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Abstract

Background: The Mediterranean diet has long been related to a lower cardio-
vascular disease risk; however, more recent evidences also indicate that it has a
favourable effect on adiposity and type 2 diabetes.

Design: Review of the available literature in relation to Mediterranean diet and
metabolic syndrome.

Results: Several components of Mediterranean diet patterns have been inversely related
with body mass index. They are considered to be modulators of insulin resistance, can
exert beneficial effects on blood pressure, improve atherogenic dyslipidemia or
attenuate the inflammatory burden associated with metabolic syndrome. Furthermore,
a lower prevalence of metabolic syndrome has been associated with dietary patterns
rich in fruits and vegetables, nuts, olive oil, legumes and fish, moderate in alcohol and
low in red meat, processed meat, refined carbohydrates and whole-fat dairy products.
Conclusions: There is much evidence suggesting that the Mediterranean diet
could serve as an anti-inflammatory dietary pattern, which could help to fight
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diseases related to chronic inflammation, including metabolic syndrome. Diabetes

Metabolic syndrome (MetS) is considered to be a
clustering of metabolic alterations conferring a high risk
of developing type 2 diabetes (T2D), cardiovascular
disease (CVD) and all-causes of mortality. Although the
prevalence of MetS differs according to the criteria used to
define it, in developed countries it seems to affect around
25% of the population®™.

Since Reaven described MetS for the first time in 1988,
diagnostic criteria have been systematically updated by
expert groups' ™. However, despite various efforts, there
is no general consensus regarding the definition of MetS.

Ethnic and national differences in the prevalence of
MetS have been reported”™. These differences cannot be
explained by population genetics alone and may be more
readily indicative of environmental influences, lifestyle and
sociodemographic factors. Physical activity, smoking, low
social class, low education level and low grade of chronic
inflammation have been associated with an increased risk of
Mets“*'" Diet may also be one of the most important
factors determining MetS. Thus, the aim of the present paper
is to analyse the effect of diet on MetS and its components.
This review focuses on the possible relationship between
the traditional Mediterranean diet (MedDiet) and MetS.

Effect of the Mediterranean diet on adiposity

Central adiposity, specifically visceral obesity, has been
thought to be one of the key factors in the physiopathology
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of insulin resistance and all the other components of MetS.
In fact, the International Diabetes Federation diagnostic
criteria for MetS emphasise central obesity as the core
measure'®. Waist circumference has been reported to be
most specifically associated with cardiovascular risk"'?, as
well as other components of MetS, including increased
levels of some inflammatory and endothelial markers?,
blood pressure, glucose and triglycerides concentrations ',
and low HDL-cholesterol levels".

Several components of the MedDiet have been inver-
sely associated with BMI or waist circumference. This is
the case for whole grain and fibre. In the Multi-ethnic
Insulin Resistance Atherosclerosis Study, the dark bread
pattern derived from cluster analysis was associated with
higher fibre consumption relative to total energy and with
lower waist circumference’®. Wirfalt et al.'” also used a
cross-sectional design and observed that a high dietary
fibre intake was related to lower central adiposity. This is
consistent with some prospective studies showing that
high fibre intake is associated with a lower increase
in body weight or central adiposity. For example, in the
Health Professionals Follow-up Study, patients in the
higher quintile of change in fibre intake have a lower
risk of total body weight increase during the 8 years of
follow-up™®. Also, in the CARDIA (Coronary Artery Risk
Development In young Adults) Study, total fibre con-
sumption was independently and inversely associated
with weight-gain and waist-circumference increases in
both white and black men and women"'?. Finally, in the
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Nurses’ Health Study, weight gain was inversely associated
with the intake of high-fibre, whole grain foods but
positively related to the intake of refined grain, which
indicated the importance of distinguishing whole and
refined-grain products to aid in weight control®”. Several
mechanisms have been suggested in order to explain the
protective effect of fibre on weight gain®", however, few
randomised clinical studies have demonstrated beneficial
effects on total body weight gain or loss after consuming
high fibre diets or supplements®®.

The MedDiet is a high-fat, high-unsaturated fat food
pattern because olive oil is used abundantly as a culinary fat
and for dressings, which facilitates the intake of substantial
quantities of vegetables. Some epidemiological studies have
analysed the effect of the total amount of fat consumption
relative to carbohydrates on body weight and abdominal
adiposity, without clear and consistent results. For example,
in the Nurses’ Health Study, one of the largest cohort
studies, there was a weak positive association between total
fat intake and weight gain®”. However, several studies have
demonstrated that the type of fat is more important than the
amount consumed in terms of body weight and adiposity
regulation. Monounsaturated fatty acids (MUFA) and poly-
unsaturated fatty acids (PUFA) have been shown to be more
easily oxidised than saturated fatty acids (SFA). This is
consistent with some epidemiological studies. For example,
in the Nurses’ Health Study, animal fat, SFA and trans fatty
acid (TFA) intake have been positively associated with
weight gain, whereas MUFA and PUFA were not asso-
ciated®. In the Health Professional Cohort Study, replacing
PUFA with SFA or TFA was also associated with a significant
increase in waist-circumference gain over 9 years(24).

Recently, the SUN (Seguimiento Universidad de
Navarra) Project has specifically evaluated the possible
association between olive oil consumption and the like-
lihood of weight gain or the incidence of overweight or
obesity in a large Mediterranean cohort of 7368, who
were followed for a median period of 28-5 months®”. In
this study, baseline consumption of olive oil was asso-
ciated with a non-significant lower likelihood of weight
gain. For participants with a higher baseline consumption
of olive oil, whose olive oil consumption also increased
during follow-up, the authors found a slightly increased
but non-significant risk of becoming overweight.

Nuts are another high-unsaturated fat food commonly
consumed in the MedDiet. Evidence from epidemiologi-
cal and clinical studies suggests that regular nut intake
might have a positive impact on adiposity®”, insulin
resistance and other metabolic disturbances linked to the
MetS. Consumption of nuts has been associated with
satiety, increased thermogenesis, fat malabsorption and
lower adiposity™®.

Finally, fruit and vegetable consumption has been
demonstrated to protect against weight gain and obesity.
In the Nurses’ Health Study, participants with the largest
increase in fruit and vegetable intake had a 24 % lower
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risk of becoming obese compared with those who had
the largest decrease in intake after adjustment for several
confounding factors®”. Also recently, Vioque et al®®
have demonstrated that dietary patterns associated with a
high intake of fruit and vegetables in a Mediterranean
population may reduce long-term risk of subsequent
weight gain and obesity among Spanish adults.

In contrast, fast food and unhealthy dietary patterns
have been consistently associated with a higher risk of
weight gain and obesity'*>”. A recently published sys-
tematic review shows that frequent consumption of
sugar-sweetened beverages is associated with weight
gain and obesity®". Although more research is needed,
there is sufficient evidence for public health strategies to
discourage the consumption of fast food and sugary
drinks as part of a healthy lifestyle.

Recently, the EPIC (European Prospective Investigation
into Cancer and Nutrition) Study suggested that adhering to
the MedDiet was not associated with becoming overweight
in normal-weight subjects, suggesting that promoting eating
habits consistent with traditional MedDiet patterns may play
a useful part in efforts to combat obesity®?.

Effect of the Mediterranean diet on insulin
resistance and diabetes

Many components of the MedDiet have been considered
to be important in the modulation of insulin resistance,
especially the type of dietary fat and the glycaemic index
of the diet.

There is little evidence that low-fat, high-carbohydrate
diets improve insulin sensitivity®®. In developed countries,
low-fat diets are usually rich in refined carbohydrates, which
increase plasma glucose and insulin concentrations. How-
ever, diets rich in whole grains and dietary fibre have been
associated with lower plasma insulin concentrations %
and inversely related to measures of insulin resistance®*>>
and improved insulin sensitivity .

The Nurses’ Health Study reports an increased incidence
of T2D in those participants consuming a diet with a higher
glycaemic load, especially if consumed in combination with
a low intake of cereal fibre®®. These results were confirmed
in the Health Professionals Follow-up Study®”; but not in
the Towa Women'’s Health Study®®. In that study, glycaemic
load was not associated with the risk of diabetes, although
the authors found an inverse relation between fibre intake
and the incidence of diabetes. However, in a recent
Cochrane review, it was concluded that the evidence from
prospective cohort trials is considered to be too weak to be
able to draw a definite conclusion about the preventive
effect of whole grain foods on the development of T2D% .

The type of fat consumed is probably a more important
dietary factor determining the risk of developing insulin
resistance and diabetes. Some epidemiological evidence
suggests that dietary SFA and TFA are related to a higher
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risk of developing insulin resistance and diabetes,
whereas dietary MUFA and PUFA protect against these
conditions. Laaksonen et al*” demonstrated an impor-
tant relationship between serum fatty acid composition, a
biomarker of habitual fat intake, and the development of
diabetes. Baseline serum SFA levels were higher and
PUFA levels were lower in men who developed insulin
resistance in the 4 years of follow-up.

Some dietary intervention studies have demonstrated
that substituting SFA for MUFA alters fatty acid composi-
tion and improves insulin sensitivity™". In the KANWU
(Kopio, Aahhus, Naples, Wollongon and Uppsala) Study,
it has also been demonstrated that a change in the pro-
portions of dietary fatty acid, decreasing SFA and
increasing MUFA, improves insulin sensitivity(42).

Some epidemiological studies have found PUFA to be
inversely associated with insulin levels”®, and others
have reported a positive association™”. A prospective
cohort study® found that the frequency of nut con-
sumption, which is rich in unsaturated fatty acids, had a
substantial and highly significant inverse association with
risk of T2D, independently of some confounding factors.
However, the substitution of SFA for PUFA can favourably
affect insulin sensitivity. In hyperlipidemic patients, a diet
rich in PUFA was shown to induce, more favourably,
glucose tolerance than a diet high in SFA, especially in
hypertriglyceridemic patients(46).

Some prospective studies have attempted to evaluate
the relationship between the consumption of 7-3 PUFA,
or fish, and the risk of diabetes. Three studies demon-
strated that a higher intake had a beneficial effect on the
risk of diabetes or impaired glucose tolerance, whereas
one study did not"*®_ Short-term interventional trials
have failed to demonstrate that consumption of 7-3 fatty
acids has a beneficial effect on insulin sensitivity in
diabetic or non-diabetic patients. Long-term intervention
studies have also shown no significant improvements in
insulin sensitivity in healthy and diabetic patients”.

There is some evidence that meat and processed meat
have unfavourable effects on glucose metabolism; how-
ever, this observation is derived from epidemiological
studies only®*>Y.

Effect of the MedDiet on atherogenic dyslipidemia

Atherogenic dyslipidemia is characterised by an increase in
the LDL-cholesterol levels and triglycerides, and is fre-
quently associated with MetS. If in recent years dietary
interventions were focused on reducing the LDL-cholesterol
levels, it is now recognised that dietary and non-dietary
strategies to increase and decrease HDL-cholesterol and
triglyceride concentrations, respectively, have become
important targets for preventing and treating MetS.

Several studies have shown that low-fat/high-carbohy-
drate diets decrease HDL-cholesterol concentrations?~>%
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and this appears to be independent of the PUFA
content®. It has been suggested that the effects of
high-carbohydrate/low-fat diets on triglycerides and
HDL-cholesterol levels are transient, particularly after ad
libitum intake of low-fat diets. However, after changing
dietary fat, it has been shown that changes in HDL-
cholesterol and in triglycerides levels are sustained for
periods of several months®® or even up to 1 year®”. For
these reasons low-fat/high-carbohydrate diets were not con-
sidered ideal for MetS. On the contrary, low-carbohydrate
diets were associated with a decrease in triglycerides and
an increase in HDL-cholesterol levels®® although the
type of carbohydrate and fat in these diets can influence
the plasma lipoprotein profile‘®?.

The type of carbohydrate in the low-fat diet may
be important both for reducing HDL-cholesterol and
increasing plasma triacylglycerol. In healthy free-living
men, Turley et al®® found that replacing SFA with
carbohydrates from grains, vegetables, legumes and fruit
reduced total and LDL-cholesterol, and had only a minor
effect on HDL-cholesterol and triglycerides. Frost et al*”’
suggested that there is a connection between the gly-
caemic index and the level of HDL-cholesterol. Thus,
intake of carbohydrates with a low glycaemic index
results in smaller HDL-cholesterol reduction than intake
of carbohydrates with a higher index®”. On the contrary,
the intake of carbohydrates with a high glycaemic index
and glycaemic load was inversely associated with HDL-
cholesterol concentrations and positively associated with
fasting triglycerides. Nevertheless, interventional studies
have reported conflicting results regarding the effect of
the glycaemic index on dyslipidemia®®?.

The 7-3 fatty acids may also ameliorate the atherogenic
lipid profile. For example, native Alaskan populations
that eat a diet rich in 7-3 PUFA have high HDL-cholesterol
levels®®. Also, -3 fatty acid intake was associated
with lower levels of triglycerides, reduced endothelial
activation and other factors associated with MetS®". In
addition, dietary omega-3 PUFAs are known to reduce
triglyceride levels in obese people and patients with
hypertriglyceridemia® .

Finally, moderate alcohol consumption raises HDL-
cholesterol levels®”. A meta-analysis indicated that
the consumption of 30g of alcohol/d increases HDL-
cholesterol levels by a mean of 4 mg/dl, irrespective of
the kind of alcohol consumed®©”. Thus, the moderate
consumption of wine frequently observed in Mediterra-
nean populations, may protect against coronary disease
through this mechanism.

Therefore, a diet rich in fibre, 7-3 PUFA (1-3 rich
oils, cold water fish, walnuts) and MUFA, with limited
carbohydrates that contribute to a high glycaemic load
(such as those found in ready-to-eat cereals, potatoes,
white bread and snack foods), is recommended to
increase serum HDL-cholesterol levels and decrease
triglycerides.
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Effect of the Mediterranean diet on hypertension

There is no doubt about the role that hypertension has as
a cardiovascular risk factor, and the improvement in
blood pressure that can be achieved through diet and
lifestyle changes. Several studies have supported the
beneficial effect on blood pressure that some nutritional
strategies have (weight reduction, low intake of sodium
and alcohol, high intake of vegetables and fruits).

Several minerals, such as sodium, magnesium, potassium
and calcium, in the diet have been implicated in modulat-
ing blood pressure. A meta-analysis of randomised trials
indicated that a reduction in sodium and an increase in
potassium consumption lowers blood pressure in normo-
tensive and hypertensive individuals®*”.

Some studies suggest that the beneficial effect of
magnesium on blood pressure”’” might be due to its
endothelial vasodilator effect”?. However, in a meta-
analysis of randomised clinical trials, magnesium sup-
plementation resulted in only a small dose-dependent
reduction in blood pressure levels”?. Likewise, a recent
systematic review of twelve randomised controlled
clinical trials did not report any clear beneficial effects of
magnesium supplementation on blood pressure’®. Both
meta-analyses concluded that better quality double-blind
placebo-controlled trials, that are also larger and longer,
would be necessary to confirm this relationship.

Several epidemiological and interventional studies
suggest that calcium is also largely implicated in mod-
ulating blood pressure. A meta-analysis of twenty-two
randomised clinical trials showed a small but significant
reduction in the systolic blood pressure through calcium
supplementation in subjects with or without hyperten-
sion”?. However, because of the small observed effect of
calcium, the authors concluded that there is insufficient
evidence to recommend systematic calcium supple-
mentation for preventing hypertension.

More consistent results were observed in relation to the
effect of low-fat dairy products on hypertension. For
example, in the SUN cohort, a 50 % reduction in the incident
cases of hypertension was observed in individuals with a
high consumption of low-fat dairy products. Interestingly,
this was not described in the case of whole-fat dairy pro-
ducts, suggesting that the quantity and type of fat content
could determine the beneficial effect”. There is some
evidence suggesting that saturated fats are hypertensive
compared to vegetable unsaturated fat, however, this
hypothesis need to be confirmed”®. Other prospective
studies performed on overweight subjects®” and high
cardiovascular risk individuals”® support the relationship
between low-fat dairy product intake and low blood pres-
sure. The evidence of protection deriving from low-fat dairy
products could also be attributed to the nutritional compo-
sition of these products. Low-fat dairy products are rich in
potassium, magnesium, calcium and some milk protein-

derived peptides with established hypotensive properties'””.
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The most important evidence regarding the beneficial
effect of diet on blood pressure is the DASH (Dietary
Approaches to Stop Hypertension) Study. The overall
effects on blood pressure observed by the DASH diet
have been attributed to the whole dietary pattern, which
was rich in fruit, vegetables, low-fat dairy products,
and had reduced amounts of saturated and total fats

199 showed a

and cholesterol”®. More recently, Lien ef a
significant reduction in systolic blood pressure in subjects
with MetS who were treated with the dietary DASH
pattern associated with an intensive behavioural lifestyle
intervention.

The MedDiet shares many of the characteristics of the
DASH diet, for example, both are rich in vegetables and
fruit. Several epidemiological studies have described an
inverse association between MedDiet adherence and
blood pressure' ¥ Other components of the MedDiet
could exert beneficial effects on blood pressure; this is the
case with olive oil and wine. In the EPIC Study, olive oil,
vegetables and fruits were the most important factors
explaining low blood pressure levels®”. In the SUN
Study, olive oil consumption was also associated with
lower risk of developing hypertension but only among
men®?. Also, two interventional studies have demon-
strated that a diet rich in MUFA is more capable of
reducing blood pressure compared to a diet rich in SFA®?’
and, unlike a low-fat, carbohydrate-rich diet, has no
deleterious effect on blood pressure in normotensive
subjects® . A reduction in the use of hypertensive
medication was also observed after intake of a diet rich
in olive oil, compared to a high PUFA diet®. The
mechanism explaining how olive oil modulates blood
pressure is still unknown.

The relationship between alcohol consumption and
hypertension remains controversial. The beneficial effect
is attributed mainly to red wine, because it is rich in some
polyphenols that exert an endothelial vasorelaxing
action®™. Some cross-sectional epidemiological studies
have observed an inverse association between red wine
consumption and blood pressure. In those studies, the
association was not found for other alcoholic bev-
erages(m’gg). However, in a clinical trial, Zilkens er al®”
did not show any blood pressure effect after consuming
red wine or de-alcoholised red wine.

Effect of the Mediterranean diet on the
inflammation and oxidation

Several compounds of MetS are related to inflammatory
abnormalities, suggesting that the mechanism underlying
this syndrome could be a chronic low-grade inflammatory
and oxidative state. It is well known that inflammatory
cytokines induce insulin resistance in adipose tissue
and muscle. Adipose tissue in obesity does indeed
overproduce cytokines, and several cytokines such as
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C-reactive protein (CRP) and interleukin-6 (IL-6) have
proven to be strong predictors of both diabetes and
cardiovascular disease (CVD) in prospective cohort
studies®?. Nevertheless, although different studies
report higher levels of inflammatory or oxidative markers
in MetS subjects, none of the current definitions consider
inflammation or oxidation to be criteria for defining the
syndrome. Results from the West of Scotland Coronary
Prevention Study (WOSCOPS)“?| the Women’s Health
Study (WHS)“® and the Framingham Offspring Study®
suggest that CRP adds clinically important prognostic
information concerning MetS and cardiovascular risk.
However, contradictory results were recently found in a
prospective study on more than 173000 subjects from
the Nurses’ Health Study and the Health Professionals
Follow-up Study where most of the inflammatory markers
did not increase the relative risk of CVD beyond MetS.
Only CRP and sICAM (soluble intercellular adhesion
molecule) in men remained independently predictive of
CHD when MetS status was taken into account®?.

Among other strategies, diet could be one of the most
important factors in treating MetS by modulating inflam-
mation and oxidation”®®. Thus, recent studies deal
specifically with adherence to the MedDiet and its asso-
ciation with inflammatory or oxidative mechanisms. The
first study was published in 2004 by Crhysohoou et al "
on more than 3000 subjects from the ATTICA Study,
showing that those patients in the highest tertile of the
diet score had lower levels of CRP, IL-6 or fibrinogen.
Similar results on inflammatory markers were observed in
a small group of patients with MetS who followed a
MedDiet for 2 years, while endothelial dysfunction
assessed with the L-arginine test improved°?. This study
reported a 48% net reduction in the prevalence of MetS
after 2 years. More recently, it has been demonstrated
that the association between the adherence to a MedDiet
and systemic inflammation is independent of sharing
environmental and genetic factors''°". However, no
effect of the MedDiet on inflammatory markers was
observed in patients with coronary disease’’*®. Until
now, the Prevencion con Dieta Mediterranea (PRE-
DIMED) Study is the only study to have evaluated the
effect of the MedDiet in patients on primary cardiovas-
cular prevention and it showed a significant improvement
in inflammatory and endothelial markers"'®. Moreover,
in a subgroup of subjects from the PREDIMED cohort,
oxidised LDL decreased significantly after 3 months on
MedDiet '

To date, intensive lifestyle interventions seem to work
better than drugs in reducing the prevalence of Mets"'%”.
The MedDiet pattern is rich in virgin olive oil, nuts,
vegetables, fruits, legumes and fish and is thus a good
source of inflammation and oxidation modulator com-
pounds such as MUFA and PUFA, dietary fibre or phyto-
chemicals. This makes it a good approach for preventing
MetS and CVD.
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Healthy and unhealthy dietary patterns and
metabolic syndrome

Dietary pattern analysis is used as an alternative and
complementary approach to the individual analysis of
nutrients and foods. Dietary patterns better reflect general
eating behaviour, support the simple analysis of intake
and allow the potential combined effect of overall
diet'%” on the risk of chronic diseases to be examined.

Although several epidemiological studies have eval-
uated the relationship between dietary pattern and some
features of MetS"'717"11% 'in recent years there has been
growing interest in examining the association between
dietary patterns and Mets®!00:111-116),

A cross-sectional study by Williams et al!'® observed a
negative relationship between higher scores of adherence to
a healthy dietary pattern and central obesity, fasting plasma
glucose and plasma triglycerides, and a positive association
with plasma HDL-cholesterol. In this study, using principal
component analysis, four dietary patterns were identified.
Component 1 was the healthiest dietary pattern and was
characterised by frequent intakes of salad, green vegetables
and fruits, pasta or rice and low intake of fried foods, pro-
cessed meat, fried fish, potatoes and snacks. It appears to
protect against MetS™®. Recently, a larger cross-sectional
survey, also using principal components analysis, extracted
three dietary patterns: the healthful food pattern, the high-
glycaemic index and the high-fat dietary pattern, and the
alcohol intake pattern. Together these explained 56 % of the
variance in the dietary intake""">. After adjusting for several
confounders, the healthful food pattern, which included
cereals, fish, legumes, vegetables and fruit (all of them
components of the traditional MedDiet), was inversely
associated with waist circumference, blood pressure, tri-
glycerides, and positively associated with HDL-cholesterol
levels, all known components of MetS. Furthermore, the
healthful food pattern was associated with a 13% lower
likelihood of having MetS. On the contrary, the high-gly-
caemic index/high-fat dietary pattern, mainly characterised
as rich in meat, meat products and potatoes, was associated
with a higher waist circumference, lower HDL-cholesterol
levels and with a 21 % higher likelihood of having MetS.

Recently, Esmaillzadeh et al™® — in 486 female tea-
chers in Tehran — observed that a healthy dietary pattern
(high in fruits, tomatoes, poultry, legumes, cruciferous
and green vegetables, other vegetables, tea, fruit juices
and whole grains) was associated with a significantly
lower risk of having MetS. The same relationship was
observed for each MetS component and after adjusting for
several possible confounders. In the same study, women
in the highest quintile of adscription to a Western dietary
pattern (high in refined grains, red meat, butter, pro-
cessed meat, high-fat dairy products, sweets and desserts,
pizza, potatoes, eggs, hydrogenated fats, soft drinks and
low in other vegetables and low-fat dairy products) had
significantly greater odds of developing MetS. Likewise, in
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the Atherosclerosis Risk in Communities cohort, the subjects
in the top quintile of adherence to the Western dietary
pattern have an 18% greater risk of developing MetS com-
pared with those in the lowest quintiles. Contrary to other
studies these authors did not find any significant association
between a prudent dietary pattern and the incidence of
MetS™'”. Some dietary intervention studies also support
the beneficial effects of the DASH dietary pattern on the
prevalence and the features of Mets™'®.

Several authors have also assessed the relationship
between dietary patterns and some features of MetS. In a
study using a large cohort during 14 years of follow-
up®M? the prudent pattern characterised by high
intake of fruits, vegetables, whole grains, fish, poultry and
low-fat dairy products was modestly associated with a
lower relative risk of having T2D. In contrast, stronger
results were observed between the Western dietary pat-
tern (characterised mainly by red or processed meats) and
a higher increase relative risk of T2D.

Hyperinsulinaemia was also more prevalent in women
having a food pattern characterised by a high intake of
refined bread and less prevalent in those taking a milk-fat
patternm). In men of the same cohort, a strong positive
association was observed between hyperglycaemia and
a dietary pattern characterised by high consumption
of refined bread, cheese, cakes and alcoholic beverages. In
relation to the hypertriglyceridemia, a cross-sectional study
showed that a pattern high in reduced-fat dairy products,
cereal, fruit, fibre (derived by factor or cluster analysis) was
inversely associated to the triacylglycerol concentrations*® .

Few authors have studied the relationship between some
dietary patterns and blood pressure. In this context, no
association between some identified dietary patterns and
hypertension was observed by Wirfilt er al'”. However,
in a cross-sectional study of 19750 women and men, the
cosmopolitan dietary pattern, characterised by a high intake
of fried vegetables, salad, rice, chicken, fish and wine, was
associated with lower blood pressure levels. In contrast, the
traditional pattern characterised by a high intake of red meat
and potatoes and low intake of low-fat dairy and fruits, was
related to higher blood pressure™!”.

Some authors suggest that women, non-smokers
and physically active subjects''* 151 with a higher
educational level ™ have a healthier dietary pattern in
general. For this reason, when analysing the relationship
between the adscription to a dietary pattern and the
presence or incidence of MetS, it is important to adjust for
these possible confounders.

(116)

Mediterranean diet and metabolic syndrome:
the evidence

There are few epidemiological studies analysing the rela-
tionship between adherence to the Mediterranean dietary
pattern and MetS. To measure the Mediterranean dietary
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pattern the authors have used several dietary quality indices.
Thus, in these studies the authors have used different
questionnaires to assess the frequency of consumption of
typically served foods in the traditional MedDiet (olive oil,
fruit, vegetables, legumes, fish, wine) and also the intake of
those food that are not part of this dietary pattern (whole-fat
dairy products, red meat and refined carbohydrates).

In a cross-sectional study of 578 adults from the Canary
Islands, Alvarez-Leon et al® found no relationship
between following the MedDiet and prevalence of MetS.
However, subjects in the third tertile of adherence had a
70% lower prevalence of the blood pressure MetS criteria
and 2-5 times more prevalence of the glycaemia criteria
compared to the first tertile of adherence. In the same
study, some components of the traditional MedDiet
(wine, fruit, vegetable and cereals) showed a protective
effect on the MS and its components.

Apart from the cross-sectional study of Alvarez-Leon
et al® who did not find relationship between the adher-
ence to the MedDiet pattern and prevalence of MetS,
other studies that have analysed this relationship support
the beneficial effect of the Mediterranean dietary pattern
on MetS. For example, in a cross-sectional survey of 1128
men and 1154 adult women from an urban area in Greece
(the ATTICA Study), Panagiotakos et al''> showed that
adherence to this dietary pattern was associated with 20 %
lower odds of having MetS, irrespective of age, gender,
physical activity status, lipids and blood pressure levels.
Recently, we have also observed an inverse relationship
between the score of adherence to the MedDiet and the
prevalence of MetS in a cross-sectional study of a cohort
of 808 old participants at high cardiovascular risk from
the PREDIMED Study. Participants in the higher quartile
of adherence to the MedDiet have a 56% lower risk of
having MetS compared to those participants with a lower
adherence™ '

This relationship was also analysed in the prospective
study cohort SUN. After a 6-year follow-up of 3497
Spanish university participants, the authors observed
that subjects who had the higher adherence score to the
MedDiet pattern had the lower cumulative incidence of
Mets19.

To the best of our knowledge, only two clinical trials
have studied the effect of the traditional MedDiet on
MetS. Esposito et al’®” showed that a Mediterranean-
style diet seems effective in reducing the prevalence of
the MetS and its associated cardiovascular risk (they give
instructions about increasing daily consumption of whole
grains, vegetables, fruits, nuts and olive oil). Particularly,
at the end of 2 years of follow-up, 44 % patients in the
intervention group still had features of MetS compared to
87 % patients in the control group (who received a car-
diac-prudent diet with fat intake of less than 30%). This
may lead to a 51 % net risk reduction of having MetS due
to the MedDiet intervention. Of particular note is the fact
that energy intake was reduced, especially in the MedDiet
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intervention arm, and substantial weight loss was
achieved. However, the higher percentage MetS resolu-
tion in the MedDiet group remained after adjusting for the
effect of weight loss produced.

An ad libitum (without energy restriction), high-fat
MedDiet, as traditionally followed in the Mediterranean
countries, has not been tested for effects on MetS.
Therefore, within the PREDIMED study, we compared the
effects of two high-fat MedDiets on MetS after 1 year, one
supplemented with virgin olive oil (VOO) and one sup-
plemented with mixed nuts, with advice on a low-fat diet
in volunteers at high risk for CVD, all diets being ad
libitum. The PREDIMED study is a large, parallel group,
multicenter, controlled clinical trial that aims to assess
the effects of the traditional MedDiet on the primary
prevention of CVD. At baseline, 61-4 % of participants met
the criteria for MetS. After 1 year, prevalence was reduced
by 6:7%, 137% and 2:0% in the MedDiet +VOO,
MedDiet + Nuts, and Control diet groups, respectively.
However, incident MetS rates were not significantly
different among groups (22:9%, 17-9% and 23-4%,
respectively). After adjustment for gender, age, baseline
obesity status and weight changes, the OR for reversion of
MetS were 1-3 (95% CI 0-8, 2-1) for the MedDiet + VOO
and 1-7 (95% CI 1-1, 2:6) for the MedDiet + Nuts, com-
pared with the Control diet. We concluded that a non-
energy-restricted traditional MedDiet enriched with nuts
is a useful tool in the lifestyle management of MetS™'%.

Nutritional recommendations are targeted at the whole
population, although it is clear that the responses to diet
are largely heterogeneous due to inter-individual varia-
tions related to genetic determinants. In 2003, the Medi-
RIVAGE Study (Mediterranean diet, Cardiovascular Risk
and Gene Polymorphism) was designed and its secondary
aim was to evaluate how the response to diet can be
modulated by polymorphisms related to lipoprotein
metabolism and homeostasis*?”. After 3 months of
nutritional intervention, initial results derived from this
study reported a clear interaction between the MTTP-
493G/T variation and the magnitude in the response of
diet. Men homozygous for the allele T showed a marked
improvement of biological markers for CVD in compar-
ison to the other genotypes. In the case of the Ala54Thr
polymorphism at the FABP2 (fatty acid binding protein 2),
a decrease was only observed in apo B in the Thr/Thr
population’*". Whether other genes and their poly-
morphism could interact with diet and lead to a differ-
ential cardiovascular risk remains to be analysed.

In summary, these findings indicate that a healthy
dietary pattern mainly characterised by high consumption
of vegetables, fruits, nuts, olive oil, legumes and fish,
moderate in alcohol and low in red meat, processed meat,
refined carbohydrates and whole-fat dairy products is
beneficial for people at higher risk of MetS or individuals
with established MetS. Dietary intervention in this way
may reduce cardiovascular risk in persons with MetS.
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