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Abstract 

Background  The Mediterranean diet pattern has been consistently associated with health benefits but less is known 
about the association with environmental and economic sustainability in the United States (US). This information 
is needed to support sustainable policy agendas and provide consumers with evidence-based information needed 
to make informed food choices. This study fills this research gap by evaluating the environmental sustainability 
and diet cost associated with adherence to the Mediterranean diet pattern in the US.

Methods  Dietary data from the National Health and Nutrition Examination Survey (2011–2018, n = 17,079) were 
merged with data on environmental impacts (greenhouse gas emissions, cumulative energy demand, water scar-
city footprint), agricultural resource demand (land, fertilizer nutrients, and pesticides), and food prices from multiple 
publicly available databases. The Mediterranean Diet Score was used to evaluate adherence to the Mediterranean diet 
pattern. Multivariable linear regression models were used to evaluate the association between adherence to the Med-
iterranean diet pattern and environmental impacts, agricultural resource demand, and diet cost. Sensitivity analyses 
were used to evaluate adjustment of loss and waste and food-away-from-home prices.

Results  Greater adherence to the Mediterranean diet pattern was associated with lower greenhouse gas emissions 
(p < 0.001), land use (p < 0.001), fertilizer nutrient use (p < 0.001), and pesticide use (p < 0.001), higher water scarcity 
footprint (p < 0.001) and diet cost (p < 0.001), and no change in cumulative energy demand (p = 0.147). These changes 
were driven primarily by reduced intake of animal-sourced foods such as beef dishes, meat sandwiches, and dairy, 
as well as decreased intake of refined carbohydrate foods such as refined grain dishes and soft drinks.

Conclusions  This nationally representative study demonstrates that greater adherence to the Mediterranean diet 
pattern is associated with sustainability trade-offs. These findings have implications for the development of sustain-
able dietary guidelines and clinical practice guidelines that can be used to inform consumer food choices.
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Introduction
The Mediterranean diet pattern is characterized by high 
amounts of fruit, vegetables, whole grains, legumes, nuts 
and seeds, and seafood, and is rich in monounsaturated 
fats from vegetable oils [1]. Greater adherence to the 
Mediterranean diet pattern has been consistently associ-
ated with reduced risk for adverse cardiometabolic out-
comes including metabolic syndrome, diabetes, stroke, 
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and heart disease, as well as reduced risk of mortality 
from these conditions [2–8].

Given these health benefits, the Mediterranean diet is 
recommended by the American Heart Association [8, 
9] and emphasized in the Dietary Guidelines for Ameri-
cans (DGA) [10]. However, there is increasing recogni-
tion that food choices have sustainability impacts that 
extend beyond their health effects [11]. In 2022 the 
Biden-Harris administration in the United States (US) 
released the National Strategy on Hunger, Nutrition, and 
Health, which calls for increased investment in research 
that identifies healthy diet patterns that are also environ-
mentally friendly and affordable, and greater support for 
research that evaluates the relationships between these 
sustainability domains [12]. At the same time, many con-
sumers report making food choices based on multiple 
sustainability attributes, including nutritional value, envi-
ronmental sustainability, and affordability [13].

Investigating the relationship of diet patterns to health 
outcomes, environmental impacts, and affordability can 
help identify sustainability trade-offs. Identifying these 
trade-offs is needed to support sustainable policy agen-
das and provide consumers with evidence-based infor-
mation to make informed food choices. Globally, prior 
research has demonstrated that healthy diet patterns 
can lead to some environmental benefits while worsen-
ing others, with wide variation by national income level 
(e.g., lower greenhouse gas emissions, but greater use of 
cropland, water, and phosphorus fertilizer in low-income 
countries) [14]. Additional research has shown that rec-
ommended diet patterns have become more affordable 
but have continued to threaten environmental sustain-
ability [15]. In the US, higher diet quality has been asso-
ciated with lower greenhouse gas emissions (GHGE) for 
some (low grain, restricted carbohydrate, and low fat) 
but not all (plant-based and time restricted) popular diet 
patterns, and is often associated with higher costs (plant-
based, low grain, restricted carbohydrate and low fat, 
but not time restricted) [16]. Other research has dem-
onstrated that healthier diets can reduce some but not 
all environmental impacts and may increase diet costs 
for some lower income groups [17]. Food choices that 
emphasize certain sustainability criteria, such as geo-
graphic origin, seasonality, and reduced packaging may 
also increase diet costs [18]. Higher scores on the Healthy 
Eating Index (HEI)−2015 have also been associated with 
greater use of agricultural resources like pesticides and 
irrigation water, but no association was observed when 
using the Alternative Healthy Eating Index-2010 to meas-
ure diet quality [19].

The sustainability impacts of the Mediterranean diet 
pattern have been well documented in the international 
literature, which generally shows that greater adherence 

is associated with lower environmental impacts and diet 
cost [20–24]. However, less is known about the sustain-
ability impacts of the Mediterranean diet pattern in the 
US context. A comparison of modeled diet patterns 
showed that, compared to other diet patterns, the Medi-
terranean diet was associated with greater water use, 
water eutrophication, airborne particulate matter [25], 
and GHGE [26]. To our knowledge, only one study has 
evaluated the sustainability impact of the Mediterranean 
diet in the US using individual-level dietary data, which 
showed that greater adherence was associated with lower 
GHGE [27]. No studies have evaluated the association 
between adherence to the Mediterranean diet pattern 
with other environmental outcomes (such as cumula-
tive energy demand, water scarcity footprint, and use of 
agricultural land, fertilizer nutrients, and pesticides) and 
diet cost using individual-level dietary data in a nation-
ally representative US sample, which limits a discussion 
of potential synergies and trade-offs. This information is 
needed to support sustainable policy agendas and inform 
consumer decision-making around sustainable food 
choices.

To fill this gap, the objectives of the present study are 
to 1) evaluate the association between adherence to the 
Mediterranean diet pattern and multiple environmen-
tal impacts (GHGE, cumulative energy demand, and 
water scarcity footprint), agricultural resource require-
ments (land, fertilizer nutrients, and pesticides), and diet 
costs, 2) evaluate the contribution of food categories to 
each of these sustainability outcomes, and 3) discuss the 
implications of these findings from a health information 
perspective.

Methods
Dietary data
The National Health and Nutrition Examination Survey 
(NHANES; 2011–2018) provided data on individual-
level dietary intake and sociodemographic characteris-
tics of US participants [28]. NHANES collects data from 
approximately 5,000 non-institutionalized participants 
per year using a multi-stage sampling design. Data are 
collected continuously and released in two-year cycles. 
Dietary data from the first of two 24-h recalls were used 
because this measures per capita intake, which is the rec-
ommended approach when describing dietary intakes at 
the group level and comparing intakes between groups 
[29]. Foods reported consumed by participants were 
categorized into using data on food composition from 
the Food and Nutrient Database for Dietary Studies 
(FNDDS) [30] and Food Patterns Equivalents Database 
(FPED; Supplemental Table  1) [31]. Participants pro-
vided written informed consent and the study proto-
col was approved by Institutional Review Board at the 
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National Center for Health Statistics. The present study is 
a secondary data analysis and was exempted from human 
studies ethical review by the Institutional Review Board 
at William & Mary.

Mediterranean diet score
Adherence to the Mediterranean diet pattern was meas-
ured using the Mediterranean Diet Score which includes 
ten components [32]. All components are scored as 0 or 
1, with 1 representing more favorable intake. Favorable 
intakes are assessed using the following cutoffs: greater 
than the sex-specific median for vegetables, fruit, leg-
umes, nuts and seeds, whole grains, seafood, and ratio of 
monounsaturated fatty acids to saturated fatty acids; less 
than the sex-specific median for dairy and red and pro-
cessed meat; and 10–20 g/d of alcohol for men and 1.4–
5.7 g/d of alcohol for women. Scores for each component 
are summed with a maximum total score of 10.

Environmental impacts: greenhouse gas emissions, 
cumulative energy demand, and water scarcity footprint
Data on GHGE, cumulative energy demand (CED), and 
water scarcity footprint (WSF; representing surface and 
groundwater, also known as blue water) for each food 
reported consumed by NHANES participants were 
acquired from the database of Food Impacts on the Envi-
ronment for Linking to Diets (dataFIELD) [33, 34]. data-
FIELD was created using a systematic review of food 
environmental life cycle assessments (LCA) published 
from 2005–2016 (n = 321), representing most regions of 
the world, with the majority from Europe [35]. System 
boundaries varied across studies: nearly all accounted 
for agricultural production, 51% accounted for post-
farmgate processing, 19% accounted for distribution and 
retail, and 6% accounted for the consumer-level impacts. 
All functional units were standardized to kg of edible 
food. Impact data on 1,645 combinations of food types 
and production scenarios were collated, averaged across 
studies, and matched to commodities in the Food Com-
modity Intake Database (FCID). FCID was established by 
the US Environmental Protection Agency (US EPA) and 
provides the mass quantity of approximately 500 ingre-
dients in each NHANES food [36]. FCID has not been 
updated since 2010 so others have developed methods for 
updating these data to align with more recent NHANES 
surveys, [37] which were used in the present study. 
Briefly, two investigators independently established novel 
data linkages between FCID recipes from 2001–2010 to 
NHANES mixed dishes from 2011–2018, a third investi-
gator adjudicated discrepancies, and a fourth investigator 
audited all linkages. Impact data were summed across all 

foods consumed by each NHANES participant to esti-
mate individual-level impacts.

Agricultural resource requirements: land, fertilizer 
nutrients, and pesticides
The Foodprint model was used to evaluate the agricul-
tural resource requirements (land, fertilizer nutrients, 
and pesticides) of individual-level diet patterns [38]. 
Foodprint is a biophysical simulation model that uses 
data on individual-level dietary intake of 22 food groups 
(grains, dark green vegetables, red and orange vegetables, 
legumes, starchy vegetables, other vegetables, fluid milk 
and yogurt, cheese and other dairy, soy milk, nuts, tofu, 
beef, pork, chicken, turkey, eggs, seafood, plant oils, dairy 
fats, lard and tallow, and sweeteners), and transforms 
their mass quantity as they move backwards through the 
food system from consumer foods to processed products 
to agricultural commodities to the agricultural resources 
needed to produce these commodities. Embedded data 
and calculations account for population size, interna-
tional food trade, loss and waste, food composition, food 
processing conversions, livestock feed requirements, 
crop and livestock yields, availability of agricultural land, 
suitability of agricultural land for food production, multi-
use crops (i.e., crops that are used to produce multiple 
products from equivalent mass), multi-use cropland (i.e., 
cropland used to produce multiple crops during differ-
ent parts of the year), and application rates for fertilizer 
nutrients, pesticides, and irrigation water. Additional 
details are available elsewhere [38].

Diet cost
The Purchase-to-Plate Price Tool (PPPT) provided infor-
mation on national average prices for each NHANES 
food (2011–2018) [39]. PPPT was developed by the US 
Department of Agriculture’s Economic Research Service 
(USDA ERS) using transaction data from retail check-
out scanners acquired from InfoScan, which represents 
nearly 50% of all retail food sales in the US [40]. USDA 
ERS staff use machine learning to match these data with 
NHANES foods and adjust the prices for losses and waste 
to reflect the cost associated with the consumed portion 
only [41].

Participants in NHANES provide information on 
whether they consumed each food at home (FAH) or 
food away from home (FAFH). Consumers typically face 
higher prices for FAFH (e.g., restaurants) than FAH (e.g., 
grocery stores), and other data show that FAFH repre-
sents approximately 50% of consumer food expenditures 
at the population level [42]. However, there are no pub-
licly available data on national average FAFH prices for 
NHANES foods because PPPT assigns FAH prices to all 
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foods regardless of the location of purchase or consump-
tion, which can lead to underestimated diet costs at the 
individual level. Therefore, the present study derived 
FAFH prices using a methodology previously demon-
strated [43–45] and described below.

Data from the National Household Food Acquisition 
and Purchase Survey (FoodAPS) [46] were used to derive 
coefficients that converted FAH prices (from PPPT) to 
FAFH prices for each of the FAFH reported consumed by 
NHANES participants. FoodAPS collected data from US 
households on the price of FAH and FAFH from receipts 
and scanned barcodes from April 2012 through Janu-
ary 2013 using a multi-stage sampling design [46]. Coef-
ficients that represent the ratio of FAFH-to-FAH prices 
for each food group (meat, poultry, seafood, eggs, dairy, 
fats and oils, fruits and vegetables, sweets, grains, non-
alcoholic beverages, and other foods) were derived by 
estimating the survey-weighted mean FAH and FAFH 
prices for each food group and dividing the FAHF price 
by the FAH price. These coefficients were multiplied by 
the price of each FAFH in PPPT to estimate their FAFH 
price. For example, if the price of a given dairy food was 
$1.35 (from PPPT), and if the mean price of FAFH dairy 
was 2.06 times greater than the mean price of FAH dairy 
(from FoodAPS), the adjusted price of that given dairy 
food would be estimated as $2.78 ($1.35 × 2.06).

Retail loss, consumer waste, and inedible portions
Data on GHGE, CED, and WSF from dataFIELD only 
represent the impacts associated with the consumed 
portion of food and do not include the impacts associ-
ated with food loss and waste that occur at the retail and 
consumer levels [35]. Similarly, data on food prices from 
PPPT only represent the price of the consumed portion 
of food and do not include the cost associated with the 
portions that are lost or wasted after purchase [47]. Given 
that approximately 30% of the US food supply is lost or 
wasted [48], not accounting for these food portions will 
severely underestimate the sustainability impacts of diet 
patterns.

To address these data gaps, the present study used 
established methods [49] to estimate the mass quan-
tity of each NHANES food lost and wasted. These data 
were applied to data on GHGE, CED, and WSF from 
dataFIELD to estimate the impacts associated with Total 
Food Demand (TFD), which represents the sum of these 
impacts from retail loss, inedible portions, consumer 
waste, and consumed food. These data were also applied 
to data on food prices from PPPT to estimate the mon-
etary cost of purchased food, which represents the sum 
of costs associated with consumer food waste, inedible 
portions, and consumed food. This method has been 

demonstrated and described in detail elsewhere [19, 43–
45, 49]. Briefly, each food in NHANES was disaggregated 
into its constituent ingredients using FCID and matched 
to discrete food commodities in the USDA Loss-adjusted 
Food Availability data system (LAFA) , which provided 
data on the amount of food lost and wasted at the retail 
and consumer levels.

Statistical analyses
Mean environmental impacts, agricultural resource 
requirements, and diet cost were estimated for each 
quintile of the Mediterranean Diet Score using linear 
regression models adjusted for kcal (continuous) and 
survey cycle (continuous). These regression models were 
also used to evaluate the linear relationship between the 
Mediterranean Diet Score and each sustainability indica-
tor measured continuously, at p < 0.05 using Wald tests. 
Sensitivity analyses were used to evaluate the effect 
of food loss and waste calculations on environmental 
impacts and diet cost, and additional sensitivity analy-
ses evaluated the effect of FAFH prices on diet cost. All 
analyses accounted for the multistage probability sam-
pling design of NHANES using standardized procedures 
and variables provided by the National Center for Health 
Statistics. Stata16.1 (StataCorp; College Station, TX) was 
used for data management and analysis.

Results
Participant characteristics
Dietary data were provided by 33,325 NHANES respond-
ents from 2011–2018. Respondents were excluded if 
they were < 20 y (n = 13,719), pregnant or breastfeeding 
(n = 359), and had ≥ 1 sustainability impact (diet qual-
ity, GHGE, or diet cost) that was > 3SD from the mean 
(n = 2,168). The final analytic sample included 17,079 
respondents (Table  1). Those with greater adherence to 
the Mediterranean diet pattern were more likely to be 
older and female, less likely to be non-Hispanic white, 
and have greater educational attainment and income-to-
poverty ratio.

Food intake
Greater adherence to the Mediterranean diet pat-
tern was associated with higher intake of protein foods 
(p < 0.001), yet the associations were heterogenous across 
food types: the intake of beef and pork decreased, the 
intake of poultry, seafood, and plant proteins increased 
(p < 0.001 for all outcomes), and there was no associa-
tion with the intake of lamb, goat, and game (p = 0.514), 
organ meat (p = 0.097), and eggs (p = 0.721; Supplemen-
tal Table 2). The intake of grains increased as adherence 
to the Mediterranean diet pattern increased (p = 0.011), 
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but this was driven by increased intake of whole grains, 
while the intake of refined grains decreased (p < 0.001 
for both outcomes). No change in beverage intake was 
observed (p = 0.626), but the results were heterogenous 
across beverage types: lower intake of soft drinks, fruit 
flavored drinks, energy drinks, nutrition drinks (p < 0.001 
for all outcomes), and alcohol (p = 0.032), higher intake 
of water (p < 0.001), and no change in coffee and tea 
intake (p = 0.697). Greater adherence to the Mediterra-
nean diet was also associated with lower intake of dairy 
(p < 0.014), sandwiches, and desserts, and higher intake of 
soups, nuts and seeds, fruit, vegetables, and fats and oils 
(p < 0.001 for all outcomes except dairy).

Overall sustainability outcomes
Greater adherence to the Mediterranean diet pattern was 
associated with lower per capita GHGE (quintile 1 = 5.90 
kg CO2eq, 95% CI: 5.76–6.05 kg CO2eq; quintile 5 = 4.40 
kg CO2eq, 4.20–4.61 CO2eq), land use (quintile 1 = 22.28 
m2, 21.39–23.18 m2; quintile 5 = 11.28 m2, 10.28–12.27 
m2), fertilizer nutrient use (quintile 1 = 93.62 kg × 10–3, 
91.77–95.47 kg × 10–3; quintile 5 = 72.59 kg × 10–3, 
70.72–74.47 kg × 10–3), and pesticide use (quintile 
1 = 2.49 kg × 10–3, 2.42–2.56 kg × 10–3; quintile 5 = 2.18 
kg × 10–3, 2.10–2.27 kg × 10–3; p < 0.001 for all outcomes; 
Table  2). Greater adherence to the Mediterranean diet 
pattern was also associated with higher WSF (quintile 

Table 1  Characteristics of study participants, 2011–2018 (n = 17,079)

Sample sizes are unweighted

Within each quintile, differences between levels of each variable were evaluated using global Wald tests. All levels were significantly different from each other at 
P < 0.001 except for male vs. female in quintile 1 (P = 0.394) and quintile 2 (P = 0.257)
a Minimum possible score = 0, maximum possible score = 10. See O’Malley et al. (2023). Popular diets as selected by adults in the United States show wide variation in 
carbon footprints and diet quality. American Journal of Clinical Nutrition, 117:701–708
b Unless otherwise noted
c Includes Mexican American
d Includes multi racial

Mediterranean diet scorea

Characteristic Quintile 1
(n = 3,977)

Quintile 2
(n = 3,832)

Quintile 3
(n = 3,782)

Quintile 4
(n = 2,852)

Quintile 5
(n = 2,636)

% (95% CI)b

Mediterranean diet score, rangea 0.00–2.00 2.01–3.00 3.01–4.00 4.01–5.00 5.01–8.00

Age, y

  20–30 25.5 (23.2, 27.9) 20.6 (18.1, 23.3) 18.5 (16.3, 21) 15.9 (13.5, 18.7) 14.1 (12.1, 16.4)

  31–50 36.3 (34.2, 38.3) 33.6 (31.3, 35.9) 33.6 (31, 36.3) 34.1 (31, 37.3) 29.9 (27.2, 32.8)

  51–70 28.6 (26.9, 30.4) 34.0 (31.3, 36.7) 35.1 (32.3, 38) 35.5 (32.1, 39) 40.9 (37.3, 44.6)

  > 70 9.7 (8.4, 11.1) 11.9 (10.6, 13.3) 12.9 (11.4, 14.6) 14.5 (12.8, 16.4) 15.1 (13.2, 17.3)

Sex

  Male 48.1 (46.1, 50.1) 47.8 (45.6, 50) 45.7 (42.9, 48.6) 43.6 (40.9, 46.4) 43.1 (40.3, 45.9)

  Female 51.9 (49.9, 53.9) 52.2 (50, 54.4) 54.3 (51.4, 57.1) 56.4 (53.6, 59.1) 56.9 (54.1, 59.7)

Education

  < High school 16.3 (14.6, 18.3) 14.2 (12.4, 16.2) 13.6 (12.1, 15.4) 12.6 (10.8, 14.7) 9.3 (7.7, 11.1)

  High school or equivalent 28.7 (26.3, 31.3) 25.2 (23, 27.5) 21.8 (19.6, 24.2) 9.5 (17.1, 22.1) 15.5 (13.3, 17.9)

  Some college 34.2 (32, 36.4) 35.1 (32.4, 37.8) 34.1 (31.5, 36.8) 29.1 (26.2, 32.1) 28.5 (25.7, 31.4)

  College graduate 20.8 (18.1, 23.7) 25.5 (22.7, 28.4) 30.4 (27.2, 33.9) 38.8 (35.2, 42.6) 46.8 (43, 50.7)

Income-to-poverty ratio

  ≤ 1.30 28.5 (25.8, 31.3) 25.3 (22.8, 27.9) 23.8 (21.6, 26.2) 18.3 (16.1, 20.8) 14.3 (12.4, 16.5)

  1.31–1.99 14.3 (12.8, 16) 14.1 (12.6, 15.6) 14.0 (12.4, 15.8) 12.5 (10.8, 14.4) 11.0 (9.3, 13)

  2.00–3.99 28.9 (26.5, 31.4) 28.3 (25.7, 31.1) 26.2 (23.8, 28.7) 27.6 (24.4, 31.1) 25.9 (22.4, 29.8)

  ≥ 4.00 28.3 (25.4, 31.4) 32.3 (29, 35.9) 36.0 (32.3, 39.8) 41.6 (37.7, 45.6) 48.8 (44.9, 52.6)

Race and Hispanic origin

  Non-Hispanic white 68.3 (64.3, 72) 65.5 (61.2, 69.5) 63.1 (58.9, 67.2) 66.2 (62.1, 70) 62.0 (58, 65.8)

  Non-Hispanic black 12.5(10.3, 15.1) 12.3(10.1, 14.9) 12.0 (9.8, 14.5) 9.9 (8.1, 12.1) 9.2(7.6, 11)

  Hispanicc 12.9 (10.9, 15.3) 15.5 (12.8, 18.6) 15.9 (13.6, 18.6) 13.6 (11.2, 16.4) 12.9 (10.5, 15.7)

  Otherd 6.3 (5.2, 7.6) 6.8 (5.6, 8.1) 9.0 (7.5, 10.7) 10.3 (8.7, 12.2) 15.9 (13.5, 18.8)
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1 = 32.77 L eq × 102, 31.58–33.95 m3; quintile 5 = 44.42 L 
eq × 102, 42.60–46.23 L eq × 102) and diet cost (quintile 
1 = $15.34, $14.80-$15.89; quintile 5 = $18.64, $17.96-
$19.32; p < 0.001 for both outcomes), and not associated 
with cumulative energy demand (quintile 1 = 28.42 MJ, 
27.75–29.09 MJ; quintile 5 = 29.50 MJ, 28.16–30.83 MJ; 
p = 0.336).

Environmental impacts by food category
Figure  1 displays the share of GHGE from each food 
category within each quintile of the Mediterranean diet 

score. As adherence to the Mediterranean diet pattern 
increased, the greatest decrease in GHGE was observed 
for meat sandwiches (decreased from 19% in quintile 1 
to 9% in quintile 5), followed by beef (19% to 11%), and 
refined grains (14% to 11%). The share of GHGE from 
seafood increased from < 1% in quintile 1 to 9% in quin-
tile 5. The contribution of other food categories to GHGE 
did not exceed 10% in any quintile. The greatest decrease 
in the share of CED (Supplemental Fig. 1) was observed 
for soft drinks (decreased from 18% in quintile 1 to 5% 
in quintile 5), followed by meat sandwiches (12% to 4%), 

Fig. 1  Contribution of food categories to mean daily per capita greenhouse gas emissions, 2011–2018 (n = 17,079). 1Represents predominant 
ingredient in mixed dish. All results were adjusted for kcal, and survey cycle using linear regression models. CO2eq, carbon dioxide equivalent
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and refined grains (12% to 8%). The share of CED from 
seafood increased from 1% in quintile 1 to 23% in quin-
tile 5 as adherence to the Mediterranean diet pattern 
increased. The contribution of other food categories to 
CED did not exceed 10% in any quintile. The greatest 
decrease in the share of WSF (Supplemental Fig. 2) was 
observed for meat sandwiches (decreased from 11% in 
quintile 1 to 3% in quintile 5), followed by refined grains 
(12% to 6%), beef (10% to 4%), and alcohol (16% to 12%). 
The share of WSF from whole fruit increased from 3% in 
quintile 1 to 16% in quintile 5, followed by nuts and seeds 
(1% to 14%). The contribution of other food categories to 
WSF did not exceed 10% in any quintile.

Agricultural resource requirements by food category
As adherence to the Mediterranean diet pattern 
increased, the share of land attributable to beef produc-
tion decreased from 79% in quintile 1 to 64% in quintile 
5 (Supplemental Fig. 3). All other changes in land use for 
individual food categories were modest and their share 
did not exceed 10% in any quintile. The share of ferti-
lizer nutrients (Supplemental Fig. 4) attributable to dairy 
decreased from 31% in quintile 1 to 20% in quintile 5 as 
adherence to the Mediterranean diet pattern increased, 
followed by beef (27% to 14%). The share of grains to 
WSF increased from 12 to 14%, and the contribution of 
other food categories did not exceed 10% in any quin-
tile. Greater adherence to the Mediterranean diet pattern 
was associated with a decrease in the share of pesticides 
(Supplemental Fig.  5) used for beef production (44% in 
quintile 1 to 20% in quintile 5) and dairy (22% to 11%). 
The share of pesticides used for whole and frozen fruit 
increased from 2% in quintile 1 to 10% in quintile 5, and 
the contribution of other food categories did not exceed 
10% in any quintile.

Contribution of food categories to diet cost
As adherence to the Mediterranean diet increased, the 
share of food spending on meat sandwiches decreased 
from 20% in quintile 1 to 8% in quintile 5, and the share 
of food spending on refined grains decreased from 15% 
in quintile 1 to 10% in quintile 5 (Fig. 2). An increase in 
the share of food spending was observed for seafood (1% 
in quintile 1 to 10% in quintile 5) and the contribution of 
other food categories did not exceed 10% in any quintile.

Sensitivity analyses
Removing the adjustment for losses and waste lowered 
GHGE, CED, WSF (Supplemental Table 3), and diet cost 
(Supplemental Table  4) by 29–41% for all quintiles but 
the trend across quintiles remained unchanged (p < 0.001 
for GHGE and WSF, and p > 0.05 for CED). Removing 
the adjustment for FAFH prices further lowered diet cost 

by 31–36% for all quintiles but the trend across quintiles 
remained unchanged (p < 0.001).

Discussion
In this nationally representative study of over 17,000 US 
adults, greater adherence to the Mediterranean diet pat-
tern was associated with sustainability trade-offs: lower 
GHGE, land use, fertilizer nutrient use, and pesticide 
use, higher WSF and diet cost, and no change in CED. 
These findings have implications for the development of 
sustainable dietary guidelines and clinical practice guide-
lines that can be used to inform consumer food choices.

This study is consistent with prior research using 
nationally representative individual-level dietary data 
in the US, which demonstrated that greater adherence 
to the Mediterranean diet pattern was associated with 
lower GHGE [27]. These findings are also consistent with 
prior international studies that showed greater adherence 
to the Mediterranean diet pattern was associated with 
lower GHGE [21, 23, 24, 50, 51] and land use [21, 51], 
and higher diet costs [51–53]; but some studies showed 
no association with land, water, and energy [24], and an 
inverse association with diet cost [50]. These differences 
may be due to differences in source populations and envi-
ronmental data sources. In the present study, the share of 
sustainability impacts from animal-sourced foods (beef, 
meat sandwiches, and dairy), soft drinks, and refined 
grains decreased as adherence to the Mediterranean diet 
increased, although the share remained higher than most 
other food categories even in quintile 5 (greatest adher-
ence group). The exception was seafood, which was asso-
ciated with an increased share of sustainability impacts, 
particularly GHGE, as adherence to the Mediterranean 
diet pattern increased. These findings are generally con-
sistent with prior research in the US [25, 26] and Europe 
[20, 54–57] that showed that animal-sourced foods and 
grains contributed the greatest share of environmental 
impacts in the Mediterranean diet pattern.

To our knowledge, this is the first study to use indi-
vidual-level dietary data in the US to evaluate the asso-
ciation between adherence to the Mediterranean diet and 
CED, pesticide use, WSF, and diet cost in a nationally 
representative sample. These findings support a grow-
ing body of research that demonstrates that adherence 
to healthy diet patterns is often associated with sustain-
ability trade-offs [58, 59]. For example, higher scores on 
the HEI-2015 have been associated with higher use of 
pesticides and irrigation water [19]. Others have shown 
that higher scores on the HEI-2015 were not associ-
ated with lower GHGE for some popular diet patterns 
(plant-based and time restricted diet patterns), and were 
associated with higher cost for others (plant-based, low 
grain, restricted carbohydrate, and low fat diet patterns) 
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. Healthy plant-based diet patterns have been associated 
with lower GHGE and irrigation water use, but unhealthy 
plant-based diet patterns were not [60]. Furthermore, 
recent studies have shown that popular diet patterns with 
the highest HEI-2015 scores are not associated with the 
lowest GHGE and cost . Nutrition-environment trade-
offs have recently been documented in international set-
tings [61].

Over one-half of US adults reported following a 
specific diet pattern in 2023, and 12% reported that 

environmental sustainability was one of their moti-
vations for adopting a new diet pattern [13]. Over 
one-third of adults also reported that concern about 
environmental sustainability was a primary motivator 
for their food purchasing decisions [13]. Others have 
shown that targeted dietary shifts among people moti-
vated to change their diet (16% of the population) can 
reduce GHGE by nearly 7% [62], which suggests that 
there is an opportunity for a larger reduction in envi-
ronmental impacts if public messaging can motivate 

Fig. 2  Contribution of food categories to mean daily diet cost (US $), 2011–2018 (n = 17,079). 1Represents predominant ingredient in mixed dish. All 
results were adjusted for kcal, and survey cycle using linear regression models
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more people to change their diet. Given that recent 
research has demonstrated the sustainability trade-
offs of popular diet patterns [45], and given the need 
for urgent action to meet global sustainability targets 
related to food systems [63], nuanced discussions about 
how to disseminate this information to the public is 
needed.

The primary vehicle for disseminating nutrition infor-
mation to the US public is the Dietary Guidelines for 
Americans (DGA), and some have called for broadening 
its scope to include information about sustainable food 
choices [64–66]. The DGA already includes the Mediter-
ranean diet pattern as one of its Healthy Eating Patterns, 
but only 5% of US adults report following it [67], so there 
is clearly a need and an opportunity to further emphasize 
its nutritional benefits. However, initiatives to include 
information about the sustainability impacts of the Medi-
terranean diet pattern in the DGA should be carefully 
considered. The present study shows that greater adher-
ence to the Mediterranean diet is associated with mixed 
sustainability impacts: some impacts decrease (GHGE 
and use of land, fertilizer nutrients, and pesticide), some 
increase (WSF and diet cost), and some do not change 
(CED). As noted above, these trade-offs are consistent 
with prior research which demonstrates that healthier 
diets, including DGA-recommended diets, are often 
associated with mixed sustainability impacts, including 
higher diet cost [19, 44]. These trade-offs are particularly 
important to consider given that over 75% of US consum-
ers reported that price was a primary driver of their food 
purchasing decisions (behind only taste), and only 16% 
of US consumers reported they would pay more for the 
most environmentally friendly food option [67]. Similar 
findings have been reported in other high income coun-
tries, mostly in Europe [68, 69].

These trade-offs raise important questions about how 
to communicate this nuanced information to the public 
without undermining the central message of the DGA to 
make healthy dietary choices. Over 50% of adults report 
knowing very little about the DGA or have never heard 
of it [67], and only 20% report having heard of MyPlate 
(the icon used to convey the primary recommendations 
in the DGA) [70]. Less than 5% of adults meet dietary 
recommendations [71] and suboptimal diet is the leading 
modifiable risk factor for mortality [72], which under-
scores the need for the DGA to retain its original intent 
to communicate nutrition information to the public. It 
is worthwhile to consider whether more consumers will 
adopt the Mediterranean diet pattern if they are told that 
it is healthy but costs more, and that it will reduce some 
environmental outcomes but not others. Consumers are 
already unsure about how diets are linked to environ-
mental impacts and how to define sustainability [59, 68, 

69]. Given that readership is already lower than optimal, 
it is unclear whether the DGA is the appropriate venue 
to communicate these nuanced messages. It is prudent 
for the professional nutrition community to thoughtfully 
address these gaps before broadening the scope of the 
DGA to include sustainability [69]. It is also important 
to consider that consumers face numerous barriers to 
adopting sustainable diets that cannot be fully addressed 
through public messaging, and may require more sys-
temic interventions [73].

Clinicians also play a crucial role in disseminating 
nutrition information to the public because many of their 
patients turn to them as a source of information on sus-
tainable food choices [64–66, 74–76]. In a 2023 survey 
of US Registered Dietitians (RDs), the majority (64%) 
reported that their patients were moderately to very 
interested in sustainability and nearly all (95%) believed 
they should help advocate for sustainable food systems 
[77], which is similar to other findings [75]. The major-
ity (62%) also believed that sustainability should be incor-
porated into the DGAs. Although 70% of RDs reported 
they were moderately to very confident in their ability to 
provide guidance on sustainable food choices, only 13% 
received formal training in sustainability, either through 
internships or formal coursework [77]. A similar discon-
nect was observed among a sample of European dieti-
tians: nearly two-thirds reported being aware of sources 
of information on sustainability, yet only 25% ever 
received formal training [76]. Many RDs have reported 
they lack the skills, knowledge, and evidence-based infor-
mation needed to integrate sustainable nutrition training 
into their practice [75]. These findings suggest that clini-
cians can play an important role in disseminating infor-
mation about sustainable food choices, but they lack the 
requisite training. This training should include instruc-
tion on how to interpret scientific literature, especially 
when it demonstrates sustainability trade-offs, such as 
demonstrated by the present study.

Others have called for inclusion of sustainability in clin-
ical practice guidelines in order to address current envi-
ronmental trends caused by diet patterns and agricultural 
practices [64, 74, 75]. In the US, RDs have the opportu-
nity to enhance their training in sustainable food systems 
by engaging with the Standards of Professional Practice 
(SOPP) in Sustainable, Resilient, and Healthy Food and 
Water Systems through the Academy of Nutrition and 
Dietetics [74]. This SOPP provides training to allow prac-
titioners to progress from competent (e.g., may be able to 
contribute to sustainable meal plans, advocate for insti-
tutional policies), to proficient (can tailor interventions 
to meet sustainability objectives, collaborate with experts 
from outside of the profession), to expert (can collaborate 
with experts from a broad range of sustainability fields 



Page 11 of 13Conrad et al. Nutrition Journal          (2024) 23:159 	

such as agriculture, environmental science, public health, 
public policy, and economics, can guide interprofessional 
teams, and develop new policies and programs) [74]. RDs 
who have achieved expert status in this SOPP will be able 
to understand the nuances of sustainability research and 
are well poised to disseminate this information to their 
clients and colleagues.

The strengths of this study include the nationally rep-
resentative sampling design of NHANES, which makes 
these findings generalizable to the US adult population. 
To our knowledge, this is the first nationally representa-
tive study using individual-level dietary data in the US 
to evaluate the association between adherence to the 
Mediterranean diet and multiple sustainability domains 
(health/nutrition, environment, economic) and indica-
tors (Mediterranean Diet Score, GHGE, CED, WSF, land, 
fertilizer nutrients, pesticides, and diet cost). To compre-
hensively account for these sustainability impacts, this 
study incorporated data on inedible portions, consumer 
waste, and FAFH prices, and conducted sensitivity analy-
ses which demonstrated the robustness of these methods. 
This study also has several limitations. Data on social 
sustainability are emerging [78] but have not been linked 
to NHANES foods, which prevented their inclusion in 
this study. Data on food prices only represent the price 
of food, and do not include other food-related costs such 
as kitchen appliances and household utilities (electric-
ity, natural gas, water, etc.). All dietary recalls are subject 
to recall bias, which can occur when respondents forget 
foods they consumed, misunderstand recall instruc-
tions, or intentionally modify their reported food intake 
to avoid perceived negative judgement by the interviewer.

Conclusions
This nationally representative study of US adults shows 
that greater adherence to the Mediterranean diet pat-
tern is associated with sustainability trade-offs. Given 
the demonstrated health benefits of the Mediterranean 
diet pattern, these trade-offs raise questions about how 
to communicate this nuanced information to the public 
without undermining standard clinical and public health 
messages to improve diet quality for health promotion. 
Despite enthusiasm from some in the professional com-
munity to include sustainability into the DGA, greater 
care is needed to ensure that it retains its central purpose 
of providing clear and evidence-based nutrition infor-
mation to the public. The role of clinicians in communi-
cating nuanced information about diet sustainability to 
their patients cannot be overstated, but will require that 
more clinicians receive formal training in clinical practice 
guidelines for sustainable food choices.
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