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Abstract Background and Aim: Accumulated evidence supports the effectiveness of
Mediterranean-type diets (MeDiet) in reducing mortality and preventing several chronic
diseases. Widely used scores to assess adherence to MeDiet are based on specific sample char-
acteristics; alternatively, they might be built according to absolute/normative cut-off points
for the consumption of specific food groups (pre-defined servings/day or/week). The aim of
this study was to compare sample-specific MeDiet adherence scores (MDS) versus absolute-
normative scores (Mediterranean Diet Adherence Screener e MEDAS) on their association with
macronutrient intake, total mortality and incidence of chronic diseases. Design: SUN (Segui-
miento Universidad de Navarra) dynamic prospective cohort study (60.5% women; mean age
38.4 years).
Methods and Results: In cross-sectional analyses (nZ 20,155) we evaluated macronutrient
distribution according to MDS (based on 136-item FFQ), MEDAS (based on 13 questions), and
variants of both. In prospective analyses (nZ 9109; mean follow-up: 6.2 years), we evaluated
disease incidence or mortality. Adherence to MeDiet increased with age and, as expected, was
associated with higher fiber intake, lower total fat intake but higher monounsaturated/satu-
rated fat ratio, using all scores. Among subjects initially free of cancer, diabetes, and cardio-
vascular disease (CVD), adherence to MeDiet appraised with an absolute-normative score
(MEDAS) similarly predicted macronutrient distribution and disease incidence or mortality
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(diabetes incidence, CVD or all-cause mortality), when compared to a sample-specific score
based on 136-item FFQ (MDS).
Conclusions: Adherence to MeDiet was associated with a decreased incidence of a composite
outcome including diabetes incidence, cardiovascular events incidence or all-cause mortality.
ª 2011 Elsevier B.V. All rights reserved.

Introduction

The traditional Mediterranean diet (MeDiet) has compelling
evidence of positive effects [1], comprising reductions in
mortality [2,3], incidence of Alzheimer’s disease, Parkin-
son’s disease [1], type 2 diabetes [4], cardiovascular events
[5,6], stroke [5], and depression [7]. Even if most of this
evidence comes from observational studies, a recent
intervention RCT (Prevención con Dieta Mediterránea e
PREDIMED) has shown that MeDiet is able to prevent the
development of diabetes in subjects with high cardiovas-
cular risk [8]. To appraise adherence to MeDiet, scores
attributing positive points to traditional components of this
dietary pattern thought to be protective against adverse
health outcomes, and negative points to foods thought to
be associated with unfavorable outcomes, have been
extensively used [9] since their introduction by Trichopou-
lou et al. [10], and have been consistently confirmed in
Mediterranean [2,4] and non-Mediterranean populations
[3,11]. However, they are highly dependent on the sample
characteristics because they use sex-specific medians of
consumption for that sample to define the cut-off points
classifying the item consumption as high or low. This makes
comparisons among different populations/studies and
individual risk assessment unfeasible.

An alternative is to use pre-defined absolute or norma-
tive goals of consumption for specific food items, inde-
pendent of the sample characteristics, such as the questio-
nnaire used in the PREDIMED study [12e14]. This ques-
tionnaire can be used by personnel without highly special-
ized training or can be self-administered, enlarging the
possibility of a real-time estimation of risk.

Most of the available scores assessing adherence to
MeDiet allocate the sameweight to its components. However,
different components can have different relationships with
health outcomes, as reported by a recent meta-analysis of
prospective cohort studies and RCTs for coronary heart
disease (CHD) [15]. Moderate ethanol intake, low intake of
meat and high consumption of vegetables appear to drive the
association of adherence to MeDiet with lowermortality [16].

The present study aimed: 1) to evaluate, in cross-
sectional analyses, the macronutrient distribution accord-
ing to adherence to MeDiet assessed with both, a sample-
specific (MDS) or an absolute-normative (Mediterranean Diet
Adherence Screener e MEDAS) scoring system, considering
also the effect of adjusting each item for total energy intake
or of weighting each item by its evidence-based contribution
to CHD protection; 2) to evaluate, in a longitudinal analysis,
the association of adherence to MeDiet (MDS or MEDAS
scores) with a composite outcome of cardiovascular events
incidence, type 2 diabetes incidence or all-cause mortality,
in the SUN e Seguimiento Universidad de Navarra e project.

Methods

Study population

The SUN is a prospective, permanently open, dynamic cohort
of university graduates started in 1999. The design and
methods of the SUN study have been previously described in
detail [17]. The study protocol was approved by the Institu-
tional Review Board of the University of Navarra and the
initial response to the mailed questionnaire was considered
as informed consent to participate. For the present analyses
we used the database up to September 2009 (nZ 20,349
participants). For the evaluation of adherence to MeDiet
according to MDS and MEDAS, the whole population was
considered, excluding participants with energy intake out of
pre-defined limits (men: <800 or >8000 kcal/day; women:
<500 or >6000 kcal/day) (nZ 20,155 participants) in order
to capture extreme values of energy in the cross-sectional
estimations [18]. In longitudinal analyses, assessing the
effects of adherence to MeDiet on a composite outcome
(cardiovascular events incidence, diabetes incidence, or all-
cause mortality), patients with cancer (nZ 809), CVD
(nZ 305) and diabetes (nZ 355) at baseline were excluded.
Participants who had not spent enough time in the study to
complete and return at least a 2-year follow-up question-
naire (nZ 3464), and thosewithmissing values for any of the
covariates of interest, were also excluded. For the longitu-
dinal analyses, we carefully considered total energy intake
and included only plausible reporters (total energy intake/
basal metabolic rate ratio between 1.14 and 2.1) using the
cut-off points proposed by Goldberg [19], adjusted for
leisure time physical activity. The final effective sample for
longitudinal analyses was of 9109 participants. Overall
retention rate in the cohort was 91.9%with amean follow-up
time of 6.2 years (range: 1.6e10.0 years).

Dietary assessment

Sample-specific MeDiet score (MDS)
Dietary habits at baseline were assessed by a 136-item FFQ,
validated and described in detail elsewhere [4,20]. MDS was
calculated as previously described with a 9-point scale
[2,10]. One point was assigned to persons whose consump-
tion was �sex-specific median of components with most
likely beneficial effects (vegetables, fruits/nuts, legumes,
fish/seafood, cereals, and monounsaturated/saturated
[MUFA/SFA] lipid ratio), otherwise no point was assigned; no
point was assigned to persons with consumption �sex-
specific median of components without proven beneficial
effects (meat and dairy products), otherwise one point was
assigned. For ethanol, one point was assigned to men
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consuming 10e50 g/day and to women consuming 5e25 g/
day, otherwise, no pointwas assigned.MDSwas subsequently
adjusted for total energy intake for each item (residuals
method) [21]; in additional analyses, we weighted each MDS
items according to the proposed evidence-based contribu-
tion to CHD protection [15].

Absolute-normative Mediterranean score (MEDAS) [22]
Adherence to MeDiet was also assessed with the absolute-
component questionnaire used in the PREDIMED study
(MEDAS); 13 items from the original MEDAS (supplementary
data) [12e14] were extrapolated using the 136-item FFQ,
omitting one of the items (the use of sofrito) because this
piece of information could not be extrapolated. A value of
0 or 1 was assigned to each item using the cut-off points
that better represented the observed dose-response rela-
tionship in previous analyses [12e14]. Then, MEDAS was
weighted by the proposed contribution of each component
to CHD protection [15]. The elements of MEDAS cannot be
adjusted for total energy intake, because they are based on
absolute cut-off points.

Other covariates

Socio-demographic parameters (sex, age), anthropometric
measurements (weight, body mass index [BMI]), health
related habits (smoking status, physical activity, sedentary
lifestyle), and clinical variables (medications, self-reported
cardiovascular events, cancer, diabetes, and mortality,
which were confirmed by revision of medical records). Self-
reported weight and BMI [23], and physical activity
assessment [24] were previously validated. Physical activity
was expressed in metabolic equivalent tasks (METsZ time
spent at each activity [hours/week] multiplied by its typical
energy expenditure) [25].

Weighting the contribution of MeDiet components

The usual indexes of adherence to MeDiet assign the same
weight to all items regardless of the evidence for each item
on cardiovascular prevention. Recent pooled analyses of
cohort studies showed that individual dietary components
were associated with lower or higher risk of CHD, and the
number of Bradford Hill criteria met by each component
was different (i.e. 4 criteria for vegetables, 3 for fish, 3 for
alcohol, 3 for fruit, 2 for SFA, 3 for MUFA) [15]. We cor-
rected the contribution of MDS and MEDAS items according
to the number of Bradford Hill criteria met by each
component. Since MDS and MEDAS have a different number
of items (9 and 13, respectively) we multiplied the original
value of each item by the proportion that would achieve
the theoretical maximum value of the score and sum the
results for a final standardized value of weighted score
(example in Supplementary material).

Outcome assessment

Cardiovascular events were considered for participants
reporting acute coronary syndromes, revascularization
procedure or stroke on a follow-up questionnaire. An
expert panel of physicians, blinded to the information on

diet and risk factors, adjudicated the events by reviewing
medical records applying the universal criteria for
myocardial infarction [26] or clinical criteria for the other
outcomes. A non-fatal stroke was defined as a focal-
neurological deficit of sudden onset and vascular mecha-
nism lasting >24 h. Probable incident diabetes was
considered for participants who reported diabetes diagnosis
made by a doctor in a follow-up questionnaire without
being diabetic (diagnosis or oral agents/insulin use) at
baseline. The diagnosis was then confirmed by reviewing
medical records. Details on the date of diagnosis, type of
diabetes and other information were requested with addi-
tional questionnaires as reported before [4]. Deaths were
reported by the person’s next kin, work associates and
postal authorities. For participants lost to follow-up, the
National Death Index was used to identify deceased cohort
members. Fatal CHD or stroke were confirmed by a review
of medical records with the permission of the next of kin.

Statistical analyses

We performed the analyses with SPSS software package
version 14.0 (SPSS Inc, Chicago, Illinois). Statistical signifi-
cance was set at two-sided p< 0.05. We did not use any
imputation method for missing data of participants lost to
follow-up. Missing data for baseline height (0.6%) or weight
(0.2%) were imputed by using regression models. Tests of
linear trend (likelihood ratio test) were conducted across
increasing categories of the score by using the score as
a continuous variable and adjusting for the potential
confounders. Test for heterogeneity (ANCOVA, adjusted for
age, sex and baseline BMI) was used to assess differences
across scores quintiles. Sex by diet interactions were
assessed by including an interaction term in the adjusted
models as covariates. Stepwise regression with forward
selection was used to evaluate the contribution of each
item to the final scores (MDS and MEDAS). Logistic regres-
sion models were fit to assess the relationship between
baseline adherence to MeDiet (MDS, MEDAS or energy-
adjusted/weighted versions of these scores) and the inci-
dence of the combined outcome (cardiovascular events
incidence, diabetes incidence, or all-cause death). In all
analyses, logistic regression models were adjusted for age,
sex, BMI, total energy intake, smoking category (never, past
and current smokers) and physical activity.

Results

In addition to be highly educated, the SUN cohort is rela-
tively young (mean age 38.4 years) with predominance of
women (60.5%), and non-obese participants (91.3% with
BMI< 30 kg/m2). Mean physical activity during leisure time
was 28.5� 26.3 MET-h/week for men and 21.9� 19.1 MET-
h/week for women. Socio-demographic characteristics of
the studied population according to quintiles of adherence
to MDS are shown in Table 1. Most participants had inter-
mediate values of adherence (3e5 points: 62.9%) whereas
lower (�2 points: 22%) or higher values (�6 points: 15.1%)
were less frequently observed. Participants with higher
adherence to MeDiet were older, more likely to be ex-
smokers, married and more physically active. There was
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Table 1 Characteristics of the study participants according to quintiles of adherence to the Mediterranean diet (MDS, 9-item score). Values are means (range) for age, BMI,
and physical activity; percentage for sex, smoking status, and marital status; means for servings.

Adherence to the Mediterranean dietary pattern score

0e2 (nZ 4436) 3 (nZ 4290) 4 (nZ 4699) 5 (nZ 3680) 6e9 (nZ 3050) p Value

Age, years 35.8 (35.4; 36.1) 37.8 (37.5; 38.1) 39.1 (38.8; 39.4) 40.4 (40.1; 40.8) 42.5 (42.2; 42.9) <0.001
Women, % 59.7 62.3 60.5 60.0 59.4 0.07
BMI, kg/m2 23.7 (23.6; 23.8) 23.9 (23.8; 24.0) 23.9 (23.8; 24.0) 23.9 (23.8; 24.0) 23.8 (23.7; 23.9) 0.08
Physical activity during
leisure time, MET-h/week

22.3 (21.6; 22.9) 24.2 (23.6; 24.9) 26.0 (25.4; 26.6) 27.2 (26.4; 27.9) 30.0 (29.2; 30.8) <0.001

Smoking status, %
Never smoker 56.6 51.2 49.4 45.5 41.5 <0.001
Current smoker 21.6 22.1 22.6 21.7 22.0
Past smoker 21.8 26.8 28.1 32.8 36.5

Married, % 43.9 48.4 52.1 55.5 58.0 <0.001
Vegetable consumption, servings/d 1.5 2.0 2.5 2.9 3.2 <0.001
Fruit and nut consumption, servings/d 2.2 2.6 2.9 3.4 3.8 <0.001
Legume consumption, servings/d 0.3 0.37 0.41 0.45 0.51 <0.001
Fish consumption, servings/d 0.52 0.65 0.77 0.88 1.0 <0.001
Cereal consumption, servings/d 1.5 1.9 2.2 2.6 3.0 <0.001
Meat and meat products consumption,
servings/d

2.2 2.0 2.0 1.9 1.7 <0.001

Full-fat milk and dairy products
consumption, servings/d

2.4 2.0 1.8 1.5 1.1 <0.001
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a higher consumption of cereals with increasing values of
adherence to MeDiet score, which in the studied population
are mostly refined. A stepwise regression analysis with the
cumulative percentage of variance of the final score
explained by each item of unadjusted MDS and MEDAS is
illustrated in Fig. 1. Both scores reflect the diverse
components of MeDiet with no single component apparently
driving the score; hence, the degree of conformity to
MeDiet is the result of the joint impact of all the compo-
nents of the score and is not strongly influenced by any
individual component. Table 2 (Supplementary data) shows
the composition (i.e. components with their cutoffs for
optimal scoring) for each index.

Table 3 (Supplementary data) shows total energy and
macronutrient intake distribution in women and men
according to quintiles of adherence to MeDiet, as assessed

with MDS and MEDAS. Table 3 also shows the values of MDS
after adjusting each item for total energy intake [20] (MDS-
adj in the table); also shown in the table are values of the
scores (MDS [MDS-adj-w] and MEDAS [MEDAS-w]) after both,
adjusting the individual items for total energy intake and
assigning them differential weights taking into account
their evidence-based contribution to CHD protection [15].
Regardless of the score used (MDS, MEDAS, adjusted or not,
and weighted or not), both men and women with higher
adherence to MeDiet consumed more fiber and alcohol in
moderate proportions, and less total fat (especially less
saturated fat) with higher MUFA/SFA ratio. The trend of
changes for nutrient consumption across different MDS and
MEDAS values was similar. This was true also after adjust-
ments and/or differentially weighting the scores. However,
total energy intake adjusted with the residual method went
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Figure 1 Stepwise regression analysis with the cumulative percentage of variance of the final MeDiet adherence score explained
by each item. Upper panel: sample-relative, 9-item Mediterranean diet score (MDS; based on 136-item FFQ). Lower panel:
absolute/normative-component Mediterranean diet score (MEDAS; based on 13 questions).
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in an opposite direction when compared to unadjusted
values (MDS). Total caloric intake explained 3% of the MDS
variability. But total caloric intake explained only 0.3% of
the MEDAS variability. Adjustment for total energy intake
had only a slight effect on subjects’ classification. Cate-
gorization of subjects in quintiles of adherence according to
the MDS changed for only 12% of participants after adjust-
ing the MDS for total energy intake. This change was even
smaller (2.1 and 2.8%, respectively) when the MDS or the
MEDAS were weighted according to the strength of the
available causal evidence for each item (Table 4,
Supplementary material).

As shown in Fig. 2 (Supplementary material), there was
a clearly significant increase in adherence to MeDiet with
age, regardless of the score used (MDS or MEDAS), which did
not change after adjusting or weighting the scores for both
men and women.

In the longitudinal analysis, during 92,523 person-year
follow-up, there were 58 cases of incident diabetes, 95
incident cases of non-fatal cardiovascular events and 131
deaths. After adjustment for potential confounders (age,
sex, BMI, total energy, smoking, physical activity), adher-
ence to MeDiet was associated with a reduced occurrence
of the composite outcome (diabetes incidence, cardiovas-
cular events incidence or death) (Table 2), regardless of the
score used. As shown in the table, the prediction of the
combined outcome was similar for the original scores or for
the scores after adjustment for total energy intake or after
differentially weighting the specific contribution of each
item. When we analyzed the separate components of the
composite outcome there were few events for each
component to obtain stable estimates of relative risks. This
is probably due to the characteristics of the sample with
most participants being young. This is an open cohort,
hence, future studies may allow us to analyze the effects
on single outcomes.

Discussion

Using data from a large, well-characterized, prospective
cohort, we found that a MeDiet score based on 13 ques-
tions (absolute-component, MEDAS) was similar to a MeD-
iet score based on 136-item FFQ (sample-specific, MDS) in
categorizing food habits, macronutrient distribution and in
its association with a combined outcome of cardiovascular

events incidence, diabetes incidence or all-cause
mortality. The risk of the combined outcome was signifi-
cantly lower with a higher adherence to MeDiet, regardless
of the score used, even after adjustments for total energy
or weighting each item’s evidence-based contribution to
CHD protection.

The traditional MeDiet has been extensively studied since
Keys et al. showed its remarkable association with lower
incidence of CVD, cancer, and mortality [27]. Numerous
studies have confirmed these and other outcomes
[1e8,10e12,16,28], which makes MeDiet the most intensely
studied dietary pattern and a paradigm of healthy eating. A
recent meta-analysis (n> 2,000,000 participants) confirmed
these associations and the reduced incidence of various
chronic diseases [1], verifying the compelling evidence of
protection conferred by adhering to MeDiet. Recently, data
from the RCT PREDIMED showed that MeDiet effectively
prevents diabetes in subjects at high cardiovascular risk [8],
confirming the effects previously reported in observational
studies.

The evaluation of food patterns is well-suited with
recent attention on the complex interactions among
diverse nutrients [29]. The first and most widely used tool
to assess adherence to MeDiet, created by Trichopoulou
et al. [10] and developed thereafter [2,16], has been
extremely useful for epidemiological research, yet, it is not
simple to transfer it into everyday clinical practice. The
actual amount of each item’s consumption in order to
adopt MeDiet cannot be established because it is based on
sample-specific median consumptions. The data collection
(FFQ) to process MDS is time-consuming and there is
concern about: i) the inclusion of cereals as a whole irre-
spectively of glycemic load, fiber content or degree of
processing; ii) the difficult quantification of olive oil
consumption which has lead to the use of MUFA/SFA, even if
some animal products are important sources of MUFA; iii)
the inclusion of all sources of alcohol equally. Alternatively,
the absolute-normative score (MEDAS) used in the PRE-
DIMED study [12e14] does not use MUFA/SFA but olive oil, is
neutral to cereal intake, includes wine, but not other
alcohol sources, does not need a FFQ and can be applicable
in different settings. This score might facilitate to translate
research evidence into practical recommendations for
a wide variety of populations. It allows an immediate
assessment and feedback to the participants, potentially
valuable for nutrition education. The present results

Table 2 Odd ratios (95% confidence intervals) of a composite outcome (diabetes incidence, cardiovascular event incidence or
death) according to adherence to the Mediterranean food pattern (assessed with MDS 9-item score and MEDAS 13-item score),b

before and after weighting the contribution of each item to CHD protection (see text).c

MDS (9-item)
per 2 points

p for
trend

MDS-adja

per 2 points
p for
trend

MEDAS (13-item)
per 3 points

p for
trend

Not weighted 0.80 (0.66e0.98) 0.03 0.79 (0.66e0.94) 0.01 0.76 (0.57e0.99) 0.03
Weighted 0.81 (0.67e0.97) 0.02 0.81 (0.69e0.95) <0.01 0.75 (0.58e0.97) 0.03

MDS: Mediterranean diet score (9-item); MEDAS: absolute/normative Mediterranean diet score (13 item).
a MDS-adj: MDS adjusted for total energy intake (residual method).
b The elements used to build the MEDAS score cannot be individually adjusted for total energy intake, because they are based on

absolute cut-off points.
c In all analyses, logistic regression models were adjusted for age, sex, BMI, total energy intake, smoking category (never, past and

current smokers) and physical activity.
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demonstrate similar prediction of macronutrient composi-
tion and crucial health outcomes with MEDAS and MDS, even
after adjustments, confirming their comparability.

Adherence to MeDiet increased with age regardless of
the score used. Older participants may have less likely
abandoned the traditional food pattern versus the appeal
for Westernized food in younger participants, as reported in
Mediterranean countries [30]. Younger populations may not
be aware of the long-term drawbacks of an unhealthy diet,
which should be considered when planning prevention
strategies.

The present study has a number of strengths, including
a large sample size, high retention rate, prospective
design, and lengthy follow-up. Potential limitations include
self-reported information. However, parameters such as
self-reported weight/BMI have been previously validated
[23], hence, possible residual confounding due to errors in
BMI and physical activity should be minimal. The cohort,
composed mostly of middle-aged, Spanish educated
subjects, may make generalizability of results not prac-
tical, although it reduces confounding by disease, educa-
tion, socioeconomic status, and presumed access to health
care. Future studies in other populations are warranted to
test the applicability of MEDAS. We used a validated FFQ
[20], which means that possible recall bias is the same for
future cases and non-cases. We acknowledge that the use
of Bradford Hill criteria is currently a matter of debate
since meeting these criteria is not the same as defining the
strength of an association (e.g., the effect of vegetables
may be most plausible based on these criteria, but may
have per unit a smaller effect on the CHD risk as compared
to, for example, SFA/PUFA). In the present study the results
were not significantly different after weighing the scores
with these criteria.

In conclusion, after a median follow-up of 6.2 years,
a lower occurrence of a combined outcome including dia-
betes incidence, cardiovascular events incidence or total
mortality was associated with increased adherence to
MeDiet. The association was similar if based on a 13-
question score with absolute-normative cut-off points or
on a 136-FFQ sample-specific medians of consumption as
cut-off points. Prediction of macronutrient distribution was
also similar for both scores. Time has come to translate
compelling positive evidence of MeDiet into practical
applications.
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