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Abstract: Background: Nowadays the food production, supply and consumption chain represent a
major cause of ecological pressure on the natural environment, and diet links worldwide human health
with environmental sustainability. Food policy, dietary guidelines and food security strategies need
to evolve from the limited historical approach, mainly focused on nutrients and health, to a new one
considering the environmental, socio-economic and cultural impact—and thus the sustainability—of
diets. Objective: To present an updated version of the Mediterranean Diet Pyramid (MDP) to reflect
multiple environmental concerns. Methods: We performed a revision and restructuring of the
MDP to incorporate more recent findings on the sustainability and environmental impact of the
Mediterranean Diet pattern, as well as its associations with nutrition and health. For each level
of the MDP we provided a third dimension featuring the corresponding environmental aspects
related to it. Conclusions: The new environmental dimension of the MDP enhances food intake
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recommendations addressing both health and environmental issues. Compared to the previous 2011
version, it emphasizes more strongly a lower consumption of red meat and bovine dairy products,
and a higher consumption of legumes and locally grown eco-friendly plant foods as much as possible.

Keywords: Mediterranean diet; Mediterranean diet pyramid; sustainable diets; sustainability;
environmental concerns; nutrition; food-based dietary guidelines

1. Introduction

The global population is constantly increasing and, according to estimates, from 7.7 billion people
worldwide in 2019 it could rise to around 8.5 billion by 2030 and up to 9.7 billion by 2050 [1]. Feeding
this global population with healthy food will be a growing concern for governments. Adequate
nutrition is not only a survival issue, but is also highly related to the environment and its fragile balance.
Food production is the major cause of global environmental change: agriculture occupies about 40%
of global land [2], and food production is responsible for up to 30% of global greenhouse gas (GHG)
emissions [3] and 70% of freshwater use [4,5]. In other words, diets link worldwide human health with
environmental sustainability [6]. Thus, providing an increasing world population with a healthy and
sustainable diet represents a major challenge [6]. Food policy, dietary guidelines and food security
measures need to move from the traditional approach focused primarily on nutrients and health, to one
that takes into consideration sustainability, and its environmental, economic and social dimensions [7].
This also needs to reflect food system factors influencing dietary choices, with their various implications
for policy interventions and actions in education, agriculture and the food industry, among others [8,9].
The Mediterranean Diet (MD) has been presented as part of the solution [9,10].

Over the past 50 years, the notion of the MD has undergone a progressive evolution. The limited
perception of the MD solely as a healthy dietary pattern [11] has been extended to portray a
sustainable dietary pattern embracing the important socio-cultural, economic and environmental
benefits of the diet [3,12]. This was done primarily by linking food consumption with production
and distribution [13,14], three aspects which are among the main causes of ecological pressure on the
natural environment [10]. The MD as a traditional dietary pattern is rich in plant-based foods (cereals,
legumes, nuts, fruits, vegetables and herbs) and low in red and processed meat. It includes a moderate
intake of fish, seafood, eggs, white meat and dairy products, a moderate intake of alcohol (mainly wine
during meals, where culturally acceptable) and olive oil as the main source of added fat [11,14]. Since
the 1960s, increasing evidence has shown the protective effect of the MD for cardiovascular diseases,
metabolic syndrome, diabetes mellitus, and certain neurodegenerative disorders and cancers [15–22].
However, it has also recently been observed that dietary patterns such as the MD, rich in plant-based
foods and low in animal foods are healthier and exert a lower impact on the environment [23–26].

Indeed, the Mediterranean Diet Pattern (MD-P) has been shown to have a better ecological
footprint than current dietary habits in industrialized countries, particularly when compared to the
Western dietary pattern [25,27–30]. This is mainly due to the higher consumption of local and in-season
plant-derived foods and lower consumption of animal products. Yet, unfortunately, the current dietary
pattern in many Mediterranean countries has shifted from the traditional MD-P. A return to the latter
would be beneficial for human health and the natural environment. This can be explained by the
fact that the MD is not only a model of cultural food choices, cooking methods, meal patterns and,
more broadly, a lifestyle [31–34]; it is also a sustainable framework that attenuates the environmental
pressure of food production and consumption [35–40]. A broader adherence to this dietary model
would make a significant contribution to greater sustainability of the food system (from producer to
consumer), with a myriad of benefits for human and planetary well-being [41].

The transition from the currently consumed diet in most European Mediterranean countries
towards a traditional MD-P requires substantial changes in consumers’ values, education and choices.
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Improvements would also be required in the training of primary care and nutrition professionals [42],
as well as changes in agri-food and fishing industry practices, public catering supply, trade policies
and areas of research to inform policy and practice. Thus, many stakeholders need to be involved
in this change process in order to reach a convergence of the health sector, food production systems
and consumer demands. Using a common practical, flexible and science-based graphical guide to
illuminate the process would be both efficient and acceptable to all involved.

The aim of the present work is to refine the Mediterranean Diet Pyramid (MDP) with particular
attention to the environmental impact of food and based on a consensus between experts in the field.
While non-prescriptive from a nutritional (as in specific food) point of view, this update aims to foster
the debate about food chain sustainability and to promote the necessary changes for a healthier life,
both for humankind and for the planet.

2. Materials and Methods

2.1. A Historical Overview

The first graphical representation of the (traditional) MDP was developed in 1993 in collaboration
with Oldways, Harvard University and the World Health Organization (WHO) [11]. The 1993 MDP
was updated in 2009 and 2010 by a group of experts, including one author of the 1993 MDP (AT),
as part of this long-standing collaboration. This update was coordinated by the Mediterranean Diet
Foundation in collaboration with the Forum on Mediterranean Food Cultures, the Hellenic Health
Foundation, the Hebrew University, the International Commission on the Anthropology of Food
and Nutrition (ICAF), the Centre International de Hautes Etudes Agronomiques Méditerranéennes
(CIHEAM), the Centro Interuniversitario Internazionale di Studi sulle Culture Alimentari Mediterranee
(CIISCAM), the Federation of European Nutrition Societies (FENS), the Federation of African Nutrition
Societies (FANUS) and the International Union of Nutritional Sciences (IUNS). This review gathered
and updated recommendations considering the lifestyle, dietary, socio-cultural, environmental and
health challenges that the current Mediterranean populations were facing [14]. The traditional MDP
being used at that time was significant as it was intended not only to provide dietary guidance
to meet nutritional needs, but also to describe a healthy and sustainable lifestyle using a simple,
practical framework which could be adapted to the different cultural and socio-economic contexts of
the countries in the Mediterranean region [14]. In 2010, the international symposium “Biodiversity and
sustainable diets: united against hunger”, was held in Rome at the Food and Agriculture Organization
(FAO), during which a consensus position on a definition of “sustainable diets” was reached, with
an entire program session devoted to the MD as an example of a sustainable diet (FAO/Biodiversity,
2012). Subsequently, at the end of 2010, the MD was recognized as an Intangible Cultural Heritage of
Humanity by the United Nations Educational, Scientific and Cultural Organization (UNESCO) [31].

After this watershed and historical moment, the MDP continued to be developed as has been
outlined in Figure 1. In 2011, an international FAO/CIHEAM workshop was organized to assess the
sustainability of the MD model in the Mediterranean region, considering its four dimensions and
impacts: health and nutrition, environment including biodiversity, economy, and socio–cultural factors.
Initially, a comprehensive list of 74 potential indicators was compiled (FAO/CIHEAM, 2012); this was
later reduced to 24 indicators, which was deemed more feasible considering the availability of data
sources and the methodological approaches developed. Then from 2013–2015 an international working
group from different institutions collaborated to identify 13 nutritional indicators with which to assess
the sustainability of a healthy diet, using the MD as a case study and the 2011 MD pyramid model as
a reference [43]. In November 2014, the International Mediterranean Diet Foundation (IFMeD) was
founded by a group of previous MDP co-authors. The goal was to establish an international center of
multi-disciplinary knowledge and expertise, with the objective to revalorize and enhance the MD as a
healthy and sustainable lifestyle model, adapting it to current socio-economic and cultural changes, as
well as preserving and enhancing it as an intangible cultural heritage of humankind.
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Figure 1. Consensus process for an updated graphical representation of the Mediterranean Diet Pyramid.

As a follow up of these collaborative efforts, the Med Diet 4.0 framework was presented
at the Milan 2015 EXPO to valorize the MD as a dietary pattern with multiple sustainability
benefits and country-specific variations, embodying the following characteristics: (1) recognized
and well-documented major health and nutrition benefits, in the prevention of chronic diseases and in
reducing public health costs as well as in the overall improvement of well-being; (2) low environmental
impacts and richness in biodiversity, appreciation of biodiversity value, reduction of pressure on
natural resources and mitigation of climate change; (3) high positive local economic returns, sustainable
territorial development, reduction of rural poverty, and high performance in reduction of food waste
and loss; (4) high social and cultural value of food, growth of mutual respect, identity recovery,
social inclusion and consumer empowerment. The Med Diet 4.0 framework was released as a joint
contribution of the IFMeD scientific committee [13].

IFMeD then continued this consultation process with the goal of establishing an updated consensus
position on a newly revised representation of the MD pyramid that incorporated recent scientific
evidence highlighting the benefits of the MD as a sustainable and healthy diet. In this exercise
IFMeD sought to involve those nutrition, health and socio- culture experts who had been involved
in the previous revision of the MDP, as well as new authorities on the subject and a broader expert
view. Greater attention was given to environmental issues such as climate change, use of land,
use of water, protection of seas and waterways, sourcing and distribution of food, respect for food
producers and communication of the value of the MD as a diet in line with scientific environmental
recommendations. With this in mind, the first MD world conference “Revitalizing the Mediterranean
Diet: from a healthy dietary pattern to a healthy Mediterranean sustainable lifestyle” was organized
by IFMeD in Milan on July 2016, and provided a major opportunity to continue this consensus process
supporting sustainability and ‘respect’ for the planet. Sustainability and the MD were then addressed
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more comprehensively in the second MD world conference “Strategies toward more sustainable food
systems in the Mediterranean region: the Mediterranean Diet as a lever for bridging consumption
and production in a sustainable and healthy way”, organized by CIHEAM-Bari and the Forum on
Mediterranean Food Cultures in Palermo, in May 2019.

During the latter half of 2019 and early 2020, further online consultations were held in order to
reach consensus regarding an updated MDP. At the same time, the current scientific literature was also
examined. The proposed new graphical representation of the MDP responds to the need for a common
framework among Mediterranean countries in the form of food-based dietary guidelines [44] which are
in line with the 2010 definition of sustainable diets elaborated by FAO [45]. Moreover, it embodies the
result of a continuous and rigorous process of consensus building between all relevant stakeholders.

2.2. Consensus on an Updated Graphical Representation of the Mediterranean Diet Pyramid

This revision fostered an interdisciplinary dialogue among scientists and experts in public
health nutrition, food science, dietetics, social anthropology, sociology, cultural heritage, family and
consumer sciences, agriculture, resource management and environmental sciences in order to provide
a unified representation of the MD as a sustainable dietary pattern encompassing the entirety of the
Mediterranean area. This new revision of the MD Pyramid is created by scientific consensus among
experts and is grounded in evidence from research in the fields of nutrition, health and environmental
issues. However, it should be emphasized that the MDP described here is not prescriptive. Rather, we
suggest that each country uses the basic updated MDP and the recommendations aligned with it as an
aid to developing their own guidelines suited to their food systems and culture-rooted cuisines.

3. Results

3.1. The Updated Mediterranean Diet Pyramid

This new graphical representation was conceived as a simplified pyramid framework, to be
adapted by different countries in the Mediterranean region to their geographical, socio-economic and
cultural contexts, dietary needs and meal patterns. The recommendations target the healthy adult
population (18–65 years old) and should be modified to meet the special nutritional needs and diets
of children, pregnant women, elderly, and individuals with health problems such as cardiovascular
diseases. In this updated pyramid, food items at the base of the pyramid continue to contribute
the highest intake levels in terms of grams/day. Animal protein sources are positioned to suggest
a lower frequency of consumption and contribution to total intake, having been shifted from daily
to weekly consumption. The top of the pyramid presents both animal and sugar-rich foods that
should only be consumed occasionally (e.g. red and processed meat, pastries and sweets). Preference
for local, seasonal, fresh and minimally processed food is emphasized, supporting biodiversity and
eco-friendly and traditional foods. The novelty of the updated MDP lies in its third dimension as
shown in Figure 2. This represents the environmental impact of the food items included, as well as
aspects of food production sustainability.
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Figure 2. New Pyramid for a Sustainable Mediterranean Diet.

3.2. Meal Composition

Main meals consumed daily should be a combination of three elements: cereals, vegetables and
fruits, and a small quantity of legumes, beans or other (though not in every meal). Cereals in the form
of bread, pasta, rice, couscous or bulgur (cracked wheat) should be consumed as one–two servings per
meal, preferably using whole or partly refined grains. Vegetable consumption should amount to two
or more servings per day, in raw form for at least one of the two main meals (lunch and dinner). Fruit
should be considered as the primary form of dessert, with one–two servings per meal. Consuming a
variety of colors of both vegetables and fruit is strongly recommended to help ensure intake of a broad
range of micronutrients and phytochemicals. The less these foods are cooked, the higher the retention
of vitamins and the lower use of fuel, thus minimizing environmental impact.

The highlighted triad of elements for the main meals constitutes the core of the MDP, is based on
plant foods, and is responsible for the prevention of numerous chronic diseases and for healthy weight
management, as well as for reduced use of natural resources and GHG emissions [22]. Plant foods
produced by agro-ecological methods (free from chemical pesticides) can markedly minimize human
and nature’s exposure to pesticides [46]. The preference should always be for fresh, seasonal and
minimally processed vegetables and fruits. Similarly, choosing local cereal-based products (i.e., bread,
couscous, polenta, pasta, rice etc.) when possible and available will support the local economy and
reduce the ecologic impact of the production chain.

Agriculture has historically shaped the rich biodiversity heritage of European Union (EU)
countries, including those of the South, but over the last decades this synergistic relationship has been
undermined [47]. This is why the sustainable management of natural resources is now part of the
objectives of the EU’s Common Agricultural Policy agenda, focused on protecting biodiversity and
the environment within agriculture [48–50]. Food consumption and production have implications
for both land use and GHG emissions [51]. In 2017 the total GHG emissions in the EU’s 28 member
states (EU-28) were 4483 million tons of CO2 equivalents, of which agricultural practices represented
around 10% [52]. At the same time, the quantity and type of food consumed directly influences land
use. Overall, scientific evidence now supports the general concept that a plant-based diet, compared to
the current widely consumed animal food-based diet (especially rich in ruminant foodstuffs), markedly
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minimizes land, water and resources use for production, along with reducing GHG emissions. Such a
diet appears to have significant potential for ensuring food security for all, reducing impacts on climate
change and facilitating the realization of the 2030 UN Sustainable Development Goals, as discussed
below [53].

However, the nature of this land-food/diet relationship depends on other factors, such as
population growth, agricultural productivity, land ownership and investment patterns, as well as land
use efficiency [54]. A major limitation to addressing these issues consists of the difficulty in obtaining
such estimates for each country.

Olive Oil

Olive oil should be the principal source of dietary lipids. Due to its composition and resistance to
high temperatures, Extra Virgin Olive Oil (EVOO) is recommended both for cooking and dressing
food. Traditionally, in the Mediterranean region, vegetables, other plant foods and staple starchy foods
served at principal meals, including pasta, potatoes or rice, are cooked with olive oil, thus amplifying
their nutritional value. EVOO has been reported to have a key role in the primary prevention of
cardiovascular diseases [18,55] and is inversely associated with certain cancers [56–59].

Olive production (for use as oil or as olives) represents a significant utilization of land in the
southern regions of the EU, particularly Spain (2.4 million ha), Italy (1.4 million ha), Greece (1 million ha)
and Portugal (0.5 million ha) [60]. According to the International Olive Council (IOC), the production
of table olives in the EU during 2019–2020 was 808.4 (×1000) tons, of which 500 were in Spain, 207
in Greece, 74.1 in Italy and 22.5 in Portugal. Of note, among the other countries of the IOC, Egypt
produced 690, Turkey 414, Algeria 300 and Morocco 130 (×1000) tons of table olives [61]. In the olive
sector, the negative environmental effects of intensification could be reduced considerably by means of
sustainable farming practices. Moreover, with appropriate support, traditional low-input plantations
could continue to maintain important natural and social values in marginal areas [60]. On the other
hand, several studies [62,63] have shown that olive oil production is associated with adverse effects on
the environment during the fruit growth and olive oil production phases. For this reason, it is crucial
to identify those phases with greater environmental impacts in order to minimize their effects [62,63].
On a positive note, olive trees are a barrier to desertification and erosion and olive orchards are a CO2

sink, removing CO2 from the atmosphere and fixing it in the soil. In the production of 1 L of olive oil,
olive trees remove 10 kg of CO2 from the atmosphere [64].

It is relevant here to discuss palm oil, an industrial alternative to olive oil in the Mediterranean
countries. Due to its properties, it is used in many commercial products (e.g., processed foods, cosmetics,
biofuels). Globally, palm oil cultivation has increased in the past years, resulting in deforestation
(particularly in Indonesia and Malaysia), biodiversity loss, and net GHG emissions. However, Europe
remains the leading market for sustainably sourced palm oil, although progress on the number of
voluntary initiatives and commitments by industry has been slow [65].

3.3. Daily Intake

3.3.1. Olives, Nuts and Seeds

Olives (apart from olive oil), nuts and seeds should be present on a daily basis since they are
good sources of unsaturated healthy fats, minerals, vitamins and fiber as well as other compounds
with antioxidant potential that contribute to general well-being [66]. Nuts have an important role
in the primary prevention of cardiovascular and other diseases [18]. Nuts and olives are high in
monounsaturated fatty acids contributing to a desirable monounsaturated/saturated fats ratio. A
reasonable consumption (i.e., a handful) of nuts and seeds (minimally salted or unsalted) represent a
healthy snack choice, offering plant protein and having good satiety value, amongst others. If possible,
locally produced nuts, seeds and olives should be opted for.
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3.3.2. Herbs, Spices, Garlic and Onions

Herbs, spices, garlic and onions give dishes flavor, increasing palatability while allowing for a
reduction in salt use. They constitute, to different degrees, a source of multiple micronutrients and
antioxidant compounds helping to enrich the dishes they are used in. These foodstuffs are staples
in many countries in and around the Mediterranean basin and contribute to the regional cultural
identities and culinary specialties (e.g., “sofrito” in Italy and Spain and “ladera” in Greece).

3.3.3. Legumes

As indicated earlier, in this updated MDP, preference is given to plant protein sources such as
legumes, though animal protein sources low in saturated fats, such as fish, poultry, rabbit and certain
lean meats, as well as eggs, are allowed in reasonable amounts. Thus, a daily amount of plant protein
sources should be prioritized (at least one small serving per day). Indeed, in this update, legumes have
been incorporated into the category of daily consumption. There is no health reason to limit legumes
consumption, but there are a number of environmental reasons to increase it. Legumes may substitute
animal protein foods in the diet, decreasing the environmental impact of the current MD. Legumes
also help to fix atmospheric nitrogen in the soil, improving soil fertility and reducing dependence on
energy-intensive or artificial fertilizers. Legumes share some of the health attributes of vegetables with
respect to micronutrients and also provide large amounts of protein and soluble fibers. Although of
moderate quality, their protein content can be improved if combined with cereals. Legumes are highly
satiating with a low glycemic index and glycemic load and the soluble fibers help in controlling blood
glucose and cholesterol levels. The versatility of legumes enhances their culinary value. They may be
bought dried and then cooked or bought fresh or frozen. Fresh legumes are seasonally available, while
frozen and dried versions are available all year round.

3.3.4. Dairy Products

Milk and dairy products should be consumed on a daily basis in a moderate amount (maximum of
two servings per day). Traditionally, in the Mediterranean region, the most consumed dairy products
were in the form of yogurt and cheese (particularly from sheep’s milk) and these should continue to be
consumed in moderation. Dairy products like milk, cheese and yogurt have numerous benefits for
bone and muscle health, as they are a source of proteins, calcium and micronutrients. Moreover, due to
their probiotic content, they boost digestive tract health and positively affect the microbiome [67,68].

However, dairy products together with meat represent a major concern because of their
environmental impact. Dairy farming in the EU is becoming more intensive and more specialized, with
imported grains and soybeans being used as feed. There is a move towards fewer and larger farms,
except where national authorities actively intervene to help maintain small producers or promote
organic production [69]. These trends lead to problems regarding atmospheric, land and water
pollution (e.g., from transportation and animal waste) and put pressure on marginal habitats and
landscape features, biodiversity and soil integrity. Thus, eating a variety of dairy products and, as
much as possible, milk and dairy products from small producers and local farmers should be preferred,
as well as consuming organic products. This will help to reduce the environmental impact of these
products (i.e., harm to soil quality, or impacts from packaging and transport), sustain the local economy,
and yield better quality products, as grazing leads to better lipid profiles in milk.

3.4. Weekly Intake

Fish and seafood are integral to the MD and a varied consumption (oily fish, lean fish and shellfish)
is recommended based on local availability and culinary traditions. Not only are they important
sources of proteins, but Mediterranean Sea fish, such as sardines and others, are rich in omega-3
fatty acids—eicosapentaenoic acid (EPA) and docosahexaenoic (DHA)—reported to reduce the risk of
coronary heart disease and to have anti-inflammatory properties [70]. Yet fish and shellfish are largely
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a wild resource that is at risk of being depleted; therefore, adequate management is needed in order to
maintain fish stocks [71]. Apart from seeking sustainably sourced and captured wild fish, aquaculture
can be considered as an alternative. Aquaculture fish have equally valid nutritional characteristics,
though the lipid profile may be altered due to the feed [72]. Moreover, aquaculture production is
now often being redesigned to take on a circular economy approach where waste is reused for other
functions, such as feeding plants in aquaponics, or creating energy [73].

Poultry and eggs are also included in the MDP. Poultry provides high quality protein and does not
contain the high levels of saturated fat found in red meat. Whole eggs, including those used for cooking
or baking, should not exceed four per week. Poultry meat and eggs have moderate impacts on natural
resources and environment. Organically produced varieties should be sought, as animal welfare is
safeguarded, and this also helps to enrich the soil where these animals roam and deposit waste.

A key recommendation concerns red and processed meats. Red meats should be eaten less
frequently (≤2 servings/week), preferably as lean cuts. Similarly, processed meat consumption should
also be limited (≤1 serving/week). Both red and processed meats should be seen as a condiment to add
palatability to dishes and recipes, and not as the main item in a dish- a common characteristic in the
Western dietary pattern. Intake of meat, particularly red and processed meats, has been consistently
associated with certain chronic diseases (i.e., increased risk of type 2 diabetes, cardiovascular disease,
cancer) and all-cause mortality [74,75]. Thus, a decrease in consumption is beneficial for multiple health
reasons. Moreover, this decrease also has high environmental value. In fact, most of the estimated
global GHG emissions deriving from agriculture and land use come from livestock production.
The process of raising ruminants produces significant amounts of methane, a GHG with detrimental
global warming potential. Moreover, livestock production affects land use and GHG emission in
different ways: deforestation for grazing land and cropland for soy-feed production, soil carbon loss in
pastures, energy required for growing feed-grains and processing and transporting grains and meat,
NO releases from the use of nitrogenous fertilizers, and gases from animal manure (especially methane)
and enteric fermentation [54,76]. In the future, if acceptability is tackled, alternative protein sources
could potentially be in the form of sustainable novel foods such as insects and jellyfish.

Finally, at the top of the MDP, one finds that high fat and/or high sugar sweets, pastries and
beverages are represented. Sweets and ultra-processed high sugar, high fat, foods and drinks should
be consumed in small amounts and only occasionally. They should be limited to maximum one–two
servings per week or reserved for special occasions and celebrations. Sweetness in the diet should
preferably be added with fresh and, to a lesser extent, dried fruits, honey or carob syrup. Of note,
a lower consumption of highly processed long shelf life sweets, pastries and snacks may contribute to
less use by the food industry of palm fats, which are typical ingredients in such foods, and which as
described earlier are harmful to the environment unless sustainably produced.

3.5. Drinks and Fluid Balance

3.5.1. Water

Water and non-sweetened beverages (1.5–2 L per day, corresponding to an average amount
of six–eight servings per day), in addition to water from food are essential to preserve body water
balance and maintain an active lifestyle. According to the European Food Safety Authority (EFSA),
the reference values for adequate water intake are 2.0 and 2.5 L per day for adult females and males,
respectively [77]. These values include drinking water, water from other beverages and water present
in food, and apply to individuals engaging in moderate physical activity levels and are at moderate
ambient temperature. Water requirements may vary according to age, personal clinical/health status,
physical activity intensity, weather and other environmental conditions. Water should be consumed
freely, preferably from the tap, according to hygienic safety. Tap water is preferred in order to
reduce the environmental footprint of commercial drinking water (mainly packaging and transport).
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In general, local tap or bottled water should be the order of choice [78] and always prioritizing glass
over plastic containers.

3.5.2. Other Beverages

Coffee, tea and herbal infusions (rich in flavonoids) are also included, but consumption should
be with a minimal use of sugar or honey, or preferably without any sweetener. Each of these
beverages, in varying degrees, offers another source of beneficial flavonoids and can potentially
decrease consumption of highly sweetened beverages. Certified fair trade and sustainably produced
coffee and tea should be opted for as much as possible, and recipes for local, traditional herbal brews
should be recorded for posterity.

3.6. Portion Size

Portion sizes (formerly called servings) should be based on frugality and moderation and aligned
with the energy needs of urban and modern lifestyles where applicable. In general, the portion sizes
of the foods represented at the base of the pyramid should be larger and the foods from this section
consumed more frequently (while avoiding food waste). In contrast, those foods at the upper levels
should be consumed in much smaller amounts and less frequently.

It is worth noting that in countries adopting the Western diet pattern, most individuals have
protein intakes largely exceeding their needs, with red meat being one of the main contributors.
Thus, limiting portion sizes of protein-rich foods, particularly red meat, will better fit with a healthy,
sustainable diet, and has the added benefit of reducing monetary costs.

3.7. The Base of the Pyramid

Situated outside, but at the base of the pyramid, the new concepts of sustainability and affordability
are highlighted, adding on to aspects already present in the previous version [14]. Physical activity,
adequate rest and socialization during meals are also represented, being practices integral to the
definition of the Mediterranean lifestyle.

3.7.1. Physical Activity

The importance of the regular practice of moderate-intensity physical activity (150 min throughout
the week, or at least 30 min a day for 5 days per week) and muscle-strengthening activities at least twice
a week, are emphasized as a basic complement to the MD for balancing energy intake, maintaining a
healthy body weight and for many other health benefits.

3.7.2. Sleep and Rest

A restorative nightly sleep, as well as resting during the day (usually after the mid-day meal) are
part of a balanced lifestyle, contributing to health maintenance. A slower lifestyle with reduced stress
levels should also be sought. Being active or relaxing in a natural setting (e.g., swimming, walking
and hiking, or responsible picnicking) is in keeping with the MD whilst not being detrimental to the
natural environment.

3.7.3. Culinary Activities and Conviviality

Mealtimes have a social and cultural value which transcends their nutritional and nourishing
functions [79]. Cooking from scratch is typical of the MD, whereas shared culinary activities and shared
dining allow for trans-generational transmission of culinary knowledge and recipes in an enjoyable
atmosphere. These are key elements for the revitalization of the MD, at least in the Mediterranean
region itself.
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3.7.4. Wine

As shown by the available scientific literature, there is no safe level for alcohol consumption [80].
Nevertheless, while fully respecting religious principles, cultural beliefs and social norms, an optional
moderate consumption of wine (one glass per day for women and two glasses per day for men),
preferably during meals, as well as other fermented beverages, might be indicated. In Muslim
Mediterranean countries where alcoholic drinks are not consumed, there is a high intake of tea infusions,
rich in polyphenols similar to wine, and sometimes accompanied with herbs such as mint. The habit of
tea and infusion drinking is commendable from both a health and environmental perspective.

3.7.5. Biodiversity and Seasonal and Local Foods

The value of eating a variety of local and seasonal foods is emphasized. Consuming a range of
locally available foods—animal, fish and shellfish and plants—will aid in maintaining biodiversity
in the region. As far as possible, fresh, seasonal and minimally processed foods should be preferred.
This will maximize their nutritional properties and markedly reduce the environmental footprints of
food production and processing, as well as long-distance transport of imported foods. Moreover, local
production chains will be sustained, with beneficial effects on the local economy and employment.

3.7.6. Traditional

The selection and preference of traditional and local foods will sustain the local culinary heritage,
promote the use of indigenous ingredients, and thus support the (sustainable) production (plants and
animal) and capture (e.g., fish, wild rabbit, fowl) of foods which are familiar, and also those less known.
Many traditional MD dishes are plant-based and high in vegetables, legumes, nuts and cereals making
them more environment-friendly.

3.7.7. Eco-Friendly Products

Consuming eco-friendly products will help the preservation of Mediterranean landscapes and sea.
Eco-friendly production methods, such as agro-ecology or organic agriculture, result in biodiversity
promotion and reduction or elimination of harmful chemical use [80]. Thus, health for consumers
as well as nature (land, rivers, sea, etc.) will be promoted. Indeed, recent large epidemiological
studies have shown that consumers whose diet comprises a high share of organic foods adopt a
healthier plant-based dietary pattern with lower pesticide exposure, lower body mass, lower impact
on natural resources and lower GHG emissions [26,81,82]. Combining the MD with regular organic
food consumption appears to be the optimal option [30].

3.7.8. Affordability

Adherence to a MD does not necessarily increase the expense of one’s diet significantly [83,84].
Basing meals on legumes, cereals and local and seasonal vegetables, fruit and fish can help to offset
the cost of other potentially more expensive foods such as meat or less healthy processed foods.
Following the guidance of the updated MDP can assist those who are financially insecure in consuming
a healthier diet.

4. Discussion

The seminal EAT LANCET study established a global food system modelling framework to
evaluate which combinations of feasible measures (dietary shift, standard and high levels of improved
production practices, reduced food waste and loss) were needed to stay within sustainable food
production limits (GHG emissions, nitrogen cycling, phosphorus cycling, freshwater use, biodiversity
loss and land system change) while still supplying nutritious and healthful diets by 2050. Their
findings suggest that a shift towards a dietary pattern comprising more plant-based foods than animal
foods (obviating the need to become a strict vegan, and emphasizing fish and poultry, legumes, whole
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grains, vegetables, fruits and nuts) would provide environmental benefits, nutrient adequacy and
improved health [6]. The nutritional adequacy of the traditional MD has been demonstrated, despite
being lower in animal products and less caloric, as it contains smaller amounts of proteins and fats and
is richer in fiber and micronutrients [11,14,34,43,81].

The proposed new graphical representation of the MDP has considered various aspects outlined
by the recent EAT LANCET study and fulfills an expressed need for a common framework among
countries in the Mediterranean regions to develop sustainability-promoting Food-Based Dietary
Guidelines [38]. It represents a concerted effort at consensus-building among experts from different
disciplines, reflective of the complexity of food systems, as well as the need to adhere to the latest
scientific evidence.

Assessing the sustainability and especially the environmental impact of the MD has been perceived
as a complex task, but one which is urgently required. With this objective, during 2012–2016 an informal
international working group from different institutions collaborated to identify nutritional indicators for
assessing the sustainability of a healthy diet [43,85]. The group identified thirteen indicators belonging
to five areas (biochemical characteristics, food quality, and environmental, lifestyle and clinical aspects).
Such indicators were proposed as a useful methodological framework to address health, education and
agricultural policies [43]. The significance of the diet for environmental protection or degradation was
integral to the choice of indicators, and the role of agriculture and fisheries in facilitating a sustainable
diet was considered from different angles.

The role of agriculture has been crucial in historically shaping the biodiversity of EU countries,
but over the last decades this synergistic relationship has been undermined. Intensification and
specialization of agricultural production has been established increasing production potential, but
also causing the marginalization and abandonment of many areas of land and consequently losses of
species and habitats associated with farmland [47]. For these reasons, the sustainable management of
natural resources is part of the objectives of the EU’s Common Agricultural Policy agenda [48–50].

Moreover, changes in food consumption and production could have important implications for
land use and GHG emissions [51]. The nature of this land-food relationship depends on the type of
food consumed and also on other factors, such as population growth, agricultural productivity, land
ownership and investment patterns, and land use efficiency [54].

With the identification of the food production chain as one of the main contributors towards
a negative environmental impact in the last decades, the study of such effects has often involved
using the Life Cycle Assessment (LCA) method. This method comprises a tool for appraising the
environmental impacts and resources used throughout a product’s life cycle. For example, in the case
of food production, the LCA investigates the environmental impact of each phase, from agricultural
production to final consumption, examining industrial processing, packaging, distribution and retail,
cooking and finally waste management [86,87]. Muñoz et al.’s 2010 study analyzed the average Spanish
diet (consisting of water 75%, protein 3.6%, fat 5.8%, carbohydrate 13% and fiber 0.78% of ingested
food weight) with the LCA method [88]. Results showed that the net Global Warming Potential (GWP)
related to feeding a Spanish citizen for one year amounted to 2.1 tons of CO2 equivalent. Considering
the whole food production chain from production to wastewater treatment, this figure was dominated
by the production stage. Moreover, the contribution of meat and dairy production represented around
54% of total GWP for food production. Similarly, eutrophication potential and primary energy use
were dominated by the food production stage [88].

The sustainability of the updated MD versus present-day Spanish and Western dietary patterns in
the context of the Spanish population was analyzed in 2012–2013 comparing the reference pattern of
the MD pyramid [14] with an estimation of the current Spanish and Western dietary patterns derived
from FAO data [27]. The MD emerged as having the lowest environmental impact compared to
current Spanish and Western dietary patterns, having an agricultural land use of 8365 × 103 Ha/year
(Spanish and Western dietary patterns 12,342 × 103 Ha/year and 33,162 × 103 Ha/year, respectively),
energy consumption of 239,042 TJ/year (Spanish and Western dietary patterns 285,968 TJ/year and
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611,314 TJ/year, respectively), water consumption of 13.2 Km3/year (Spanish and Western dietary
patterns 13.4 Km3/year and 22.0 Km3/year respectively) and GHG emissions amounting to 35,510 Gg
CO2 eq/year (Spanish and Western dietary patterns 72,758 Gg CO2 eq/year and 217,128 Gg CO2 eq/year,
respectively). The food groups mainly responsible for environmental pressure were meat and dairy
products [27].

The environmental burden of the MD applied in the Italian context was also analyzed [89].
The authors recognize that the LCA method inevitably suffers from omissions (which are required
to make the method applicable) that could lead to underestimation of the total impact when applied
to household consumption. For this reason, they chose to assess the environmental footprint of the
MD using a hybrid method. This method addresses stages of food production and consumption
through the LCA and other methodologies (in this case input-output analysis). It was observed that
the national average diet led to 402.91 kg CO2 eq/month of GHG emissions, while the MD presented
a 6.81% lower CO2 eq/month [89]. These results are in agreement with the findings of the study of
Muñoz et al. [87], recording slightly higher values of GWP. This is probably due to the authors taking
into account the actual consumption of a Spanish citizen, as well as solid waste management, which
were not considered in the Italian study.

Two recent studies (2013 and 2018) dealt with sustainability of the MD and dietary patterns in
Spain. In the first study, based on the SUN cohort (20,363 adults), it was observed that better adherence
to the MD was significantly associated with lower land use, water and energy consumption and GHG
emissions, making it an eco-friendly option [28]. In the second study evaluating a cohort of 18,929
adults, the MD was compared to a partly vegetarian diet or Western diet, after ten years of follow-up.
Overall, the MD was healthier, whereas the partly vegetarian diet was slightly better than the MD for
environmental impacts, whilst the Western diet was better only because of its lower monetary cost.
Thus, according to the findings of this study, the MD seemed to be the more sustainable option, closely
followed by the partly vegetarian diet [29].

It is important to note (as briefly mentioned earlier) that the environmental impact of food
production also involves water use. Water availability is an important issue in some countries of the
Mediterranean basin (e.g., in Spain and Malta), linked to the increasing water demand for agriculture
plus the desertification process. For these reasons, the concept of a water footprint is gaining importance
when analyzing the link between water resources and the food production chain. In the last decades,
methodologies such as the Water Footprint Assessment (WFA) and the LCA have been implemented
to study such relationships.

The concept of a water footprint (WF) represents an indicator of freshwater use, including both
direct water use of a consumer or producer and the indirect water use. In other words, the WF of
a product is the volume of freshwater used to produce a food, measured over the whole supply
chain. WFA refers to the quantification and location of the WF of a food production chain, and to the
assessment of the environmental, social and economic sustainability of this WF. This is carried out
with the objective of informing policies and formulating response strategies [90,91].

A study conducted in 2019 [92] investigated the nutritional and water usage implications of the
current Spanish diet compared with the MD. The findings showed that the current Spanish dietary
habits presented higher WF than the recommended MD: the former consumed 2554 L/capita per day
and the latter 1835 L/capita per day. This difference was mainly due to the higher consumption of
red and processed meat, sugars, pastries, beverages and dairy products [92]. The authors observed
that, in addition to its beneficial effects on health, the adoption of the MD by the Spanish population
(approx. 46.6 million) would save 474 million m3 of blue water, a valuable resource that could be
allocated to other uses. Thus, the MD emerged as a healthy, more sustainable and more water-efficient
model than the average Spanish diet. This finding is of major relevance, considering that some of the
areas in the Mediterranean region are semi-arid zones.

Widespread international scientific consensus and a large body of evidence support the assertion
that plant-based diets are healthier and more protective of natural resources and the general
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environment, including GHG emissions [11,24,25,93,94]. It is also worth noting that more and
more countries are integrating sustainability into their Food-Based Dietary Guidelines (FBDG). For
instance, in France the FBDG were extensively updated in 2019 by the Ministry of Health [95]. They
now include the concept of environmental preservation and the reduction of pesticide exposure.
In brief, they recommend adopting a plant-based diet with increased consumption of all plant foods
(vegetables, fruits, whole grains, legumes and nuts) and preferably of organic origin, a reduction in dairy
products and limitation of red and processed meats. In an article based on the NutriNet-Santé cohort
(28,240 participants), the authors showed that better adherence to the 2019 FBDG was related to higher
plant-based food consumption, lower energy intake, lower exposure to chemical pesticides, lower
expected population mortality and lower overall environmental impacts (land use, energy demand,
GHGs), albeit at a somewhat higher cost [46]. These results suggest that overall, the French 2019 FBDG
are generally in line with the multiple dimensions of diet sustainability, including health, although
adherence is associated with a slight increase in cost. If adopted by a large part of the population, these
dietary guidelines may help to prevent chronic diseases while reducing environmental impacts related
to food consumption. The small increase in monetary cost would be balanced by lower externalized
costs for the society. This implies that governments should take appropriate measures to help citizens
and farmers to adopt sustainable attitudes and practices.

Nevertheless, the evidence supporting the environmental sustainability of the MD has some
limitations that should be considered. First of all, there is limited information about each step of
the food production chain, and assumptions are sometimes made in environmental impact analyses.
Secondly, the food production system is a complex one which requires that many aspects should be
controlled and kept in mind. Unfortunately, this remains a challenge as the food production system,
transport, distribution and retail are extremely globalized and also diverse. The evaluation of the
sustainability of a certain dietary pattern should be context-specific and involve different professionals
from the health, medical, sociological and educational fields, as well as from systems engineering,
and from agronomic, veterinary and environmental sciences. Moreover, extreme caution must be
exerted when discussing the sustainability of food system issues in order to avoid the risk of trivializing
problems characterized by extreme complexity, as well as their consequences and/or possible solutions.

Finally, evidence shows that to stay within the guidelines that foster sustainable food
systems, a combination of dietary changes and production and management-related measures are
required [11,14]. Although putting some of the measures into practice may be sufficient to stay within
particular environmental limits, no single intervention is enough to simultaneously meet all the
recommended environmental guidelines. This can be seen in the negative effect of climate change on
food production, thus emphasizing the need to concurrently address reducing food waste and loss,
apart from shifting to more sustainable dietary patterns.

5. Conclusions

Past versions of the MDP aimed to describe and summarize the MD patterns of different countries
in the Mediterranean area whilst highlighting health benefits or recommendations. The various MD-Ps
have all evolved as a result of modern technology, food processing and globalization (e.g., many
developments and innovations have changed the range of foods currently available throughout the
year). The MD-P is a shared cultural heritage that is widely recognized for its contribution to health
and well-being and which should be preserved among the Mediterranean populations. Moreover,
according to the United Nations Sustainable Development Goals (SDGs), the MD complies with at
least 11 out of 17 goals: SDG2 Zero Hunger: End hunger, achieve food security and improved nutrition
and promote sustainable agriculture; SDG3 Good Health and Well-Being: Ensure healthy lives and
promote well-being for all at all ages; SDG4 Quality Education: Ensure inclusive and equitable quality
education and promote lifelong learning opportunities for all; SDG5 Gender Equality: Achieve gender
equality and empower all women and girls; SDG6 Clean Water and Sanitation: Ensure availability
and sustainable management of water and sanitation for all; SDG7 Affordable and Clean Energy:
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Ensure access to affordable, reliable, sustainable and modern energy for all; SDG8 Decent Work and
Economic Growth: Promote sustained, inclusive and sustainable economic growth, full and productive
employment and decent work for all; SDG11 Sustainable Cities and Communities: Make cities and
human settlements inclusive, safe, resilient and sustainable; SDG12 Responsible Consumption and
Production: Ensure sustainable consumption and production patterns; SDG13 Climate Action: Take
urgent action to combat climate change and its impacts; SDG14 Life Below Water: Conserve and
sustainably use the oceans, seas and marine resources for sustainable development; SDG15 Life on
Land: Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss [53].

The updated edition of the MDP presented here stresses the need to increase the sustainability of
the MDP, decreasing the contribution of meat, high fat dairy products and highly processed foods,
and increasing the consumption of legumes and as many locally grown vegetables, fruits, nuts and
their products, preferably as eco-friendly products, as feasible. The final point to remember is that
there should be a comprehensive approach to the MD, promoting it not just as a healthy diet, but also
as a culturally coherent way of life to be enjoyed in a sustainable manner. Even if other food models
may have a better performance on given points (e.g., certain environmental impacts of plant-based
diets) the overall value of the MD on four dimensions, that is environmental, social, cultural, economic
and nutritional/health levels, makes it a sustainable diet model that has been also recognized as an
intangible heritage of humanity [3], but with added environmental value. The virtues of the MD and
particularly its significance for environmental preservation and protection as presented in this new
version of the MD pyramid need to be efficiently communicated and applied in an integrated manner
at multiple levels. This implies starting from the level of policymakers, and expanding to mass media
and social media influencers, to community development NGOs, to educators, to food innovators in
production and processing, to restaurateurs and finally to the individuals and families in households.

This revision was fostered by an interdisciplinary dialogue amongst a multidisciplinary team of
scientists and experts in order to provide a unified representation of the MD as a sustainable dietary
pattern relevant to the entire Mediterranean region. This new revision of the MD Pyramid is grounded
in scientific consensus among experts, as well as in evidence from research in the areas of nutrition,
health and the natural and socio-economic environments; but it does not intend to be prescriptive.
The idea is that each country uses the basic updated MDP and related recommendations as a guide,
adapting the contents to their own country-specific contexts and cuisines.

This updated representation of the MD pyramid is released in order to marry the worldwide
interest in the MD with increasing attention to sustainability, and especially to environmental concerns.
Such representation aims to contribute towards a significantly greater adherence to this dietary pattern
and lifestyle in the Mediterranean basin, as well as in other similar countries. The main goal is to
shift the perception of the MD benefits from a person-centered, individual focus, to a broader focus
embracing the benefits of the MD pattern for the planet and its populations.

Author Contributions: L.S.-M. and L.T. are joint first authors of this manuscript. L.S.-M. and L.T. conceptualization,
methodology, writing—original draft preparation, review and editing. S.D., E.M.B., D.L., L.M.D., F.-X.M., R.B.,
S.P., R.C., A.B.-F., J.A.-B., C.L.V. and A.T. contributed substantially to the paper within their field of research as
well as in reviewing drafts. L.T., L.S.-M., S.P., A.B.-F. and J.N.d.l.C. reviewed the final version of the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: This consensus paper represents many rounds of discussions among the authors. They
all agreed on the major issues presented herein; however, there remain some outstanding points where some
authors dissented. It is hoped that these will be resolved through in-depth academic debate following publication.
We realize that the Mediterranean Diet is in constant evolution and therefore subject to constant updates and
clarifications such as regarding the environmental, economic and socio-cultural aspects.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2020, 17, 8758 16 of 20

References

1. World Population Prospects 2019. Available online: http://www.ncbi.nlm.nih.gov/pubmed/12283219
(accessed on 6 October 2020).

2. Foley, J.A.; DeFries, R.; Asner, G.P.; Barford, C.; Bonan, G.; Carpenter, S.R.; Chapin, F.S.; Coe, M.T.; Daily, G.C.;
Gibbs, H.K.; et al. Global Consequences of Land Use. Science 2005, 309, 570–574. [CrossRef] [PubMed]

3. Vermeulen, S.J.; Campbell, B.M.; Ingram, J. Climate Change and Food Systems. Annu. Rev. Environ. Resour.
2012, 37, 195–222. [CrossRef]

4. Molden, D. Water for Food Water for Life; Routledge: London, UK, 2013.
5. Steffen, W.; Richardson, K.; Rockström, J.; Cornell, S.E.; Fetzer, I.; Bennett, E.; Biggs, R.; Carpenter, S.R.; De

Vries, W.; De Wit, C.A.; et al. Planetary boundaries: Guiding human development on a changing planet.
Science 2015, 347, 1259855. [CrossRef] [PubMed]

6. Willett, W.; Rockström, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.;
Declerck, F.; Wood, A.; et al. Food in the Anthropocene: The EAT–Lancet Commission on healthy diets from
sustainable food systems. Lancet 2019, 393, 447–492. [CrossRef]

7. Berry, E.M.; Dernini, S.; Burlingame, B.; Meybeck, A.; Conforti, P. Food security and sustainability: Can one
exist without the other? Public Health Nutr. 2015, 18, 2293–2302. [CrossRef] [PubMed]

8. Food Security and Nutrition—Building a Global Narrative towards 2030. Available online: http://www.fao.
org/3/ca9731en/ca9731en.pdf (accessed on 6 October 2020).

9. Food and Agriculture Organization of the United Nations. World Health Organization. Sustainable Healthy
diets—Guiding Principles. Available online: http://www.fao.org/documents/card/en/c/ca6640en/ (accessed
on 6 October 2020).

10. Dernini, S.; Berry, E.M. Mediterranean Diet: From a Healthy Diet to a Sustainable Dietary Pattern. Front.
Nutr. 2015, 2, 15. [CrossRef] [PubMed]

11. Willett, W.C.; Sacks, F.; Trichopoulou, A.; Drescher, G.; Ferro-Luzzi, A.; Helsing, E.; Trichopoulos, D.
Mediterranean diet pyramid: A cultural model for healthy eating. Am. J. Clin. Nutr. 1995, 61 (Suppl. 6),
1402S–1406S. [CrossRef]

12. Trichopoulou, A. Diversity v. globalization: Traditional foods at the epicentre. Public Health Nutr. 2012,
15, 951–954. [CrossRef]

13. Dernini, S.; Berry, E.; Serra-Majem, L.; La Vecchia, C.; Capone, R.; Medina, F.; Aranceta-Bartrina, J.;
Belahsen, R.; Burlingame, B.; Calabrese, G.; et al. Med Diet 4.0: The Mediterranean diet with four sustainable
benefits. Public Health Nutr. 2017, 20, 1322–1330. [CrossRef]

14. Bach-Faig, A.; Berry, E.M.; Lairon, D.; Reguant, J.; Trichopoulou, A.; Dernini, S.; Medina, F.X.; Battino, M.;
Belahsen, R.; Miranda, G.; et al. Mediterranean diet pyramid today. Science and cultural updates. Public
Health Nutr. 2011, 14, 2274–2284. [CrossRef]

15. Serra-Majem, L.; Roman, B.; Estruch, R. Scientific evidence of interventions using the Mediterranean Diet: A
systematic review. Nutr. Rev. 2006, 64 (Suppl. 1), S21–S47. [CrossRef]

16. Sofi, F.; Cesari, F.; Abbate, R.; Gensini, G.F.; Casini, A. Adherence to Mediterranean diet and health status:
Meta-analysis. BMJ 2008, 337, a1344. [CrossRef] [PubMed]

17. Benetou, V.; Trichopoulou, A.; Orfanos, P.; Naska, A.; Lagiou, P.; Boffetta, P.; Trichopoulos, D. Conformity to
traditional Mediterranean diet and cancer incidence: The Greek EPIC cohort. Br. J. Cancer 2008, 99, 191–195.
[CrossRef] [PubMed]

18. Estruch, R.; Ros, E.; Salas-Salvadó, J.; Covas, M.-I.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, V.;
Fiol, M.; Lapetra, J.; et al. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet
Supplemented with Extra-Virgin Olive Oil or Nuts. N. Engl. J. Med. 2018, 378, e34. [CrossRef] [PubMed]

19. Kargın, D.; Tomaino, L.; Serra-Majem, L. Experimental Outcomes of the Mediterranean Diet: Lessons Learned
from the Predimed Randomized Controlled Trial. Nutrients 2019, 11, 2991. [CrossRef]

20. Martínez-González, M.A.; Salas-Salvadó, J.; Estruch, R.; Corella, D.; Fitó, M.; Ros, E. Benefits of the
Mediterranean Diet: Insights from the PREDIMED Study. Prog. Cardiovasc. Dis. 2015, 58, 50–60. [CrossRef]

21. Martínez-González, M.Á.; Bes-Rastrollo, M.; Serra-Majem, L.; Lairon, D.; Estruch, R.; Trichopoulou, A.
Mediterranean food pattern and the primary prevention of chronic disease: Recent developments. Nutr. Rev.
2009, 67, S111–S116. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/12283219
http://dx.doi.org/10.1126/science.1111772
http://www.ncbi.nlm.nih.gov/pubmed/16040698
http://dx.doi.org/10.1146/annurev-environ-020411-130608
http://dx.doi.org/10.1126/science.1259855
http://www.ncbi.nlm.nih.gov/pubmed/25592418
http://dx.doi.org/10.1016/S0140-6736(18)31788-4
http://dx.doi.org/10.1017/S136898001500021X
http://www.ncbi.nlm.nih.gov/pubmed/25684016
http://www.fao.org/3/ca9731en/ca9731en.pdf
http://www.fao.org/3/ca9731en/ca9731en.pdf
http://www.fao.org/documents/card/en/c/ca6640en/
http://dx.doi.org/10.3389/fnut.2015.00015
http://www.ncbi.nlm.nih.gov/pubmed/26284249
http://dx.doi.org/10.1093/ajcn/61.6.1402S
http://dx.doi.org/10.1017/S1368980012000304
http://dx.doi.org/10.1017/S1368980016003177
http://dx.doi.org/10.1017/S1368980011002515
http://dx.doi.org/10.1301/nr.2006.feb.S27-S47
http://dx.doi.org/10.1136/bmj.a1344
http://www.ncbi.nlm.nih.gov/pubmed/18786971
http://dx.doi.org/10.1038/sj.bjc.6604418
http://www.ncbi.nlm.nih.gov/pubmed/18594542
http://dx.doi.org/10.1056/NEJMoa1800389
http://www.ncbi.nlm.nih.gov/pubmed/29897866
http://dx.doi.org/10.3390/nu11122991
http://dx.doi.org/10.1016/j.pcad.2015.04.003
http://dx.doi.org/10.1111/j.1753-4887.2009.00172.x


Int. J. Environ. Res. Public Health 2020, 17, 8758 17 of 20

22. Serra-Majem, L.; Román-Viñas, B.; Sanchez-Villegas, A.; Guasch-Ferré, M.; Corella, D.; La Vecchia, C. Benefits
of the Mediterranean diet: Epidemiological and molecular aspects. Mol. Asp. Med. 2019, 67, 1–55. [CrossRef]

23. E Nelson, M.; Hamm, M.W.; Hu, F.B.; Abrams, S.A.; Griffin, T.S. Alignment of Healthy Dietary Patterns and
Environmental Sustainability: A Systematic Review. Adv. Nutr. 2016, 7, 1005–1025. [CrossRef]

24. Aleksandrowicz, L.; Green, R.; Joy, E.J.M.; Smith, P.; Haines, A. The Impacts of Dietary Change on Greenhouse
Gas Emissions, Land Use, Water Use, and Health: A Systematic Review. PLoS ONE 2016, 11, e0165797.
[CrossRef]

25. Tilman, D.; Clark, M. Global diets link environmental sustainability and human health. Nat. Cell Biol. 2014,
515, 518–522. [CrossRef] [PubMed]

26. Baudry, J.; Pointereau, P.; Seconda, L.; Vidal, R.; Taupier-Letage, B.; Langevin, B.; Allès, B.; Galan, P.;
Hercberg, S.; Amiot, M.-J.; et al. Improvement of diet sustainability with increased level of organic food in
the diet: Findings from the BioNutriNet cohort. Am. J. Clin. Nutr. 2019, 109, 1173–1188. [CrossRef] [PubMed]

27. Sáez-Almendros, S.; Obrador, B.; Bach-Faig, A.; Serra-Majem, L. Environmental footprints of Mediterranean
versus Western dietary patterns: Beyond the health benefits of the Mediterranean diet. Environ. Health 2013,
12, 118. [CrossRef] [PubMed]

28. Fresán, U.; Martínez-González, M.-A.; Sabaté, J.; Bes-Rastrollo, M. The Mediterranean diet, an environmentally
friendly option: Evidence from the Seguimiento Universidad de Navarra (SUN) cohort. Public Health Nutr.
2018, 21, 1573–1582. [CrossRef] [PubMed]

29. Fresán, U.; Martínez-González, M.A.; Sabaté, J.; Bes-Rastrollo, M. Global sustainability (health, environment
and monetary costs) of three dietary patterns: Results from a Spanish cohort (the SUN project). BMJ Open
2019, 9, e021541. [CrossRef] [PubMed]

30. Seconda, L.; Baudry, J.; Allès, B.; Hamza, O.; Boizot-Szantai, C.; Soler, L.-G.; Galan, P.; Hercberg, S.; Lairon, D.;
Kesse-Guyot, E. Assessment of the Sustainability of the Mediterranean Diet Combined with Organic Food
Consumption: An Individual Behaviour Approach. Nutrients 2017, 9, 61. [CrossRef] [PubMed]

31. Serra Majem, L.; Medina, F.X. The Mediterranean Diet as an Intangible and Sustainable Food Culture. In The
Mediterranean Diet: An Evidence-Based Approach; Academic Press: London, UK, 2015; pp. 37–46.

32. Medina, F.X. Mediterranean diet, culture and heritage: Challenges for a new conception. Public Health Nutr.
2009, 12, 1618–1620. [CrossRef]

33. Medina, F.X. Food consumption and civil society: Mediterranean diet as a sustainable resource for the
Mediterranean area. Public Health Nutr. 2011, 14, 2346–2349. [CrossRef]

34. CIHEAM/FAO. Mediterranean food consumption patterns: Diet, environment, society, economy and health. In A
White Paper Priority 5 of Feeding Knowledge Programme Expo Milan 2015; CIHEAM-Bari/FAO: Rome, Italy, 2015.

35. Burlingame, B.; Dernini, S. Sustainable diets: The Mediterranean diet as an example. Public Health Nutr.
2011, 14, 2285–2287. [CrossRef]

36. Donini, L.M.; Serra-Majem, L.; Bulló, M.; Gil, Á.; Salas-Salvadó, J. The Mediterranean diet: Culture, health
and science. Br. J. Nutr. 2015, 113, S1–S3. [CrossRef]

37. Gussow, J.D. Mediterranean diets: Are they environmentally responsible? Am. J. Clin. Nutr. 1995, 61,
1383S–1389S. [CrossRef] [PubMed]

38. Galli, A.; Iha, K.; Halle, M.; El Bilali, H.; Grunewald, N.; Eaton, D.; Capone, R.; Debs, P.; Bottalico, F.
Mediterranean countries’ food consumption and sourcing patterns: An Ecological Footprint viewpoint. Sci.
Total Environ. 2017, 578, 383–391. [CrossRef] [PubMed]

39. Grosso, G.; Fresán, U.; Bes-Rastrollo, M.; Marventano, S.; Galvano, F. Environmental Impact of Dietary
Choices: Role of the Mediterranean and other Dietary Patterns in an Italian Cohort. Int. J. Environ. Res.
Public Health 2020, 17, 1468. [CrossRef] [PubMed]

40. De Boer, J.; Helms, M.; Aiking, H. Protein consumption and sustainability: Diet diversity in EU-15. Ecol. Econ.
2006, 59, 267–274. [CrossRef]

41. Berry, E.M. Sustainable Food Systems and the Mediterranean Diet. Nutrients 2019, 11, 2229. [CrossRef]
[PubMed]

42. Medina, F.X.; De Moura, A.P.; Vázquez-Medina, J.A.; Frías, J.; Aguilar-Martínez, A. Feeding the online:
Perspectives on food, nutrition and the online higher education. Int. J. Educ. Technol. High. Educ. 2019, 16,
1–8. [CrossRef]

http://dx.doi.org/10.1016/j.mam.2019.06.001
http://dx.doi.org/10.3945/an.116.012567
http://dx.doi.org/10.1371/journal.pone.0165797
http://dx.doi.org/10.1038/nature13959
http://www.ncbi.nlm.nih.gov/pubmed/25383533
http://dx.doi.org/10.1093/ajcn/nqy361
http://www.ncbi.nlm.nih.gov/pubmed/30982857
http://dx.doi.org/10.1186/1476-069X-12-118
http://www.ncbi.nlm.nih.gov/pubmed/24378069
http://dx.doi.org/10.1017/S1368980017003986
http://www.ncbi.nlm.nih.gov/pubmed/29380717
http://dx.doi.org/10.1136/bmjopen-2018-021541
http://www.ncbi.nlm.nih.gov/pubmed/30796113
http://dx.doi.org/10.3390/nu9010061
http://www.ncbi.nlm.nih.gov/pubmed/28085096
http://dx.doi.org/10.1017/S1368980009990450
http://dx.doi.org/10.1017/S1368980011002618
http://dx.doi.org/10.1017/S1368980011002527
http://dx.doi.org/10.1017/S0007114515001087
http://dx.doi.org/10.1093/ajcn/61.6.1383S
http://www.ncbi.nlm.nih.gov/pubmed/7754992
http://dx.doi.org/10.1016/j.scitotenv.2016.10.191
http://www.ncbi.nlm.nih.gov/pubmed/27838057
http://dx.doi.org/10.3390/ijerph17051468
http://www.ncbi.nlm.nih.gov/pubmed/32106472
http://dx.doi.org/10.1016/j.ecolecon.2005.10.011
http://dx.doi.org/10.3390/nu11092229
http://www.ncbi.nlm.nih.gov/pubmed/31527411
http://dx.doi.org/10.1186/s41239-019-0173-y


Int. J. Environ. Res. Public Health 2020, 17, 8758 18 of 20

43. Donini, L.M.; Dernini, S.; Lairon, D.; Serra-Majem, L.; Amiot, M.-J.; Del Balzo, V.; Giusti, A.-M.; Burlingame, B.;
Belahsen, R.; Maiani, G.; et al. A Consensus Proposal for Nutritional Indicators to Assess the Sustainability
of a Healthy Diet: The Mediterranean Diet as a Case Study. Front. Nutr. 2016, 3. [CrossRef]

44. World Health Organization. Dietary Recommendations/Nutritional Requirements List of Publications. 2020.
Available online: https://www.who.int/nutrition/publications/nutrientrequirements/en/ (accessed on 23 June
2020).

45. Sustainable Diets and Biodiversity. Available online: https://www.bioversityinternational.org/e-library/

publications/detail/sustainable-diets-and-biodiversity/ (accessed on 23 June 2020).
46. Kesse-Guyot, E.; Chaltiel, D.; Wang, J.; Pointereau, P.; Langevin, B.; Allès, B.; Rebouillat, P.; Lairon, D.;

Vidal, R.; Mariotti, F.; et al. Sustainability analysis of French dietary guidelines using multiple criteria. Nat.
Sustain. 2020, 3, 377–385. [CrossRef]

47. Elbersen, B.; Beaufoy, G.; Jones, G.; Noij, I.; Van Doorn, A.; Breman, B. Aspects of Data on Diverse Relationships
between Agriculture and the Environment. Rep DG-Environment Contract no 07-0307/2012/633993/ETU/B1
Alterra Wageningen, April 2014 [Internet]. 2012. Available online: http://library.wur.nl/WebQuery/wurpubs/
456846 (accessed on 6 October 2020).

48. European Commission DG Environment. Integrated Crop Managementsystems in the EU; DG Environ: Brussels,
Belgium, 2002.

49. Hart, K.; Allen, B.; Lindner, M.; Keenleyside, C.; Burgess, P.; Eggers, J.; Buckwell, A. Land as an Environmental
Resource. February 2013, p. 262. Available online: http://ec.europa.eu/environment/agriculture/pdf/LER-
FinalReport.pdf (accessed on 6 October 2020).

50. High Nature Value Farming throughout EU-27 and Its Financial Support under the CAP Executive Summary.
Available online: https://ec.europa.eu/environment/agriculture/pdf/High%20Nature%20Value%20farming.
pdf (accessed on 6 October 2020).

51. Springmann, M.; Mason-D’Croz, D.; Robinson, S.; Garnett, T.; Godfray, H.C.J.; Gollin, D.; Rayner, M.;
Ballon, P.; Scarborough, P. Global and regional health effects of future food production under climate change:
A modelling study. Lancet 2016, 387, 1937–1946. [CrossRef]

52. Greenhouse Gas Emission Statistics-Emission Inventories (Redirected from Greenhouse Gas Emission
Statistics). Available online: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Greenhouse_
gas_emission_statistics&redirect=no#Trends_in_greenhouse_gas_emissions (accessed on 9 March 2020).

53. United Nations. Sustainable Development Goals. 2020. Available online: https://www.un.org/

sustainabledevelopment/sustainable-development-goals/ (accessed on 23 June 2020).
54. Strapasson, A.; Woods, J.; Mbuk, K. Land Use Futures in Europe. Grantham Inst. Brief. Pap. 2016, 17, 16.
55. Estruch, R.; Ros, E.; Salas-Salvadó, J.; Covas, M.-I.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, V.;

Fiol, M.; Lapetra, J.; et al. Mediterranean diet for primary prevention of cardiovascular disease. N. Engl. J.
Med. 2013, 368, 1279–1290. [CrossRef]

56. Bosetti, C.; Pelucchi, C.; La Vecchia, C. Diet and cancer in Mediterranean countries: Carbohydrates and fats.
Public Health Nutr. 2009, 12, 1595–1600. [CrossRef] [PubMed]

57. Perezjimenez, F.; Lista, J.D.; Pérez-Jiménez, F.; Lopez-Segura, F.; Fuentes, F.; Cortes, B.; Lozano, A.;
Miranda, J.L. Olive oil and haemostasis: A review on its healthy effects. Public Health Nutr. 2006, 9, 1083–1088.
Available online: https://www.cambridge.org/core/product/identifier/S1368980007668566/type/journal_article
(accessed on 6 March 2020). [CrossRef]

58. Pelucchi, C.; Bosetti, C.; Negri, E.; Lipworth, L.; La Vecchia, C. Olive oil and cancer risk: An update of
epidemiological findings through 2010. Curr. Pharm. Des. 2011, 17, 805–812. [CrossRef]

59. La Vecchia, C. Association between Mediterranean dietary patterns and cancer risk. Nutr. Rev. 2009,
67, S126–S129. [CrossRef] [PubMed]

60. Beaufoy, G. The Environmental Impact of Olive Oil Production in the European Union. Eur. Com. 2000,
52100–521073. Available online: http://ec.europa.eu/environment/agriculture/pdf/oliveoil.pdf (accessed on
6 October 2020).

61. International Olive Oil Council. Newsletter: INTERNATIONAL OLIVE COUNCIL. 2019. Available
online: https://www.internationaloliveoil.org/wp-content/uploads/2019/12/NEWSLETTER_144_ENGLISH.
pdf (accessed on 6 October 2020).

62. Salomone, R.; Ioppolo, G. Environmental impacts of olive oil production: A Life Cycle Assessment case
study in the province of Messina (Sicily). J. Clean. Prod. 2012, 28, 88–100. [CrossRef]

http://dx.doi.org/10.3389/fnut.2016.00037
https://www.who.int/nutrition/publications/nutrientrequirements/en/
https://www.bioversityinternational.org/e-library/publications/detail/sustainable-diets-and-biodiversity/
https://www.bioversityinternational.org/e-library/publications/detail/sustainable-diets-and-biodiversity/
http://dx.doi.org/10.1038/s41893-020-0495-8
http://library.wur.nl/WebQuery/wurpubs/456846
http://library.wur.nl/WebQuery/wurpubs/456846
http://ec.europa.eu/environment/agriculture/pdf/LER-Final Report.pdf
http://ec.europa.eu/environment/agriculture/pdf/LER-Final Report.pdf
https://ec.europa.eu/environment/agriculture/pdf/High%20Nature%20Value%20farming.pdf
https://ec.europa.eu/environment/agriculture/pdf/High%20Nature%20Value%20farming.pdf
http://dx.doi.org/10.1016/S0140-6736(15)01156-3
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Greenhouse_gas_emission_statistics&redirect=no#Trends_in_greenhouse_gas_emissions
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Greenhouse_gas_emission_statistics&redirect=no#Trends_in_greenhouse_gas_emissions
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
http://dx.doi.org/10.1056/NEJMoa1200303
http://dx.doi.org/10.1017/S1368980009990425
http://www.ncbi.nlm.nih.gov/pubmed/19689827
https://www.cambridge.org/core/product/identifier/S1368980007668566/type/journal_article
http://dx.doi.org/10.1017/S1368980007668566
http://dx.doi.org/10.2174/138161211795428920
http://dx.doi.org/10.1111/j.1753-4887.2009.00174.x
http://www.ncbi.nlm.nih.gov/pubmed/19453666
http://ec.europa.eu/environment/agriculture/pdf/oliveoil.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2019/12/NEWSLETTER_144_ENGLISH.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2019/12/NEWSLETTER_144_ENGLISH.pdf
http://dx.doi.org/10.1016/j.jclepro.2011.10.004


Int. J. Environ. Res. Public Health 2020, 17, 8758 19 of 20

63. Tsarouhas, P.; Achillas, C.; Aidonis, D.; Folinas, D.; Maslis, V. Life Cycle Assessment of olive oil production
in Greece. J. Clean. Prod. 2015, 93, 75–83. [CrossRef]

64. Granitto, Y. Sustainable Olive Oil Production Helps Mitigate Climate Change. 2016. Available
online: https://www.oliveoiltimes.com/production/sustainable-olive-oil-production-can-help-mitigate-
climate-change/53615 (accessed on 6 October 2020).

65. Barthel, M.; Jennings, S.; Schreiber, W.; Sheane, R.; Royston, S.; Fry, J.; Khor, Y.L.; McGill, J. Study on the
Environmental Impact of Palm Oil Consumption and on Existing Sustainability Standards; DG Environment:
Brussels, Belgium, 2018.

66. De Souza, R.G.M.; Schincaglia, R.M.; Pimentel, G.D.; Mota, J.F. Nuts and Human Health Outcomes: A
Systematic Review. Nutrients 2017, 9, 1311. [CrossRef]

67. National Health and Medical Research Council (2013) Australian Dietary Guidelines. Canberra: National
Health and Medical Research Council. Available online: https://www.eatforhealth.gov.au/sites/default/files/
files/the_guidelines/n55_australian_dietary_guidelines.pdf (accessed on 6 October 2020).

68. Eu Science Hub. Summary of FBDG Recommendations for Milk and Dairy Products for the the EU, Iceland,
Norway, Switzerland and the United Kingdom. Available online: https://ec.europa.eu/jrc/en/health-knowledge-
gateway/promotion-prevention/nutrition/food-based-dietary-guidelines (accessed on 22 June 2020).

69. The Environmental Impact of Dairy Production in the Eu: Practical Options for the Improvement of
the Environmental Impact. Available online: https://ec.europa.eu/environment/agriculture/pdf/dairy.pdf
(accessed on 6 October 2020).

70. Office of Dietary Supplements. Omega-3 Fatty Acids-Fact Sheet for Health Professionals. 2019. Available
online: https://ods.od.nih.gov/factsheets/Omega3FattyAcids-HealthProfessional/ (accessed on 22 June 2020).

71. FAO. The State of World Fisheries and Aquaculture 2020; FAO: Rome, Italy, 2020; Available online: http:
//www.fao.org/documents/card/en/c/ca9229en (accessed on 6 October 2020).

72. Huntington, T.; Hasan, M.R. Fish as feed inputs for aquaculture–practices, sustainability and implications: A
global synthesis. In Fish as Feed inputs for Aquaculture: Practices, Sustainability and Implications FAO Fisheries
and Aquaculture Technical Paper No 518; Hasan, M., Halwart, M., Eds.; FAO: Rome, Italy, 2009; pp. 1–61.

73. Veronesi Burch, M.; Rigaud, A.; Binet, T.; Barthélemy, C.; Vertigo, L. Circular Economy in Fisheries and
Aquaculture Areas-Guide #17; European Commission, Directorate-General for Maritime Affairs and Fisheries,
Director-General: Luxembourg, 2019.

74. Abete, I.; Romaguera, D.; Vieira, A.R.; De Munain, A.L.; Norat, T. Association between total, processed, red
and white meat consumption and all-cause, CVD and IHD mortality: A meta-analysis of cohort studies. Br.
J. Nutr. 2014, 112, 762–775. [CrossRef]

75. Qian, F.; Riddle, M.C.; Wylie-Rosett, J.; Hu, F.B. Red and Processed Meats and Health Risks: How Strong Is
the Evidence? Diabetes Care 2020, 43, 265–271. [CrossRef] [PubMed]

76. McMichael, A.J.; Powles, J.W.; Butler, C.D.; Uauy, R. Food, livestock production, energy, climate change,
and health. Lancet 2007, 370, 1253–1263. [CrossRef]

77. EFSA. Scientific Opinion on Dietary Reference Values for water. EFSA J. 2010, 8, 1–48.
78. Botto, S. Tap Water vs. Bottled Water in a Footprint Integrated Approach. Nat. Précéd. 2009. [CrossRef]
79. Medina, F.X. Food Culture: Anthropology of Food and Nutrition. In Encyclopedia of Food Security and

Sustainability; Ferranti, P., Berry, E.M., Anderson, J.R., Eds.; Elsevier: Amsterdam, The Netherlands, 2019;
pp. 307–310.
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