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Abstract: The Mediterranean diet (MD) concept as currently known describes the dietary patterns
that were followed in specific regions of the area in the 1950s and 1960s. The broad recognition
of its positive effects on the longevity of Mediterranean populations also led to the adoption of
this diet in other regions of the world, and scientific interest focused on revealing its health effects.
MD is not only linked with eating specific nutritional food products but also with social, religious,
environmental, and cultural aspects, thus representing a healthy lifestyle in general. However,
modern lifestyles adhere to less healthy diets, alienating people from their heritage. Therefore,
considering the increasing evidence of the beneficial health effects of adherence to the MD and the
ongoing transitions in consumers’ behavior, the present review focuses on updating the scientific
knowledge regarding this diet and its relevance to agrobiodiversity. In addition, it also considers a
sustainable approach for new marketing opportunities and consumer trends of the MD.

Keywords: agrobiodiversity; antioxidant activity; bioactive compounds; health benefits; medicinal
properties; Mediterranean diet; market food trends; sustainability; wild edible greens

1. Introduction

Our diet and the proper selection of dietary sources of nutrients are pivotal for our body condition.
According to numerous medical studies, these choices can highly influence health conditions [1-4].
The significance of food consumption for human health was first recognized by Hippocrates who
quoted “Let food be thy medicine and medicine be thy food”. Now, several traditional and/or regional
dietary patterns exist throughout the world which are interrelated with cultural, religious, and social
beliefs, and are handed from generation to generation. The recent food-based dietary guidelines
(FBDGs) for European countries produced by the Food and Agricultural Organization (FAO) and the
World Health Organization (WHO) highlight the importance of planning a strategy to promote healthy
diets and prevent nutritional deficiencies and/or excesses in the global population [5]. Although the
Mediterranean diet (MD) is one of the most well-known dietary patterns that is highly appreciated for its
beneficial health effects, a contemporary overview that links the shifts of consumers’ behavior towards
modern diets and the effects of the MD on diseases is lacking. The health benefits due to adherence to
the MD were first introduced in the late 1950’s in the Seven Countries Study. The MD dietary pattern
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was probably first referred to using this term by Keys, and it was suggested that the residents of Crete
in Greece had the highest life expectancy rates [6-9]. Subsequently, numerous studies have reached the
conclusion that the relatively low mortality rates are due to the adherence to the MD, and a large number
of scientists have suggested this diet as a prevention factor for cancer, diabetes, and other chronic
diseases [10-13]. However, a recent follow-up of the Seven Countries Study revealed that populations
now follow dietary patterns that deviate from those followed 50 years ago, and that these changes have
resulted in high incidences of obesity, high systolic blood pressure, and hypercholesterolemia [9].

Since 2013, this diet has been considered an Intangible Cultural Heritage by UNESCO based on its
values of hospitality, neighborliness, intercultural dialogue, and creativity, and bases its successes on a
set of skills, rituals, knowledge, and traditions concerning crops, harvesting, fishing, animal husbandry,
conservation, processing, cooking, and the sharing and consumption of food [14].

The MD, as it is now known, is based on a longitudinal study conducted in the early 1960s, and is
structured on the food habits of the island of Crete and southern Italy [14]. According to the research of
Keys et al. [15], the life expectancy of adult Greek men was the highest in the world, and breast cancer
rates in women were less than one-half of those in the United States; however, it should be noted that
the existing medical services were limited at that time [16]. The definition of the MD has been subject
to continuous update, starting from the early 1960s, when it was suggested to be a diet comprising low
consumption of saturated fatty acids and high intake of vegetable oils, followed mostly in Greece and
southern Italy [17]. Subsequently, several dietary patterns described as intervention diets and based on
the traditional MD, known also as the “modern MedDiets”, have been observed. These diets integrate
Westernized eating patterns into traditional eating habits [6,18]. Moreover, the local populations of
the broader Mediterranean region have continuously interacted with each other throughout a period
of centuries, resulting in several common eating habits and food ingredients among the countries
around the Mediterranean Sea [19,20]. This continuous evolution and adaptation of dietary patterns
to new conditions requires a constant reconsideration of the definition of the MD, particularly when
considering the recent advances in analytical techniques that allow the effects and the mechanisms
responsible for the reported and confirmed health effects to be revealed.

The MD cannot be simply described as a list of foods, because it integrates and constitutes a social,
cultural, and rural way of living, e.g., sharing and exchanging food for festivities, celebrations, social,
and religious purposes [21]. The MD can be described as a dietary pattern that includes all of the food groups
with daily consumption of large portions of cereals, fruits, vegetables, dairy products, and olive oil (as the
primary source of fat) [22,23]. Consumption of fish, poultry, and eggs is limited to a few portions per week,
and the eating of red meat is restricted to once or twice per month [24]. Vegetables and fruits, in particular,
provide one-tenth or more of total calories on a daily basis. However, regarding the consumption of
vegetables and fruits in the ancient MD, our knowledge is limited and relies on historical records [25].
The key ingredient of the MD is olive oil, which is the main source of fat. Additionally, olive oil and,
in particular, extra-virgin olive oil, is a source of the potent antioxidant vitamin E and polyphenols, it has
antioxidant and antithrombotic properties, and according to numerous clinical, meta-analysis, and cohort
studies it reduces the risk of coronary disease, diabetes, hypertension, cardiovascular disease-related mortality,
and several types of cancer [26-32]. Olive oil has been systematically consumed by the Mediterranean
inhabitants for thousands of years with no evidence of harm, although it comprises 28% and 40% of energy
intake from total fat in southern Italy and Crete, respectively [33]. In addition to the consumption of olive oil,
another key element of the traditional MD common to many populations around the Mediterranean basin is
the daily consumption of a wide variety of seasonal fresh fruit and vegetables, including underutilized local
genetic resources and wild edible plants, which together constitute a rich source of functional food [34,35].
Although the consumption of wild edible plants and local varieties or landraces is strictly linked to the
traditional knowledge and rural lifestyle of the Mediterranean populations, the culinary use of food products
from such genetic resources is persistent today and offers new opportunities to rediscover the value of the
MD. From this perspective, it is important to examine the role that agrobiodiversity played in the traditional
MD and to consider how it may continue to play a key role in the modern MD.



Appl. Sci. 2020, 10, 9144 30f27

The relatively recent rapid urbanization in the Mediterranean countries has led to the abandonment
of rural life, and the adoption of modern lifestyles and Westernized diets has been followed by increased
consumption of meat, animal fats, and dairy products. However, despite these changes, the overall
consumption of sugar, meat, and other specific “harmful” food products is less frequent among the citizens
of Mediterranean countries compared to North Europeans, although significant differences in the degree of
adherence to MD are reported among populations of different Mediterranean countries [36]. Considering
the important health effects of the MD and the ongoing transitions in consumers’ behavior, the present
review focuses on updating the knowledge regarding the health effects related to the adherence to this
particular diet, its relevance to agrobiodiversity and the sustainable approach of a healthy diet, and, finally,
the new marketing opportunities that have emerged. The compiled information was collected from various
databases, such as Scopus, ScienceDirect, PubMed, Google Scholar, and ResearchGate, after searching for
specific terms and keywords, e.g., Mediterranean diet and health effects, and agrobiodivesity.

2. Mediterranean Diet and Agrobiodiversity

Agrobiodiversity as part of overall biodiversity can be defined as the diversity of living forms
within agricultural ecosystems and is strongly linked with diversity in food and agricultural production
and, thus, with nutrition and human health. In addition to the diversity of common crop species,
Mediterranean agrobiodiversity resources also include wild edible plants [37-42] and the intra-specific
diversity expressed by the cultivation of different varieties of the same species, which are often selected
locally and called “local landraces” or “local varieties” [43].

In rural areas across the Mediterranean region, it was a usual practice to gather wild plants
for food purposes, and many native species are essential ingredients for several traditional dishes.
Furthermore, several wild edible plants have been domesticated, and generation after generation,
farmers have wisely selected and retained vegetable genotypes with distinct traits, considered to have
particular value or utility [43—45].

As we rediscover the value of such agrobiodiversity heritage and its potential contribution to
our nutrition security and health, young consumers are reconsidering the virtues of the MD primarily
based on the regular consumption of fruit and vegetables, and local landraces of fruit and vegetables
and wild edible plants are increasingly appreciated for their nutritional properties and content of
bioactive compounds [34,45-52].

During recent decades, the scientific community has greatly contributed to highlighting the
value of underutilized genetic resources and to the characterization of their agronomic, nutritional,
and functional properties [53]. Furthermore, the local food service industry is sourcing such
genetic resources from rural communities and small farms and, with the support of renowned
chefs, is contributing to the rediscovery of the use of local landraces and wild edible plants. This is
helping to revive and repropose modern versions of traditional dishes that are cornerstone of the MD,
thereby contributing to the generation of value and the establishment of a link between agrobiodiversity,
local tradition, and the MD. The knowledge generated by the scientific community in synergy with the
initiative of the local food service industry is raising the interest of new generations of consumers that
are increasingly health conscious and attentive to the quality, origin, and sustainability of their food
and diet. These trends are generating new market opportunities, particularly for small-scale farms that
often are the custodians of agrobiodiversity resources and local rural traditions in the Mediterranean
basin [34,54,55]. Linking together local rural traditions, the traditional MD, and smallholder farms
that are investing in the cultivation of local landraces or wild edible plants with the modern MD, it is
possible to generate community driven “Mediterranean food and cultural hubs”, which are capable of
educating and sensitizing modern consumers about the role that agrobiodiversity plays or may play
in our diet and nutrition. The increasing knowledge and education of new generations about how
to apply today the principles of the MD, with the aim of improving their health, will also contribute
to preserving and valorizing local rural communities and economies, in addition to protecting the
patrimony of agrobiodiversity and agricultural ecosystems.
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The inestimable value of the Mediterranean agrobiodiversity, and its strong link with the MD
and its beneficial effects on human health, are increasingly emerging due to the collaborative work
of ethnobotanists, horticulturists, plant breeders, food chemists, and nutritionists, who together
are recovering and generating new knowledge and genetic material, and are characterizing the
nutritional and bioactive profile of many fruit and vegetable local landraces and wild edible species.
Agrobiodiversity resources typical of the Mediterranean region, rich in bioactive compounds and
commonly included as ingredients of the MD, are, for example, the multiple local landraces and
selections of vegetables characterized by different shapes, harvest times, pigmentation, and associated
nutritional and bioactive profiles [56,57], such as artichoke and cardoon [58-63], carrots [64-66], chicory
and lettuce [67,68] among the Asteraceae family; broccoli and cauliflower [69] and kale [70] among
the Brassicaceae family; cultivated and wild garlic [47,48,71-73], and onion [50,74-76] among the
Liliaceae family; common beans, cowpea, fabae, and lentils among the Leguminosae family [77-79],
melons and watermelons [80-82], or zucchini and squashes [83,84] among the Cucurbitaceae family;
and tomato [85-90], pepper [91], and eggplants [92] among the Solanaceous family. Other valuable
genetic resources commonly used in the MD and considered rich sources of bioactive compounds include
minor vegetable species such as arugula [93-95] and broccoli raab or rapini [54,96,97], and numerous
wild edible plants [39,42,44,98-103]. Moreover, the link between agrobiodiversity and MD is also
expressed by the variety of plant parts of different species used in the kitchen, which range from roots
and other below-ground organs, to stems, leaves or leaf petioles, fruit, and sometimes edible flowers or
inflorescences. Exemplary are the cases of the zucchini squash for which, in Southern Italy, stems, young
leaves, and flowers are traditionally used, in addition to the courgette [81]; artichoke, for which plant
off-shoots are used in addition to the heads; or, the case of rapini, for which leaves and/or inflorescence
are commonly used (Figure 1). Similarly, among wild species, the edible parts include leaves and
flowers in Borago officinalis; leaves, inflorescence, and roots in Cichorium intybus L.; and in the case of
Scolymus hispanicus L., the midribs are used after discarding the spiny leaf-lamina (Figure 2).

Figure 1. (a) Whole zucchini squash plants harvested to prepare a traditional Italian rural first dish
“spaghetti e cime di zucchine” using every portion of the plant, including small fruits, leaves, stems,
and flowers. (b) A field of rapini plants and harvested product characterized by the different size
of inflorescence (associated with early harvest) in which leaves and inflorescence or only the large
inflorescence is used. (c) An artichoke field of the selection “Violet de Provence” with heads ready to
harvest, followed by an image of plant off-shoots called “carducci”, generated and harvested at the
base of the artichoke plant, being used to prepare fried stems. Photo credits: Francesco Di Gioia.
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The increasing demands for healthy and natural food ingredients, in addition to the rediscovery
of MD from new generations and the adoption of this particular diet in other regions of the world,
necessitates the sustainable management of plant genetic resources [42,98,101,104]. This approach
involves various practices, including the cultivation and domestication of wild species and their
integration in production systems to promote the sustainability of agro-ecosystems and allow
the conservation of valuable genetic resources [37]. The compilation and constant update of
FBDGs is also a useful means to promote agrobiodiversity and sustainability through policies
and dietary recommendations [5]. Moreover, according to Tarsitano et al. [105] and Burlingame
and Dernini [106], the MD or the Mediterranean way encompasses dietary habits and lifestyles,
and considers socioeconomic drivers that could be used as a means to achieve the goals set for the 2030
Agenda for Sustainable Development and thus promote biocultural diversity.

Figure 2. (a) Wild chicory (Cichorium intybus L.) leaves sold in a local farmer’s market in Puglia (Italy),
whole plant appearance, and a traditional Mediterranean dish prepared combining wild chicory leaves
characterized by bitter flavor and dry fava beans characterized by mild taste. (b) Example of wild
plants of Scolymus hispanicus L, and midribs cleaned and separated from the spiny lamina and used
to prepare a traditional Easter dish with other wild plants and herbs typical of the Murgia (Puglia,
Italy), combined with eggs and occasionally lamb. (c) Plants of wild Sinapis alba L. harvested, cleaned,
and used to prepare “spaghetti and cime amarelle” a traditional rural dish in Puglia (Italy), revisited
according to today’s habits using processed pasta instead of traditional whole-grain pasta. Photo
credits: Francesco Di Gioia.
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Plant-based diets, including MD, are not only beneficial to human health due to reduced risk
factors for several chronic diseases, but they also contribute to environmental sustainability through the
adoption of healthy lifestyles [107]. Although MD is sustainable in its conception, the recently identified
social and economic trends make it necessary to reevaluate the whole food chain, including crop
production, food production, and consumption, also considering environmental, nutritional, economic,
and social aspects [106]. Recently, several reports highlighted the importance of commercial cultivation
of wild edible greens within the framework of sustainable management of native Mediterranean species
and the exigent need for an increase in agrobiodiversity in farming systems, which is threatened by
ongoing climate change and monocropping [108-111]. According to a recent report published by the
Food and Agriculture Organization of the United Nations, only nine crops contribute 66% of the global
total production of food [37]. The existing cropping systems in most of the Mediterranean countries
consist of small-scale farms, which are ideal for the commercial cultivation of high added value crops,
such as underutilized wild edible greens [41,55,99,100,102,112-115]. Moreover, the socioeconomic
conditions faced by southern European countries during the last decade resulted in limited access to
healthy and natural food ingredients that were traditionally used by poor people on a daily basis,
because the prices of these food products increased making them affordable only to citizens with high
incomes [116]. Several studies revealed that the adherence to MD was higher in social strata that
belonged to high socioeconomic status, a finding that was also reflected in higher mortality rates and
higher frequencies of chronic diseases among lower social strata [117-119]. Therefore, commercial
cultivation of wild species could be a useful means to reduce their production cost, to increase their
availability throughout the year, and, finally, to make them more affordable to the general public [110].
Moreover, the domestication and commercial cultivation of wild edible plants allow small-scale farms
to obtain more stable yields and guarantee the origin of the product and its hygienic quality, in addition
to the conservation of the agro-ecosystem, which may be an issue when collecting spontaneous
plants. Although the commercial cultivation of wild edible species may be challenging in many
aspects, farmers have successfully repeated this process for a large number of crops. An example
of a Mediterranean wild edible species that has been successfully domesticated in recent decades is
wild arugula (Diplotaxis tenuifolia (L.) DC.). Today, wild rocket is cultivated globally in open fields
and protected environments using both soil and soilless systems. It is available to buy year-round,
mostly as a fresh-cut leafy vegetable, and is increasingly appreciated by consumers for its pungent
taste and interesting nutritional and bioactive profile [94,95,120]. The same path toward domestication
and commercial cultivation of similar species could take place and is currently being investigated
for many other Mediterranean wild edible species [121-126]. Using advanced sustainable cultivation
methods, including soilless cultivation systems and agronomic biofortification techniques, it is possible
to use underutilized genetic resources, such as domesticated wild edible plants and vegetable local
landraces, to produce functional vegetable products [42,57,94,98,127,128] (Figure 3). In response to
new food market trends, some specialized small-scale farms are exploiting Mediterranean wild edible
plants and local landraces to produce high-value novel fresh functional products, such as fresh-cut
baby leaf, microgreens, and edible flowers, which are increasingly used by chefs to add value, color,
and taste to their plates, in addition to being recognized by consumers for their nutritional value
and functional properties [129-134] (Figure 3). In addition to creating new market opportunities for
small-scale farms, the cultivation of wild edible species and local landraces highly adapted to local
environmental conditions may allow the recovery and exploitation of marginal land areas affected by
low fertility or high salinity that otherwise could not be used for the production of conventional crops,
thereby contributing to preserve marginal Mediterranean agroecosystems and genetic resources at risk
of being lost [41,54,55].
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Figure 3. Example of typical Mediterranean wild edible plants and vegetable local landraces suitable

to produce edible flowers of (a) Cichorium intybus L., (b) Malva sylvestris L., (c) Borago officinalis L.;
microgreens of (d) Borago officinalis L., (e) Salicornia patula Duval-Jouve, (f) Brassica rapa L. Broccoletto
group; (g) baby-leaf of Brassica rapa L. selection “Sessantina”; (h) fresh-cut zucchini squash flowers,
and (i) fresh-cut stems of Cichorium intybus L. selection “Molfettese’. Photo credits: Francesco Di Gioia.

3. The Modern Mediterranean Diet and Its Health Benefits

Numerous reports highlighted the importance of adopting healthy dietary habits for benefiting
the condition and well-being of the human body, focusing on various chronic diseases that impact
developed countries, e.g., cancer, cardiovascular diseases, immunomodulatory diseases, diabetes,
neurogenerative diseases, myocardial infarctions, and cognitive disorders [135]. The MD has been
at the epicenter of research in recent decades, with several beneficial health effects being attributed
to the adherence to this particular diet [11,136-139]. Moreover, according to the study of van den
Brandt [140], the MD has been highly associated with significant reduction in mortality rates when
combined with other lifestyle factors, such as body mass index, smoking, and physical activity.

The following sections provide information regarding the most important health effects of the
MD based on clinical and cohort study results.

3.1. Antioxidant Activity

The ingredients of the MD contain several antioxidant compounds that have the capacity to
protect against cancer, metabolic disorders, aging, and cardiovascular disease, as mentioned in several
reports [12,111,141,142]. Total antioxidant capacity (TAC) consists of all of the antioxidants that are
present in plasma and body fluids, and provides an integrated measurement rather than the simple sum
of measurable antioxidants. For example, in the study of Pitsavos et al. [141] TAC was also positively
correlated with the consumption of olive oil and fruit and vegetables, whereas it was inversely associated
with the consumption of red meat and low oxidized LDL-cholesterol concentrations, which may
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explain the beneficial role of MD on the cardiovascular system. Moreover, according to observational
studies, fruit and vegetable consumption showed protective effects against cardiovascular diseases,
and possible evidence exists for decreased risk of colon cancer, depression, and pancreatic diseases
from fruit intake; and colon and rectal cancer, hip fracture, stroke, depression, and pancreatic diseases
from vegetable intake [135]. Mounting reports of the high quantity of antioxidants in the MD have been
the subject of cohort studies that attempt to prove the strong correlation between the antioxidants in
the diet and the lower incidence of diseases in Mediterranean countries [7,136,143,144]. One example
is the study of Billingsley and Carbone [145], which attempted to reveal how the antioxidants may
reduce the incidence of cardiovascular diseases in high risk patients. The main conclusion of the study
is that the high quantity of polyphenols may in part explain the lower risk for patients following the
MD, however, there are limitations to their efficacy. Polyphenols are secondary metabolites which
act as free radical scavengers and metal chelators, while they also affect the antioxidant activity of
various enzymes [146]. Therefore, a high intake of polyphenols through the diet may improve the
defense mechanisms of the human body against several diseases related to oxidative stress [10,29,147].
The adherence to Mediterranean-style dietary habits has been associated with reduced risk of diabetes
in cohort studies conducted in U.S.A., which highlights the health benefits of the MD [144]. However,
further studies are needed to understand if the antioxidants play a major role in the prevention of these
cardiovascular diseases, or if it is the result of the combination of various factors (climate, lifestyle,
daylight, overall country wealth, socioeconomic status, among others).

3.2. Life Expectancy Rates

According to the existing literature, there is an inverse association between mortality and intake of
vegetable fats and plant proteins, whereas there is evident positive correlation between mortality and
high intake of animal fats, monounsaturated fats of animal origins, and sugar [148]. These coincide with
food-based dietary guidelines of the traditional MD and are associated with lower mortality rates, not
only for deaths related to chronic diseases, but also overall mortality rates [148]. The data meta-analysis
also showed that legumes and olive oil are major food items discriminating subjects between lower
or higher mortality rates, and the lipid-lowering effects and/or reduced thrombosis risk, in addition
to dietary fiber or vitamin E intake, could also account for the reduction in mortality rates [136,149].
Other cohort studies and clinical trials have attributed the low mortality rates associated with the MD
to the preventive effects of dietary sources against the various types of cardiovascular diseases [136].
The analysis of two epidemiological studies conducted in 2020 involving over 2000 Greek citizens over
50 years old showed that a higher adherence to the MD was associated with a higher level of successful
aging [13].

3.3. Type 2 Diabetes

According to a study conducted in United States and Spain of 7018 participants, it was suggested
that meaningful changes to eating habits, such as low-fat diets and the adoption of variants of the
MD including vegetables, fish, legumes, and extra-virgin oil or nuts, may reduce the risks of chronic
diseases [150]. In the same study, it was also reported that even individuals who have a genetic
predisposition to diabetes due to carrying two copies of a certain gene variant associated with a high risk
of developing type 2 diabetes may reduce the risk of developing this disease by following MD eating
habits. Furthermore, the MD is considered a healthy approach to control obesity and complications
of the cardiovascular system, especially in women in menopause [147]. The mechanisms behind the
benefits of the MD towards patients of type 2 diabetes were tentatively explained by Esposito et al. [142],
who analyzed the data from eight meta-analyses and five randomized control trials. The authors stated
that the benefits of this particular diet are associated with the anti-inflammatory and antioxidative
effects from high-quality foods that down-regulate the activation of the innate immune system by
reducing the production of proinflammatory cytokines, inducing the production of anti-inflammatory
cytokines, thus improving the sensitivity to insulin in peripheral tissues. Moreover, the adherence
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to MD is associated with lower glycosylated hemoglobin levels and improved cardiovascular risk
factors compared to diets that have low fat content. Vitale et al. [151] performed a cohort study and
investigated the effect of polyphenols intake on cardiovascular risk factors of 2573 type 2 diabetes
patients. The results of this study showed that diets rich in polyphenols may improve the cardiovascular
risk factor, especially in patients with type 2 diabetes, and they suggested that beneficial effects of such
diets could also be extrapolated to the general population [151].

3.4. Parkinson’s Disease (PD)

Parkinson’s disease is a common neurodegenerative disorder which affects approximately 1% of
individuals over the age of 60 years old in North America and Europe. According to literature reports,
the association of Parkinson’s disease status with MD adherence was significant. Alcalay et al. [152]
analyzed a Willett semi-quantitative questionnaire completed by 257 PD participants to score their diet
during the preceding year. The findings of this study revealed a positive correlation of the adherence
to a Mediterranean-type diet and the reduced rates of PD, and the scores of the Mediterranean-type
diet were associated with the earlier onset of PD. Although the mechanisms behind these activities are
unknown, it is hypothesized that MD ingredients contain various bioactive phytochemicals that lower
inflammation and oxidative stress, which both induce PD pathogenesis [153].

According to the study of Maraki et al. [154], there is a lower probability of prodromal PD in
higher MD adherence in older people based on the evaluation of the MD adherence scores. A recent
randomized controlled trial involving 80 patients with PD analyzed the effect of the adherence to the
MD for 10 weeks compared to a control group [155]. The findings of this trial suggested a significant
improvement in cognitive functions in patients that followed the MD, although the sample size and
the short duration of the study do not allow for explicit conclusions.

3.5. Alzheimer’s Disease

Dietary habits may affect the onset and development of neurodegenerative diseases, such as
Alzheimer’s disease through the increased resistant of neurons to degeneration [156]. The analysis
of dietary patterns and their contribution to cognitive functions may provide useful information
regarding the degenerative mechanisms and the prevention of mental dysfunctions, particularly
because drugs available to treat Alzheimer’s disease have only symptomatic effects and do not delay
its development [157]. In the study of Scarmeas et al. [158], the evaluation of a total of 192 individuals
diagnosed with Alzheimer’s disease showed that adherence to the MD may reduce the mortality rates
of patients, and the same dietary pattern may also reduce the risk of this particular disease [156].
The systematic review of Masan et al. [159] evaluated the results of twenty-four studies and suggested
that the high intake of n-3 fatty acids and the adherence to MD may have protective effects against
age-related cognitive decline. A more recent review identified through numerous studies the positive
correlation of the MD and the improvement in the overall cognitive health of middle-aged and older
people, although more studies are needed to overcome the problems related with the heterogeneity
of scoring systems, in addition to the variability in the evaluation of cognitive outcomes among the
various studies [160].

3.6. Heart Diseases

The first strong evidence of the beneficial health effects of MD was associated with the lower
mortality rates from cardiovascular diseases observed in Greece [6]. Plant-based diets such as MD may
contribute to better control of dyslipidemia management in addition to the prevention of cardiovascular
diseases (CVD) [4,107]. The effects of MD on risk factors for heart diseases are outlined in several
research reports, which conclude that this particular style of diet may decrease the death rates from
heart diseases that constitute the main cause of death in developed countries, accounting for about
17 million deaths per year [161]. Carbone et al. [162], who conducted a cross-section animal model
study, suggested that high-sugar and high-fat diets such as the modern Western diet resulted in cardiac
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systolic and diastolic dysfunction, which was reversed when subjects were fed with a standard diet.
Despite issues with the methodological approaches followed in intervention trials, and meta-analyses
reports that raised concerns regarding the postulated beneficial effects of MD against CVD, a recent
critical review report by Martinez-Gonzalez et al. [163] concluded that these potential controversies
are not sufficient to compromise the positive impact of MD on the functions of the cardiovascular
system. They also suggested that the existing evidence is strong and consistent, and justifies that
the adherence to the MD improves cardiovascular health outcomes through the reductions in rates
of coronary heart disease, ischemic strokes, and total cardiovascular diseases. The first evidence of
the beneficial effects of the MD was reported in 1950s. Subsequently, numerous clinical trials and
epidemiological studies have confirmed the association of this diet with the low incidence of CVD
through the improvement of the blood lipid profile [6,164]. A recent clinical study suggested that the
consumption of olive oil, which is a key ingredient of the MD, may improve several risk factors of
CVD via the diet’s antithrombotic and anti-inflammatory activities [27]. Moreover, Estruch et al. [165]
compared the short-term impact of two MD ingredients (olive-oil or nuts groups) with a low-fat
diet on 772 asymptomatic individuals with high risk of cardiovascular diseases and concluded that,
although no clinical outcomes were evaluated, both MDs had beneficial effects against cardiovascular
diseases. The short-term effects were associated with the improvement in systolic blood pressure,
plasma glucose levels, and the cholesterol-high-density lipoprotein cholesterol ratio [165]. Similar
findings were observed by Lee et al. [166], who carried out a controlled crossover study and suggested
that following an MD for a 10-day period may improve mood and functions of the cardiovascular
system, such as blood systolic pressure. Anagnostis et al. [167] also attributed the beneficial effects
of the MD to better blood pressure control and reduction of metabolic syndrome. Long-term cohort
studies have also been undertaken, such as that conducted by Buckland et al. [168], who carried out a
cohort study with 609 participants who experienced a fatal or nonfatal confirmed acute myocardial
infarction or unstable angina requiring revascularization. The authors suggested that high adherence
to the MD reduces the risk factors of CVD, particularly the incidents of fatal or nonfatal coronary heart
disease events, and the diet should play a significant role in the prevention of coronary heart disease
in healthy populations. In the same context, Panagiotakos et al. [169] mentioned the high risk of
elevated blood pressure for acute coronary syndromes and the positive effects of the MD in controlling
hypertension. Dontas et al. [170] suggested that MD may significantly reduce the development of
these syndromes, particularly in the elder population, via the reduction in blood pressure levels and in
markers of vascular inflammation. In addition to clinical and epidemiological studies, several other
reports highlighted the beneficial effects of various wild edible plants that are commonly consumed in
healthy dietary patterns against specific risk factors that may induce cardiovascular diseases, such as
Portulaca oleracea [171], Borago officinalis [172], various Asteraceae species [98], and Urtica dioica [173].

3.7. Cancer

The risk percentages of numerous types of cancer can be reduced by following a Mediterranean
healthy diet [174-177]. Breast cancer is the most common cancer and cause of cancer death in women,
accounting for 23% of all cancers and 13.7% of cancer deaths [178], and prostate cancer is the second most
frequent cancer among men [176]. For both cancer types, the adherence to the MD has been associated
with reduced risk and mortality rates [174-176]. The epidemiological data from a case-control study
conducted by Turati et al. [174] revealed that high adherence to the MD significantly reduced breast
cancer risk, although no adequate information on the breast cancer subtype was available. Moreover,
Laudisio et al. [175] suggested that beneficial effects of the MD are associated with the regulation
of cell proliferation, induction of apoptosis, and antioxidant activities of single dietary components
or the synergistic effects of multiple components. However, although these results are confirmed
in postmenopausal women, for premenopausal women, for whom a significantly increased risk of
cancer recurrence and higher mortality rate exist, more long-term studies are needed to confirm these
results. In the same context, Capurso and Vendemiale [176] analyzed the data from observational
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and case-control studies related to prostate cancer and suggested that MD benefits derive from the
high consumption of olive oil, which exerts antioxidant effects and activities on cancer cell signaling
and cell cycle progression and proliferation, in addition to tomato sauce, which is rich in lycopene
and also exhibits antioxidant properties through the modulation of down-regulation mechanisms of
the inflammatory response. According to Coughlin et al. [177] and Di Gioia and Petropoulos [179],
plant-based diets are rich in phytoestrogens, which compete with estrogens by binding in estrogen
receptors. Moreover, as mentioned by Buckland et al. [143], the MD reduced the risk of breast cancer
by 6% overall, and by 7% in postmenopausal women, and Bosetti et al. [180] highlighted the role
of the MD in reducing the risk factors of pancreatic cancer. According to the review report carried
out by Di Daniele et al. [139], the healthy lifestyle associated with MD may reduce the incidences of
obesity-related cancer types.

These beneficial activities have been associated with the presence of specific compounds in
plants that are commonly used in this dietary pattern, including phenolic compounds, such as
hydroxycinnamic and chlorogenic acid [181], saponins [182], flavones and flavonoids [99,101,183,184],
tannins [126], polysaccharides [185], glucosinolates [186,187], and other organosulfur
compounds [71,188]. The mechanisms involved in the bioactive properties of MD ingredients against
cancer have not yet been thoroughly revealed, however, it is hypothesized that they modify the
expression of hormones and growth factors that induce cancer pathogenesis [12].

3.8. Behavioral Effects

Olive oil, fruits, and vegetables, which are key ingredients of the MD, have shown significant
protective effects against cognitive decline and dementia through the attenuation of oxidative
stress [153,189]. An additional advantage of the MD is its high content in polyunsaturated fatty
acids, which are essential for the formation and development of brain tissue [190-192]. According
to McMillan et al. [193], who studied the short-term effects of MD, even the adoption of a healthy
diet for a 10-day interval may improve the mood and cognitive performance in healthy individuals.
This evidence was also supported by the study of Wade et al. [189], who evaluated the MD scores of
populations outside the Mediterranean basin over a 5 year period, and concluded that the adherence
to the MD may improve the global cognitive health and specific cognitive functions. Moreover,
Ferrer-Cascales et al. [194] associated the adherence to the MD with the attenuation of loneliness
perception and isolation through the mediation of stress. The study of Ferrer-Cascales et al. [194] also
revealed an interrelationship between the degree of adherence to the MD, alcohol intake, emotional
eating, and anxiety in student subjects, highlighting the importance of the implementation of educational
programs to promote healthy habits among young populations.

Table 1 summarizes different studies, namely, observational, cohort, meta-analysis, randomized
control analysis (RCA), systematic reviews, and cross-sectional analysis, in which the benefits of
adherence to the MD in human health are identified. Overall, these references prove that this diet
is beneficial against many diseases, namely, cardiovascular, neurological, cancer, renal, and others.
Nonetheless, a large number of these studies also state that, although evidence of the benefits of the
diet has mounted, other tools should be used to prove beyond a doubt its influence, namely, studies in
countries that do not adhere to the MD, or regions where the genetic background is different from that
of the population in the Mediterranean area.
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Table 1. Representation of different types of studies involving humans, in which positive effects of

the consumption of the Mediterranean diet were found. Some references focus on various published

studies and thus the number of people and countries where the study was carried out are not stated.

Type of Study Country No. of People Health Effects Reference
Observational study - - Menopausal diseases [195]
Observational study Chile 4348 Chronic disease risk [196]

Meta-analysis - - Metabolic syndrome [197]

Cohort study Spain 9408 men Hypertension [198]
Cohort study Italy 13,597 Hypertension [199]

Meta-analysis - 7000 Hypertension [200]

Razg;)g Slizse?RCgX;rOl - 296 Atherosclerosis [201]

RCA Spain 187 Atherosclerosis [202]

Cohort study 10 Buropean 373,803 Obesity [203]
countries

Cohort study 8 European 15,798 Type 2 diabetes [204]
countries

Cohort studies - - Breast cancer [205]

Cohort study United States 51,529 Prostate cancer [206]
Population study Greece 22,043 Mortality [207]
Cohort study - 51,529 Cognitive decline [208]
Cohort study United Kingdom 74,886 Stroke [209]
RCA 5 European 1294 Osteoporosis [210]
countries
Observational studies - - Depression [211]
Cohort study Spain 22,786 g:;szlstg/’ tcyaprjlzo Zl?;g:i:: [212]
Observational study Greece 1,865 Dementia [213]
Observational study Italy 480 Osteoporosis [214]
RCA Spain 288 Cardiovascular events [215]
Meta-analysis - 72 studies Degenerative diseases [216]
Longitudal study - 3,316,633 Kidney stones [217]
Randomized control trial Iran 40 Parkinson’s disease [155]
Cross-sectional analysis Germany 340 Cognitive performance [218]
Cross-sectional analysis United Kingdom 511 Cognitive function [219]
Systematic review and - 41,963 Cognitive function [220]
meta-analysis
Systematic review and - 34,168 Cognitive function [221]
meta-analysis
Cohort study Italy 1936 Sleep behavior [222]
Cohort study Italy 185 Sleep behavior [223]
Cohort study Italy 1596 Sleep behavior [224]

4. Consumers’ Behavior, Market Opportunities and Trends

Two of the major 21st century food policy challenges are the reduction of diet-related diseases and
the improvement of environmental sustainability. Mediterranean dietary ingredients contain more
energy, fiber, and nutrients per liter of water used; therefore, a shift towards the MD could reduce
the consumptive water footprint by about 750 L/capita/day [225]. Consumers’ perceptions about
sustainability and food consumption has a highly significant effect on attitudes and personal and social
norms related to waste reduction [226]. The most important drivers of food consumption are price,
taste, convenience, and social and cultural factors and habits, in addition to the ethical aspects related
to food [227]. The MD, as a plant-oriented dietary approach, appears to be an appropriate choice for
humans and environmental sustainability because it reduces the environmental impact associated
with the food value chain [228]. Moreover, the trend of decreasing adherence to the MD necessitates
cross-disciplinary studies regarding its environmental, socioeconomic, cultural, and sustainability
aspects, to preserve and transfer this sustainable dietary pattern to the next generations [229].
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The MD may represent an ideal example of a sustainable diet and a part of a sustainability-oriented
lifestyle; however, its adherence is significantly affected by consumers’ income and education, and other
socio-economic drivers [225]. Households with children and those with a higher degree of adherence
to the MD have higher probabilities of buying complementary and healthy products, and increasing
household size reduces the likelihood of buying niche products [230]. Similar results are presented
in a study conducted in Italy by Carlos et al. [230], who identified three different consumer groups:
(i) families with MD eating habits (26%); (ii) families in transition who do not adhere to the MD (37%);
(iii) families with a less healthy diet. According to this definition, almost 26% of the Italian families
adhered to the MD. Concerning Italian households’ spending behavior, families with an older and
more educated background are more likely to spend more on MD products compared to young and
less educated consumers [231,232].

Because of its palatability and long-term sustainability, the MD combined with physical activity
has shown promising results in terms of weight loss in individuals with obesity, in addition to similar
beneficial effects in menopause-related obesity; the adherence to the MD in menopause reduced the
risk of becoming obese, and improved the cardiometabolic profile and the menopausal symptoms [147].
Malnutrition (e.g., both obesity and undernutrition) is considered to be, in addition to climate change,
a global threat, indicating an urgent need for a healthier and more sustainable food system [8]. Because
MD adherence is affected by socio-economic factors, significant concerns have been raised about
the abandonment of healthy diets and the shift towards Westernized and less sustainable eating
patterns [233]. Moreover, recent research shows that the current Spanish diet is considerably different
from the recommended Mediterranean diet, with three times more meat, dairy, and sugar product
consumption, and one-third fewer fruits, vegetables, and cereals [234]. Another study of Spanish
adults proved the direct association between the adherence to the MD and all of the physical, and most
of the mental, health domains, including vitality and social and emotional functioning [235].

Many of the major post-modern chronic diseases, such as heart diseases, hypertension, obesity,
and various types of cancer, have a dietary basis and are highly influenced by changes in dietary
patterns due to changes in lifestyles. For example, from 1985 to 2005, adherence of young people to the
MD decreased in southern Italy mainly due to the reduced consumption of olive oil [236]. To confront
the recent decreased adherence to the MD and broaden the implementation of the MD outside the
Mediterranean region requires focused communication activities and interventions in public health by
governmental entities and stakeholders involved in policy making, the food industry, education sector,
etc. [21].

The recent consumer trend for diversified diets suggests the consumption of wild greens may
be fulfilled with the consumption of novel Mediterranean food products, such as wild halophytes
or other wild edible species of the Mediterranean basin [34,41,54,98,237,238]. These wild species are
considered a valuable genetic resource with the ability to adapt to severe conditions, such as soil and
irrigation water salinity, thus facilitating the design and production process. Additionally, they provide
significant functional and health beneficial properties that could be implemented in various food
products, such as beverages, vegetable extracts, leafy greens, micro-encapsulated oils, food additives,
and antimicrobial agents [41]. Furthermore, to combat the unfortunate trend of reduced adherence to
the MD by the young Mediterranean population, a fruitful solution might be to improve dietary habits
in the workplace, by altering eating patterns and applying diverse group and individual strategies,
such as the installation of vending machines and the supplementation of workplace canteens with
healthy food products [239]. In contrast, there is also an increasing trend of alternative dietary patterns,
such as vegetarianism and veganism, in which higher MD adherence scores are observed compared to
those of omnivores [240].

Another aspect to be considered about marketing trends and consumers’ behavior is organic
farming and its relevance to the MD. Regarding organic farming and the consumption of healthy
food products, a recent study of Cypriot consumers revealed that 99% of respondents were aware
of organic vegetables, but only 69% and 49% consumed or had knowledge of organically cultivated
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vegetables, respectively [241]. Moreover, consumers show great willingness to not only be properly
informed via different means, but also to pay higher prices for organic vegetables, thus indicating a
sustainable and profitable market opportunity. An emerging trend of healthy food consumption can
also be seen in the recent opening of organic food restaurants in which consumers perceived the dishes
to have good food quality, thus positively influencing price fairness and perceived value, leading to
customer satisfaction and intention to return [242]. The trend for consumption of healthy food and
sustainable cultivation has led niche market farmers of the World Wide Opportunities on Organic
Farms movement (WWOQOF) to open the farms to share their organic farming knowledge with guests,
as a measure to attain the social, environmental, cultural and economic values that motivated their
participation in the movement [243]. The positive exchange outcomes for the farmers were reduced
uncertainty for their occupation, and enhanced equality and fairness, in addition to joint responsibility
between the farmers and the citizens. In addition to the intangible benefits, organic food supply chains,
when designed and implemented appropriately, are capable of delivering significant financial gains
with higher sustainable development benefits, particularly when a sharing economy mechanism is
applied [244].

5. Conclusions and Future Directions

The MD is highly recognized as a healthy diet with several extensions in aspects of daily life
among inhabitants of the broader Mediterranean basin and other parts of the world. Recent evidence
has shown a rapid transition to Western dietary habits with direct consequences for the health status
of the general public, as reflected in the high incidence rates of chronic diseases. However, there is
increasing interest among consumers for food safety, and healthy or functional food products, which
has led to the rediscovery of traditional eating habits and the adherence to traditional diets such as the
MD. Moreover, the interrelation of the MD with cultural, religious, and other life aspects is the driving
force for the evolution of the traditional MD to a more modern approach to eating habits, thus allowing
consumers to adapt to a healthy lifestyle. Considering these trends, the scientific community should
further explore how these new alternative and modern “MedDiets” affect human health, to evidence
the health effects with clinical studies and to reveal the protective mechanisms against various chronic
diseases. Moreover, the agrifood industry must adapt to this new era by designing new and attractive
food products that fulfill current consumer needs, while preserving the socioeconomic aspects of the
MD and sustaining agrobiodiversity.
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