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A B S T R A C T

Background: The Planetary Health Diet Index (PHDI) is a novel measure adapted to quantify alignment with the dietary evidence presented by the EAT-
Lancet Commission on Food, Planet, Health.
Objectives: To examine how population-level health and sustainability of diet as measured by the PHDI changed from 2003 to 2018, and to assess how
PHDI correlated with inadequacy for nutrients of public health concern (iron, calcium, potassium, and fiber) in the United States.
Methods: We estimated survey-weighted trends in PHDI scores and median intake of PHDI components in a nationally representative sample of 33,859
adults aged 20þ y from 8 cycles (2003–2018) of the National Health and Nutrition Examination Survey with 2 d of dietary recall data. We used the
National Cancer Institute method to examine how PHDI correlated with inadequate intake of iron, calcium, potassium, and fiber.
Results: Out of a theoretical range of 0–140, the median PHDI value increased by 4.2 points over the study period, from 62.7 (95% confidence interval
[CI]: 62.0, 63.4) points in 2003–2004 to 66.9 (66.2, 67.7) points in 2017–2018 (P-trend < 0.001), although most of this change occurred before
2011–2012 and plateaued thereafter. For adequacy components that are encouraged for consumption, nonstarchy vegetable intake significantly decreased
over time, whereas whole grains, nuts and seeds, and unsaturated oils increased. For moderation components with recommended limits for consumption,
poultry and egg intake increased, but red and processed meat, added sugars, saturated fats, and starchy vegetables decreased over time. Higher PHDI
values were associated with a lower probability of iron, fiber, and potassium inadequacy.
Conclusions: Although there have been positive changes over the past 20 y, there is substantial room for improving the health and sustainability of the
United States diet. Shifting diets toward EAT-Lancet recommendations would improve nutrient adequacy for iron, fiber, and potassium. Policy action is
needed to support healthier, more sustainable diets in the United States and globally.
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Introduction

Diet, climate change, and human health are closely interrelated.
Global dietary shifts are associated not only with increased risk of
obesity, type II diabetes, cardiovascular disease, and certain cancers
[1–7], but also with intensive production methods that contribute to
environmental degradation via greenhouse gas emissions, land use
change, land degradation, and water pollution [4,8–10]. A 2021 report
Abbreviations: DGAs, Dietary Guidelines for Americans; FPED, Food Patterns Equiva
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from the Intergovernmental Panel on Climate Change warned that
climate change and its effects on human health are accelerating, and
there is a dire need for solutions across a variety of sectors, including
the food system [11,12].

To better align nutrition and sustainability targets, in 2019, the EAT-
Lancet Commission on Food, Planet, Health introduced the “universal
healthy reference diet,” also referred to as the Planetary Health Diet
(PHD) [1] to reduce the burden of diet-related disease and minimize the
lent Database; PHD, Planetary Health Diet; PHDI, Planetary Health Diet Index; PIR,
d Engagement; TEI, total energy intake; UPF, ultra-processed food.
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environmental impact of feeding human populations. The reference
diet provides 2500 kcal/d and adequate macro- and micronutrient in-
takes and was evaluated against planetary boundaries for 6 key envi-
ronmental indicators.

In the United States, components of the EAT-Lancet universal
healthy reference diet have been compared with components of the
Healthy Eating Index—which measures adherence to the Dietary
Guidelines for Americans (DGAs)—but only for individual food
groups rather than comparing the 2 dietary patterns overall [13]. To the
best of our knowledge, no study has applied a diet index based on
evidence from the EAT-Lancet Commission to describe the health and
sustainability of diets in a nationally representative United States
population, nor how adherence to such a diet has changed in recent
years, because awareness of the environmental impact of diet has
grown [14].

The EAT-Lancet Commission recommends a dietary pattern high in
plant-based foods, including protein foods, and low in animal-sourced
products, such as meat, fish, and dairy [1]. The typical United States
diet, on the other hand, is characterized by a high intake of
animal-sourced foods and a low intake of beans, legumes, and other
iron-rich plant sources [15]. Indeed, meat and poultry are the top food
sources of dietary iron in the United States [16,17].

Because the Planetary Health Diet Index (PHDI) is a novel dietary
measure, and because it has several key differences from the DGAs
[13], we tested the correlation of PHDI with the adequacy of key
micronutrients of public health concern in the United States. We
decided to evaluate iron because animal-sourced foods are a major
source of dietary iron and calcium in the typical American diet [16,17],
whereas the PHDI recommends a low intake of most animal-sourced
foods. Other micronutrients of concern that are lacking in many
American diets are calcium, potassium, fiber, and vitamin D [18]. In
nationally representative data, the prevalence of inadequacy among
United States adults was estimated to be 95% for fiber [19], 70% for
potassium, and 44% for calcium [20]. Although a shift toward the
EAT-Lancet universal healthy reference diet would likely improve in-
takes of fiber and potassium given that vegetables, beans, legumes, and
fruit are rich sources of these micronutrients, the impact on calcium and
iron intakes is uncertain and evidence on the recommendation’s cor-
relation with nutrient intake in real-world settings is limited.

The objectives of this study were to assess how the United States
diet aligns with the PHDI, a novel index based on the evidence pre-
sented by the EAT-Lancet Commission, and to examine changes in
accordance with the PHDI between 2003 and 2018 for the entire dietary
pattern and its constituent components. We further assess how PHDI
correlates with inadequacy for key nutrients of public health concern in
the United States (iron, fiber, potassium, and calcium).

Methods

Study population
The United States NHANES is a repeated cross-sectional survey

that uses a multistage probability design to sample the civilian,
noninstitutionalized population residing in the 50 states and the District
of Columbia [21]. The survey was approved by the Ethics Review
Board of National Center for Health Statistics, and all participants
provided written informed consent [21]. Because the deidentified
observational data are publicly available for download, this study
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received a determination of Not Human Subjects Research by the
Institutional Review Board at the University of North Carolina at
Chapel Hill.

Eligible participants were nonpregnant or lactating individuals aged
�20 y who participated in any cycle of NHANES from 2003 to 2018 (8
cycles in total) and for whom 2 d of valid dietary intake data were
available (Supplemental Figure 1). Participants whose mean intake was
<500 kcal/d or >8000 kcal/d were excluded [22] (N ¼ 147).
Dietary data
Trained interviewers used the USDA Automated Multiple Pass

Method to gather 24-h dietary recall data [23]. Participants were asked to
recall all foods and beverages they consumed the previous day.Measuring
guides were used to assist with approximating the portion sizes of
consumed foods. The second dietary interview was conducted unan-
nounced via telephone 3–10 d after the initial face-to-face interview.

Dietary recall data were merged into the Food Patterns Equivalent
Database (FPED), which assigns foods to the 37 USDA Food Pattern
Components using a food composition table. For single-ingredient food
items, FPED assigns foods directly to the corresponding component. For
multi-ingredient foods with ingredients from >1 component, FPED
disaggregates these items into their component ingredients’ gramweights
using standard recipe files [24].

Thirty-five FPED components are published in nongram units (e.g.,
cup-equivalents, ounce-equivalents, teaspoon-equivalents, etc.) into
grams. We used data from the Food Patterns Ingredients Database to
assign the gram weights required for score derivation to these 35 FPED
components by merging FPED into Food Patterns Ingredients Data-
base. Multi-ingredient dishes were broken down into their constituent
ingredients by proportional contribution of weight (see Supplemental
Table 1 for an example of our approach and link to Python script). After
the data were flattened and all FPED components were available in
grams, the mean of 2-d intake, in grams, was calculated for each
component. Because cow milk is ~90% water, producing equivalent
weights of dairy products, such as cheese takes more milk and changes
the proportion of milk solids and nutrient content in a given product
[24]. To better represent the nutrient density and environmental impact
of the various dairy foods (e.g., milk compared with cheese) dairy
servings are often represented as “whole-milk or derivative equivalent”
[1,24–26]. We used FPED’s cup-equivalents of dairy to define a
serving-equivalent of dairy. This reflects the use of whole-milk or
derivative equivalents without misrepresenting the actual number of
grams reported by participants.

Total energy intake (TEI) was derived from the mean of 2 d of total
intake reported on the dietary questionnaires and included in all models
to control for confounding and reduce extraneous variation in dietary
variables [27].
Derivation of the PHDI
The PHDI was derived from the self-reported intake of 14 food

groups in accordance with the midpoint of the recommended range
listed in the EAT-Lancet Commission Scientific Report and validated
by Bui et al. [1,28]. To be consistent with the EAT-Lancet report [1],
grams were used as the primary unit of measurement for each food
group rather than calories. The exception for grams was dairy foods, for
which we converted the EAT-Lancet recommendations of grams to



TABLE 1
Scoring criteria for the Planetary Health Diet Index

Dietary component Category minimum score (0 points) Category maximum score (10 points)

Adequacy components
Whole grains1 0 g �75 g for women

�90 g for men
Whole fruits (excludes fruit juice) 0 g �200 g
Nonstarchy vegetables 0 g �300 g
Nuts and seeds 0 g �50 g
Legumes
Nonsoy legumes2,3 0 g 100 g
Soybean/ soy foods2,3 0 g 50 g

Unsaturated oils 0% of total energy intake �10% of total energy intake
Moderation components
Starchy vegetables �200 g �50 g
Dairy4 �4.08 serving-equivalents �1.02 serving-equivalents
Red and processed meat �300 g �14 g
Poultry �58 g �29 g
Eggs �120 g �12 g
Fish �50 g �15 g
Saturated oils and trans fats �21% of total energy intake �3.5% of total energy intake
Added sugar and fruit juice �25% of total energy intake �5% of total energy intake

1 Thresholds were based on the midpoint of the recommended range listed in EAT-Lancet Commission Scientific Report [1].
2 Grams per day calculated from dry weight.
3 To calculate the score for the legumes component, the nonsoy and soy subcomponents were each weighted at 0.5.
4 In FPED, 1 serving of dairy is equal to 245 g of whole-milk or derivative equivalent. In the EAT-Lancet report, scores were assigned �250 g whole-milk or

derivative equivalent for the maximum score or �1000 g whole-milk or derivative equivalent for the minimum score.
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serving-equivalents based on the FPED conversion of one cup
whole-milk equivalent ¼ 245 g [24] (see Dietary data and Table 1).

For each food group, participants received a score ranging from
0 (minimum) to 10 (maximum) (Table 1). Intakes between the mini-
mum and the maximum levels were scored proportionately, as others
have used for scoring of dietary indices [29].

This coding is distinct from previous weight-based calculations of
the EAT-Lancet Commission’s reference diet in that it uses continuous
rather than binary scoring to allocate points [30,31], resulting in a wider
range of participant scores to better capture population-level variability
in diet. For the moderation components, the use of evidence-based
minimum and maximum thresholds [28] with proportional scoring in
between better represents dietary risk than the assignment of binary
scores – e.g., having an intake of added sugars slightly above the
recommended amount has different implications than consuming at
levels well above the recommendation. Finally, for consistency with
the EAT-Lancet report and to be more conservative, we used midpoints
estimates from the Commission’s healthy reference diet (as done for
other dietary indices [32]) rather than an end point of the possible range
[29–31].

Of the 14 food groups, 6 (whole grains, whole fruits, nonstarchy
vegetables, nuts and seeds, legumes, and unsaturated oils) were Ade-
quacy components, and were encouraged for consumption such that
intakes at or above the maximum threshold were scored at the
maximum 10 points. As recommended by the Commission Report,
legumes were divided into 2 subgroups—nonsoy legumes and soy-
bean/soy foods—each of which was weighted at 0.5 for the purpose of
score derivation [1]. The remaining 8 food groups (starchy vegetables,
dairy, red and processed meat, poultry, eggs, fish, saturated oils and
trans fats, added sugar and fruit juice) were Moderation components
and were generally discouraged from consumption, in which intakes at
or approaching 0 were awarded the maximum 10 points.
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Once the component scores were assigned, the scores for all 14
components were summed to create a total score. Therefore, the
maximum possible score for the PHDI was 140.

Micronutrients of concern
For all micronutrients of concern, intake from food was available in

milligrams per day (mg/d).
Although vitamin D is also considered a nutrient of concern for the

United States population, we did not include analyses of vitamin D
because data on vitamin D intake from food were not available for the
2003–2004 and 2005–2006 NHANES cycles.

Sociodemographic variables
All sociodemographic information was self-reported as part of a

standardized questionnaire. Age data were modeled in continuous
years. Income data were classified using the Poverty Income Ratio
(PIR), a measure of family income relative to the Federal Poverty Level
that accounts for household size. Income was categorized as PIR 0%–

185%; PIR 186%–399%; PIR �400; and Missing (because of high
missingness in self-reported income, 6.3%) [33]. Education was re-
ported in continuous years and classified as high school equivalent or
lower; some college; and college degree or higher [34]. Race/ethnicity
data were self-reported via categorical selection and classified as
following: 1) Non-Hispanic White; 2) Non-Hispanic Black; 3) His-
panic; and 4) Non-Hispanic Asian, or Other race/ethnicity (including
Multiracial) [33,35].

Statistical analyses
To assess differences in PHDI score and for PHDI components

across the years, we modeled survey years as binary variables in
survey-weighted quantile regression. To assess overall trends over the
entire study period (2003–2018), P-trend was calculated by modeling
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survey year as a continuous variable in survey-weighted quantile
regression. Models were adjusted for TEI. For the descriptive analysis
of disparities in PHDI score, chi-square statistics were used to test for
demographic differences. All descriptive analyses were conducted in
Stata version 17.0.

For calcium, potassium, and fiber, we calculated the prevalence of
inadequacy from food intake—that is, without the use of dietary sup-
plements—using the Simulating Intake of Micronutrients for Policy
Learning and Engagement (SIMPLE) macro, which is an imple-
mentation of the National Cancer Institute’s method for calculating
usual intake from 24-h recall data [36]. We used the standard SIMPLE
macro for calcium, potassium, and fiber, which are normally distrib-
uted. Because the distribution of iron adequacy is skewed, we used the
SIMPLE-Iron macro, a variation of the SIMPLE macro that uses a full
probability method, to calculate iron inadequacy [36,37]. Age, sex,
income, educational attainment, race/ethnicity, and TEI were all
included as covariates to improve precision in the estimation of the
usual intake of nutrients [38]. Analyses of nutrient adequacy were
conducted in SAS v9.4. P value of <0.05 was considered statistically
significant for all analyses.

Results

The final analytic sample included 33,859 participants. PHDI scores
ranged from a minimum of 18.5 to a maximum of 125 out of a theo-
retical range of 0–140 [median ¼ 66.0 (interquartile range: 57.0, 75.0),
Table 2]. Across the 15-y time period, the prevalence of iron
TABLE 2
Characteristics of eligible participants with 2 d of dietary recall data,
NHANES 2003–20181

Sex
Male 48.8 (16,611)
Female 51.2 (17,248)

Mean (SD) age (y) 47.8 (17.0)
Educational attainment
High school equivalent or lower 39.0 (15,977)
Some college 31.6 (10,027)
College degree or greater 29.4 (7822)

Income
Poverty-to-income ratio <185% 29.7 (13,593)
Poverty-to-income ratio 185%–399% 29.4 (9413)
Poverty-to-income ratio �400% 34.6 (8223)
Missing income information 6.3 (2630)

Race/ethnicity
Non-Hispanic White 68.3 (15,370)
Non-Hispanic Black 11.3 (7253)
Hispanic 13.3 (8115)
Asian, Multiracial, and Other Non-Hispanic
race/ethnicities

7.1 (3121)

Median (IQR) energy intake (kcal/d) 1969 (1523–2542)
Median (IQR) Planetary Health Diet Index values 66.0 (57, 75)
Inadequate iron intake2 (%) 4.1 (3.8, 4.3)
Inadequate calcium intake2 (%) 43.5 (42.2, 44.8)
Inadequate potassium intake2 (%) 67.0 (65.7, 68.4)
Inadequate fiber intake2 (%) 92.3 (91.5, 93.1)

Abbreviation: IQR ¼ Interquartile Range.
1 Values are weighted % (unweighted N) unless otherwise noted. Weighted

% accounts for complex survey weights.
2 Results are from the Simulating Intake of Micronutrients for Policy

Learning and Engagement macro wrapper of the National Cancer Institute
Method for estimating usual intake and were adjusted for age, sex, income,
education, race/ethnicity, and total energy intake.
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inadequacy was low (4.1%), whereas 43.5% of the population had
inadequate calcium intake, 67.0% had inadequate potassium intake,
and 92.3% had inadequate fiber intake.

Overall, the PHDI score improved over time (Figure 1). The
estimated increase in median PHDI score was 0.38 (95% CI: 0.31,
0.44) points per survey cycle, with a predicted median PHDI of 62.7
(62.0, 63.4) in 2003–2004, compared with 66.9 (66.2, 67.7) in
2017–2018 (P-trend < 0.001). However, the median PHDI in
2011–2012 [67.6 (66.7, 68.5)] did not differ significantly from the
median PHDI in 2017–2018. We also compared changes in median
intake for the lowest and highest quintiles of PHDI score over time.
The median PHDI score in quintile 1 increased by 4.2 points, from an
estimated 47.3 (95% CI: 46.6, 48.1) in 2003–2004 to 51.5 (50.4, 52.6,
P < 0.001) in 2017–2018. For quintile 5, the median PHDI increased
by 6.8 points, from an estimated 78.7 (77.7, 79.8) in 2003–2004 to
85.5 (84.2, 86.8) in 2017–2018. There were no significant changes in
median PHDI between 2011–2012 and 2017–2018 for either quintile
1 or quintile 5 (Supplemental Table 2).

In addition, we estimated the median intake of the PHDI components
and changes in these components over time (Supplemental Table 3).
Median intake of all adequacy components except added fat—unsatu-
rated oils was below PHDI recommendations. Consumption of non-
starchy vegetables significantly decreased over time [136.2 g (130.1,
142.2) in 2003–2004 compared with 118.7 g (111.9, 125.4) in
2017–2018, P < 0.001]. However, there were modest but significant
increases inwhole grains [16.0 g (13.6, 18.4) comparedwith 23.9 g (20.2,
27.6), P < 0.001], nuts and seeds [1.3 g (1.0, 1.5) compared with 2.2 g
(1.5, 3.0), P< 0.01], and added fat—unsaturated oils [6.1% of TEI (5.9,
6.3) comparedwith 10.3%ofTEI (10.0, 10.6)]. Therewere no statistically
significant changes in the consumption of soy, nonsoy legumes, or fruit.

For the moderation components, the median intake of starchy
vegetables, poultry, and eggs aligned with PHDI recommendations,
whereas the intake of red and processed meat and added fat—saturated
oils and trans fat were above PHDI recommendations (Supplemental
Table 3). Consumption of starchy vegetables [47.8 g (44.4, 51.2)
in 2003–2014 compared with 39.0 g (35.0, 43.0) in 2017–2018, P <

0.001] added fat—saturated oils and trans fat [9.8% of TEI (9.5, 10.1)
compared with 7.5% of TEI (7.2, 7.8, P< 0.001)], and added sugar and
fruit juice [14.9% of TEI (14.4, 15.4) compared with 11.9% of TEI
(11.4, 12.4), P < 0.001] significantly decreased over time. In addition,
consumption of poultry [23.1 g (19.3, 26.7) compared with 30.5 g
(26.7, 34.3), P< 0.01] and eggs [8.6 g (7.6, 9.7) compared with 13.1 g
(11.3, 15.0), P < 0.001] significantly increased. There were no statis-
tically significant changes in consumption of dairy, fish, or red and
processed meat.

We observed several disparities in diet quality as measured by PHDI
(Table 3). A higher proportion of males were in the lowest PHDI quintile
as opposed to the highest quintile, whereas the opposite was true for fe-
males. Individuals in the highest income category, with a college degree
or greater, and who self-identified as Non-Hispanic White or Asian,
Multiracial, and Other Non-Hispanic ethnicity were more likely to be in
the highest PHDI quintile. Conversely, individuals with the lowest level
of income and education, as well as those who self-identified as Non-
Hispanic Black or Hispanic, were more likely to be in the lowest quin-
tile of PHDI score.

Finally, we assessed the correlation of the PHDI quintile with key
nutrients of concern for the American population. We observed an in-
verse association between PHDI quintile and probability of inadequate
iron intake: 4.3% (3.8, 4.7) of those in quintile 1 had inadequate iron
intake, compared with 3.1% (2.8, 3.3) of those in quintile 5 (P-trend <



FIGURE 1. Changes in median Planetary Health Diet Index score, NHANES 2003–2018.1,2
1Quantile regression model was adjusted for total energy intake.
2*P < 0.05, **P < 0.01, and ***P < 0.001 for the difference from the 2003–2004 NHANES cycle.
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0.01, Figure 2A, Supplemental Table 4). For fiber intake, 99.8% (99.7,
99.9) of those in quintile 1 had inadequate fiber intake, compared with
73.7% (71.4, 76.0) of those in quintile 5 (P-trend < 0.001, Figure 2B).
Similarly, the predicted probability of inadequate potassium was higher
for quintile 1 [76.1% (73.8, 78.3)] than for those in the quintile 5 [51.0%
(48.5, 53.5), P-trend < 0.001, Figure 2C]. On the other hand, the pre-
dicted probability of inadequate calcium intake was lower in PHDI
quintile 1 [37.1% (35.1, 39.2)] than any other PHDI quintile [e.g., 44.3%
(42.3, 46.3) for quintile 5, P < 0.001, Figure 2D].

Discussion

The typical American diet—as indicated by our results—is still far
from aligning with the evidence presented by the EAT-Lancet Com-
mission on Food, Planet, and Health. In the 2017–2018 survey cycle,
the median PHDI score was 66.9, less than half of the theoretical
maximum score of 140 and only 4.2 points greater than in 2003–2004.
Notably, many of the improvements occurred during the middle of the
time period. Consistent with findings that United States dietary quality
improved in the mid-2000s (2005–2011) and then plateaued [39], we
similarly find that improvements in PHDI score have stalled since the
early 2010s. We also find disparities by income, education, and
race/ethnicity consistent with well-established evidence on dietary
disparities in the United States [40]. Current policies have not done
enough to promote healthy eating, and urgent policy action is needed to
improve the nutritional quality and sustainability of United States diets.

The low median PHDI scores and relative lack of progress observed
here are driven by several underlying components. For moderation
components, the United States is above targets for added sugars, added
fat—saturated oils and trans fats, dairy, and red and processed meat,
reflecting the typical “Western-style” dietary pattern. The United States
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diet is particularly high in terms of red and processed meat intake, with
a median value of 65.9 g/d approximately 5 times the 14 g/d proposed
by the EAT-Lancet Commission. Moreover, we observed no change in
dairy or red and processed meat intake, coupled with an increase in
poultry and eggs. This is consistent with other findings of animal-
sourced food intake in the United States [41].

At the same time, we observed an inverse association between
PHDI score and iron inadequacy. Such a pattern has been observed
elsewhere [42] and mitigates some concerns that the PHD might be
linked to poorer iron status because of lower meat intake in
high-income settings. Instead, high intake of meat is associated with
cardiovascular disease, type II diabetes, and certain cancers, and pro-
duction of meat and dairy has significant impacts on greenhouse
gas emissions, water use, land use, and biodiversity loss [43]. In this
context, our findings of high overall animal-sourced food intake
coupled with the inverse association between PHDI and iron in-
adequacy suggest that public health and environmental outcomes in the
United States could be improved by reducing animal-sourced foods
without increasing the burden of anemia.

In addition to overconsumption of moderation components, we
found under consumption for several adequacy components, namely
whole grains, fruits, vegetables, legumes, and nuts and seeds. Similar to
other studies in NHANES that found whole grain and nuts and seeds
intake to be low but steadily increasing since the turn of the 20th
century [44], we observed small but significant increases in con-
sumption of these food groups and intake levels well below recom-
mended amounts. We also observed decreases in fruit and nonstarchy
vegetable intake over the study period. Adherence to fruit and vege-
table recommendations in the United States has been and remains low
[45], and there is evidence of a decreasing probability of fruit intake
among United States adults in recent years [46]. Insufficient intakes of



TABLE 3
Distribution of population characteristics by quintile of PHDI, NHANES 2003–20181

PHDI quintile P value2

1 2 3 4 5

Diet quality score (range) 18.5–54.0 54.5–62.0 62.5–69.0 69.5–77.0 77.5–125.0
Sex <0.001
Male 24.7 (23.6, 25.9) 22.7 (21.8, 23.7) 18.3 (17.5, 19.2) 17.1 (16.2, 18.1) 17.1 (16.0, 18.2)
Female 14.6 (13.6, 15.6) 19.4 (18.4, 20.3) 20.9 (20.1, 21.8) 21.4 (20.4, 22.4) 23.8 (22.4, 25.2)

Age, mean (95% CI) (y) 43.1 (42.6, 43.7) 45.7 (45.1, 46.4) 48.5 (47.8, 49.2) 50.1 (49.3, 50.9) 51.3 (50.5, 52.0) <0.001
Education <0.001
High school equivalent or lower 24.4 (23.2, 25.7) 23.9 (22.8, 25.0) 20.9 (19.9, 21.9) 16.9 (16.1, 17.8) 14.0 (13.0, 15.0)
Some college 21.1 (19.8, 22.6) 22.1 (20.8, 23.5) 19.0 (17.8, 20.2) 19.2 (18.1, 20.3) 18.6 (17.2, 20.1)
College degree or greater 11.3 (10.1, 12.5) 16.0 (14.7, 17.4) 18.8 (17.5, 20.1) 22.7 (21.1, 24.3) 31.3 (29.4, 33.2)

Income <0.001
Poverty-to-income ratio <185% 24.9 (23.6, 26.2) 23.2 (22.1, 24.4) 20.0 (19.1, 21.0) 17.3 (16.4, 18.2) 14.6 (13.5, 15.8)
Poverty-to-income ratio 185%–399% 21.1 (19.8, 22.6) 20.9 (19.7, 22.3) 19.3 (18.1, 20.4) 19.3 (17.9, 20.8) 19.4 (18.1, 20.9)
Poverty-to-income ratio �400% 13.8 (12.6, 15.1) 19.0 (17.7, 20.3) 20.0 (18.7, 21.5) 20.8 (19.5, 22.1) 26.5 (24.9, 28.1)
Missing income information 18.2 (15.8, 20.9) 22.1 (19.5, 25.0) 18.0 (15.8, 20.4) 21.2 (18.7, 23.9) 20.5 (17.7, 23.6)

Race/ethnicity <0.001
Non-Hispanic White 17.5 (16.4, 18.6) 20.6 (19.7, 21.6) 19.9 (19.1, 20.8) 20.1 (19.2, 21.1) 21.8 (20.5, 23.2)
Non-Hispanic Black 32.6 (30.8, 34.5) 24.3 (22.9, 25.8) 18.3 (17.1, 19.4) 14.5 (13.4, 15.6) 10.3 (9.2, 11.5)
Hispanic 20.9 (19.7, 22.1) 22.5 (21.0, 24.0) 20.4 (19.0, 21.7) 19.2 (18.0, 20.5) 17.1 (15.7, 18.6)
Asian, Multiracial, and Other Non-Hispanic race/
ethnicities

16.1 (14.1, 18.3) 16.5 (14.7, 18.6) 18.0 (16.1, 20.2) 19.2 (17.2, 21.3) 30.2 (27.5, 32.9)

Abbreviation: PHDI, Planetary Health Diet Index.
1 All values are survey-weighted proportion (95% confidence interval) unless otherwise noted.
2 P values are from chi-square tests for the effect at the overall demographic level.
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adequacy components—particularly for whole grains—are leading
causes of morbidity and mortality in the United States [32], and our
study further highlights the need for ambitious public health efforts to
improve intakes of these foods.
FIGURE 2. Predicted probability of meeting the recommended daily allowan
2003–2018.1,2
1Quantile regression models were adjusted for total energy intake.2*P < 0.05, **
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Corresponding to the low intakes of whole grains, nuts and seeds,
fruits, and vegetables across the population, we also found low intakes of
fiber and potassium. However, those with higher PHDI scores were less
likely to have inadequate intakes of fiber and potassium, corresponding to
ce for iron by quintile of Planetary Health Diet Index score, NHANES

P < 0.01, and ***P < 0.001 for the difference from quintile 1.
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relatively higher intakes of these foods. Although thosewith higher PHDI
scores also had slightly higher calcium inadequacy, many vegetables,
seeds, and legumes have a higher density [47] and bioavailability [48] of
calcium than dairy products. Given the unclear relationship between dairy
and health [1,49] and the environmental impacts of dairy production,
promoting a greater intake of plant-based foods rich in calcium, such as
leafy greens, seeds, edamame, and tofu could improve calcium adequacy
aswell asfiber andpotassiumadequacy.Overall, healthy plant-baseddiets
rich in the adequacy components are associated with better nutrient in-
takes, health, and environmental outcomes [50] and increasing the intake
of these foods is crucial to improve the health and sustainability of United
States diets.

Indeed, we found that not only are United States diets unhealthy and
unsustainable, but that there have not been meaningful improvements
in dietary quality in the 21st century. There are several factors that
contribute to the persistence of unhealthy diets in the United States. The
first is the influence of multinational food corporations, which have
become increasingly concentrated and thus increasingly powerful ac-
tors with considerable control over the food supply and significant
political influence [51]. For example, corporate interests have directly
impacted United States dietary policy via continued involvement in the
DGAs [52,53]. Lobbying for subsidies keeps the price of a select few
commodities, such as red meat, dairy, and corn (often used in ultra-
processed foods) artificially low and floods the market with these
products without truly accounting for their health or environmental
costs [51,54]. In addition, stagnant wages coupled with an increasing
cost of food makes low-cost ultra-processed foods (UPFs) that are often
high in moderation components (added sugars, saturated fats, etc.)
attractive to busy households trying to make ends meet [55]. UPFs are
largely discretionary foods but make up over half of the average
American’s calories [56] and involve intensive packaging, processing,
and transportation. Because UPFs account for such a large part of the
diet, many resources used in and impacts of our current food systems
are for foods that are neither healthy nor sustainable [57]. At the same
time, most subsidies do not directly cover tree nuts, fruits, or vegeta-
bles: <1% of federal crop subsidies go to specialty crops, resulting in
<3% of domestic cropland being used for vegetables, orchards, and
berries [58,59]. Simply put, the current political, economic, and social
environment of the United States does not support a robust transition to
healthier, more sustainable diets. Such a transformation will require
public and political will, multisectoral cooperation and ambitious
policies in food, economics, and agriculture.

Given the stalled progress toward improved dietary quality, there
are several potential policy avenues to improve the health and sus-
tainability of the United States diet. The process of drafting the
2025–2030 DGAs began in early 2023 and presents an opportunity
for the United States to address the sustainability as well as the
healthfulness of diet. Because the DGAs are the basis for all federal
food programs, the subsequent dietary shifts would have significant
benefits for health and environmental outcomes [60]. In addition,
policies, such as redistributing agricultural subsidies to provide fewer
subsidies for meat, dairy, corn, and soy and more for fruit and
vegetable production, could alter the United States food system to
promote healthier, more sustainable diets [61]. Disincentives, such as
taxes or warning labels on red meat and added sugars, could also be
leveraged. Affordability of food is a major barrier to consuming a
healthy diet [62] and consumer subsidies for healthy foods increase
purchases of fruits, vegetables, nuts, and legumes [63]. Policy efforts
on multiple fronts are needed to promote the health and sustainability
of diets in the United States.
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Beyond the United States context, results from other studies have
shown that better adherence to the PHD is correlated with higher
nutrient intakes [29], lower risk of ischemic heart disease and type II
diabetes, [30] lower incidence of cancer-, cardiovascular-, and all-cause
mortality [42], and lower dietary emissions [25,29]. Of note, most of
these studies have occurred in high-income countries in which under-
nutrition is not a major public health concern.

Beyond these high-income settings, several studies have suggested
that the PHD may not provide adequate intake of certain nutrients,
particularly for special populations, such as people who menstruate or
who are pregnant [31,64]. The country or regional context and flexi-
bility of the PHD matter from an ethical and equity perspective: for
many nutritionally vulnerable populations, intake of animal-source
foods is lower than the thresholds presented by the EAT-Lancet
Commission and the majority of energy comes from starchy carbo-
hydrates, making animal-source foods a valuable source of micro-
nutrients. When thinking about global malnutrition, great care needs to
be taken to ensure that after the PHD accounts for the burden of nutrient
deficiencies in local contexts [1,64].

The PHDI tool presented here, although tested in a United States
population, is designed for use in a variety of settings. Global diets are
neither as healthy nor as sustainable as the EAT-Lancet Commission
reference diet, but there is significant heterogeneity in how diets
diverge from the recommendations. The PHDI can capture this het-
erogeneity and identify tailored areas for improvement. It can be used
to set national food, diet, and agricultural priorities, particularly for
countries that are in earlier stages of the nutrition transition. In addition,
applying the PHDI in diverse global settings can provide a unified
framework to directly compare the health and sustainability of diet
across countries and track progress over time. It could be used in
conjunction with tools, such as the Food Systems Dashboard [65], to
inform global food systems governance and work toward healthier,
more sustainable food systems for all.

The present study had several limitations. We used data from 24-h
dietary recalls, which cannot capture usual intake for individuals. How-
ever, the use of NHANES survey weights allowed us to obtain nationally
representative, population-level estimates for PHDI and component
scores, and we used a validated methodology to estimate nutrient ade-
quacy from 2 recalls [36]. In addition, we did not account for the use of
supplements in our adequacy analyses. However, the goal of EAT-Lancet
is to provide a diet that is nutritionally adequate without the need for
supplements, and we assessed its performance for nutrient intake from
food. The EAT-Lancet report published ranges of values for each
component to allow for more flexibility [1,13], but for the simplicity of
these analyses,we used theReport’s point estimates to calculate our score.
Similarly, although we used the most recently available waves of
NHANES data, we were unable to account for changes because of the
COVID-19 pandemic. Future research should seek to quantify how
adherence to the PHDI has changed during the pandemic and its
aftermath.

In conclusion, to our knowledge, this paper is among the first to
analyze adherence to the EAT-Lancet universal healthy reference diet in a
nationally representative sample of United States adults. We find that
although there have been small, positive changes over the past 20 y, there
is substantial room for improving the health and sustainability of the
United States diet. Shifting United States diets toward the EAT-Lancet
recommendations would improve nutrient adequacy for iron, fiber, and
potassium. Policy action is needed to transform food systems and
accelerate the transition to healthier, more sustainable diets in the United
States.



S.M. Frank et al. The American Journal of Clinical Nutrition 119 (2024) 384–392
Author contributions

The authors’ responsibilities were as follows – SMF, LMJ, LST:
designed research; LMJ, LST: provided essential materials; SMF:
analyzed data; SMF, LMJ, CLA, LSA, KM, DR, LST: wrote the paper;
SMF: had primary responsibility for final content; and all authors: read
and approved the final version.

Conflict of interest

The authors report no conflicts of interest.

Funding

This work was supported by Wellcome Trust. The funding source
had no role in the study design; the collection, analysis, and interpre-
tation of data; the writing of the report; or the decision to submit for
publication.

Data availability

Data described in the manuscript, code book, and analytic code will
be made available upon request pending application and approval.
Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.

org/10.1016/j.ajcnut.2023.10.018.

References

[1] W. Willett, J. Rockstr€om, B. Loken, M. Springmann, T. Lang, S. Vermeulen, et
al., Food in the Anthropocene: the EAT-Lancet Commission on healthy diets
from sustainable food systems, Lancet 393 (10170) (2019) 447–492, https://
doi.org/10.1016/s0140-6736(18)31788-4.

[2] B.M. Popkin, Relationship between shifts in food system dynamics and
acceleration of the global nutrition transition, Nutr. Rev. 75 (2) (2017) 73–82,
https://doi.org/10.1093/nutrit/nuw064.

[3] D. Tilman, M. Clark, Global diets link environmental sustainability and human
health, Nature 515 (7528) (2014) 518–522.

[4] M. Springmann, H.C.J. Godfray, M. Rayner, P. Scarborough, Analysis and
valuation of the health and climate change cobenefits of dietary change, Proc.
Natl Acad. Sci. USA. 113 (15) (2016) 4146–4151.

[5] R. Micha, G. Michas, D. Mozaffarian, Unprocessed red and processed meats
and risk of coronary artery disease and type 2 diabetes – an updated review of
the evidence, Curr. Atheroscler. Rep. 14 (6) (2012) 515–524, https://doi.org/
10.1007/s11883-012-0282-8.

[6] A. Pan, Q. Sun, A.M. Bernstein, M.B. Schulze, J.E. Manson, W.C. Willett, et
al., Red meat consumption and risk of type 2 diabetes: 3 cohorts of US adults
and an updated meta-analysis, Am. J. Clin. Nutr. 94 (4) (2011) 1088–1096,
https://doi.org/10.3945/ajcn.111.018978.

[7] V. Bouvard, D. Loomis, K.Z. Guyton, Y. Grosse, F.E. Ghissassi,
L. Benbrahim-Tallaa, et al., Carcinogenicity of consumption of red and
processed meat, Lancet Oncol 16 (16) (2015) 1599–1600, https://doi.org/
10.1016/S1470-2045(15)00444-1.

[8] Intergovernmental Panel on Climate Change (IPCC), Climate change and land:
an IPCC special report on climate change, desertification, land degradation,
sustainable land management, food security, and greenhouse gas fluxes in
terrestrial ecosystems, in: P.R. Shukla JS, E. Calvo Buendia, V. Masson-
Delmotte, H.-O. P€ortner, D.C. Roberts, P. Zhai, R. Slade, S. Connors, R. van
Diemen, M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold,
J. Portugal Pereira, P. Vyas, E. Huntley, K. Kissick, M. Belkacemi, J. Malley
(Eds.), Comprehensive Assessment Reports, IPCC, Geneva, Switzerland, 2019.

[9] World Resources Institute, Sources of Eutrophication [Internet]. Version
current, 2022 [cited December 19, 2022]. Available from: https://www.wri.org/
our-work/project/eutrophication-and-hypoxia/sources-eutrophication.
391
[10] Our World In Data, Environmental impacts of food production [Internet].
Version current, 2022 [cited December 19, 2022]. Available from: https://
ourworldindata.org/environmental-impacts-of-food.

[11] Intergovernmental Panel on Climate Change (IPCC). Climate Change 2021:
The Physical Science Basis. Contribution of Working Group I to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, in:
V. Masson-Delmotte, P. Zhai, A. Pirani, S.L. Connors, C. P�ean, S. Berger,
N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy,
J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekçi, R. Yu, B. Zhou
(Eds.), Sixth Assessment Report, IPCC, Cambridge University Press,
Cambridge, UK and New York, NY, USA, 2021.

[12] J. Fanzo, A.L. Bellows, M.L. Spiker, A.L. Thorne-Lyman, M.W. Bloem, The
importance of food systems and the environment for nutrition, Am. J. Clin.
Nutr. 113 (1) (2021) 7–16.

[13] N.T. Blackstone, Z. Conrad, Comparing the recommended eating patterns of
the EAT-Lancet commission and dietary guidelines for Americans:
implications for sustainable nutrition, Curr. Dev. Nutr. 4 (3) (2020), https://
doi.org/10.1093/cdn/nzaa015 nzaa015.

[14] C. Chafin, Dawn of the climavores [Internet]. Version current April 20, 2022
[date updated; date cited]. Available from: https://www.kearney.com/
consumer-retail/article/-/insights/dawn-of-the-climavores.

[15] T. Perera, C. Russo, Y. Takata, G. Bobe, Legume consumption patterns in us
adults: National Health and Nutrition Examination Survey (NHANES)
2011–2014 and Beans, Lentils, Peas (BLP) 2017 Survey, Nutrients 12 (5)
(2020) 1237.

[16] C.E. O’Neil, D.R. Keast, V.L. Fulgoni III, T.A. Nicklas, Food sources of
energy and nutrients among adults in the US: NHANES 2003–2006, Nutrients
4 (12) (2012) 2097–2120.

[17] S.M. Phillips, V.L. Fulgoni III, R.P. Heaney, T.A. Nicklas, J.L. Slavin,
C.M. Weaver, Commonly consumed protein foods contribute to nutrient intake,
diet quality, and nutrient adequacy, Am. J. Clin. Nutr. 101 (6) (2015)
1346S–1352S.

[18] US Department of Agriculture, US Department of Health and Human Services,
Current Dietary Guidelines: Food Sources of Select Nutrients [Internet]., 2020
[updated December 2020; cited 19 December 2022. Available from: https://
www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-
materials/food-sources-select-nutrients.

[19] D. Quagliani, P. Felt-Gunderson, Closing America's fiber intake gap:
communication strategies from a Food and Fiber Summit, Am. J. Lifestyle
Med. 11 (1) (2017) 80–85, https://doi.org/10.1177/1559827615588079.

[20] Dietary Guidelines Advisory Committee, Scientific Report of the 2020 Dietary
Guidelines Advisory Committee: Advisory Report to the Secretary of
Agriculture and the Secretary of Health and Human Services, US Department
of Agriculture, Agricultural Research Service, Washington, DC, 2020.

[21] National Health and Nutrition Examination Survey (NHANES), MEC In-
Person Dietary Interviewers Procedures Manual, Centers for Disease Control,
National Center for Health Statistics, Hyattsville, MD, 2017.

[22] W.C. Willett, Issues in Analysis and Presentation of Dietary Data, in:
W.C. Willett (Ed.), Nutritional Epidemiology, 3rd ed, Oxford University Press,
New York, NY, 2012, pp. 305–333.

[23] L. Steinfeldt, J. Anand, T. Murayi, Food reporting patterns in the USDA
automated multiple-pass method, Procedia Food Sci 2 (2013) 145–156.

[24] Food Surveys Research Group, Beltsville Human Nutrition Research Center,
Agricultural Research Service, Food Patterns Equivalents Database 2017–2018:
Methodology and User Guide [Internet]. Version current October, US
Department of Agriculture, 2020 [cited August 19, 2021]. Available from:
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/FPED_1718.pdf.

[25] L.T. Cacau, E. De Carli, A.M. De Carvalho, P.A. Lotufo, L.A. Moreno,
I.M. Bensenor, et al., Development and validation of an index based on EAT-
Lancet recommendations: the Planetary Health Diet Index, Nutrients 13 (5)
(2021) 1698, https://doi.org/10.3390/nu13051698.

[26] M.C. Heller, A. Willits-Smith, R. Meyer, G.A. Keoleian, D. Rose, Greenhouse
gas emissions and energy use associated with production of individual self-
selected US diets, Environ. Res. Lett. 13 (4) (2018) 044004, https://doi.org/
10.1088/1748-9326/aab0ac.

[27] W.C. Willett, G.R. Howe, L.H. Kushi, Adjustment for total energy intake in
epidemiologic studies, Am. J. Clin. Nutr. 65 (4) (1997) 1220S–1228S, https://
doi.org/10.1093/ajcn/65.4.1220s.

[28] L.P. Bui, T.T. Pham, F. Wang, M. Guasch-Ferre, W.C. Willett, Planetary health
diet index and risk of total and cause-specific mortality in two prospective
cohort studies, Curr. Dev. Nutr. 7 (2023) 100704, https://doi.org/10.1016/
j.cdnut.2023.100704.

[29] E. Kesse-Guyot, P. Rebouillat, J. Brunin, B. Langevin, B. All�es, M. Touvier, et
al., Environmental and nutritional analysis of the EAT-Lancet diet at the
individual level: insights from the NutriNet-Sant�e study, J. Clean Prod. 296
(2021) 126555, https://doi.org/10.1016/j.jclepro.2021.126555.

https://doi.org/10.1016/j.ajcnut.2023.10.018
https://doi.org/10.1016/j.ajcnut.2023.10.018
https://doi.org/10.1016/s0140-6736(18)31788-4
https://doi.org/10.1016/s0140-6736(18)31788-4
https://doi.org/10.1093/nutrit/nuw064
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref3
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref3
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref3
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref4
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref4
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref4
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref4
https://doi.org/10.1007/s11883-012-0282-8
https://doi.org/10.1007/s11883-012-0282-8
https://doi.org/10.3945/ajcn.111.018978
https://doi.org/10.1016/S1470-2045(15)00444-1
https://doi.org/10.1016/S1470-2045(15)00444-1
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref8
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref8
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref8
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref8
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref8
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref8
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref8
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref8
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref8
https://www.wri.org/our-work/project/eutrophication-and-hypoxia/sources-eutrophication
https://www.wri.org/our-work/project/eutrophication-and-hypoxia/sources-eutrophication
https://ourworldindata.org/environmental-impacts-of-food
https://ourworldindata.org/environmental-impacts-of-food
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref11
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref11
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref11
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref11
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref11
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref11
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref11
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref11
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref11
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref12
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref12
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref12
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref12
https://doi.org/10.1093/cdn/nzaa015
https://doi.org/10.1093/cdn/nzaa015
https://www.kearney.com/consumer-retail/article/-/insights/dawn-of-the-climavores
https://www.kearney.com/consumer-retail/article/-/insights/dawn-of-the-climavores
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref15
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref15
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref15
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref15
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref15
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref16
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref16
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref16
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref16
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref16
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref17
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref17
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref17
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref17
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref17
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials/food-sources-select-nutrients
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials/food-sources-select-nutrients
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials/food-sources-select-nutrients
https://doi.org/10.1177/1559827615588079
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref20
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref20
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref20
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref20
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref21
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref21
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref21
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref22
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref22
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref22
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref22
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref23
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref23
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref23
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/FPED_1718.pdf
https://doi.org/10.3390/nu13051698
https://doi.org/10.1088/1748-9326/aab0ac
https://doi.org/10.1088/1748-9326/aab0ac
https://doi.org/10.1093/ajcn/65.4.1220s
https://doi.org/10.1093/ajcn/65.4.1220s
https://doi.org/10.1016/j.cdnut.2023.100704
https://doi.org/10.1016/j.cdnut.2023.100704
https://doi.org/10.1016/j.jclepro.2021.126555


S.M. Frank et al. The American Journal of Clinical Nutrition 119 (2024) 384–392
[30] A. Knuppel, K. Papier, T.J. Key, R.C. Travis, EAT-Lancet score and major
health outcomes: the EPIC-Oxford study, Lancet 394 (2019) 213–214, https://
doi.org/10.1016/s0140-6736(19)31236-x, 10194.

[31] G.T. Hanley-Cook, A.A. Argaw, B.P. de Kok, K.W. Vanslambrouck, L.C. Toe,
P.W. Kolsteren, et al., EAT-Lancet diet score requires minimum intake values
to predict higher micronutrient adequacy of diets in rural women of
reproductive age from five low- and middle-income countries, Br. J. Nutr. 126
(1) (2021) 92–100.

[32] A. Afshin, P.J. Sur, K.A. Fay, L. Cornaby, G. Ferrara, J.S. Salama, et al.,
Health effects of dietary risks in 195 countries, 1990–2017: a systematic
analysis for the Global Burden of Disease Study 2017, Lancet 393 (10184)
(2019) 1958–1972.

[33] A.M. Lacko, J. Maselko, B. Popkin, S.W. Ng, Socio-economic and racial/
ethnic disparities in the nutritional quality of packaged food purchases in the
USA, 2008–2018, Public Health Nutr 24 (17) (2021) 5730–5742.

[34] S.M. Frank, L.M. Jaacks, C. Batis, L. Vanderlee, L.S. Taillie, Patterns of red
and processed meat consumption across North America: a nationally
representative cross-sectional comparison of dietary recalls from Canada,
Mexico, and the United States, Int. J. Environ. Res. Public Health. 18 (1)
(2021) 357, https://doi.org/10.3390/ijerph18010357.

[35] National Health and Nutrition Examination Survey (NHANES), Interviewer
Procedures Manual, Centers for Disease Control, National Center for Health
Statistics, Hyattsville, MD, 2017.

[36] H. Luo, K.W. Dodd, C.D. Arnold, R. Engle-Stone, Introduction to the SIMPLE
macro, a tool to increase the accessibility of 24-hour dietary recall analysis and
modeling, J. Nutr. 151 (5) (2021) 1329–1340, https://doi.org/10.1093/jn/nxaa440.

[37] National Research Council, The probability approach, in: L.J. Filer,
G.H. Beaton, J.J. Feldman, H.A. Guthrie, J. Habicht, R. Havlik, D.M. Hegsted,
K.K. Stewart, H. Smicklas-Wright, A.A. Tsiatis (Eds.), Nutrient Adequacy:
Assessment Using Food Consumption Surveys, National Academies Press
(US), Washington, DC, 1986.

[38] J.A. Tooze, D. Midthune, K.W. Dodd, L.S. Freedman, S.M. Krebs-Smith,
A.F. Subar, et al., A new statistical method for estimating the usual intake
of episodically consumed foods with application to their distribution, J. Am.
Diet. Assoc. 106 (10) (2006) 1575–1587, https://doi.org/10.1016/j.jada.2006.
07.003.

[39] A.Y.-A. Chen, R. Sturm, Diet quality in the United States improved during the
Great Recession and deteriorated during economic recovery, J. Acad. Nutr.
Diet. 122 (5) (2022) 974–980.

[40] J.A. Satia, Diet-related disparities: understanding the problem and accelerating
solutions, J. Am. Diet. Assoc. 109 (4) (2009) 610–615, https://doi.org/10.1016/
j.jada.2008.12.019.

[41] L. Zeng, M. Ruan, J. Liu, P. Wilde, E.N. Naumova, D. Mozaffarian,
F.F. Zhang, Trends in processed meat, unprocessed red meat, poultry, and fish
consumption in the United States, 1999–2016, J. Acad. Nutr. Diet. 119 (7)
(2019), https://doi.org/10.1016/j.jand.2019.04.004, 1085.e12–1098.e12.

[42] A. Stubbendorff, E. Sonestedt, S. Ramne, I. Drake, E. Hallstr€om, U. Ericson,
Development of an EAT-Lancet index and its relation to mortality in a Swedish
population, Am. J. Clin. Nutr. 115 (3) (2022) 705–716.

[43] L.D. Silver, S.W. Ng, S. Ryan-Ibarra, L.S. Taillie, M. Induni, D.R. Miles, et al.,
Changes in prices, sales, consumer spending, and beverage consumption one
year after a tax on sugar-sweetened beverages in Berkeley, California, US: a
before-and-after study, PLOS Med 14 (4) (2017) e1002283, https://doi.org/
10.1371/journal.pmed.1002283.

[44] Z. Shan, C.D. Rehm, G. Rogers, M. Ruan, D.D. Wang, F.B. Hu, et al., Trends
in dietary carbohydrate, protein, and fat intake and diet quality among US
adults, 1999–2016, JAMA 322 (12) (2019) 1178–1187, https://doi.org/
10.1001/jama.2019.13771.

[45] US Department of Agriculture, US Department of Health and Human Services,
2015–2020 Dietary Guidelines for Americans, 8th ed., US Government
Publishing Office, Washington, DC, 2015.
392
[46] N. Ansai, E.A. Wambogo, Fruit and vegetable consumption among adults in
the United States, 2015–2018, NCHS Data Brief, 2021, pp. 1–8.

[47] T. Beal, F. Ortenzi, Priority micronutrient density in foods, Front Nutr 9 (2022)
806566, https://doi.org/10.3389/fnut.2022.806566.

[48] T.H. Harvard, Chan School of Public Health: The Nutrition Source. Calcium
[Internet]. Version current January, 2023 [cited January 3, 2023]. Available
from: https://www.hsph.harvard.edu/nutritionsource/calcium/.

[49] J. Guo, A. Astrup, J.A. Lovegrove, L. Gijsbers, D.I. Givens, S.S. Soedamah-
Muthu, Milk and dairy consumption and risk of cardiovascular diseases and all-
cause mortality: dose–response meta-analysis of prospective cohort studies,
Eur. J. Epidemiol. 32 (4) (2017) 269–287.

[50] A.A. Musicus, D.D. Wang, M. Janiszewski, G. Eshel, S.A. Blondin, W. Willett,
et al., Health and environmental impacts of plant-rich dietary patterns: a US
prospective cohort study, Lancet Planet Health 6 (11) (2022) e892–e900.

[51] P.H. Howard, Concentration and power in the food system: Who controls what
we eat? Bloomsbury Publishing, New York, NY, 2021.

[52] M. Mialon, P. Serodio, E. Crosbie, N. Teicholz, A. Naik, A. Carriedo, Conflicts
of interest for members of the U.S. 2020 Dietary Guidelines Advisory
Committee, Public Health Nutr (2022) 1–28.

[53] H. Mensendiek, B. Morrison, T. Pampalone, S. Malkan, G. Ruskin, Full
disclosure: assessing conflicts of interest of the 2025 Dietary Guidelines
Advisory Committee, U.S. Right to Know, Oakland, CA, 2023. [Internet].
[updated 4 October 2023; cited 8 October 2023]. Available from: https://usrtk.
org/wp-content/uploads/dietary-guidelines-advisory-committee-conflicts-2023.
pdf.

[54] A. Drewnowski, The cost of US foods as related to their nutritive value, Am. J.
Clin. Nutr. 92 (5) (2010) 1181–1188.

[55] C. Hawkes, R. Ambikapathi, K. Anastasiou, J. Brock, L. Castronuovo,
N. Fallon, et al., From food price crisis to an equitable food system, Lancet 400
(10350) (2022) 413–416.

[56] F. Juul, N. Parekh, E. Martinez-Steele, C.A. Monteiro, V.W. Chang, Ultra-
processed food consumption among US adults from 2001 to 2018, Am. J. Clin.
Nutr. 115 (1) (2022) 211–221.

[57] P. Seferidi, G. Scrinis, I. Huybrechts, J. Woods, P. Vineis, C. Millett, The
neglected environmental impacts of ultra-processed foods, Lancet Planet Health
4 (10) (2020) e437–e438.

[58] Environmental Working Group, The United States Farm Subsidy Breakdown,
1995–2021 [Internet], 2022 [updated 2023; accessed 8 October 2023].
Available from: https://farm.ewg.org/region.php.

[59] M.A. Perelman, USDA Squeezes the Food Industry with Outdated Subsidies,
Yale Center for Business and the Environment, New Haven, CT, 2018.

[60] S.L. Reinhardt, R. Boehm, N.T. Blackstone, N.H. El-Abbadi, J.S. McNally
Brandow, S.F. Taylor, et al., Systematic review of dietary patterns and
sustainability in the United States, Adv. Nutr. 11 (4) (2020) 1016–1031, https://
doi.org/10.1093/advances/nmaa026.

[61] J.A. Kreig, S. Gangrade, D. Rastogi, R.J. Daniels, Modernizing animal
agriculture for a cleaner and healthier America: a policy memorandum to the
Congress of the United States, J. Sci. Policy Gov. 14 (1) (2019).

[62] N. Darmon, A. Drewnowski, Contribution of food prices and diet cost to
socioeconomic disparities in diet quality and health: a systematic review and
analysis, Nutr. Rev. 73 (10) (2015) 643–660.

[63] C.M. Lowery, R. Henderson, N. Curran, S. Hoeffler, M. De Marco, S.W. Ng,
Grocery purchase changes were associated with a North Carolina COVID-19
food assistance incentive program, Health Aff (Millwood). 41 (11) (2022)
1616–1625.

[64] T. Beal, F. Ortenzi, J. Fanzo, Estimated micronutrient shortfalls of the
EAT–Lancet planetary health diet, Lancet Planet Health 7 (3) (2023)
e233–e237.

[65] J. Fanzo, L. Haddad, R. McLaren, Q. Marshall, C. Davis, A. Herforth, et al.,
The Food Systems Dashboard is a new tool to inform better food policy, Nat.
Food. 1 (5) (2020) 243–246.

https://doi.org/10.1016/s0140-6736(19)31236-x
https://doi.org/10.1016/s0140-6736(19)31236-x
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref31
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref31
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref31
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref31
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref31
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref31
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref32
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref32
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref32
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref32
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref32
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref32
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref33
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref33
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref33
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref33
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref33
https://doi.org/10.3390/ijerph18010357
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref35
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref35
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref35
https://doi.org/10.1093/jn/nxaa440
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref37
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref37
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref37
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref37
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref37
https://doi.org/10.1016/j.jada.2006.07.003
https://doi.org/10.1016/j.jada.2006.07.003
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref39
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref39
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref39
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref39
https://doi.org/10.1016/j.jada.2008.12.019
https://doi.org/10.1016/j.jada.2008.12.019
https://doi.org/10.1016/j.jand.2019.04.004
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref42
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref42
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref42
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref42
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref42
https://doi.org/10.1371/journal.pmed.1002283
https://doi.org/10.1371/journal.pmed.1002283
https://doi.org/10.1001/jama.2019.13771
https://doi.org/10.1001/jama.2019.13771
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref45
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref45
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref45
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref45
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref46
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref46
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref46
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref46
https://doi.org/10.3389/fnut.2022.806566
https://www.hsph.harvard.edu/nutritionsource/calcium/
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref49
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref49
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref49
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref49
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref49
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref49
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref50
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref50
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref50
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref50
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref51
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref51
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref52
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref52
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref52
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref52
https://usrtk.org/wp-content/uploads/dietary-guidelines-advisory-committee-conflicts-2023.pdf
https://usrtk.org/wp-content/uploads/dietary-guidelines-advisory-committee-conflicts-2023.pdf
https://usrtk.org/wp-content/uploads/dietary-guidelines-advisory-committee-conflicts-2023.pdf
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref54
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref54
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref54
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref55
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref55
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref55
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref55
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref56
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref56
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref56
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref56
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref57
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref57
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref57
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref57
https://farm.ewg.org/region.php
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref59
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref59
https://doi.org/10.1093/advances/nmaa026
https://doi.org/10.1093/advances/nmaa026
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref61
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref61
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref61
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref62
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref62
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref62
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref62
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref63
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref63
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref63
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref63
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref63
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref64
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref64
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref64
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref64
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref64
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref65
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref65
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref65
http://refhub.elsevier.com/S0002-9165(23)66222-7/sref65

	Adherence to the Planetary Health Diet Index and correlation with nutrients of public health concern: an analysis of NHANES ...
	Introduction
	Methods
	Study population
	Dietary data
	Derivation of the PHDI
	Micronutrients of concern
	Sociodemographic variables
	Statistical analyses

	Results
	Discussion
	Author contributions
	Conflict of interest
	Funding
	Data availability
	Appendix A. Supplementary data
	References


