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Abstract

Several studies provide evidence supporting abeneficial effect from the traditionalMediterraneandiet (MedDiet) on the risk of type

2 diabetes mellitus (T2DM) and metabolic syndrome (MetS). This review summarizes the current scientific evidence from

epidemiologic studies and clinical trials on the relation between theMedDiet and T2DM andMetS and the possible mechanisms

underlying the reported associations. A recent meta-analysis of prospective cohort studies showed that greater adherence to the

MedDietwasassociatedwith a significant reduction in the risk of diabetes. TheMedDiet has alsobeen found tobebeneficial in the

prevention of gestational diabetes. Four large prospective studies have observed inverse associations between theMedDiet and

MetS or its components. Few randomized controlled trials (RCTs) have evaluated the effect of theMedDiet on T2DM andMetS.

Results from the landmark PREvención con DIeta MEDiterránea (PREDIMED) nutrition intervention trial showed that participants

assigned to theMedDiet hada significant 30%reduction in the riskof T2DMand that it alsopromoted the reversionofMetSand its

components, hyperglycemia and central obesity. In addition, 5 RCTs showed the beneficial effects of theMedDiet comparedwith

other dietary patterns on glycemic control in patients with T2DM. A recent meta-analysis of RCTs revealed that, compared with

a variety of control diets, the MedDiet was associated with beneficial effects on all MetS components. Bioactive components of

theMedDietsynergize toaffect variousmetabolicpathways, leading toa reducedcardiometabolicdisease risk.Theabundanceofhealthy,

nutrient-dense foods thatmakeuptheplant-basedMedDietpredicts itsbioactivityandpotential tobeneficially influencemetabolicpath-

waysthat leadtoMetSandT2DM,aswellasotherchronicconditions.Abundantepidemiologicandclinical trialevidencesupports the role

of theMedDiet on the prevention andmanagement of T2DM andMetS. J Nutr 2016;146(Suppl):920S–7S.
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Introduction

Type 2 diabetes mellitus (T2DM)10 is a global epidemic, and it is
estimated that ;592 million individuals worldwide will harbor

the disease by the year 2035 (1). T2DM is a main component of
metabolic syndrome (MetS), a cluster of metabolic alterations
that leads to an increased risk of cardiovascular disease (CVD),
mortality, and some types of cancer (2). In developed countries, it
is estimated that MetS affects around 25% of the population (3,
4). Importantly, there is consistent evidence that lifestyle changes
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promoting a healthy diet, physical exercise, and weight loss are
effective in delaying the onset of or preventing T2DM in subjects
with impaired glucose tolerance (5–8). Lifestyle modification is
also a critical component of treatment strategies for MetS (9).

The study of whole dietary patterns such as the Mediterra-
nean diet (MedDiet) has become instrumental in nutritional
epidemiology. The reputedly healthy MedDiet is characterized
by a high intake of fruits, vegetables, legumes, fish, whole
grains, nuts, and olive oil; moderate consumption of dairy
products and wine; and low intake of red and processed meats
and foods that contain high amounts of added sugars (9). The
relatively high intake of olive oil and nuts, together with a
moderate intake of wine—particularly red wine—during meals,
and frequent use of sauces with tomato, onions, garlic, and
spices simmered in olive oil for meal preparation, makes the
MedDiet unique and different fromother healthy dietary patterns.
Several a priori–defined scores measuring adherence to the
MedDiet have been used in epidemiologic studies (10) and a few
randomized controlled trials (RCTs) (11–14). Unfortunately these
scores are not homogeneous and differ between studies and
populations assessed, making international comparisons difficult.
Even considering this limitation, adherence to the traditional
MedDiet frequently has been associated with a reduced risk of
several chronic prevalent diseases, including T2DM and MetS.

Findings from observational studies (15–17) and RCTs (15, 18)
provide strong evidence to support the beneficial effects of the
MedDiet on the risk of T2DM. The results from epidemiologic
observations, including prospective cohort studies and less-powerful
cross-sectional studies, suggest associations, but they are subject to
bias and do not provide causal links, unlike RCTs. Nevertheless, the
mechanisms of cardiometabolic protection by the nutrient and food
components of the MedDiet add to the plausibility of the results
from both epidemiologic studies and RCTs (19).

Recent results from the PREDIMED (PREvención con DIeta
MEDiterránea) randomized nutrition intervention trial for the
primary prevention of CVD showed a 40% reduction in the
incidence of T2DM in participants assigned to a MedDiet sup-
plemented with extra-virgin olive oil compared with those
assigned to a low-fat control diet (18). Higher adherence to the
MedDiet has also shown benefit in the prevention and treatment
of MetS and its components (15, 16). Indeed, a meta-analysis of
50 prospective studies and RCTs suggested that adherence to the
MedDiet was associated with a 50% reduction of MetS (17).

The present narrative review summarizes the current scientific
evidence from epidemiologic studies and clinical trials on the
relation between theMedDiet change and with T2DM andMetS.
In order to understand the associations between the MedDiet and
cardiometabolic outcomes, we also discuss the possible mecha-
nisms underlying the reported associations. Because it was not
conducted as a systematic review of the literature, we cannot rule
out that some relevant publications might have been missed.

Epidemiologic Studies

Epidemiologic studies relating to the MedDiet and im-

paired glucose metabolism and diabetes. A considerable
body of evidence from prospective studies supports the impor-
tance of individual nutrients, foods, and dietary patterns in the
prevention and management of T2DM (20–27). The quality of
dietary fats and carbohydrates consumed is more important than
the quantity of these macronutrients (28, 29). Several ‘‘healthy’’
dietary patterns have been inversely associated with the risk of
T2DM (29, 30). These protective diets include both a priori–defined

patterns (20), such as the Dietary Approaches to Stop Hyper-
tension (DASH) diet, or dietary patterns assessed by the
Alternative Healthy Eating Index and various prudent/healthy
dietary patterns derived by a posteriori factor or cluster analysis.
Despite variation among studies, most of these protective dietary
patterns present many similarities with the traditional MedDiet,
because they are mostly plant-based. Diets rich in whole grains,
fruits, vegetables, legumes, and nuts; moderate in alcohol
consumption; and lower in refined grains, red or processed
meats, and sugar-sweetened beverages have been shown to be
associated with lower risk of diabetes (28, 29).

Epidemiologic evidence regarding the association between
adherence to the MedDiet and T2DM stems from cross-
sectional (31, 32) and prospective studies (20–27). Cross-
sectional studies have provided some degree of equivocal
evidence. For example, in the Attica study, conducted in 1514
men and 1528 women living in the province of Attica, Greece,
adherence to the MedDiet was inversely associated with the
prevalence of T2DM (31), whereas the Di@bet.es study, a
national survey aimed at examining the prevalence of impaired
glucose regulation in 5076 individuals from Spain, did not find
an association between adherence to the MedDiet and preva-
lence of known diabetes; however, a modest inverse association
with the presence of prediabetes or unknown diabetes was
reported (32). The lack of association to the prevalence of
diabetes reported in this study compared with the Attica study
might be explained by differences in the questionnaires used to
assess adherence to the MedDiet, as well as dissimilar criteria
used for the diagnosis of diabetes. Nevertheless, reverse causa-
tion bias cannot be ruled out in cross-sectional studies.

The results of prospective studies providing estimates of
T2DM risk according to different levels of adherence to the
MedDiet (20–23, 26, 27, 33, 34) have provided more consistent
evidence of benefit. All prospective studies (20–23, 26, 27, 33,
34) support the protective role of the MedDiet against T2DM,
with overall risk reductions ranging from 12% to 83% for
subjects closely adhering to the MedDiet compared with those
reporting the lowest adherence, after adjusting for several
confounders. In a recent meta-analysis of prospective cohort
studies published between 2007 and 2014 and including
122,810 subjects, greater adherence to the MedDiet was
associated with a significant 19% lower risk of diabetes (35),
with a moderate quality of evidence rated according to the
Grades of Recommendation, Assessment, Development, and
Evaluation (GRADE) guidelines for the main outcome (36). In
the case of the Gruppo Italiano per lo Studio della Sopravvivenza
nell’Infarto Miocardico (GISSI)-Prevenzione study, a secondary
analysis of this trial of v-3 FA supplementation in survivors of a
myocardial infarction showed that increased adherence to a
MedDiet (score assigned according to consumption of cooked
and raw vegetables, fruit, fish, and olive oil) was associated not
only with a lower risk of T2DM, but also with a 35% lower risk
of impaired fasting glucose (21). In the Multi-Ethnic Study of
Atherosclerosis (MESA) cohort, which included 5390 men and
women aged 45–87 y free of T2DM and CVD at baseline that
had 416 cases of incident T2DM after a 6 y follow-up, a higher
MedDiet score was associated with lower insulin concentra-
tions in nondiabetic subjects but not with a lower incidence of
T2DM (26). A recent 10 y prospective analysis conducted in
the cohort of the ATTICA study showed that medium and high
adherence to the MedDiet was associated with lower T2DM
risk by 49% (95% CI: 0.30, 0.88) and 62% (95% CI: 0.16,
0.88), respectively, compared with low adherence (33). A recent
meta-analysis of prospective studies evaluating the effect of the
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MedDiet on the risk of T2DM concluded that higher adherence
was associated with a 23% lower risk (combined RR for upper
compared with lower available centile: 0.77; 95% CI: 0.66,
0.89) (34).

Gestational diabetes, defined as glucose intolerance with
onset during pregnancy, is one of the most common compli-
cations of pregnancy and is linked with a subsequent higher
risk of T2DM (37, 38). Two prospective studies have been
conducted relating exposure to the MedDiet to the risk of
gestational diabetes or its consequences. In the Nurses� Health
Study, 4430 women aged 22–44 y with prior gestational
diabetes were analyzed. After 14 y of follow-up, 419 incident
cases of T2DM were observed, and participants at the
highest quartile of MedDiet adherence showed a 40% lower
risk than did those in the lowest quartile (25). Recently, in a
study conducted in 1076 pregnant women from 10 countries,
adherence to a MedDiet pattern was associated with a lower
incidence of gestational diabetes and better glucose tolerance,
even in women without gestational diabetes (39).

Epidemiologic studies relating to the MedDiet and MetS.

Several cross-sectional and prospective studies have sug-
gested that the MedDiet has protective effects on different
components of MetS (17). A meta-analysis of epidemio-
logic studies and RCTs analyzing the association between
MedDiet adherence and MetS was published by Kastorini
et al. in 2011 (17). The combined effect of both clinical
trials and prospective studies showed a protective effect of
the MedDiet on MetS. However, no association between
MedDiet and MetS or T2DM prevalence was demonstrated
for the combined effect of cross-sectional studies (17). This
can be explained by low statistical power and limitations
inherent to the type of study design. Four cross-sectional
studies conducted in Greece, Italy, and Poland and published
after this meta-analysis also found a beneficial association
between MedDiet adherence and risk of MetS prevalence
(40–43).

The association between MedDiet adherence and MetS
development has been explored in 4 large prospective studies
(44–47). In the Seguimiento Universidad de Navarra (SUN)
study, conducted in 2563 Spanish university graduates at low
CVD risk who were followed for 6 y, adherence to the
MedDiet measured by a modified MedDiet scale was associ-
ated with an 80% lower risk of MetS (44). Similarly, in
the Framingham Offspring Cohort, which included 1918
participants without T2DM at baseline and followed for
7 y, participants in the highest quintile of adherence to a
Mediterranean-style dietary pattern score had a 30% lower
risk of incident MetS than did those in the lowest quintile,
together with better values for the majority of MetS com-
ponents (45). In the context of the Supplementation en
Vitamines et Mineraux Antioxydants study, which was
conducted in French adults who were followed for 6 y,
adherence to the MedDiet assessed with a 9-point score was
also inversely associated with incidence of MetS and its
components (46). Finally, a recent report from the Coronary
Artery Risk Development in Young Adults study (47) showed
that an increased MedDiet score (represented by a dietary
pattern rich in fruit, vegetables, whole grains, nuts, and fish,
but poor in red and processed meats and snack foods) was
significantly associated with a lower risk of MetS develop-
ment. The consistency of results in these 4 large prospective
studies supports the association between the MedDiet and a
lower risk of MetS.

In conclusion, even though results from prospective studies
provide less scientific evidence than those of RCTs, available
epidemiologic data strongly suggest a potential protective role
for the MedDiet on T2DM and MetS.

Clinical Trials

Clinical trials examining the effect of the MedDiet on

T2DM. Although there is accruing evidence from observational
studies on the association between the MedDiet and T2DM, few
RCTs have evaluated the effect of the MedDiet on incident
T2DM.

Preliminary data from one center of the PREDIMED Study
showed that, compared with a control diet consisting of
advice to reduce all dietary fat sources, a traditional MedDiet
supplemented with extra-virgin olive oil or nuts reduced the
risk of incident T2DM by 52% in individuals at high CVD risk
(48). The PREDIMED results on the whole cohort showed that
after 4.1 y of follow-up, participants assigned to the MedDiet
had a significant 30% reduction in the risk of T2DM (18).
Increased adherence to the MedDiet also reduced the risk of
T2DM by 35% in patients who had suffered a myocardial
infarction participating in the GISSI-Prevenzione trial (21).

TheMedDiet has also proven to be effective in the management
of T2DM. Five RCTs evaluated the effects of the MedDiet
compared with other dietary patterns on glycemic control in
patients with T2DM (11, 49–52). The reduction of glycated
hemoglobin associated with the MedDiet ranged from 0.1% to
0.6% in the different studies. In accordance with these results, a
recent meta-analysis that included 20 RCTs with interventions that
lasted$6mo found a greater improvement in glycemic control and
insulin sensitivity for the MedDiet arms compared with control
diets such as low-carbohydrate or vegetarian diets (53).

There is also RCTevidence supporting a beneficial effect from
the MedDiet on CVD risk factors, including BMI, systolic blood
pressure, TGs, the total-to-HDL cholesterol ratio, and inflamma-
tory markers in diabetic patients (50, 51), including those at high
CVD risk (11). In the context of a clinical setting, 11,323
myocardial infarction survivors, 1700 of whom had T2DM, had
a 15% reduced risk of mortality per 1 unit increase in MedDiet
score after a 6.5 y follow-up (54). The PREDIMED trial, in which
3614 of the total 7447 recruited participants had a diagnosis of
T2DM, showed a similar reduction in the risk of cardiovascular
events (myocardial infarction, stroke, or death from CVD causes)
for diabetic and nondiabetic participants (55).

Clinical trials on the MedDiet and MetS. Findings fromRCTs
also support a benefit from the MedDiet on MetS and its
individual components. In the context of MetS prevention, a
preliminary report from the PREDIMED trial, in which 1224
participants at high CVD risk were followed for 1 y, showed that
an unrestricted-calorie MedDiet was associated with reversion
of MetS. The ORs for reversion of MetS were 1.3 (95% CI: 0.8,
2.1) for the group consuming the MedDiet supplemented with
extra-virgin olive oil and 1.7 (95% CI 1.1, 2.6) for the group
consuming the MedDiet supplemented with nuts compared with
the group consuming the control diet (56). The recent findings
from the total PREDIMED cohort after 4.8 y of follow-up also
showed that the MedDiet was associated with reversion of
MetS, but not with prevention of its incidence, and the benefi-
cial effect was driven by a reduction in the hyperglycemia and
waist circumference components of the syndrome in spite of
little weight loss (57). A subanalysis of the PREDIMED trial
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involving 110 women with MetS also reported that, compared
with the control diet, the MedDiet reduced oxidative damage to
lipids and DNA (58).

The results from an RCT conducted in Italy in 180 patients
with MetS showed that a restricted-calorie MedDiet was
effective in reducing the prevalence of MetS and associated
cardiovascular factors compared with a low-fat diet (59).
Additional RCTs have evaluated the relation between the
MedDiet and the individual components of MetS, as shown in
a systematic review and meta-analysis of epidemiologic studies
and RCTs (17). This meta-analysis included 36 RCTs conducted
in healthy, hypercholesterolemic, overweight, or obese individ-
uals, or patients at high CVD risk, with T2DM, or with a prior
myocardial infarction and concluded that, compared with a
variety of control diets, the MedDiet was associated with a
beneficial effect on all MetS components, including waist circum-
ference, HDL cholesterol, TGs, systolic and diastolic blood
pressure, and fasting glucose and HOMA-IR (17).

In summary, there is consistent evidence from RCTs support-
ing the MedDiet as a useful tool in the prevention and treatment
of T2DM and MetS.

Mechanisms

As stated, the traditional MedDiet is a plant-based dietary
pattern that is fat-rich due to customary use of olive oil in the
kitchen and at the table. Characteristically, there is abun-
dant consumption of fresh vegetables, fruit, wholegrain cereal,
legumes, and nuts; moderate consumption of seafood and
wine; and reduced consumption of meat and meat products
and sweet solid foods and beverages. The nutrient density in the
complex matrices of plant foods, together with a low glycemic
load, probably explain the lower risk of MetS and T2DM
observed with higher adherence to the MedDiet. The main
known bioactive food constituents of the MedDiet, namely
unsaturated FAs, complex carbohydrate and fiber, vegetable

protein, nonsodium minerals, phytosterols, and polyphenols

appear to synergistically interact to beneficially affect various
metabolic pathways in the risk of MetS, T2DM, and CVD in

general (Figure 1). The scientific evidence on the bioactivity of

these MedDiet components will be summarized to provide a

mechanistic framework for their cardiometabolic benefit.

FAs. The MedDiet is rich in vegetable fat, which almost by
definition is predominantly unsaturated, with a high proportion of

MUFAs derived from olive oil and nuts and smaller amounts of

essential PUFAs, such as linoleic (18:2n–6) and a-linolenic (18:3n–3)

acids, derived from vegetables and nuts. It has been known for

decades that SFA intake raises blood cholesterol and TGs, and that

replacing SFAs with MUFAs or n–6 PUFAs decreases the concen-

trations of these lipids (61), with parallel effects on CVD risk (62).

Also, substituting SFAs with unsaturated FAs, eitherMUFA or n–6

PUFA, improves insulin sensitivity and likely reduces the risk of

T2DM (63). Dietary MUFA intake is also associated with the

maintenance of body weight and a reduction in central body fat

adiposity (64). n–3 PUFAs from seafood additionally contribute

to the lowering of blood pressure and TGs, in addition to having

a beneficial effect on adiposity (65). Thus, by way of salutary

effects on lipid and glucose metabolism, the fat fraction of the

MedDiet could help reduce cardiometabolic disease risk.

Carbohydrate and fiber. Plant foods, particularly seeds
(cereals, legumes, and nuts), are important sources of slow-

release carbohydrate and dietary fiber. There are 2 main types of

dietary fiber: metabolically inert insoluble fiber and bioactive

soluble or viscous (gel-forming) fiber, which has cholesterol-

lowering properties and reduces postprandial glucose responses

after carbohydrate-rich meals (66). The main sources of insol-

uble fiber are cereal grains, whereas those of soluble fiber are

fruit and vegetables. Observational studies have consistently

shown that an increased intake of dietary fiber, usually from

cereals rather than fruit and vegetables, is associated with a

FIGURE 1 Consumption of Mediter-

ranean foods improves cardiometabolic

health because of their rich composition

in bioactive nutrients and phytochemi-

cals and their synergizing effects on

metabolic pathways. The main nutrients

of the MedDiet are shown along with

their principal biological targets (arrow

connections). The net effects on interme-

diate markers of cardiometabolic disease

risk shown for these nutrients and their

parent foods in clinical trials include the

lowering of cholesterol and TGs, in-

creased HDL cholesterol, improved gly-

cemic control, decreased blood pressure,

reduced adiposity, and antioxidant and

anti-inflammatory actions. The overall

result is reduced MetS and type 2 dia-

betes mellitus risk, as suggested for

most of the MedDiet in observational

cohort studies and the PREvención con

DIeta MEDiterránea trial. See text for

details. CHO, carbohydrate; EVOO, extra-

virgin olive oil; GI, glycemic index; HDL-C,

HDL cholesterol; MedDiet, Mediterranean

diet; MetS, metabolic syndrome; TC, total

cholesterol; Vegs., vegetables. Adapted

from reference 60 with permission.
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reduced incidence of T2DM (29). The reason for this apparent
contradiction is that, in epidemiologic studies, insoluble fiber
cannot easily be dissociated from whole-grain foods, which
provide many other bioactive phytochemicals associated with
beneficial health effects. Dietary fiber may also reduce MetS and
T2DM risk through a reduction in blood pressure, improved
insulin sensitivity, changes in secretion of gut hormones that act
as satiety factors, and anti-inflammatory effects (67). Finally, the
low glycemic index of the MedDiet is an additional factor that
reduces insulin resistance and lowers the risk of T2DM (29).

Protein. The consumption of vegetable protein, abundant in
the MedDiet, relates inversely to blood pressure (68). The Op-
timal Macronutrient Intake Trial to Prevent Heart Disease
(OmniHeart) trial showed that partial substitution of carbohydrate
with protein (about one-half from plant sources) lowered blood
pressure and improved the lipid profile in prehypertensive and
hypertensive subjects (69). However, it is difficult to dissociate the
benefit of the vegetable protein per se from the synergizing effects
of other bioactive constituents in the protein-containing foods.

Minerals. Plant foods, particularly seeds such as cereals,
legumes, and nuts, contain little sodium but are rich in K+,
Mg2+, and Ca2+. All 3 are critical in cellular metabolism and
many physiologic processes, of which blood pressure regulation
has been most studied. For instance, increased dietary mineral
intake is thought to underlie the blood pressure–lowering effect
of the DASH diet (70). There is also evidence from observational
studies that suggests a protective effect from nonsodium
minerals on T2DM, particularly for Mg2+ (71). This beneficial
effect of minerals can be ascribed to their participation in
intracellular processes related to glucose homeostasis leading to
increased insulin sensitivity (72). Besides blood pressure reduc-
tion, an increased intake of K+, Mg2+, and Ca2+ in the DASH
dietary pattern is also believed to be instrumental in its effect of
improving insulin sensitivity (73), a clear example of nutrient
synergy having a salutary effect on different metabolic path-
ways.

Sterols. All plant foods are cholesterol-free, but their fatty
fraction in nuts and oils contains sizeable amounts of chemically
related noncholesterol sterols known as phytosterols, non-
nutritive components that play important structural roles in
membranes. Thus a MedDiet rich in olive oil and nuts is
relatively rich in these compounds. Phytosterols interfere with
cholesterol absorption in the intestinal lumen and thus have
cholesterol-lowering properties, even at the low doses found in
natural, nonsupplemented foods (74), and there is evidence that
they also have a modest TG-lowering effect (75).

Polyphenols. Phenolic compounds are strong antioxidants
that are ubiquitous in plants. Because they need extra protec-
tion for the DNA of the future plant, seeds (cereal grains,
legumes, nuts, cocoa, and coffee), fruits (particularly olives and
grapes and derived products, unrefined or virgin olive oil, and
red wine), and spices such as pepper or clove are rich in
polyphenols (76). Besides their antioxidant power, these
molecules appear to have pleiotropic effects, and there is
mounting evidence that they may have an impact on human
physiology in many ways, including in reduced adiposity and
blood pressure, improved lipid profiles, and anti-inflammatory
effects, in addition to protecting from CVD (77). Growing
evidence also shows that polyphenol-rich foods and beverages
reduce postprandial glycemic responses and fasting hyperglyce-

mia and enhance insulin secretion and insulin sensitivity, with a
suggested benefit on MetS and T2DM risk (78).

Alcohol. Although red wine is the most common alcoholic
drink consumed in the MedDiet, most scientific evidence on
health effects stems from epidemiologic studies assessing
exposure to alcoholic beverages in general. Besides a cardio-
protective effect, moderate alcohol consumption also protects
from diabetes, as shown in a meta-analysis of 20 cohort studies
(79). There is inconclusive evidence regarding the effect of
alcohol consumption on body weight (80). A meta-analysis of
RCTs examining the effects of moderate alcohol consumption
on cardiometabolic disease risk markers confirmed that the
most consistent effect is increased HDL cholesterol, which is
dose-dependent and occurs with any type of alcoholic bever-
age; thus, it may be ascribed to ethanol itself (81). Because
HDL cholesterol, a component of MetS, relates inversely to
CVD risk in epidemiologic studies (82), this has traditionally
been considered the main mechanism for the cardiovascular
protection of alcoholic beverages. However, the cardiovascular
benefit of increasing HDL cholesterol is unclear, given the
inconsistent evidence from HDL-raising pharmacologic trials
(83). A meta-analysis that included studies with different
alcoholic beverages suggests that moderate daily intake of wine
and beer may confer higher protection against CVD than
moderate intake of liquors and spirits, mainly because of the
higher polyphenolic content of fermented alcoholic beverages
(84). Polyphenols in red wine, not alcohol, also appear to have
a blood pressure–lowering effect through increased nitrous
oxide bioavailability, as shown by an RCT testing moderate
doses of dealcoholized red wine (85). Finally, postprandial
reduction of oxidative stress has also been observed after red
wine consumption, an interesting effect that supports the Medi-
terranean way of drinking wine with meals (86).

As summarized in Figure 1, bioactive components of the
MedDiet may synergize to affect various metabolic pathways,
leading to a reduced risk of cardiometabolic disease. Such
pleiotropic effects illustrate the importance of the MedDiet for
protection from MetS and T2DM.

Conclusions and Perspectives for the

Future

The abundance of healthy nutrient-dense foods that make up the
plant-based MedDiet, characterized by high consumption of
whole grains, vegetables, fruits, legumes, nuts, fish, and olive oil,
predicts its bioactivity and potential to beneficially influence
metabolic pathways leading toMetS and T2DM, as well as CVD
and other chronic prevalent conditions. Abundant epidemio-
logic and clinical trial evidence supports the role of the MedDiet
in preventing T2DM and MetS by way of a beneficial impact on
cardiometabolic disease risk factors, including all components of
MetS. Importantly, this benefit is achieved even though the
MedDiet is a high-fat dietary pattern. The fat, however, is of
vegetable origin and mostly unsaturated and comes to the
MedDiet in the form of complex matrices, such as olive oil and
tree nuts, which also contain highly bioactive micronutrients
and phytochemicals. In this sense, the high-fat MedDiet is clearly
superior to the long-recommended low-fat dietary pattern in
terms of both cardiometabolic benefit and palatability, as demon-
strated by the landmark PREDIMED trial.

The future looks bright for the MedDiet and its main
components, as scientific societies worldwide recognize its
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many beneficial aspects and recommend its inclusion in pub-
lic health policy, in good part thanks to the impact of the
PREDIMED study. Nevertheless, MetS and T2DM were sec-
ondary outcomes of the PREDIMED study, and nutritional
science would be well served if more RCTs of the MedDiet
targeting cardiometabolic disease risk markers, MetS, and
T2DM were undertaken.
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Nuñez-Cordoba JM, Martinez-Gonzalez MA. Mediterranean diet
inversely associated with the incidence of metabolic syndrome: The
SUN prospective cohort. Diabetes Care 2007;30:2957–9.

45. Rumawas ME, Dwyer JT, McKeown NM, Meigs JB, Rogers G, Jacques
PF. The development of the Mediterranean-style dietary pattern score
and its application to the American diet in the Framingham Offspring
Cohort. J Nutr 2009;139:1150–6.

46. Kesse-Guyot E, Ahluwalia N, Lassale C, Hercberg S, Fezeu L, Lairon D.
Adherence to Mediterranean diet reduces the risk of metabolic
syndrome: A 6-year prospective study. Nutr Metab Cardiovasc Dis
2013;23:677–83.

47. Steffen LM, Van Horn L, Daviglus ML, Zhou X, Reis JP, Loria CM,
Jacobs DR, Duffey KJ. A modified Mediterranean diet score is
associated with a lower risk of incident metabolic syndrome over
25 years among young adults: The CARDIA (Coronary Artery
Risk Development in Young Adults) study. Br J Nutr 2014;112:
1654–61.
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Estruch R, Lamuela-Raventós R, Corella D, Martı́nez-Gonzalez MÁ,
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