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There is some evidence of the benefi-
cial role of food patterns and life-
styles on metabolic syndrome (1,2).

The Mediterranean food pattern (MFP)
has acquired an emerging role in cardio-
vascular epidemiology (3). It is character-
ized by a high consumption of fruits,
vegetables, legumes, grains, moderate al-
cohol intake, a moderate-to-low con-
sumption of dairy products and meats/
meat products, and a high mono-
unsaturated–to–saturated fat ratio. Al-
though some cross-sectional studies have
suggested that the MFP (or some of its
components) may reduce the incidence of
the metabolic syndrome (1,4), there are
no prospective studies assessing this asso-
ciation.

Our aim was to prospectively assess
the relationship between adherence to the
MFP and the subsequent development of
metabolic syndrome in the Seguimiento
Universidad de Navarra (SUN) dynamic
cohort, composed of Spanish university
graduates followed up for 6 years (5).

RESEARCH DESIGN AND
METHODS — The SUN Study uses
methodology similar to that of large
American cohorts (6), but recruitment is
permanently open (it is designed as a dy-
namic cohort). Baseline assessment of
participants consists of a self-adminis-

tered questionnaire sent by postal mail,
gathering information on lifestyle factors
and including a 136-item validated food
frequency questionnaire (7). Biennially
mailed follow-up questionnaires are used
to collect a wide variety of information
about diet, lifestyle, and medical condi-
tions (5).

Among the 18,000 graduates cur-
rently participating in the SUN cohort,
5,360 members were recruited more than
6 years ago and therefore were eligible for
this assessment. Some (n � 1,627) are
currently undergoing the process of com-
pleting their 6-year follow-up question-
naire (Q6). Only 236 other participants
can be definitively classified as lost to fol-
low-up because they have not returned
their Q6 after five consecutive mailings.
The rest of the participants (n � 3,497)
returned their Q6 and were successfully
retained.

Participants were excluded if at base-
line they had implausible values for total
energy intake, had BMI �30 kg/m2 or re-
ported risk factors (diabetes, hyperten-
sion, hypercholesterolemia, or hyper-
triglyceridemia), or met the criteria for
metabolic syndrome. After exclusions,
2,563 participants initially free of meta-
bolic syndrome or risk factors were avail-
able for analyses.

A previously applied score (8,9) was

used to asses the degree of adherence to
the MFP. Beneficial components were
monounsaturated–to–saturated fat ratio,
legumes, cereals, vegetables, fruits, fish,
and alcohol. Subjects whose consump-
tion was at or above the sex-specific me-
dian were assigned 1 point. For alcohol,
the consumption of 5–25 g/day (women)
and 10–50 g/day (men) qualified subjects
to receive 1 point. Meats (or meat prod-
ucts) and dairy products were assessed
negatively. Individuals whose consump-
tion was below the sex-specific median
were assigned 1 point. Therefore, the total
score of adherence to the MFP had a po-
tential range from 0 to 9 points. Metabolic
syndrome was defined according to the
International Diabetes Federation criteria
(10).

In the Q6, self-reported information
about these criteria was collected (waist
circumference [cm], blood pressure
[mmHg], triglycerides [mg/dl], HDL cho-
lesterol [mg/dl], and plasma glucose [mg/
dl]). Waist circumference was measured
in a horizontal plane, midway between
the inferior margin of the ribs and the su-
perior border of the iliac crest (11). All
participants were sent a tape measure
with the Q6, and an explanation of how to
measure their waist. If BMI was �30
kg/m2, central obesity was assumed and
waist circumference not taken into
account.

Nonconditional logistic regression
was used to assess the association be-
tween baseline adherence to the MFP and
the cumulative incidence of metabolic
syndrome during follow-up after adjust-
ing for age, sex, smoking, physical activ-
ity, and total energy intake.

RESULTS — Median follow-up time
was 74 months. Adherence to the MFP
was higher among women, older subjects,
ex-smokers, and more physically active
participants. Participants with higher
baseline adherence to the MFP exhibited
lower levels of all risk factors after 6 years’
follow-up except plasma glucose. HDL
levels were higher among participants
who better adhered to the MFP. However,
we found significant differences only re-
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garding waist circumference and margin-
ally significant differences for HDL.
Subjects with the highest adherence to the
MFP had lower cumulative incidence of
the metabolic syndrome than those with
the lowest adherence. This difference also
persisted when we adjusted for age, sex,
physical activity, smoking, and total en-
ergy intake (Table 1).

CONCLUSIONS — This is the first
prospective cohort study that has evi-
denced an inverse relationship between
adherence to an MFP and the cumulative
incidence of the metabolic syndrome.
Our results are consistent with previous
findings (12). Some studies have also re-
ported inverse associations between ad-
herence to MFP and obesity (13–15),
diabetes, insulin resistance (16,17), or
hypertension (18,19). However, most of
these studies were cross-sectional, and
only two longitudinal prospective studies
are available for the assessment of the re-
lationship of MFP with obesity—not with
the metabolic syndrome (13,14). There-
fore, there is scarcity of data and no com-
plete consistency (1).

Residual confounding because of a
healthier lifestyle associated with higher
adherence to the MFP might be a limita-
tion of our study. However, after adjust-
ing for lifestyle, changes were minimal,
and the multivariate-adjusted results
were too striking to be explained by resid-
ual confounding.

Other potential limitations of our
study are related to the self-reported in-
formation. However, there is evidence in-
dicating that self-reported information on

hypertension is valid for epidemiologic
studies (20), especially among highly ed-
ucated populations (21). Moreover, we
have previously validated the self-
reported diagnosis of hypertension (22),
weight (23), and physical activity (24) in
subsamples of our cohort. Furthermore,
�45% of our participants were health
professionals. As a consequence, their
self-reported information is likely to be of
better quality than that of other studies
based on self-report (25).

The prospective design or our study
implies that information about risk fac-
tors for the metabolic syndrome, food
habits, and lifestyles was collected before
the diagnosis of the disease, thus avoiding
a reverse causation bias. Another strength
is that the food frequency questionnaire
was previously validated in Spain (7). In
summary, our findings add new informa-
tion about the role of MFP for the preven-
tion of the metabolic syndrome.
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