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Summary Background A
prospective cohort study with uni-
versity level participants was initi-
ated to study the effect of Mediter-
ranean diet on health. Aims The
objective of this study was to iden-
tify possible lifestyle and socioeco-
nomic variables associated with the
consumption of a Mediterranean
dietary pattern (MDP). Method:
This analysis includes 1587 males
and 2260 females. MDP was de-
fined “a priori” by summing the
standardized residuals of nutrients
and foods after adjusting a regres-
sion model using total energy in-
take as the independent variable.
Multiple regression and non-para-
metric locally weighted regression
models were adjusted with the rela-

tive adherence to the MDP as the
dependent variable in males and
females. Results Women were more
compliant than men with the MDP
(Coefficient regression (b) =4.1;
Confidence Interval (CI) 95% = 3.2
to 4.9). The compliance with the
MDP was significantly poorer
among younger participants both
in men and women (p < 0.001 in
men and in women). Participants
who were more physically active
were more likely to fulfill the tradi-
tional MDP (p=0.01 in men and

p <0.001 in women). Conclusions
Our findings provide evidence sup-
porting the progressive departure
from the traditional MDP in
younger and highly educated sub-
jects of the Mediterranean area. A
more active life-style is associated
with a better compliance with the
MDP.

Key words eating patterns -
Mediterranean dietary pattern -
confounders

Introduction

The concept of Mediterranean diet was developed by
Keys and Grande in the 1950s to describe food habits ob-
served in the Mediterranean area [1]. The concept of
Mediterranean diet has further been referred to as the
traditional dietary pattern found in the olive-growing ar-
eas around the Mediterranean (mainly Crete, Greece and

southern Italy) in the late 1950s and early 1960s [2]. There
are variations of this type of diet in other regions of Italy,
in Albany, Spain, France, Lebanon, Morocco, Portugal,
Syria, Tunisia and Turkey [3]. Although different regions
are characterized by their own dietit can be assumed that
these diets are variations of the same identity, the
Mediterranean dietary pattern (MDP). For example, the
Italian variety has a high consumption of pasta, whereas
fish consumption is relatively high in Spain.
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There are common features in the MDP such as the
abundant consumption of plant foods (vegetables, pota-
toes, legumes, nuts and cereals like pasta, bread and
rice). Furthermore, fresh and varied fruits are the main
and the common dessert and olive oil is the main source
of fat, which is used both in salads and for cooking.
Other representative features are the frequent consump-
tion of fish; moderate, but consistent wine consumption
with meals; relatively low amounts of meat (mainly
poultry, instead of beef and pork) and low to moderate
consumption of dairy products.

In nutritional epidemiology, analyses of individual
nutrients and food can ignore important potential in-
teractions between components of a diet. For this rea-
son, there is an increasing interest in the study of dietary
patterns because people do not eat isolated nutrients [4].
The MDP could offer an interesting alternative in health
promotion because this pattern has been postulated as
being protective against coronary heart disease (CHD)
[5, 6]. The similarity of several risk factors and empiri-
cal and mechanistic evidence, support the hypothesis
that some aspects of the MDP could also contribute to
protect against the occurrence of diabetes mellitus type
2 [7], hypertension [8], stroke [9] and even against os-
teoporosis [10]. Some available evidence also suggests a
beneficial effect in some types of cancer [11, 12].

The SUN (Seguimiento Universidad de Navarra) (The
University of Navarra follow-up Study) Project is a
prospective cohort study based on a cohort of alumni of
the University of Navarra that has been recently
launched to assess the protective role of the MDP on
CHD. The objective of this analysis was to identify the
variables cross-sectionally associated with the MDP in
the baseline assessment of the cohort.

Methods

This study is a cross-sectional analysis of the baseline
data of a prospective cohort study based on self-re-
ported questionnaires. The follow-up questionnaires
will be sent to alumni of the University of Navarra every
two years. The project was designed in collaboration
with the Harvard School of Public Health during 1998
and the methodology is similar to that used in large
American cohorts such as the Nurses Health Study and
the Health Professionals Follow-up Study.

Dietary and non-dietary exposures were measured
by two mailed questionnaires (baseline questionnaires).
One of them was a self-administered questionnaire re-
lated to life-styles and the other one was a semiquanti-
tative food frequency questionnaire. The life-style ques-
tionnaire included 46 items for men and 54 items for
women. This questionnaire included sociodemographic
(sex, age, marital status, university degree or employ-
ment), anthropometric (weight, height, body image or

weight change), health-related habits (smoking status,
alcohol consumption, use of seatbelt, use of sun cream
or physical activity) and medical history variables (use
of medication, cholesterol level, blood pressure or fam-
ily history of several diseases). The semi-quantitative
food frequency questionnaire was developed and vali-
dated by Martin-Moreno etal. [13]. It is similar and
based on a previous food-frequency questionnaire
which was developed, tested, and refined by the Depart-
ment of Nutrition of the Harvard School of Public
Health over the past twenty years [14].

Project feasibility was tested with a pilot study devel-
oped in two waves during 1999. Participant recruitment
started in January 2000.

To date, an invitational letter has been sent to more
than 50,000 potential participants. The data base of the
SUN Project incorporated 4,259 participants as of
March 2001. Participants recruitment continues to date,
and approximately 13,000 participants have already
completed the baseline questionnaire (August 2002).
However, we considered that a sample size of 4,259 par-
ticipants was sufficient to obtain adequate statistical
power to assess the main factors associated with the ad-
herence to a MDP.

Nutrient intake scores were computed using an ad
hoc computer program specifically developed for this
aim. A dietitian updated the nutrient data bank using
the latest available information included in the food
composition tables for Spain [15, 16]. Nutrient scores
were calculated as frequency x nutrient composition of
specified portion size where frequencies were measured
in nine frequency categories (6+per day/4-6 per
day/2-3 per day/1 per day/5-6 per week/2-4 per week/1
per week/1-3 per month/never or almost never for each
food item.

There were 385 individuals who reported excessively
high (more than 4200 Kcal/day in men and 3500
Kcal/day in women) or excessively low values (less than
800 Kcal/day in men and 600 Kcal/day in women) for to-
tal food or energy intake. In addition, 27 individuals had
missing data for some of the variables used in the analy-
ses. Therefore, 1,587 men and 2,260 women were in-
cluded in the analyses (412 exclusions).

The MDP was defined according to an “a priori” de-
fined overall score previously defined and used in the
scientific literature [17-19]. It was computed by the fol-
lowing steps:

First, an energy-adjusted value was obtained for each

individual for the daily consumption of legumes, ce-

reals (including bread and potatoes), fruit, vegeta-
bles, meat (including meat products), and milk (in-

cluding dairy products) [20].

Second, the adjusted intake of each of these food

groups was standardized as a z value (observed-

mean/standard deviation). For example, if the mean
observed value for energy-adjusted consumption of
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vegetables was 180 g/day, and the standard deviation
was 140 g/day, an individual consuming 200 g/day
would have a value of z=((200-180)/140) = 0.14.
Third, for scoring “moderate” alcohol consumption, a
transformation centered at the level of consuming
30 g/day for men (30 - |30-absolute alcohol intake|),
and 20 g/day for women (20 - |20-absolute alcohol in-
take|) was used to obtain the highest value for men
consuming 30 g/day or women consuming 20 g/day,
and progressive lower values as the consumption was
lower or higher than these values. These values of in-
take (30 g/day for men and 20 g/day for women) were
associated with the lowest CHD risks in the Nurses
Health Study [21] and in the Health Professionals Fol-
low-up Study [22]. The results of these transforma-
tions of alcohol intake were also standardized as z
values.

Fourth, the ratio of monounsaturated to saturated
fatty acids (MUFA/SFA) and the intake of trans-fatty
acids (TRANS) was also directly standardized as a z
value.

Fifth, the total score for the MDP weighted favorably
the consumption of legumes, cereals (including
bread and potatoes), fruit and vegetables, moderate
alcohol consumption and the MUFA/SFA ratio; and
unfavorably the consumption of meat (and meat
products) and milk (and dairy products) (Table 1).

Z Zi = Zlegumes + Zcereals + Zfruit + Zvegetables + Zulcohol +
ZMUFA/SFA - ZTRANS - Zmeat - Zmilk

The MDP was converted to relative percentage of adher-
ence using the range of values of the sample. A partici-
pant with a maximum value of adherence in the sample
obtained 100 % of adherence. A participant with a min-
imum value of adherence obtained 0% in the relative
percentage.

(z Zi - 2 Zmin) x 100
(2 Zmax - z Zmin)

Adherence (Percentage.) =

Univariate and multivariate analyses were fitted to as-
sess the relationship between several sociodemographic
and life-style variables and the relative percentage of ad-
herence to a MDP. The univariate analysis consisted of a
Locally Weighted Regression Scatterplot Smoothing
(LOWESS) to ascertain the association between diffe-
rent variables (age, body mass index, number of ciga-
rettes, physical activity during leisure time, number of
hours viewing television and number of hours taking a
nap) and the relative adherence to a MDP. The LOWESS
method is based on the weighted estimation of the coef-
ficients of a linear regression according to the distance
between each observation and the adjacent values. The
percentage of adjacent observations used to estimate the
coefficients ranged from 50 % to 85 % of all values [23].

Table 1 Distribution of sociodemographic and

lifestyle variables across quintiles of the “a priori” QUINTILE of the "a priori” defined MDP

defined MDP in men Q1 Q2 Q3 Q4 Q5
Age (years) [mean (SD)] 35.2(9.8) 37.3(102) 39.5(11.5) 42.1(11.4) 46.1(13.0)
Physical activity during leisure 23.8(25.8) 24.2(21.7) 25.6(22.4) 24.7(23.2) 28.7(26.9)
time in METs-hour/week
[mean (SD)]
Self-awareness of HDL-c 19.8 25.6 29.6 39.4 38.6
levels (%)
Hours a week taking a nap 1.9(2.4) 2.1(2.4) 22(23) 2.7(2.7) 2.8(2.8)
(siesta) [mean (SD)]
Smoking (%)
Ex-smokers 18.1 26.7 26.6 33.1 34.1
Current smokers 249 25.7 243 22.7 234
University degree completed
in college (%)*
Medicine 14.1 17.0 23.0 22.2 24.5
Pharmacy 6.2 33 74 43 3.2
Biology 5.2 7.2 5.0 6.8 43
Other degrees? 73.8 72.1 63.9 66.3 67.2
Q7-Q5 Quintiles values of adherence to the “a priori” defined MDP.
SD Standard Deviation
METs-hours/week Metabolic equivalents of energy expenditure in leisure time physical activities during one
week.

HDLc High density lipoprotein cholesterol.

* The number of male graduates in nursing and nutrition was negligible (2 in nursing and 6 in nutrition).

2 Individuals with non-health related degrees, other health-related degrees or participants with more than one
degree are included in this category
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The LOWESS method was used because the dose-re-
sponse relationship between two variables does not al-
ways follow a linear pattern. This method is more ap-
propriate than a linear model to describe the
dose-response pattern found in the data.

Self-reported height and current weight were used to
calculate the body mass index (the weight in kilograms
divided by the square of the height in meters)
(BMI = weight (Kg)/height (m)?).

Smoking status was assessed using two variables. The
first variable was the number of pack-years as the unit.
A pack-year is a measure of the intensity and duration
of smoking. For example, a person who has smoked a
pack of cigarettes a day during 1 year is classified as
smoking 1 pack-year. The second variable assessing
smoking was present smoking status. Participants were
classified as non-smokers, ex-smokers and current
smokers with three categories for current smokers (< 10
cig/day, 10-20 cig/day and > 20 cig/day).

To quantify the volume of activity during leisure
time, an activity metabolic equivalent (MET) index was
computed by assigning a multiple of resting metabolic
rate (MET score) to each activity. Metabolic equivalents
represent the ratio of energy expended during each spe-
cific activity to resting metabolic rate and are indepen-
dent of body weight. Time spent in each of the activities
was multiplied by the MET score specific to each activ-
ity,and then summed over all activities obtaining a value
of overall weekly MET-hours [24].

After bivariate analyses, a multiple regression model
was fitted separately for men and women. The relative
percentage of adherence to a MDP was used as the out-
come. The potential predictors were age, gender, smok-
ing status, body mass index, physical activity during
leisure time, self-awareness of HDL-cholesterol levels
and total cholesterol levels, previous diagnosis of
hypertension, diabetes or hypercholesterolemia, cancer
screening, perceived body size, television viewing, tak-
ing a nap, type of university degree completed in college
and the highest attained educational level of each par-
ticipant.

Results

The mean age was 39.9 years for men and 35.3 years for
women. Self-reported body mass index was 25.2 Kg m2
for men and 21.7 Kg m~ for women. Intensity and dura-
tion of smoking was measured using the pack-year as
the unit. The mean was 15.4 pack-years for men and 5
pack-years for women among smokers. The mean phys-
ical activity during leisure time was 26 METs-hour/week
for men and 21.5 METs-hour/week for women. On aver-
age,men and women spent 10 hours a week viewing tele-
vision. Men spent an average of nearly 2 hours taking a
nap whereas women spent 1.7 hours a week. Ten percent

of men and women spent more than 20 and 21 hours a
week respectively viewing television and more than 5.3
hours a week taking a nap. Moreover, a substantial pro-
portion of participants were living in Navarre (30.2 % of
men and 42.1 % of women) (data not shown).

After excluding participants with missing data or ex-
treme values of total energy intake in the food frequency
questionnaire, 3,847 subjects (1,587 men and 2,260
women) were included in the analyses to determine the
adherence to a MDP.

Coefficients of variation were 26.8 % and 23.3 % for
men and women respectively in the adherence to a MDP.

The distribution of the main characteristics of the
sample across quintiles of the relative percentage of ad-
herence to an “a priori” MDP is shown in Table 1 for men
and in Table 2 for women.

Older, physically active and ex-smoker men were
more likely to follow the MDP. Among women a similar
trend was observed regarding age and physical activity
during leisure time.

When we used the LOWESS non-parametric regres-
sion, we observed a positive association between age
and the relative adherence to a MDP (i. e., younger par-
ticipants exhibited a poorer compliance with the tradi-
tional Mediterranean diet). Whereas an almost perfect
linear relationship was apparent for men, the linear as-
sociation was seen only among those older than 35 years
for women. This finding suggests that the adherence to
the MDP only increases with age in women older than 35
years (Fig. 1).

Because smoking and body mass index are age-de-
pendent variables, they were adjusted for age before us-
ing them in the LOWESS models. Failing to perform this
adjustment would have led to confounding. The cumu-
lative number of cigarettes smoked (as pack-years) ad-
justed for age was not associated with the relative
percentage of adherence to a MDP in men, whereas
there was a positive association in women (data not
shown).

Body mass index adjusted for age showed a U-shaped
relationship with the relative percentage of adherence to
aMDP among men. There was no association for women
(data not shown). Physical activity during leisure time
(METs-hour/week) showed a positive association for
both men and women with an almost linear pattern
(Fig.2). The number of hours spent taking a nap were
positively associated with the adherence to a MDP in
men, whereas the relationship was negative for women
after 5 or more hours of napping per week (Fig.3).
Weekly hours viewing television were not associated
with the relative percentage of adherence to a MDP (data
not shown).

The results of the multivariate regression analysis re-
garding gender showed that the mean relative percent-
age of adherence to a MDP was higher among women
than among men. The mean difference was 4.1 % (95%
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Table 2 Distribution of sociodemographic and e
lifestyle variables across quintiles of the “a priori” QUINTILE of the "a priori” defined MDP
defined MDP in women Q1 Q2 Q3 Q4 Q5
Age (years) [mean (SD)] 324(8.2) 344(9.00 349(95)  36.5(10.8) 38.1(12.6)
Physical activity during leisure 18.4(18.0) 17.6(16.2) 21.7(21.4) 20.9(18.9) 252(22.7)
time in METs-hour/week
[mean (SD)]
Self-awareness of HDL-c levels (%) 33.5 29.2 335 363 335
Hours a week taking a nap 2.1(27) 2.0(2.6) 2.0(2.5) 1.9(2.2) 2.0(2.7)
(siesta) [mean (SD)]
Smoking (%)
Ex-smokers 17.1 243 221 27.6 23.6
Current smokers 22.2 24.5 26.9 25.8 27.0
University degree completed
in college (%)
Medicine 12.5 12.5 123 12.9 14.6
Pharmacy 15.0 12.0 13.2 9.5 12.2
Biology 6.4 7.2 7.2 9.2 5.2
Nursing 11.5 15.7 13.9 14.1 12.8
Nutrition 4.4 3.6 3.6 49 6.3
Other degrees® 50.2 49.0 49.8 49.4 48.9

Q7-Q5 Quintiles values of adherence to the “a priori” defined MDP.

SD Standard Deviation

METs-hours/week Metabolic equivalents of energy expenditure in leisure time physical activities during one

week.

HDLc High density lipoprotein cholesterol.
2 Individuals with non-health related degrees, other health-related degrees or participants with more than one

degree are included in this category

Men Women
60 60
0,
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55 = 55 «
50 o 50 +
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Age Age

Fig.1 Relationship between age (years) and relative adherence to a Mediterranean dietary pattern (% MDP). (Locally Weighted Regression Scatterplot Smoothing)

Confidence Interval (CI) = 3.2 % to 4.9 %) after adjusting
for age, smoking status,body mass index, physical activ-
ity during leisure time, self-awareness of HDL-choles-
terol levels and total cholesterol levels, previous diagno-
sis of hypertension, diabetes or hypercholesterolemia,
screening of different cancers, perceived body size, tele-
vision viewing, taking a nap, type of university degree

completed in college and the highest attained educa-
tional level of each participant.

Subsequently, all analyses were done separately for
men (Table 3) and for women (Table 4). The self-aware-
ness of HDL-cholesterol levels was associated with a
higher adherence to the pattern among men. The re-
gression coefficient was 1.4 (95% CI=0.1 to 2.8).
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Fig.2 Relationship between physical activity during leisure time (METs-hours/week) and relative adherence to a Mediterranean dietary pattern (% MDP). (Locally

Weighted Regression Scatterplot Smoothing)
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Fig.3 Relationship between the hours a week spent on taking a nap and relative adherence to a Mediterranean dietary pattern (% MDP). (Locally Weighted Regression

Scatterplot Smoothing)

Hours a week spent on taking a nap were grouped
into tertiles. Taking a nap was associated with a higher
adherence to the MDP in men but not in women. For
men, the regression coefficients were 1.4 (95% CI=0 to
2.7) for the second tertile and 1.6 (95% CI=0.1 to 3.1)
for the third tertile when they were compared with the

first tertile.

Women who had a college degree in nutrition showed
higher adherence to a MDP than women who had com-
pleted other college degrees. This association was not

statistically significant among men because of the small
number of males with a degree in nutrition.

Women who were ex-smokers or smokers of 10 to 20
cigarettes a day showed a higher and statistically signif-
icant adherence to a MDP (p=0.025 and p=0.001, re-
spectively) than non-smokers. In the multivariate model
we did not find a statistically significant association be-
tween smoking status and the percentage of adherence
to the MDP among men. A significant positive associa-
tion was found between age and physical activity during



Table3 Variables associated with the adherence to
a Mediterranean dietary pattern (men). Linear multi-
ple regression with the relative percentage of adher-
ence to an “a priori” defined MDP as dependent vari-
able

Table4 Variables associated with the adherence to
a Mediterranean dietary pattern (women). Linear
multiple regression with the relative percentage of
adherence to an “a priori” defined MDP as dependent
variable
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n b univariate b multivariate  95% Cl p
Age (years) 1565 +0.27%* +0.25 +0.18t0 +0.32 < 0.001
Physical activity during leisure 1549  +0.03** +0.03 +0.01t04+0.06  0.01

time in METs-hours/week
Self-awareness of HDL-cholesterol levels

No 1101 0(ref) 0 (ref)

Yes 485 +2.77** +1.44 +0.11to+2.77  0.03
Hours a week taking nap (tertiles)

0 (h/week) 477 0(ref) 0 (ref.)

3.5 (h/week) 438 +2.14** +1.37 +0.02to+2.72  0.05

21 (h/week) 361 +3.01** +1.60 +0.10to +3.10  0.04
Smoking

Non-smokers 731 0(ref.) 0 (ref.)

Ex-smokers 420 +2.91** —0.23 -1.74t0+1.27  0.76

Smokers < 10 cig/day 175  +1.84* 0.00 -1.86t0+1.87  1.00

Smokers 10-20 cig/day 142 +0.73 +1.30 -0.93to+3.54 0.25

Smokers > 20 cig/day 51 -2.58 -2.90 -7.28t0+1.48  0.19
University degree completed in college*

Medicine 277 0(ref) 0 (ref)

Pharmacy 68  -2.08 -0.16 -3.05to+2.72 091

Biological Science 79 204 -2.09 -481t0+0.62 0.13

Other degrees® 948  -1.59* -0.23 -1.79t0+1.32  0.77

b Regression coefficients in a multiple regression model.

*p <0.05;**p <0.01

A positive sign in the coefficients indicates a greater adherence to a Mediterranean pattern.

METs-hours/week Metabolic equivalents of energy expenditure in leisure time physical activities during one
week; HDLc High density lipoprotein cholesterol.

* The number of male graduates in nursing and nutrition was negligible (2 in nursing and 6 in nutrition).

2 Individuals with non-health related degrees, other health-related degrees or participants with more than one
degree are included in this category

n b univariate b multivariate  95%Cl p
Age (years) 2226 +0.21** +0.20 +0.13t04+0.27 < 0.001
Physical activity during leisure 2201 +0.09** +0.08 +0.05t0+0.10 < 0.001

time in METs-hours/week
Self-awareness of HDL-cholesterol levels

No 1508 0 (ref.) 0 (ref)

Yes 749 +0.68 -0.23 -153t0+1.07 0.73
Hours a week taking nap (tertiles)

0 (h/week) 814 0 (ref.) 0 (ref)

2.5 (h/week) 414 -0.45 +0.07 -1.47 to +1.61 0.93

21 (h/week) 611 +0.30 -0.19 -1.59t0+1.21  0.79
Smoking

Non-smokers 1136 0(ref) 0 (ref)

Ex-smokers 503 +1.32% +1.76 +0.22t0+3.29  0.03

Smokers < 10 cig/day 369 +0.56 +1.62 -0.06t0+3.29  0.06

Smokers 10-20 cig/day 147 +1.77 +4.66 +2.03to+7.29  0.001

Smokers > 20 cig/day 38 -0.37 +0.16 -483t0+5.16  0.95
University degree completed in college

Medicine 263 0 (ref) 0 (ref)

Pharmacy 252 -0.74 +0.65 -1.77t0+3.06  0.60

Biological Science 144 -0.33 -0.07 -2.87t0+2.73  0.96

Nursing 277 -0.19 -2.34 -6.04to+1.37  0.22

Nutrition 92 +1.27 +3.89 +0.97t0+6.80  0.01

Other degrees® 1007 -0.26 +0.92 -1.00to+2.83  0.35

b Regression coefficients in a multiple regression model.

*p <0.05;**p <0.01

A positive sign in the coefficients indicates a greater adherence to a Mediterranean pattern.

METs-hours/week Metabolic equivalents of energy expenditure in leisure time physical activities during one
week; HDLc High density lipoprotein cholesterol.

2 Individuals with non-health related degrees, other health-related degrees or participants with more than one
degree are included in this category
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leisure time and the adherence to a MDP for both men
and women.

Discussion

The results of our analysis showed an association be-
tween some life-style characteristics and the adherence
to a global MDP. There are studies that have associated
the socioeconomic characteristics and life-styles of the
population with the adherence to several patterns [25,
26] but to our knowledge this is the first time that the
factors associated with the adherence to a MDP have
been analyzed in a large population of free living indi-
viduals.

We found that age was associated with a higher ad-
herence to the MDP. Thus, a departure of young people
from the traditional Mediterranean diet was evident.
Previous studies have suggested this process of giving
up the traditional MDP among younger people [27], but
no convinced evidence was collected.

Similarly, in our analysis we found that physical ac-
tivity during leisure-time was associated with an in-
creased adherence to the MDP in both men and women.
Therefore, our data suggest that the beneficial effect at-
tributed to the MDP against CHD and other related dis-
eases [5-9] could be due not only to diet, but also in part
to a more active life-style during leisure time of those
who follow the traditional Mediterranean diet [28].

On the other hand, taking a nap (siesta) is a typical
characteristic of the Mediterranean life-style that has
been hypothesized as a beneficial factor against CHD
[29], but not all evidence is consistent [30]. When we an-
alyzed the habit of taking a nap, we found a strong asso-
ciation between this typical Mediterranean habit and
the adherence to a MDP but this association was only
present in men. The discordant findings between the
Greek study and the recently conducted study in Costa
Rica might be explained because of residual confound-
ing given the positive association between the adher-
ence to the MDP and siesta.

Thus, we could speak about the Mediterranean life-
style instead of the MDP and include a higher level of
physical activity as one aspect associated with the MDP
which can be protective against different diseases. This
supports the hypothesis of a clustering of variables re-
lated to a healthy life-style because those who followed a
MDP, usually considered as a healthy pattern, were more
active.

Contrar to previous investigations, we did not find an
association between smoking and the adherence to a
MDP. Martinez-Gonzdlez et al. found an association be-
tween an unhealthy dietary pattern and smoking in a
typical Mediterranean population [31].In the same way,
a study based on a representative sample of Catalonia (a
Spanish region) found a greater intake of fats, mainly

saturated fatty acids and lower consumption of fruit,
nuts and fiber among smokers [32]. Our subjects belong
to a population stratum with a high educational level.
On average, higher socioeconomic level, measured as
educational level, has been associated with the adher-
ence to a healthier dietary pattern [33]. Perhaps, there is
a prevalent healthy dietary pattern among our partici-
pants independently of their smoking status and it is less
likely to find in them the association between smoking
and less healthy dietary habits.

There are several limitations in our analysis. One lim-
itation could be due to self-reported measurements for
nutrient intake and food item consumption. We used a
semi-quantitative food frequency questionnaire as the
nutritional measurement instrument to obtain the MDP.
People might overestimate the consumption of healthy-
considered nutrients and food items like vegetables, fruit
or cereals, typical components of the MDP and to under-
estimate the consumption of unhealthy-considered nu-
trients and food items like fats [34, 35]. A recall bias may
have happened. Participants were asked about consump-
tion during the past year. Nevertheless, these potential
problems would bias the association toward the null
value [36]. Moreover, participants answered alarge ques-
tionnaire and were specially motivated to answer cor-
rectly the questions without causing misclassification.
Therefore, the use of a validated food-frequency ques-
tionnaire assures the suitability of the responses.

Finally, we used participants belonging to a high ed-
ucational level. Thus, they can not be considered as a
representative sample from the general Spanish or
Mediterranean population. However, this cohort study
has been designed in order to ascertain the factors (in-
cluding nutritional factors) associated with the inci-
dence of several diseases. The important issue in this set-
ting is to ensure a fair degree of between-person
variability in nutrient intake rather than to ensure the
representativeness of the sample [36]. Moreover, since
highly educated people exert an exemplary role on less
educated people, their departure from the traditional
Mediterranean diet will also be eventually adopted by
other sectors of the Spanish population. In addition, the
use of a highly educated population ensures and in-
creases the validity of the methods for dietary assess-
ment we have used.

In conclusion, in spite of the above mentioned limi-
tations, our findings suggest a progressive departure
from the traditional MDP in the younger subjects of the
SUN cohort which is being developed in a Mediter-
ranean area. Moreover, the subjects of this cohort who
belong to a more active life-style are more likely to fol-
low the MDP.
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