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Brief Critical Review

A Mediterranean-Style Diet and Metabolic Syndrome
Mohsen Meydani, DVM, PhD
A moderate increase in physical activity and a detailed and tailored Mediterranean-style diet reduce
the prevalence of metabolic syndrome and associated
cardiovascular risks through reducing systemic vascular inflammation and endothelium dysfunction, particularly in those patients who do not lose weight.
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Cardiovascular disease (CVD) is the leading cause
of morbidity and mortality in the United States and other
Western countries. In addition to predisposing factors,
lifestyle and diet play important roles in the development
of this disease.1,2 Metabolic syndrome, which is characterized by a group of metabolic risk factors, is associated
with the subsequent development of CVD and type 2
diabetes. The biologic mechanisms at the molecular level
between insulin resistance and metabolic risk factors are
complex and are not fully understood.3
According to the data from the Third National
Health and Nutrition Examination Survey (NHANES
III), the prevalence of metabolic syndrome in the US
population increases with age, from 7% among young
adults (20 –29 years) to about 42% at later ages (60 –70
years). It is estimated that 47 million people in the United
States have concurrent disturbed glucose metabolism,
increased abdominal fat, dyslipidemia, and hypertension.3 The risk of CVD and all-cause mortality increases
with the development of metabolic syndrome.1
Metabolic syndrome is characterized by the presence of a group of metabolic risk factors in an individual;
its diagnosis as defined by the Adult Treatment Panel III4
includes five abnormalities: 1) abdominal adiposity as
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defined by an abdominal circumference over 102 cm (40
inches) in men and over 88 cm (35 inches) in women; 2)
serum HDL cholesterol under 40 mg/dL in men and
under 50 mg/dL in women; 3) triglyceride level of 150
mg/dL or greater; 4) elevated blood pressure of 130/85
mm Hg or greater; and 5) fasting plasma glucose concentration of 110 mg/dL or greater. Individuals with
three or more of these abnormalities are diagnosed with
metabolic syndrome. The underlying and promoting risk
factors for the development of metabolic syndrome are
overweight and obesity, physical inactivity, atherogenic
dietary habits, and genetic factors. Overweight and abdominal obesity have been associated with several components of metabolic syndrome. Therefore, reduction of
body weight and long-term maintenance of weight loss is
desirable and is best achieved through calorie reduction
combined with an exercise regimen.
While the reduction of caloric intake and body
weight is one of the main approaches to treating metabolic syndrome patients, improving the quality of the diet
appears to be a more attractive and feasible approach to
treatment. Lowering the intake of saturated fat, trans fats,
cholesterol, and simple sugars, and increasing the intake
of fruits, vegetables, and whole grains is the general
dietary guideline recommended by the Adult Treatment
Panel III4 for metabolic syndrome patients.
Several studies have suggested that the consumption
of a Mediterranean-style diet is associated with a reduced
risk of CVD and all-cause mortality.5,6 Esposito et al.7
have recently studied the effect of a Mediterranean-style
diet on endothelial dysfunction and several markers of
vascular inflammation in metabolic syndrome patients.
They recruited 180 sedentary metabolic syndrome patients with three or more components of metabolic syndrome and randomized them into two groups of 90. One
group of patients was instructed to follow a Mediterranean-style diet and the other was used as a control. Both
groups of patients were advised to consume a dietary
regimen consisting of 50% to 60% carbohydrate, 15% to
20% proteins, and less than 30% total fat, of which less
than 10% was saturated fat. However, the patients in the
intervention group received individualized, detailed nu-
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tritional advice to increase their daily consumption of
olive oil and to consume at least 400 g of whole grains
daily, including: legumes, rice, corn, and wheat; 250 to
300 g of fruits; 125 to 150 g of vegetables; and 25 to 50 g
of walnuts for 2 years. Patients’ body weight and height
were measured, and both groups received guidance to
increase their physical activity by walking 30 minutes
per day and by swimming or playing sports. The adherence of patients to their dietary plan and physical activity
was determined by the patients providing weekly dietary
diaries, including 3-day dietary records and daily physical activity records.
Endothelial function was assessed by measuring and
scoring the changes in platelet aggregation and blood
pressure following intravenous administration of L-arginine, the precursor of nitric oxide that causes vasodilation. The lipid profile was determined and estimated
insulin sensitivity was measured by using homeostasis
model assessment (HOMA). They also measured a battery of pro-inflammatory cytokines including interleukin-6 (IL-6), IL-7, and IL-18, and high-sensitivity C-reactive protein (hs-CRP) in serum before and after
interventions.
At baseline, there was an increased level of hs-CRP
and HOMA scores with an increased number of metabolic syndrome components. The severity of endothelium dysfunction was directly associated with the presence of high numbers of metabolic syndrome
components, as well as with waist circumference,
HOMA score, hs-CRP, and IL-6 levels. However, after 2
years of intervention with a Mediterranean-style diet, the
prevalence of the number of components of metabolic
syndrome in this group of patients was reduced by half,
and they showed a significant improvement in endothelial function and a reduction in systemic vascular inflammation. The amount of physical activity in the intervention group was the same as that of the control group, and
the investigators reported that the 2 years of dietary
intervention had a modest effect on body weight loss in
both groups overall. However, the levels of hsCRP and
all of the measured pro-inflammatory cytokines were
significantly reduced in the intervention group compared
with the controls.
CRP is an acute-phase reactant and is a marker of
inflammation. It has been shown that weight reduction
does not affect CRP levels8; rather, the levels correlate
significantly with insulin resistance, which is a feature of
metabolic syndrome.9,10 The level of CRP is influenced
by inflammatory cytokines such as IL-6 and may play a
role in the development of atherosclerotic lesions
through activating immune cells and causing dysfunction
of the endothelium.10-12 Therefore, altered CRP levels
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link endothelial dysfunction and CVD to the metabolic
syndrome.
Esposito et al.7 also reported that patients treated
with a Mediterranean-style diet had significantly reduced
waist circumference, plasma glucose, serum insulin levels, and HOMA score. In addition, the level of serum
HDL was increased, while the levels of total cholesterol
and triglycerides decreased. Since the results were adjusted for body weight changes, the findings from this
study suggest that combined components of the Mediterranean-style diet may reduce the risk of CVD by
reducing the inflammatory condition and endothelial
dysfunction associated with metabolic syndrome.
The dietary intervention in the study by Esposito et
al.7 was a whole-food approach rather than an intervention with specific components of the Mediterranean diet.
This approach was based on previous studies in which
the components of a Mediterranean-style diet have been
investigated either individually or in combination. In a
population-based study, Psaltopoulou et al.13 reported
that fruits, vegetables, and olive oil in the Mediterranean
diet were responsible for the apparent protection against
hypertension (a component of metabolic syndrome),
which in turn contributes to lower morbidity from hypertension-related diseases, including coronary heart disease and stroke.
While the consumption of whole grains has been
suggested to be beneficial,14,15 the processing of wholegrain cereals (during which, for example, salt may be
added) may alter their health benefits.16 Psaltopoulou et
al.13 reported an increase in hypertension with cereal
intake in the Mediterranean-style diet. The Mediterranean diet in the study by Esposito et al.7 included a
substantial amount of whole grains, but this did not have
a negative impact on the measured outcomes. Walnuts
were also one of the components included in the Mediterranean-style diet in that study. In addition to containing bioactive compounds, walnuts have a high content of
L-arginine17 and ␣-linolenic acid.18 L-arginine is a precursor amino acid for the production of endogenous
nitric oxide, and ␣-linolenic acid is a vegetable n-3 fatty
acid; both contribute to the anti-hypertensive and antiatherogenic properties of walnuts. The substitution of
walnuts for monounsaturated fat in a Mediterraneanstyle diet has been shown to improve endotheliumdependent vasodilation in hypercholesterolemic subjects.19
The amount of physical activity was the same in
both the intervention and control groups in the Esposito
et al. study.7 However, compared with the control patients, the intervention patients received more detailed
and tailored dietary advice to adopt a Mediterraneanstyle diet. It appears that the Mediterranean diet signifi-
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cantly and favorably changed all of the components of
metabolic syndrome along with parameters associated
with CVD and inflammation. The diet’s high contents of
fiber, n-3 fatty acids, and antioxidants, as well as phytochemicals from olive oil, legumes, whole grains, fruits,
and vegetables, might be responsible for its beneficial
effect on the health of metabolic syndrome patients. This
may occur through the reduction of systemic vascular
inflammation and endothelium dysfunction without having a drastic effect on body weight. Although caloric
restriction and body weight reduction remain a primary
approach for treating metabolic syndrome patients, intervention with a Mediterranean-style diet combined with
moderate exercise might be a strategy to treat those
patients who do not lose weight.
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