional and health stan-
dards.*"*** For example, the Healthy Eating Index
(developed by scientists at the USDA and National In-
stitutes of Health) was created to measure population
level adherence to the Dietary Guidelines for Americans
(DGAs) as well as provide nutrition guidance for
chronic disease prevention in the general population.***°
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Although previous studies have linked environmental sus-
tainability to nutritional standards and diet scores,*"**4’
the criteria for the EAT-Lancet diet score is unique, in that it
embeds environmental sustainability and human health fac-
tors at a global scale directly into its framework.? Further-
more, the EAT-Lancet criteria incorporates planetary
boundaries of vital ecosystem services for a projected global
population of 10 billion through the year 2050. Accordingly,
we used the EAT-Lancet diet score and its reference diet
framework to highlight the environmental benefits of ad-
herence to dietary guidelines across racial/ethnic subgroups.

Specifically, we adapted the EAT-Lancet diet score
criteria to fit the analytical and methodological profile of
our data. The un-adapted EAT-Lancet diet score criteria
has 14 scoring elements, each linked to particular dietary
components.” We adapted this to 12 scoring elements
that align with our FEW impact categories (Table 1).

In total, we made three adaptions. First, we combined
the original scoring criteria of “‘Dry beans, lentils, peas”
with “Soy foods™ since the food item ‘““Soy/Beans,” along
with its associated FEW impact rates, encompasses similar
legume vegetables. Second, we established a minimum
amount of total grains needed to be consumed to meet the
>5-grams criteria at 145 g/day using data from USDA and
guidance from the Oldways Whole Grains Council web-
site.***° In the final adaption, we removed “Added fats”
as a diet score component, while maintaining its corre-
sponding FEW impact rates for FCI calculation purposes.
We made this adaption because the EAT-Lancet frame-
work notes there was too little data and information on oil
types to establish more robust criteria for “Added fats.””?
It is also worth noting that most medical professionals
believe that fat intake alone is not the primary driver be-
hind increased risk of noncommunicable diseases through
weight gain and obesity.”’

Diet scoring and caloric energy intake estimations

Each of the 12 diet score criteria were scored as either
0 for “not satisfied” or 1 for “satisfied.” Using this adapted
version of the EAT-Lancet diet score, the maximum amount
of points that any subgroup could accrue was 12. Diet score
components were assessed using food consumption rates
[x, from Eq. (1)].

We used the EAT-Lancet reference diet’s kcal per day
and macronutrient intake rates for each dietary component

*David Tilman and Michael Clark. “Global Diets Link En-
vironmental Sustainability and Human Health.”” Nature 515
(2014) 518-522.

“"Martin C. Heller, Gregory A. Keoleian, and Walter C.
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ment: A Critical Review.” Environmental Science & Technol-
gy, 47 (2013): 12632-12647.

*8United States Department of Agriculture. “USDA National
Nutrient Database for Standard Reference, Release 26.” Agri-
cultural Research Service, Nutrient Data Laboratory (2013).
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<https://wholegrainscouncil.org/whole-grains-101/identifying-
whole-grain-products/fiber-whole-grains> (Last accessed on
August 28, 2020).
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TABLE 1. DIET SCORE FRAMEWORK

Point criteria

Mean FEW impact rates

(1 point was

awarded if Land GHG Water
condition[s] kcal:g
Diet score component  were satisfied) — ratio (m*>xkg 'or L™') (gCOyexkg 'or L=') (Lxkg 'or L71)
(1) All vegetables 2200 g/day 23:100 0.837 701 151
30:100
(2) Tubers and starchy <100 g/day 39:50
vegetables: potatoes
and cassava
(3) All fruits 2100 g/day 153:250 0.679 463 272
(4) Beef, lamb, and <28 g/day 15:7 45.0 15,000 6,310
pork
(5) Chicken and other <58 g/day 62:29 25.4 1,250 104
poultry
(6) Eggs <25 g/day 19:13 0.091 4,910 4.35
(7) Fish <100 g/day 40:25 0 3,100 11,800
(8) Legumes: dry beans, <150 g/day® 112:25 2.86 460 520
lentils, peas, and soy
foods
(9) Legumes: peanuts =25 g/day 149:25 2.56 2,140 40
or tree nuts
(10) Whole milk or <500 g/day 153:250 0.241 1,050 5
derivative
equivalents
(11) Rice, wheat, corn, <464 g/day; and 811:232 3.25 1,260 1,150
and other whole grain
fiber >5 g°
(NA) Added fats® Ratio of 0.8 60:6.8 10.2 3,370 1,240
unsaturated
to saturated
fat intake
(12) Added sugars: all <31 g/day 120:31 2.06 1,450 1,680

sweeteners

NA as in this table component has no information or data methodologically suitable for this study.
“Dry beans, lentils, peas and soy foods were combined to align with the framework of this study.
"The whole grain fiber threshold is met if at least 145 g/day of total grains were consumed based on a 3.5% total grain to fiber

ratio.””

°Added fats were removed as a diet score component due to insufficient data for types of oils.>
FEW, food-energy-water; GHG, greenhouse gas; NA, not applicable.

as ratios to assess caloric energy intake based on an overall
energy intake of 2500 kcal per day. These ratios are
shown in the ‘“kcal:g ratio” column of Table 1. The
“Added fats” component incorporated unsaturated oil
and lard submeasures to meet the 2500-kcal mark.” We
used the palm oil submeasure from footnote® (60 kcal/
day) to estimate caloric energy intake for the ‘““‘Added
fats” dietary component.

Consumption rate adjustments for a balanced diet

Baseline consumption rates were adjusted to meet diet
score criteria and to create a scenario for complete ad-
herence (12/12 points). We employed a balanced diet
approach with the assumption that scoring criteria would
be met by equally adjusting consumption of all food items
within a given food group. More restrictive diets that may
prohibit the consumption of certain food items—such as
restrictions associated with a vegetarian diet or popula-
tions with food allergies—were not considered.

We employed several rules and guidelines to establish
the balanced diet adjustments. Six of the 12 diet score
components required the establishment of specific rules
and guidelines: ‘“(1) All vegetables’; ““(4) Beef, lamb,
pork’; ““(5) Chicken, other poultry’’; ““(6) Eggs™; “(9)
Legumes: Peanuts or tree nuts’’; and ‘“(12) Added sug-
ars” as shown in Table 1. The other components did not
require alterations. All adjustment rules and guidelines
are shown in Table 2.

RESULTS

U.S. baseline assessment of healthy
and sustainable consumption

To establish which criteria are not being met, on av-
erage, by Americans, we compared the baseline—or as
is—assessment of food consumption rates with an
adapted version of the EAT-Lancet diet score criteria.
Figure 1 encompasses the variety of food consumed in
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TABLE 2. RATE ADJUSTMENT RULES AND GUIDELINES
FOR A BALANCED DIET

Dietary/scoring component  Adjustment rule/guideline

All vegetables

Beef, lamb, and pork
Chicken and other poultry
Eggs

Peanuts or tree nuts
Added sugars

new_x=x+y
new_x=x—y
new_x=x—y
new_x=x—y
new_x=x+y
new_x=x—y

For the “‘Adjustment rule/guideline” column, ‘“‘new_x"’ is the
adjusted consumption rate, “x” is the baseline rate, and “y”’ is
the adjustment value.
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the U.S. and compares that with the diet score criteria
shown in Table 1. A score of 12/12 means that all criteria
are met. However, results show that Americans do not
satisfy all criteria with a score of 8/12.

The unmet criteria have important human and envi-
ronmental health implications. Figure 1 shows that the
diet score components ‘(1) All vegetables,”” “‘(4) Beef,
lamb, pork,” ““(9) Peanuts or tree nuts,”” and *““(12) Ad-
ded sugars” do not meet healthy and sustainable food
criteria. It is important to emphasize that anything less
than full adherence has implications for human nutrition
and the environmental health of the planet. Thus, nega-
tive human and environmental health implications exist
whenever the diet score is <12/12.

Data show that the U.S. population consumes vegeta-
bles at a rate of ~190g/day out of the >200 g/day cri-
terion. The beef, lamb, and pork category shows

Baseline U.S. Consumption Rates
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FIG. 1. Baseline U.S. consumption rates compared with

diet score criteria. The dashed horizontal lines and arrows

are visualizations of diet score criteria (refer to the ‘‘Point Criteria” column of Table 1), where upward-pointing
arrows denote equal to or greater than the criterion consumption rate (value indicated on y-axis) and downward-
pointing arrows denote less than or equal to the criterion consumption rate. Solid horizontal lines and downward-
pointing arrows denote a criterion of less than the criterion consumption rate. A green bar indicates that the diet score
component is satisfied or met. Each satisfied criterion yields 1 point with a maximum possibility of 12 points. A red
bar indicates an unmet criterion and yields O points. This analysis yields a diet score of 8/12 for the average American.

Color images are available online.
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consumption at a rate more than double its diet score
threshold. These food items are overconsumed at about
44 g/day (72 g/day out of the <28 g/day criterion). The
peanuts or tree nuts component is consumed at a rate that
is roughly six times less than its criterion threshold (4 g
out of the 225 g/day criterion). Also, the added sugars
component is consumed at a rate more than double its
criterion threshold (68 g/day out of the <31 g/day crite-
rion); thus, Americans overconsume added sugars by
about 37 g/day.

Table 3 shows the mean land, GHG, and water FCIs
associated with annual baseline consumption in the U.S.
These values, which are also referred to as as-is values
herein, are important to establish for assessing percentage
changes in FClIs in cases where Americans conform to all
criteria. We show what the implications are in the fol-
lowing section.

U.S.-level adherence using a balanced diet

If Americans were to conform to all criteria, shifts in
the consumption of several diet score components would
be required. To assess the environmental benefits of
complete adherence, we used a balanced diet approach as
a way to measure FCI and caloric energy intake changes.
For the case of U.S.-level adherence, vegetable con-
sumption is increased by about 10 g/day; beef, lamb, and
pork consumption is decreased by 44 g/day; nut intake is
increased by 20 g/day; and added sugar intake is de-
creased by about 37 g/day following the rules and
guidelines explained in the Materials and Methods sec-
tion. Figure 2 details what the FCI and caloric energy
intake implications would be when shifting from the
consumption rates shown in Figure 1 to rates that yield a
diet score of 12/12. Each change is further explained.

Figure 2 shows that vegetable FCIs would experience
very little new environmental degradation when in-
creasing consumption by about 10g/day. This shift
would slightly increase land, GHG, and water FClIs at
percentages <0.5% for each. Beef, lamb, and pork intake
was decreased by 44 g/day to meet its criterion. Shifting
this dietary component would have the most influence on
FCIs by far. Percentage reductions across land, GHG,
and water FCIs would range between about 25.1% and
35.8% for this diet score component. Nut intake would

TABLE 3. PER CAPITA BASELINE FOOD CONSUMPTION
ImpACTS FOR U.S.

Estimation
FEW impact Units category FCI
Land (m%xyear ') Mean 2,016
GHG (kgCOse x year ')  Mean 750
Water (L year™ 1) Mean 376,900

The land and water FCIs are rounded up based on four
significant digits, whereas the GHG FCI is rounded up based on
three significant digits. These FCIs represent cradle-to-farm-gate
activities and not the entire food life cycle.

FCI, food consumption impact.
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need to be increased by about 20 g/day to meet criterion.
Increasing intake here has a larger increase on FCIs than
vegetables, but the increase does not exceed 2.2% in any
FCI category. Added sugars intake would need to be
reduced by about 37 g/day to meet criterion. It would
decrease FCIs between 1.4% and 5.6%. Only the beef,
lamb, and pork component would decrease FCIs at higher
percentages.

Taken together, Figure 2 shows that meeting all cri-
teria would yield a net reduction in land FCI by 36.1%,
GHG by 31.8%, and water by 30.4%. Caloric energy
intake would be maintained since results show a net re-
duction of only 4.6%. The beef, lamb, and pork diet score
component would have the largest effect on FCls,
whereas vegetables and nuts would have negligible FCI
effect in comparison.

Baseline assessment across racial/ethnic
subgroups

This assessment compares food consumption rates to
the adapted EAT-Lancet diet score criteria across major
racial/ethnic subgroups in the U.S. (i.e., black, Latinx,
and white). Figure 3 shows that on average, black intake
yields a diet score of 7/12, Latinx 7/12, and white 9/12.
This means that no racial/ethnic subgroup analyzed in
our study meets all criteria; however, white people meet
more criteria and would have to shift fewer diet score
components than their black and Latinx counterparts.
Furthermore, each subgroup has unique criterion dy-
namics that warrants further explanation.

Figure 3 shows that black people do not meet five of
the dietary criteria. This subgroup is about 48 g/day be-
low the diet score component criterion for ‘(1) All
vegetables’’; 40 g/day above for ““(4) beef, lamb, pork”’;
4 g/day above for ““(5) Chicken, other poultry”; 23 g/day
below for *“(9) Peanuts or tree nuts’’; and about 39 g/day
above for ““(12) Added sugars.”’” Across subgroups, black
people have the lowest vegetable and nut intake, and
consume the highest levels of added sugars. They are also
the only subgroup that overconsumes chicken and other
poultry. Furthermore, Table 4 shows that black people
have the highest as-is mean land FCI compared with their
Latinx and white counterparts.

Latinx share the same diet score as black people (7/12)
but differ in terms of the five components that are unmet.
Figure 3 shows that Latinx people intake about 31 g/day
below the ““(1) All vegetables’ criterion; 40 g/day above
for ““(4) Beef, lamb, pork’’; 1 g/day above for *“(6) Eggs”
criterion; 22 g/day below for ““(9) Peanuts or tree nuts’’;
and about 30 g/day above for *(12) Added sugars.” They
are the only subgroup that overconsumes eggs, and have
the lowest added sugars intake. Furthermore, Table 4
demonstrates that Latinx people have the lowest as-is
mean land and water FCls.

As noted, white people have three unmet criteria.
Figure 3 shows they are ~43 g/day above in their intake
of *“(4) Beef, lamb, pork™ criterion; 21 g/day below for
“(9) Peanuts or tree nuts’’; and ~38g/day above for
“(12) Added sugars.”
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FEW Nt . Estimation | Adheren
Impact D?;;f::é " Units g;tega;r‘:f d :3 ce
Land -36.1% (m? * year™!) Mean 1,288
GHG -31.8% (kgCO,e = year™1) Mean 512
Water -30.4% (L * year™1) Mean 262,300
Overall Energy Intake Net Percent Difference (kcal) -4.6%
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FIG. 2. Per capita adherence FCIs for U.S. This figure contains details for the net reduction of FCIs in the scenario
that all diet score criteria are satisfied compared with baseline conditions: that is, a diet score of 12/12. The numerals
in the top portion of this figure show the net change in FCIs and overall energy intake (kcal: kilocalories) as a
percentage. Adherence FCIs are also shown as quantitative rates where the land and water FCIs are rounded up based
on four significant digits, while the GHG FCI is rounded up based on three significant digits. The stacked and textured
bar graph content in the bottom portion of this figure details the percentage change of each diet score component.
Furthermore, the bar graph content is proportional, where bars that extend above the x-axis (0%) represent a cate-
gorical addition to FCIs and those that fall below represent a categorical reduction in FCIs. Diet score components
that meet criterion in the baseline—as shown in Figure 1—are omitted from this figure since they yield 0% change.
FCI, food consumption impact; GHG, greenhouse gas. Color images are available online.

This subgroup meets the ‘(1) All vegetables’ criterion
but has the highest beef, lamb, and pork consumption
rates on average. While white people yield the highest as-
is diet score of 9/12, Table 4 shows that they also have
the highest FCIs in GHG and water compared with their
black and Latinx counterparts.

Adherence across racial/ethnic subgroups
using a balanced diet

Fully adhering to dietary intake criteria would take a
different form in each racial/ethnic subgroup. This sec-
tion highlights the differences between subgroups, with a
focus on FCI implications.

To obtain a score of 12/12, black people would have to
adhere to five diet score criteria. Shifting rates of vegeta-
bles, chicken, and nut intake to meet the criteria would
affect black FCIs but only marginally. These three diet
score components do not exceed 2.6% in any land, GHG,

or water FCI—as positive or negative percentages. Figure 4
shows that increasing nut intake by about 23 g/day in-
creases the land FCI by 1.1%, GHG by 2.6%, and water
by 0.1%. More significantly, meeting criterion for the
added sugars component would result in FCI reductions
of about 1.5% for land, 3.0% for GHG, and 6.2% for
water; whereas shifting to meet the beef, lamb, and pork
criterion would decrease FClIs at 32.0% for land, 31.1%
for GHG, and 23.4% for water.

Latinx people also have to shift their consumption for
five diet score components to meet criteria, but their
group of unmet criteria differ from the five unmet criteria
of black people in that it includes a shift in egg con-
sumption rather than chicken. Figure 4 shows that shifts
in vegetables, nuts, and egg intake would have marginal
effect on Latinx FCIs. By contrast, meeting criterion for
the beef, lamb, and pork component would result in the
largest reduction of FCIs at 33.5% for land, 29.9% for
GHG, and 24.5% for water.
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FIG. 3. Baseline racial/ethnic consumption rates compared with diet score criteria. The dashed horizontal lines and
arrows are visualizations of diet score criteria (refer to the ‘‘Point Criteria” column of Table 1), where upward-
pointing arrows denote equal to or greater than the criterion consumption rate (value indicated on y-axis) and
downward-pointing arrows denote less than or equal to the criterion consumption rate. Solid horizontal lines and
downward-pointing arrows denote a criterion of less than the criterion consumption rate. Green bars indicate that diet
score criteria are satisfied or met, where the dark green bars are for blacks, medium green are for Latinx, and light
green are for whites. Red bars indicate unmet criteria, where the dark red bars are for blacks, medium red are for
Latinx, and light red are for whites. Another way to distinguish the racial/ethnic subgroup data is by clusters of three,
where the first bar of each cluster is always representative of the black subgroup, the second always of the Latinx
subgroup, and the third always of the white subgroup. This comparison yields a diet score of 7/12 for blacks, 7/12 for
Latinx, and 9/12 for whites. Color images are available online.

TABLE 4. PER CAPITA BASELINE FOOD CONSUMPTION IMPACTS ACROSS RACIAL/ETHNIC SUBGROUPS

FCI
FEW impact Units Estimation category  U.S. population Black Latinx White
Land m? xyear ~ 1) Mean 2,016 2,034 1,975 2,029
GHG kgCOse * year ') Mean 750 690 730 765
Water (L% year™ 1) Mean 376,900 362,100 353,600 382,100

The land and water FCIs have been rounded up based on four significant digits, whereas the GHG FCI is rounded up based on
three significant digits. The bold numerals denote the highest FCI across racial/ethnic subgroups in each FCI category (land, GHG,
and water). This excludes any comparison with the U.S. population since it is not considered a stand-alone subgroup.
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FEW Impact | Units (per capita) | Estimation Category Us. Populatio:dhgrlea';f(e Ftlz_l atinx | White

Land (m? = year™1) Mean 1,288 1,353 1,321 1,266
Net Percent Difference (from baseline) -36.1% -33.5% | -33.1% | -37.6%

GHG | (kgCO,e *year™1) | Mean 512 484 520 513

Net Percent Difference (from baseline) -31.8% -29.9% | -28.8% | -33.0%
Water |  (L#* year™)) | Mean 262,300 258,177 | 252,500 | 262,100
Net Percent Difference (from baseline) -30.4% -28.7% | -28.6% | -31.4%

Caloric Energy Intake Net Percent Difference (kcal) -4.6% 41% | -27% | -51%

Black Latinx White

Change in FCI After Adherence (%
Difference)

BAIll vegetables BBeef, lamb, pork @Chicken, other poultry OPeanuts or tree nuts 0Eggs BAdded sugars
Diet Score Component

FIG. 4. Per capita adherence FCIs across racial/ethnic subgroups. This figure contains details for the net reduction
of FCIs in the scenario that all diet score criteria are satisfied compared with baseline conditions across racial/ethnic
subgroups. The numerals in the top portion show the net change in FCIs and overall energy intake as a percentage.
Adherence FCIs are also shown as quantitative rates, where the land and water FCIs are rounded up based on four
significant digits, and the GHG FCI is rounded up based on three significant digits. The bold numerals denote the
highest FCI across subgroups for each FCI category (land, GHG, and water). This excludes any comparison with the
U.S. population values since it is not considered a stand-alone subgroup. The stacked and textured bar graph content
below details the change in percentage of each diet score component across subgroups. Diet score components that
meet criterion in the baseline (as shown in Fig. 3) were omitted from this figure, since they yield 0% change. Color

images are available online.

White people had the least number of criteria to satisfy
(three). As was the case for black and Latinx people,
shifting nut intake to meet criterion here would have a
marginal impact on FCI. Shifting the intake of beef,
lamb, and pork would result in the largest FCI reductions
at 37.2% for land, 32.5% for GHG, and 25.8% for water.
It is important to note that white people would have the
largest net percentage reductions in land, GHG, and
water FCIs after satisfying all criteria.

Taken together, these results show that adhering to an
adapted version of the EAT-Lancet diet score criteria
would decrease land, GHG, and water FCIs, ranging in
intensity from 28.6% to 37.6%. All of these adherence
FCI reductions would occur with a small reduction in
caloric energy intake—ranging from 2.7% to 5.1%. In
other words, these results suggest that caloric energy
intake standards would be maintained, or nearly so, after
shifting consumption habits to meet EAT-Lancet diet
score criteria.

DISCUSSION
Our study has revealed three significant findings. First,

we confirm evidence suggesting that U.S. adherence to
the EAT-Lancet diet score criteria would assist in

meeting the global GHG reduction goals described in
footnotes.”'" Second, we discovered interesting dy-
namics for adherence across U.S. racial/ethnic sub-
groups, which suggest that health policy and behavioral
change measures aimed at shifting American diets to-
ward more health and sustainability would be made
more effective by considering inequities in socioeco-
nomic status.”° Finally, we established a methodologi-
cal approach that could be adapted and used by other
nations worldwide to help propel a dietary shift at a
global scale—as called for in footnote.” Although each
of these findings highlight areas that would likely ad-
vance FEW discovery, our discussion focuses on the last
two findings given they are the most novel.

To assist populations in shifting from unhealthy,
more environmentally-damaging diets to healthy, more
environmentally-sustainable ones, food pricing, subsidies,

50Shannon N. Zenk, Angela M. Odoms-Young, Constance
Dallas, Elaine Hardy, April Watkins, Jacqueline Hoskins-
Wroten, and Loys Holland. *“”’You Have to Hunt for the Fruits,
the Vegetables’: Environmental Barriers and Adaptive Stra-
tegies to Acquire Food in a Low-Income African American
Neighborhood.” Health Education & Behavior 38 (2011):
282-292.
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and taxes have been researched and developed as policy
and behavioral change mechanisms.?® For instance, it has
been shown that decreasing the price of healthful foods—
such as vegetables and fruits—by 10% increases the
consumption of healthful foods by 12%.°'? Beef and
pork have been shown to be even more price-elastic than
fruits and vegetables, which suggests that increasing the
price of beef and pork by a certain percentage would
decrease the consumption of these foods by at least that
percentage. Nonetheless, there is a need for further in-
vestigation into how pertinent policy interventions—such
as food pricing through taxes and subsidies—impact
populations of different socioeconomic positions or sta-
tuses.’™

Historical injustices have significantly contributed to
inequities in socioeconomic status, dietary intake, and
diet-related health outcomes in the U.S., such that black
and Latinx people have substantially lower household
incomes, educational attainment, and higher risk of diet-
related diseases compared to their white counter-
parts. 2375859 Bearing this in mind, further research
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must be undertaken to inform the development of inter-
vention strategies (e.g., price interventions through pol-
icy, person interventions through dietary counseling, or a
hybrid thereof) to promote equitable access to healthy
food resources.®® When we extrapolate the U.S.-based
findings of this study to a global scale, it becomes vital
for policymakers to incorporate the income classification
of a given country, considering high-income countries—
such as the U.S.—can be influenced by tax and subsidy
food interventions.®' Currently, there is not enough evi-
dence to claim that taxes and subsidies would be effec-
tive lon§-term in lower-income or developing
countries,®!+0%:63:64

One must consider several factors before adapting the
methodological framework of our study to other coun-
tries. Black, Latinx, and white people are major racial/
ethnic demographic subgroups in the U.S. However, a
similar study for another country may group its popula-
tions differently. For instance, a Chinese adaption may
designate demographics across age groupings (as shown
in footnotes®®®), whereas an Indian adaption might
choose to group populations by caste, as exemplified in
footnote.®” Nonetheless, to develop effective strategies
that meet the global challenges of our time, it is key that
researchers and policymakers explore how varying social
constructs (e.g., power and privilege) and determinants of
health (e.g., access to health resources) influence
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individual dietary practices.®® Moreover, robust data

would have to be developed and made readily available
to researchers and policymakers in a format conducive to
sociodemographic or socioeconomic analysis. We rec-
ommend that public health organizations, such as the
USDA and World Health Organization (WHO), take
charge of these initiatives in support of their strategic
goals of identifying the risk factors for food insecurity.®’

Current global trends in natural resource use and
dietary intake cannot continue without risking the de-
stabilization of vital ecosystem services. There has not
been consensus on the decade, let alone the year, within
which widespread destabilization will occur, if trends
continue, since there are man_y heterogeneous factors
involved in food insecurity.'®’%"! However, it is gen-
erally accepted that population growth and corre-
sponding food demand trends will be intractable if they
persist unchanged through the year 2050, and even
more so if they persist through the year 2100.%* After
all, ~38% of global land surface is used for agricul-
ture.”? One-third of this is dedicated to croplands, and
the remaining two-thirds is primarily used for culti-
vating livestock on meadows and pastures. With respect
to water resource use, 70% of the world’s freshwater
withdrawals are linked to agriculture:,73 and ~15% of
anthropogenic GHG emitted globally comes from
livestock cultivation.”* Increases in natural resource
use, due to population growth and intensifying food
demand, puts us at risk of breaching the Earth’s plan-
etary boundaries.' This evidence, in addition to present
study findings, compels us to call for increased research
and development adhering to EAT-Lancet criteria,
particularly across racial/ethnic and socioeconomic
groups worldwide.
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Study limitations

Previous studies have asserted that WWEIA and
NHANES dietary recall data have physiological incon-
sistencies.””’® Some researchers have argued that
24-hour recall data yield inaccurate results due to under-
reporting in survey responses,”> whereas others claim
2-day average dietary recall data provide a better
snapshot of actual food consumption compared with
24-hour recall data.”’ Taken together, these general
critiques suggest that the food consumption and caloric
intake values of this study could be less than what is
actually consumed and embodied by Americans, also
making the environmental degradation measures—or
FCIs—Ilesser than their actual values. These potential
limitations motivated us to assess FCIs and caloric en-
ergy intake primarily as percentage deviations from the
baseline. Although the quantitative measures of this study
are useful, further standardization and research of dietary
recall data and cradle-to-farm-gate LCA studies would be
required to improve accuracy.”*’® It is also important to
note that data constraints made analyzing other U.S. ra-
cial/ethnic subgroups—such as Native American, Asian,
and Pacific Islanders—untenable, although they are ge-
nerically represented in the U.S.-level results.

CONCLUSION

We measured adherence to an adapted version of the
EAT-Lancet diet score criteria in U.S. populations
overall, measured across racial/ethnic subgroups (i.e.,
black, Latinx, and white), and assessed the benefits of
adherence in terms of saved environmental resources
(i.e., land, GHG, and water). Ultimately, we found that
Americans do not meet EAT-Lancet criteria overall or
across racial/ethnic subgroups. The U.S. population
could meet the criteria by shifting their dietary intake of
vegetables, red meat, nuts, and added sugars. Compared
with the general U.S. population, black, Latinx, and
white people must shift different food groupings to meet
the criteria. Black people could meet the criteria by
shifting dietary intake of vegetables, red meat, chicken,
nuts, and added sugars; Latinx people would need to shift
their dietary intake of vegetables, red meat, eggs, nuts,

"Edward archer, Gregory Pavela, and Carl J. Lavie. “The
Inadmissibility of What We Eat in America and NHANES
Dietary Data in Nutrition and Obesity Research and the Scien-
tific Formulation of National Dietary Guidelines.”” Mayo Clinic
Proceedings 90 (2015): 911-926.

"Edward Archer, Gregory A. Hand, and Steven N. Blair.
“Validity of U.S. Nutritional Surveillance: National Health and
Nutrition Examination Survey Caloric Energy Intake Data,
1971-2010.”” PLoS One 8 (2013): €76632.

7IN.L. Tran, L.M. Barraj, X. Bi, and M.M. Jack. “Tends and
Patterns of Caffeine Consumption Among US Teenagers and
Young Adults, NHANES 2003-2012.” Food and Chemical
Toxicology 94 (2016): 227-242.

"*Martin C. Heller, Amelia Willits-Smith, Robert Meyer,
Gregory A. Keoleian, and Donald Rose. “Greenhouse Gas
Emissions and Energy Use Associated with Production of In-
dividual Self-Selected US Diets.” Environmental Research
Letters 13 (2018): 044004.
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and added sugars; and white people would need to shift
their consumption of red meat, nuts, and added sugars.
Taken together, these results show that meeting all cri-
teria, using a balanced diet approach, would significantly
decrease environmental degradation in land, GHG, and
water—at reductions of 28%-38%. This 10% range of
28%-38% in environmental degradation encompasses
measures for adherence in the U.S. population overall,
across subgroups, and across FClIs.

Public health impact statement

We want to highlight three public health impacts for
this study and suggest future directions for this line of
research. First, our results and findings compel us to
advocate that the USDA add sustainability as a focus of
the DGAs. This federal policy change could significantly
raise awareness of the environmental benefits of healthy
and sustainable diets and eventually lead to several new
multilevel dietary interventions targeting vulnerable
populations (e.g., low-income, women, and children) and
programs centered on food sustainability. The DGAs
provide policy guidelines for federal programs, including
the Supplemental Nutrition Assistance Program, Wo-
men’s, Infants & Children Program, and the School
Lunch Program. Furthermore, adding sustainability to the
DGAs could influence public opinion overall.

Second, our results demonstrate racial/ethnic dis-
parities in adherence to EAT-Lancet criteria, in that black
and Latinx subgroups exhibit lower as-is adherence
compared with their white counterparts. This information
provides a foundational step toward the development of
effective dietary interventions targeting these marginal-
ized subgroups. Furthermore, this finding may promote
health equity, as it can encourage policymakers and
public health organizations (e.g., USDA and WHO) to
address the unique barriers minority populations face in
accessing the healthy foods needed to achieve a sus-
tainable diet.

Finally, further investigation is warranted on the ad-
herence to disease-specific dietary patterns (e.g., Dietary
Approaches to Stop Hypertension) and associated envi-
ronmental impacts at other spatial scales—such as urban,

BOZEMAN ET AL.

rural, state, and local—across racial/ethnic subgroups to
realize the most effective policy measures.
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