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Background: Short dietary assessment tools can be useful to estimate food intake and 1 

diet quality in large-scale epidemiological studies with time constraints. 2 

Objective: To determine the concurrent validity of the 17-item energy-restricted 3 

Mediterranean Adherence Screener (er-MEDAS) used in the PREDIMED (PREvención 4 

con DIeta MEDiterránea)-Plus trial and to analyse its capacity to detect 1-year changes 5 

in diet and cardiometabolic risk factors. 6 

Methods: Validation study nested in the PREDIMED-Plus (n=6760, 55 to 75 years). 7 

Dietary data were collected by the 17-item er-MEDAS and a 143-item validated 8 

semiquantitative food frequency questionnaire (FFQ) at baseline and after 1-year 9 

intervention. Cardiometabolic risk markers were measured at both time points. A 10 

Mediterranean diet (MedDiet) score was derived from both instruments. Concurrent 11 

validity was evaluated by Pearson and intra-class correlation coefficients (ICC) and 12 

Bland and Altman limits of agreement. Construct validity was evaluated by assessing 1-13 

year changes in FFQ-reported dietary intake and cardiometabolic profile changes in 14 

relation to changes in er-MEDAS. 15 

Results: A moderate to good correlation between the MedDiet score calculated by both 16 

measurement instruments was found: r=0.61 and ICC=0.60 (p<0.001, both). Agreement 17 

of each of the er-MEDAS items ranged from 55.4% to 85.0% with a moderate mean 18 

concordance (kappa=0.41. Between baseline and 1-year follow-up, energy intake 19 

measured by the FFQ decreased by 242 kcal, whilst Mediterranean food consumption 20 

increased in participants with the highest increase in the er-MEDAS MedDiet score  An 21 

increase in the er-MEDAS MedDiet score ratings was associated with a decrease in 22 

BMI, waist circumference, triglycerides, fasting glucose, diastolic blood pressure, and 23 
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triglycerides/HDL-cholesterol ratio  (p<0.001 for all), and with an increase in HDL-24 

cholesterol (p=0.006). 25 

Conclusion: The er-MEDAS shows a modest to good concurrent validity compared 26 

with FFQ. It shows acceptable construct validity, as a greater er-MEDAS score was 27 

associated with more favourable dietary and cardiometabolic profiles over time. 28 

Keywords: validity, validation, short screener, diet 29 
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1. Introduction44 

Obesity is a chronic disease of epidemic proportions with well-recognized detrimental 45 

effects on health (1). The prevalence of obese adults has nearly tripled worldwide from 46 

1974 (1). The European Health Interview Survey (EHIS) showed that almost one in six 47 

adults in the European Union are obese (2). Therefore, the development of effective 48 

obesity intervention programs is one of the most important health policy challenges. 49 

Among the main drivers of the obesity pandemic are unhealthy dietary habits. The 50 

Mediterranean diet (MedDiet), an optimal dietary pattern against non-51 

communicable diseases (3,4), is also associated with both physical and mental 52 

health (5). In 2004 we showed for the first time that adherence to the MedDiet was 53 

inversely associated with body mass index (BMI) and the prevalence of obesity in a 54 

cross-sectional study of Spanish adults (6). Numerous observational studies confirmed 55 

this finding (7–11) and results from randomized controlled trials (RCTs) have provided 56 

promising evidence on the efficacy of the MedDiet for weight loss in adults (12–17). 57 

Recent data from the interim analysis of the PREDIMED (PREvención con DIeta 58 

MEDiterránea)-Plus trial showed a significant and clinically meaningful reduction of 59 

more than a 5% in several anthropometric variables in the intervention group compared 60 

to the control group (18). Adequate dietary assessment instruments are needed for 61 

monitoring adherence to the MedDiet in intervention studies and for dietary counselling 62 

in clinical practice. In large-scale epidemiological studies, adherence to the MedDiet is 63 

estimated by a composite score including specific foods characterizing the MedDiet 64 

through dietary records, 24-hour recalls, or food frequency questionnaires (FFQ). 65 

However, these procedures are time consuming and there is great added value in 66 

developing simpler tools to assess dietary intake. For this reason, we developed and 67 

validated (19) the Mediterranean Diet Adherence Screener (MEDAS) in the framework 68 
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of the PREDIMED study (20). The MEDAS consists of 14 questions on food 69 

consumption and behaviors in older Spanish adults, with no notion of quantity 70 

restriction. The ongoing PREDIMED-Plus study aims to determine the effect of an 71 

energy-restricted MedDiet on cardiovascular events in older Spanish adults at high 72 

cardiometabolic risk (21). To ensure the monitoring of dietary compliance in the trial, 73 

we developed the energy-restricted Mediterranean Diet Adherence Screener (er-74 

MEDAS). This screener is modified from MEDAS and includes 3 additional items. The 75 

modifications aimed to capture the dimension of moderation of food consumption, 76 

which in turn should lead to energy restriction. 77 

The aim of the present study was to determine the concurrent validity of the er-MEDAS 78 

in participants of the PREDIMED-Plus study. Additionally, we aimed to analyse 79 

construct validity, i.e., whether an increase in the adherence to the MedDiet measured 80 

by the er-MEDAS was associated with favourable dietary and cardiometabolic changes after one year  81 

82 

2. Methods83 

2.1 Study design 84 

This validation study was nested in the ongoing PREDIMED-Plus clinical trial. A 85 

detailed description of the study protocol has been published (21) and further 86 

information can be found at http://predimedplus.com/. Interims results of the 87 

PREDIMED-Plus study on the effect of the interventions on cardiometabolic risk 88 

factors and inflammation-related variables have also been reported (15,18).  In short, 89 

PREDIMED-Plus is an on-going, 6-year, multi-centre RCT conducted in Spain 90 

to assess the effect of a lifestyle intervention on the primary prevention of 91 

cardiovascular diseases (CVD) in at-risk individuals. From October 2013 to December 92 
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2016, 6874 participants were recruited in 23 Spanish centers. Participants were 93 

randomly assigned in a 1:1 ratio to one of two groups: an intensive weight-loss 94 

intervention group based on an energy-restricted MedDiet, individualized promotion of 95 

physical activity (PA), and behavioral support or a control group, which included an 96 

unrestricted-energy MedDiet and usual health care. This clinical trial was registered at 97 

the International Standard Randomized Controlled Trial registry (ISRCTN89898870; 98 

registration date, 24 July 2014). 99 

2.2 Study participants 100 

Men aged 55 to 75 years and women aged 60 to 75 years at high risk of CVD were 101 

included if they had overweight or obesity (BMI ≥27 and <40 kg/m2) and met at least 3 102 

diagnostic criteria of metabolic syndrome, defined according to the International 103 

Diabetes Federation and the American Heart Association and National Heart, Lung and 104 

Blood Institute (19). 105 

Of the 6874 participants, 114 were excluded due to missing data on diet and/or 106 

educational status. Analysis of relative and absolute validity of the er-MEDAS was 107 

performed in the 6760 remaining participants. For the analysis of the construct validity 108 

we included i) dietary variables:  5845 participants were included with complete dietary 109 

data at baseline and at 1 year of follow-up. ii) cardiometabolic risk factors:  5369, 110 

participants were available with complete data on BMI, waist circumference (WC), total 111 

cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, fasting glucose, and blood 112 

pressure at baseline and 1 year of follow-up. Research Ethics Committees of all 113 

participating centres approved the study protocol, which was conducted following the 114 

standards of the Declaration of Helsinki. All participants provided written informed 115 

consent. 116 
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2.3 Dietary assessment 117 

Registered dietitians collected data on dietary intake by the er-MEDAS and a validated 118 

semi-quantitative 143-item FFQ (20). Both questionnaires were administered at baseline 119 

and yearly. 120 

The 17-item er-MEDAS includes 14 items on food consumption and 3 items on eating 121 

behaviours. The er-MEDAS is based on the previously validated 14-item MEDAS and 122 

was modified as follows:  123 

a) Five items from the original MEDAS were maintained without modification:124 

Do you prefer to eat chicken, turkey or rabbit instead of beef, pork, hamburgers 125 

or sausages?; How many servings of vegetables do you consume per day?; How 126 

many pieces of fruit (including fresh-squeezed juice) do you consume per day?; 127 

How many servings of pulses do you consume per week?; How many servings 128 

of fish/seafood do you consume per week? 129 

b) Eight items were modified:  “Do you use olive oil as the principal source of fat130 

for cooking?” was changed to “Do you use virgin olive oil as the principal 131 

source of fat for cooking?”; “How many servings of butter, margarine, or cream 132 

do you consume per day?” was reworded to “How many servings of butter, 133 

margarine, or cream do you consume per week?”; “How many servings of red 134 

meat, hamburger, or sausages do you consume per day? was modified to  “per 135 

week”; the text “not homemade” was deleted in “How many times do you 136 

consume commercial (not homemade) pastry such as cookies or cake per 137 

week?”; the item “How many carbonated and/or sugar-sweetened beverages do 138 

you consume per day? was reworded to “How many carbonated and/or sugar-139 

sweetened beverages do you consume per week?; the frequency of consumption 140 

was changed from 7 or more cups/week to 7 to 14 cups/day for women and 14 to 141 
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21 cups/day for men for the item “Do you drink wine? How much do you 142 

consume per week?” 143 

c) Four new items were included: Do you add sugar to your beverages (coffee,144 

tea)?; How many servings of white bread do you consume per day?; How many 145 

servings of whole grain bread or whole grain pasta do you consume 146 

per week?; How many servings of refined bread, rice and/or pasta do you 147 

consume per week? 148 

d) The item “how much olive oil do you consume per day (including that used in149 

frying, salads, meals eaten away from home, etc.)” was deleted from the 150 

screener. 151 

Compliance with each of the 17 items was scored with 1 point. Therefore, the total er-152 

MEDAS score range was 0–17, with 0 meaning null adherence and 17 meaning 153 

maximum adherence. The item corresponding to sofrito (a sauce made of tomato, onion 154 

and garlic slowly simmered in olive oil), item #12 of the er-MEDAS, was not included 155 

because this item was not part of the FFQ. The detailed scoring criteria for each item are 156 

shown in table 2. 157 

Detailed information about the development, reproducibility, and validity of the 143-158 

item FFQ has been previously reported (20). In brief, for each item, a typical portion 159 

size was included, and consumption frequencies were recorded in nine categories that 160 

ranged from “never or almost never” to “≥6 times/day”. Conversion of food 161 

consumption into energy and nutrient intake was performed by using a computer 162 

program based on available information in food composition tables. 163 

Food intake data recorded on the FFQ were grouped into the food-based dietary 164 

components of the er-MEDAS for analysis. The relative validity of the er-MEDAS was 165 
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assessed by comparing dietary data derived from the er-MEDAS with the corresponding 166 

data collected from the validated full-length FFQ. 167 

2.4 Biological markers 168 

Samples of fasting blood were collected after an overnight fast and biochemical 169 

analyses were performed for fasting plasma glucose, total cholesterol, HDL-cholesterol, 170 

and triglyceride concentrations in local laboratories using standard enzymatic methods, 171 

whereas LDL-cholesterol was calculated by the Friedewald formula when triglycerides 172 

were inferior to 400 mg/dL. Blood pressure measurements were obtained by duplicate 173 

after the participant had rested for five minutes. Each measurement was obtained with a 174 

validated semiautomatic oscillometer (Omron HEM-705CP), ensuring the use of the 175 

proper cuff size for each participant. The average of 2 measurements was used for 176 

analysis.  177 

2.5 Other variables 178 

Information related to sociodemographic and lifestyle habits, individual and family 179 

medical history, smoking status, medical conditions, and medication use was evaluated 180 

using self-reported questionnaires. 181 

2.6 Statistical analyses 182 

General linear models were fitted to determine a) baseline association of 183 

sociodemographic variables and cardiometabolic risk markers according to quartiles of 184 

adherence to the er-MEDAS, and b) construct validity by the association between 185 

quartiles of 1-year changes in adherence to the er-MEDAS and changes in FFQ-derived 186 

food intake. The linear trend was tested by including quartiles as continuous variables in 187 

the models. Polynomial contrasts were used to determine P-linear trends for continuous 188 

variables, with a post hoc Bonferroni correction for multiple comparisons. Chi-square 189 
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tests were used to determine P-linear trends for categorical variables. Additionally, 190 

multiple linear regression models were fitted to determine the associations between 1-191 

year changes in adherence to er-MEDAS and corresponding changes in cardiometabolic 192 

risk variables.  193 

The relative validity of the er-MEDAS was assessed by calculating Pearson’s product–194 

moment correlation coefficients to compare the MedDiet adherence scores derived by 195 

the er-MEDAS (test method) and by the FFQ (reference method). Although the two 196 

measurements might be strongly correlated, there could be considerable differences 197 

across their ranges of values. Therefore, we determined the absolute agreement of 198 

categorical variables between the two measurements by cross-classification and kappa 199 

statistic. Values of kappa > 0.8 almost signify perfect agreement, between 0.61-0.80 200 

substantial agreement, 0.41-0.60 moderate agreement, 0.21-0.40 fair agreement, and 201 

<=0.20 slight agreement (21) .  202 

We further assessed agreement between the scores obtained by er-MEDAS and FFQ 203 

using the Bland–Altman method (reference) and the intraclass correlation coefficient 204 

(ICC). The Bland–Altman method determines the agreement between two methods by 205 

calculating the mean of their differences and regressing it against the average score 206 

obtained with the two methods. A mean proportional agreement of 100% between the 207 

scores derived by both measurements would signify complete agreement between the 208 

methods. A mean difference of 0 would represent complete agreement between the 209 

methods. In addition, we analysed possible variations in the level of agreement between 210 

methods indicating a proportional bias. For this purpose, we fitted linear regression 211 

models, with the mean instrument differences of the MedDiet scores derived by the er-212 

MEDAS and FFQ [er-MEDAS - FFQ)] constituting the dependent variable and the 213 

mean score of both [(er-MEDAS + FFQ) / 2)] constituting the independent variable. 214 
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Subgroup analyses were performed for sex, age, educational level, and intervention 215 

group. 216 

The Statistical Package for the Social Sciences statistical software package version 21.0 217 

(SPSS Inc., Chicago, IL, USA) was used for all analyses. Differences were considered 218 

significant if P was <0.05. 219 

220 

3. Results221 

The baseline sociodemographic characteristics and cardiometabolic risk markers of the 222 

participants according to increasing ratings for the er-MEDAS score are shown in Table 223 

1. Participants with higher ratings for the er-MEDAS MedDiet score were older and had224 

a lower BMI and waist circumferences, but higher PA levels, and were more likely to be 225 

women and non-smokers compared with their lower rating peers. Energy intake and 226 

triglycerides were inversely associated with the er-MEDAS whereas the opposite was 227 

true for HDL-cholesterol. A lower prevalence of diabetes and hypertension were found 228 

for participants with higher ratings of er-MEDAS. 229 

Absolute agreement between the er-MEDAS and FFQ items, measured by cross-230 

classification, ranged from 55.2% for the item “Red and processed meat” to 84.0 % for 231 

the item “Butter/margarine/cream” with a mean of 73.8% for all items (Table 2). The 232 

degree of agreement was additionally determined with the kappa statistic showing a 233 

range from poor (kappa 0.06 for red and processed meat) to good (kappa 0.65 for added 234 

sugar) concordance. The mean agreement of all items was moderate (kappa 0.41). 235 

The Pearson coefficient revealed a moderate correlation (0.60, p<0.001) between the 236 

scores derived by the er-MEDAS and by the FFQ. Additionally, the intraclass 237 

correlation coefficient, an indicator of the degree to which both instruments assigned the 238 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



14 

same absolute score ratings, showed the same degree of correlation (ICC = 0.60; 239 

p<0.001). These findings indicate that the er-MEDAS had a moderate ability to rank 240 

participants according to total er-MEDAS MedDiet score ratings. 241 

The mean rating of the MedDiet score was 7.9±2.6 for the er-MEDAS and 7.2±2.4 for 242 

the FFQ (Table 3); mean difference= 0.70 (95% CI, 0.68-0.78). The er-MEDAS 243 

MedDiet score significantly (p<0.001) overestimated by 12% the ratings compared to 244 

the corresponding score obtained by the FFQ. Furthermore, this discrepancy slightly but 245 

significantly increased [β coefficient 0.127 (95% CI, 0.104-0.151); p<0.001) (Table 3 and 246 

Figure 1) with higher score ratings.  This proportional bias is unrecognizable in the 247 

Bland Altman plot (Figure 1) due to the large number of participants in combination 248 

with relatively small regression coefficient.  249 

Table 4 shows the association between 1-year change in the er-MEDAS MedDiet score 250 

and FFQ-derived energy intake and food consumption. An increase in er-MEDAS score 251 

over time was associated with a concomitant decrease in energy intake: participants in 252 

the top quartile of changes in the er-MEDAS score showed a daily decrease in 249 kcal. 253 

This finding indicates a good construct validity according to the dimension of energy 254 

restriction. Additionally, the consumption of traditional Mediterranean foods such as 255 

vegetables, fruit, legumes, fish, nuts, whole grain cereals, and olive oil, increased 256 

(p<0.001 for all) with increasing ratings of the er-MEDAS score after 1 year. It should 257 

be noted that this increase was achieved despite a significant energy reduction 258 

(p<0.001). The consumption of non-Mediterranean foods such as meat and refined 259 

cereals decreased with increasing ratings of the er-MEDAS score (p<0.001). 260 

Table 5 shows the association between 1-year change in er-MEDAS score and 261 

corresponding changes in cardiometabolic risk factors. Changes in the er-MEDAS score 262 
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were inversely associated with changes in BMI, waist circumference, triglycerides, 263 

fasting glucose, and diastolic blood pressure (p<0.001, all), and with increased HDL-264 

cholesterol (p=0.006). 265 

Subgroup analyses were performed to determine the validity of the er-MEDAS by sex, 266 

age groups, educational level, and intervention and control groups (Supplementary 267 

table 1). The ratings for the er-MEDAS PREDIMED-Plus score were higher compared 268 

to the corresponding scores derived by the full-length FFQ across all strata. 269 

Furthermore, the relative and absolute validity, measured by the Pearson and intraclass 270 

correlation coefficients, respectively, showed minimal differences across all strata. 271 

272 

4. Discussion273 

The rationale for the development of the er-MEDAS was to adequately monitor 274 

compliance to an intervention with an energy-restricted MedDiet in the PREDIMED-275 

Plus trial. For this purpose, we substantially modified the original 14-item MEDAS 276 

score. In this report we show that a 17-item screener for adherence to an energy-277 

restricted MedDiet (er-MEDAS) disclosed reasonable concurrent validity. Moreover, an 278 

increase in the er-MEDAS was associated with favourable 1-year changes in food 279 

consumption and the cardiometabolic profile. The er-MEDAS was sensitive to detect a 280 

1-year decrease in energy intake and a concomitant increase in the consumption of281 

characteristic Mediterranean foods. Finally, a favourable change of 6 out of 9 282 

cardiometabolic risk factors was observed with increasing ratings of the PREDIMED 283 

Plus-score derived by the er-MEDAS after 1-year of follow up. 284 

Most MedDiet adherence indices are calculated based on data from full length FFQ, 24h 285 

recalls or diet records. Individual components of these indices are usually scored based 286 
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on their median, tertile/quartile population distribution. Therefore, it is not surprising 287 

that the resulting composite scores are often positively associated with energy intake if 288 

not adjusted for same (22,23). Dietary data from short diet quality screeners do not 289 

allow the estimation of energy intake but this can be determined by the administration 290 

of other dietary measurement instruments, such as 24-h recalls or a full length FFQ. In 291 

the evaluation of the validity of the initial MEDAS, high score ratings were associated 292 

with a 123 kcal higher energy intake compared to low adherence in men and no 293 

significant differences in women (unpublished data). In other words, the MEDAS can 294 

monitor adherence to the ad libitum MedDiet but not the energy-restricted variation of 295 

this diet. In contrast, we found that baseline energy intake was significantly lower with 296 

increasing ratings of the er-MEDAS score, with a difference of 259 kcal between 297 

extreme quartiles. In nutritional interventions it is essential that the dietary measurement 298 

instrument is sensitive to changes in food consumption. In the present study energy 299 

intake decreased and the consumption of typical foods of the Mediterranean diet 300 

increased with a concomitant increase of ratings in the er-MEDAS score. Hence, the er-301 

MEDAS has the capacity to detect changes in energy and food consumption in the 302 

expected direction. These findings indicate an excellent construct validity of the er-303 

MEDAS. To the best of our knowledge there is no evidence from other validation 304 

studies to compare these findings. 305 

An important aspect of the validity of a dietary assessment instrument is the degree of 306 

concordance of its food components with the corresponding items of the reference 307 

method. The average concordance across 17 items (kappa=0.41) was nearly identical to 308 

that found for the 14 items of MEDAS (16). Additionally, kappa values of unmodified 309 

questions on dietary consumption and behaviour in the er-MEDAS were similar to those 310 

reported in the MEDAS validation study. During dietary monitoring with the er-311 
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MEDAS the question on red and processed meat consumption deserves particular 312 

attention because there was essentially no concordance with the reference instrument 313 

(kappa = 0.06). 314 

Most dietary assessment validation studies focus on the concurrent validity of food 315 

groups and/or nutrients (24,25), and few studies include the validity of a composite 316 

score obtained by the questionnaire. Generally, predefined composite scores disclose a 317 

moderate to good validity, with a reasonable capacity to rank subjects according to 318 

score ratings (16,26–30). The er-MEDAS score showed a higher correlation (r=0.60) 319 

than that found for the MEDAS score (r=0.53) (16). A slightly better correlation was 320 

reported for the PREDIMED score (ICC = 0.68) of an adapted version of the MEDAS 321 

for the Korean population (30). Furthermore, Schroder et al. (27) reported a 322 

considerable lower concurrent validity (r=0.40) for a modified MedDiet score derived 323 

by a short FFQ compared to 12 24-h recalls. Additionally, it deserves to be mentioned 324 

that the concurrent validity of the er-MEDAS was similar across groups built by sex, 325 

age, educational level, and intervention arm. In general, comparisons of these results are 326 

somewhat limited due to the different reference methods used among studies. 327 

We calculated the mean difference between the PREDIMED-Plus score derived by the 328 

er-MEDAS and the FFQ to estimate if the er-MEDAS over or underestimated score 329 

ratings. The er-MEDAS tends to slightly overestimate these ratings compared to those 330 

derived from an FFQ, but this compares favourably with other scores derived from short 331 

screeners (27,28,31). Additionally, this overestimation slightly increased with 332 

increasing ratings of the er-MEDAS score, which is comparable to findings in other 333 

studies (28).  334 
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The capacity of a dietary assessment method to correctly detect changes in dietary 335 

intake is especially important for the monitoring of nutritional interventions in clinical 336 

settings and for dietary counselling. We found that the er-MEDAS score changed after 1 337 

year as a result of the dietary intervention, and that it adequately related to increases in 338 

Mediterranean food items and decreases in energy intake. Additionally, the increase in 339 

the er-MEDAS score was associated with favourable changes in the cardiometabolic 340 

profile of the participants. In a simulation study performed in Spanish adults, Funtikova 341 

et al. (32) reported similar results for a diet quality score obtained by a short diet quality 342 

screener. Each 2-point increase in the MedDiet score derived by the MEDAS score 343 

corresponded to a 6 % decrease of CVD events in the PREDIMED trial (33). Future 344 

analyses when the PREDIMED-plus trial is completed might reveal the validity of the 345 

er-MEDAS to predict hard endpoints such as CVD and cancer.  346 

Our study has some limitations, which are important to mention. The use of an FFQ as 347 

the reference method is the major limitation, as it provides biased estimates of true 348 

dietary intake (34). Therefore, the correlations provided are not between er-MEDAS in 349 

relation to “true” dietary intake, but rather an approximation of it. FFQs have been 350 

shown to overestimate “healthy food” items and to underestimate unhealthy foods such 351 

as sweetened beverages, snacks, and pastries, therefore they might overestimate overall 352 

adherence to a healthy MedDiet. However, it is to be expected that the same “social 353 

desirability” bias might apply to answering both an FFQ and the er-MEDAS, so that 354 

adherence to a MedDiet may be overestimated with both instruments. There are also 355 

strengths to this study, such as the large sample size and the presentation of data on the 356 

concurrent, absolute, and construct validity of the er-MEDAS. Furthermore, construct 357 

validity was determined with prospective data. 358 

5. Conclusion359 
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In conclusion, the 17-item er-MEDAS questionnaire of adherence to an energy-360 

restricted MedDiet discloses a modest to good concurrent validity and can adequately 361 

detect changes in dietary intake over time. Finally, 1-year changes in the er-MEDAS 362 

were predictive of concurrent changes in cardiometabolic risk factors. 363 
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Figure 1 442 

Bland-Altman plot for the agreement of the er-MEDAS score  derived from the er-443 

MEDAS and the food frequency questionnaire (n = 6760). 444 
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Table 1. General characteristics of the study population according to adherence to the energy-reduced Mediterranean Diet Score (er-

MEDAS). 

Adherence to the er-MEDAS 

1st quartile 2nd  quartile 3rd  quartile     4th quartile p for trend 

n 1629 1813 1752 1566 

er-MEDAS score (unit) 5.0 (1-6) 7.3 (7-8) 9.5 (9-10) 12.1 (11-17) - 

Allocated to intervention group (n, %) 766 (51.1%) 824 (49.9%) 837 (52.5%) 743 (51.7%) 0.437 

Women (n, %) 565 (37.7%) 789 (47.8%) 814 (51.0%) 814 (56.7%) <0.001 

Age, years 64.2 (5.1) 65.0 (4.9) 65.2 (4.8) 65.6 (4.8) <0.001 

Education higher than primary (n, %) 794 (53.0%) 817 (49.5%) 813 (51.0%) 736 (51.3%) 0.532 

Current smokers (n, %)   268 (17.9%)     252 (15.3%)     207 (13.0%)     164 (11.5%)   <0.001 

BMI, kg/m2 32.7 (3.44) 32.7 (3.53) 32.5 (3.44) 32.1 (3.37) <0.001 

Waist circumference, cm 109 (9.57) 108 (9.92) 107 (9.72) 106 (9.09) <0.001 

Physical activity, MET·min·day  233 (102;432)   242 (120;474)   300 (134;500)   330 (173;550)  <0.001 

Energy intake, kcal/day    2570 (663)    2421 (639)    2362 (580)    2311 (585) <0.001 
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Values are presented as means (range for er-MEDAS; SD all others) or median [interquartile range] for continuous variables and n (%) for categorical 

variables.  

BMI: body mass index; er-MEDAS: energy-restricted Mediterranean diet adherence screener (values from 0 to 17 points); HbA1c: glycosylated hemoglobin.

Hypertension (n, %) 1262 (85.0%) 1378 (84.0%) 1333 (84.0%) 1169 (81.7%) 0.024 

Diabetes (n, %) 340 (22.7%)  459 (27.9%)  465 (29.2%)  433 (30.3%)  <0.001 

Hypercholesteremia n, (%) 1027 (69.7%) 1130 (68.9%) 1085 (68.3%) 1031 (72.0%) 0.230 

Systolic blood pressure, mm/Hg  139 (16.3)   140 (16.7)   139 (17.0)   139 (17.4)  0.992 

Diastolic blood pressure, mmHg 80.3 (10.2)  80.9 (10.1)  81.0 (9.65)  81.0 (9.54)  0.080 

Fasting glucose, mg/dl 112 (28.0)  114 (29.4)  114 (28.5)  113 (30.4)  0.326 

Total cholesterol, mg/dl 197 (38.3)  197 (38.0)  196 (38.0)  197 (36.7)  0.834 

HDL-cholesterol, mg/dl 46.6 (11.3) 47.9 (12.3) 48.8 (11.5) 49.2 (12.0) <0.001 

LDL-cholesterol, mg/dl 122 (39.9)  122 (44.6)  121 (43.6)  122 (39.3)  0.982 

Triglycerides, mg/dl 160 (78.8)  156 (83.4)  148 (71.9)  144 (71.7)  <0.001 

HbA1c (%) 6.08 (0.84) 6.16 (0.90) 6.13 (0.85) 6.07 (0.88) 0.705 
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Table 2 Absolute agreement between frequency and habits of dietary food intake as measured with the 17-item energy-reduced Mediterranean diet adherence 

screener (er-MEDAS) and the 143-item food frequency questionnaire (FFQ). 

Frequency1 er-MEDAS2 FFQ3 Kappa 95%CI4 Absolute 

agreement (%) 

1. Do you use olive oil as the principal source of fat for cooking? Yes 79.2 67.3 0.51 0.49;0.53 80.3 

2. How many servings of vegetables do you consume per day?

Count garnish and side servings as ½ point; a full serving is 200

grams.

≥ 2 36.9 26.5 0.23 0.21;0.25 66.2 

3. How many pieces of fruit (including fresh-squeezed juice) do you

consume per day?

≥ 3 46.9 34.1 0.37 0.35;0.39 69.0 

4. How many servings of red meat, hamburger, or sausages do you

consume per week? A full serving is 100-150 grams.

<= 1 47.3 3.7 0.06 0.05;0.07 55.3 

5. How many servings (12 g) of butter, margarine, or cream do you

consume per week?

< 1 79.8 75.7 0.55 0.53;0.57 84.2 

6. How many carbonated and/or sugar-sweetened beverages do you

consume per week?

< 1 74.5 78.2 0.34 0.31;0.37 76.2 

7. How many servings (150 g) of pulses do you consume per week? ≥ 3 19.5 21.0 0.38 0.35;0.41 80.0 

8. How many servings of fish/seafood do you consume per week?

(100-150 g of fish, 4-5 pieces or 200 g of seafood)

≥ 3 46.6 71.2 0.35 0.33;0.37 66.7 

9. How many times do you consume pastry such as cookies, cake,

or sweets per week?

< 3 58.4 49.9 0.44 0.42;0.46 72.1 
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10. How many times do you consume nuts per week? (1 serving=30

grams) per week?

≥ 3 40.8 37.3 0.51 0.49;0.53 76.4 

11. Do you prefer to eat chicken, turkey or rabbit instead of beef,

pork, hamburgers or sausages?

Yes 73.6 59.9 0.37 0.35;0.39 71.5 

13. Do you add sugar to your beverages (coffee, tea)? No 63.6 58.1 0.65 0.63;0.67 83.3 

14. How many servings of white bread do you consume per day (1

serving = 75g)?

≤ 1 44.7 68.4 0.40 0.37;0.42 69.0 

15. How many servings of whole grain bread/pasta/rice do you

consume per week?

≥ 5 27.1 35.4 0.58 0.56;0.60 81.2 

16. How many servings of refined bread, rice and/or pasta do you

consume per week?

< 3 30.3 21.1 0.39 0.37;0.41 76.3 

17. Do you drink wine? How much do you consume per week?
♂ 14-21

cups

♀ 7-14 cups

23.1 11.4 0.47 0.44;0.50 84.6 

1Criterion to score 1 point. Otherwise, 0 recorded.  2 Percentage of participants scoring 1 on the re-MEDAS. 3 Percentage of participants scoring 1 on the full-

length food frequency questionnaire (FFQ). 4 95 % confidence interval of Kappa; 5 Tablespoon = 13.5g; 6 1 cup = 100 ml. 

The item corresponding to sofrito (a sauce made of tomato, onion and garlic slowly simmered in olive oil), item #12, was not included because this item was 

not part of the FFQ
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Table 3 Correlation coefficients and between-method agreement measurements of the energy-restricted 

Mediterranean diet adherence score derived by the 17-item er-MEDAS and the reference method (143-item 

FFQ). 

1 calculated as: er-MEDAS – FFQ   

2 calculated as: [er-MEDAS/FFQ] * 100 

3 Regression coefficients (β) between mean of the er-MEDAS and mean differences (independent variable) 

between the er-MEDAS and the er-MEDAS obtained by the reference method  

 

   

Mean  score (SD)   

- According to FFQ 7.2 (2.4) 

-  According to er-MEDAS 7.9 (2.6) 

 Difference of means, (95% CI)1 0.73 (0.68-0.78) 

 Ratio of means, %; (95% CI)2 117 (116-118) 

Regression coefficient3 0.127 (0.104-0.151) 

Pearson correlation coefficient 0.61 

Intraclass correlation coefficient 0.60 
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Table 4.  One-year changes in daily energy intake and food consumption derived by the food frequency questionnaire according to 

quartiles of 1-year changes in the energy restricted Mediterranean adherence score (er-MEDAS) 

  

 

1-year changes in the er-MEDAS  

 
 1st quartile 2nd quartile  3rd quartile      4th quartile  p for trend 

n 1629 1813 1752 1566  

Energy (kcal) -65.1 (17.2) -94.8 (16.2) -150.7 (15.5) -248.9 (13.7) <0.001 

Vegetables (g) -4.3 (4.5) 24.8 (4.2) 33.3 (4.0) 63.8 (3.6 <0.001 

Vegetables (g/1000kcal) 1.1 (2.0) 14.9 (2.0) 23.1 (2.0) 41.0 (2.0) <0.001 

Fruits (g) 6.0 (6.6) 34.8 (6.3) 49.0 (6.0) 76.7 (5.3) <0.001 

Fruits (g/1000kcal) 7.2 (3.0) 21.3 (3.0) 32.2 (2.0) 48.0 (2.0) <0.001 

Legumes (g) 1.1 (0.4) 3.1 (0.4) 4.1 (0.4) 6.7 (0.3) <0.001 

Legumes (g/1000kcal) 0.8 (0.2) 1.8 (0.2) 2.5 (0.2) 3.9 (0.1) <0.001 

Refined cereals (g) -8.9 (2.6) -28.7 (2.4) -46.4 (2.3) -82.2 (2.1) <0.001 

Refined cereals (g/1000kcal) -2.6 (0.9) -10.6 (0.9) -17.2 (0.8) -30.5 (0.8) <0.001 

Whole grain cereals  -2.0 (1.2) 13.6 (2.0) 20.6 (1.9) 45.6 (1.7) <0.001 

Whole grain cereals (g/1000kcal) -0.4 (0.9) 6.4 (0.8) 10.1 (0.8) 21.5 (0.7) <0.001 

Meat (g) -9.5 (1.7) -12.4 (1.6) -17.8 (1.6) -26.8 (1.4) <0.001 
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              Adjusted for sex, age, and intervention group. Values are expressed in mean and standard error.  

 

 

Meat (g/1000kcal) -2.8 (0.7) -3.4 (0.7) -4.4 (0.6) -5.1 (0.6) <0.001 

Fish (g) -3.6 (1.5) 2.7 (1.4) 17.0 (1.3) 20.0 (1.2) <0.001 

Fish (g/1000kcal) -0.4 (0.7) 2.5 (0.6) 7.7 (0.6) 13.1 (0.5) <0.001 

Nuts (g) 8.6 (0.7) 10.9 (0.6) 15.2 (0.6) 18.3 (0.5) <0.001 

Nuts (g/1000kcal) 4.4 (0.3) 5.3 (0.2) 7.3 (0.2) 8.9 (0.2) <0.001 

Oilve oil (g) 4.5 (0.6) 5.7 (0.5) 5.5 (0.5) 5.6 (0.5) <0.001 

Olive oil (g/1000kcal) 3.5 (0.2) 3.1 (0.2) 3.6 (0.2) 4.1 (0.2) <0.001 
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Table 5 Multiple adjusted regression coefficients1 and 95% confidence interval (CI) for the 

association between 1-year changes in the Mediterranean diet score derived by the energy-restricted 

Mediterranean diet adherence2 screener (er-MEDAS) and 1-year changes in cardiovascular risk 

factors in 5033 participants of the PREDIMED Plus trial.1  

 

  

Change in risk factor for each 2-point change 

in the Energy-restricted Mediterranean diet 

score  

n=5369 

 

Dependent variable 

 

Regression 

coefficient 

 

 

95% CI 

 

P value 

    

Body mass index1 (kg/m2) -0.224 -0.251; -0.198 <0.001 

Waist circumference1 (cm) -0.624 -0.713; -0.536 <0.001 

Total cholesterol (mg/dl) -0.032 -0.856; 0.191 0.213 

LDL-cholesterol3 (mg/dl) 0.146 -0.422; 0.714 0.614 

HDL-cholesterol4 (mg/dl) 0.186 0.054; 0.317 0.006 

Total cholesterol:HDL-cholesterol ratio -0.013 -0.028; 0.002 0.085 

Triglycerides:HDL-cholesterol ratio -0.062 -0.092; -0.032 <0.001 

Triglycerides (mg/dl) -2.877 -3.877; -1.867 <0.001 

Fasting blood glucose3,4 (mg/dl) -0.994 -1.356; -0.631 <0.001 

Systolic blood pressure (mm Hg)  0.066 -0.222; 0.354 0.654 

Diastolic blood pressure (mm Hg) -0.268 -0.407; -0.129 <0.001 

1 Linear regression analyses adjusted for sex, age, smoking status, leisure-time physical activity, 

intervention group, educational level, and baseline level of the corresponding cardiovascular risk 

factor.  

2 Mean change + 3 SD 3.1; maximum changes -7 and + 13 

3 High-density lipoprotein.  

4 Low-density lipoprotein. 
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Online Supplemental Material 

Supplementary Table 1 Correlation coefficients and between-method agreement measurements of 

the energy-restricted Mediterranean diet adherence score derived by the 17-item er-MEDAS and the 

reference method (136-item FFQ) according to sex, age, education, and intervention group. 

 

Sex  

Men n= 3493 

 

Women n= 3267 

Mean (SD)   

- FFQ 6.8 (2.3) 7.6 (2.3) 

- Screener er-MEDAS 7.6 (2.6) 8.3 (2.6) 

Difference of means,  (95% CI)1 0.77 (0.70;0.85) 0.68 (0.61;0.76) 

Proportions of means, %; (95% CI)2 118 (117;120) 115 (113;116) 

Regression coefficient  (95% CI)3 0.134 (0.102;0.167) 0.124 (0.090;0.158) 

ICC4 ( er-MEDAS vs FFQ) 0.60 0.59 

r5 ( er-MEDAS vs FFQ) 0.60 0.59 

   

Age, years ≤65 n= 3631 >65 n= 3129 

Mean (SD)   

- FFQ 7.0 (2.4) 7.4 (2.3) 

- Screener er-MEDAS 7.7 (2.6) 8.1 (2.6) 

Difference of means,  (95% CI)1 0.72 (0.64;0.79) 0.74 (0.67;0.82) 

Proportions of means , %; (95% CI)2 117 (116;119) 116 (114;117) 

Regression coefficient  (95% CI)3 0.121 (0.088;0.153) 0.134 (0.099;0.169) 

ICC ( er-MEDAS vs FFQ)4 0.61 0.60 

r ( er-MEDAS vs FFQ)5 0.60 0.60 

   

Education Primary n=3289 >Primary n=3471 

Mean (SD)   

- FFQ 7.2 (2.3) 7.2 (2.4) 

- Screener er-MEDAS 7.9 (2.6) 7.9 (2.6) 

Difference of means,  (95% CI)1 0.71 (0.64;0.79) 0.75 (0.67;0.82) 

Proportions of means , %; (95% CI)2 116 (115;118) 117 (116;118) 

Regression coefficient  (95% CI)3 0.136 (0.102;0.170) 0.119 (0.086;0.153) 
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1 calculated as: er-MEDAS – FFQ   

2 calculated as: [er-MEDAS/FFQ] * 100 

3 Regression coefficients (β) between mean (dependent variable) and mean differences (independent 

variable) of the er-MEDAS score obtained by the test and the reference method  

4 Intraclass correlation coefficient  

5 Pearson correlation coefficient 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ICC ( er-MEDAS vs FFQ)4 0.60 0.61 

r ( er-MEDAS vs FFQ)5 0.60 0.61 

   

Intervention group Control n= 3416 Intervention n= 3344 

Mean (SD)   

- FFQ 7.2 (2.4) 7.2 (2.3) 

- Screenet er-MEDAS 8.0 (2.6) 7.9 (2.6) 

Difference of means,  (95% CI)1 0.75 (0.68;0.83) 0.71 (0.63;0.79) 

Proportions of means‡ , %; (95% CI)2 117 (115;118) 117 (115;118) 

Regression coefficient  (95% CI)3 0.130 (0.096;0.164) 0.125 (0.099;0.158) 

ICC ( er-MEDAS vs FFQ)4 0.62 0.59 

r ( er-MEDAS vs FFQ)5 0.62 0.59 



 

 

Supplementary Table 2.  

List of PREDIMED-Plus study investigators  

Steering Committee:  

J. Salas-Salvadó (Coordinator), M.A. Martínez-González, M. Fitó. E. Ros, FJ. Tinahones, D. Corella 

and R. Estruch.  

Executive Committee:  

J. Salas-Salvadó, M.A. Martínez-González, D. Corella, M. Fitó, J. Vioque, D. Romaguera, J.A 

Martínez, J. Wärnberg, J. Lopez-Miranda, R. Estruch, A. Bueno-Cavanillas, Á.M. Alonso-Gómez, 

J.A. Tur, FJ. Tinahones, L. Serra-Majem, V. Martin, J. Lapetra, C. Vázquez, X. Pinto, J. Vidal, L. 

Daimiel, M. Delgado-Rodríguez, M.A. Rubio and E. Ros.  

Dietary and Lifestyle Intervention Committee:  

J. Salas-Salvadó (chair), M.A. Martínez-González, M. Fitó and R. Estruch;  

Dietary Intervention: J. Salas-Salvadó (chair), N. Babio, E. Ros, A. Sánchez-Tainta;  

Physical Exercise: M. Fitó (chair), H. Schröder, A. Marcos, D. Corella, J. Warnberg;  

Behavioural support: R. Estruch (chair), F. Fernández-Aranda, C. Botella and J. Salas-Salvadó.  

Clinical Event Ascertainment Committee:  

F. Arós (Chair), M. Aldamiz, A. Alonso-Gómez, L. Forga, A. García-Layana, J. Portu, J. Timiraos, 

A. González-Pinto, I. Zorrilla, M. Martínez-Kareaga, P. Seoane. 

Chair: Dr. Fernando Arós  

Cardiology: Dr. Angel Alonso-Gómez; Dr. Fernando Arós  

Neurology: Dr. Juan Timiraos  

Internal Medicine: Dr. Mikel Aldamiz; Dr. Joseba Portu  

Endocrinology: Dr. Lluis Forga  

Ophthalmology: Dr. Alfredo García-Layana  

Psychiatry: Dr. Ana González Pinto; Dr. Iñaki Zorrilla  

Oncology: Dr. Mireia Martínez; Dr. Patricia Seoane  

Support groups: 

C. Botella, F. Fernandez-Aranda, R. Lamuela, A. Marcos, M.P. Portillo, E. Ros, G. Sáez, F. Arós, 

E. Gómez-Gracia 

PREDIMED-Plus centers participantes of DXA sub-study: 

Rovira i Virgili University, Department of Biochemistry and Biotechnology, Human Nutrition 

Unit, University Hospital of Sant Joan de Reus, Pere Virgili Institute for Health Research, 

Reus, Spain: R. Pedret Llaberia, R. Gonzalez, R. Sagarra Álamo, F. París Palleja, J. Balsells, J.M. 

Roca, T. Basora Gallisa, J. Vizcaino, P. Llobet Alpizarte, C. Anguera Perpiñá, M. Llauradó Vernet, 

C. Caballero, M. Garcia Barco, M.D. Morán Martínez, J. García Rosselló, A. Del Pozo, C. Poblet 



 

Calaf, P. Arcelin Zabal, X. Floresví, M. Ciutat Benet, A. Palau Galindo, J.J. Cabré Vila, F. Dolz 

Andrés, M. Soler, M. Gracia Vidal, J. Vilalta J. Boj Casajuana, M. Ricard, F. Saiz, A. Isach, M. 

Sanchez Marin Martinez, E. Granado Font, C, Lucena Luque, C. Mestres Sola, N. Becerra-Tomás, 

G. Mestres, J. Basora, G. Mena-Sánchez, L. Barrubés Piñol, M. Gil Segura, N. Rosique-Esteban, S. 

Chig, I. Abellán Cano, V. Ruiz García, C. Gomez-Martinez, L. Lopez-Gonzalez, A. Salas-Huetos, 

I. Paz-Graniel, J. Roig Vallverdú, C. Claudia Miñana Garcia, L. Sánchez Niembro, P. Hernandez-

Alonso, A. Díaz-López. 

Department of Preventive Medicine and Public Health, University of Navarra-Navarra 

Institute for Health Research (IdiSNA), Pamplona, Spain: E. Toledo, Z. Vázquez, C. Razquin, 

A. Gea, A. Sanchez Tainta, B. SanJulian Aranguren, E. Goñi, L. Goñi, M.J. Cobo, A. Rico-Campa, 

F.J. Basterra Gortari, A. Garcia Arellano, J. Diez-Espino, O. Lecea-Juarez, J. Carlos Cenoz-Osinaga, 

I. Alvarez-Alvarez, M.C. Sayon-Orea, C.I. Fernandez-Lázaro, L. Ruiz-Estigarribia, J. Bartolome-

Resano, A. Sola-Larraza (†), E. Lozano-Oloriz, B. Cano-Valles, S. Eguaras, E. Pascual Roquet-

Jalmar, I. Galilea-Zabalza, H. Lancova, R. Ramallal, M.L. Garcia-Perez, V. Estremera-Urabayen, 

M.J. Ariz-Arnedo, C. Hijos-Larraz, C. Fernandez-Alfaro, B. Iñigo-Martinez, R. Villanueva Moreno, 

S. Martin-Almendros, L. Barandiaran-Bengoetxea, C. Fuertes-Goñi, A. Lezaun-Indurain, M.J. 

Guruchaga-Arcelus, O. Olmedo-Cruz,  L. Escriche-Erviti, R. Ansorena-Ros, R. Sanmatin-Zabaleta, 

J. Apalategi-Lasa, J. Villanueva-Telleria, M.M. Hernández-Espinosa,  L. Herrera-Valdez, L. 

Dorronsoro-Dorronsoro, Lourdes Echeverria-Lizarraga  (†), J.A. Cabeza-Beunza, P. Fernández-

Urretavizcaya, P. Gascó-García, C. Royo-Jimenez, J. Moran-Pí, F. Salazar-Fernández, F.J. Chasco-

Ros, F. Cortés-Ugalde, J.J. Jurio-Burgui, P. Pascual-Pascual, A.I. Rodríguez-Ezpeleta, M. Esparza-

Cáceres, C. Arroyo-Azpa, M. Rodríguez-Sanz de Galdeano, T. Forcen-Alonso, M. Armendariz-

Marcotegui, A. Brugos-Larumbe, A. Arillo, B. López-Aisa. 

Hospital Son Espases (HUSE) and Institute for Health Research Illes Balears (IdISBa), Palma 

de Mallorca, Spain: M. Moñino, A. Colom, A.M. Galmés-Panadés, M.A. Martín, E. Rayó, J. 

Llobera, J. Fernández-Palomeque, E. Fortuny, M. Noris, L. López, X. Rosselló, S. Munuera, F. 

Tomás, F. Fiol, J.M. Janer, C. Vallespir, I. Mattei, N. Feuerbach, M. del Mar Sureda, S. Vega, L. 

Quintana, A. Fiol, M. Amador, S. González, J. Coll, A. Moyá, T. Piqué Sistac, M.D. Sanmartín 

Fernández, M.C. Piña Valls, M.A. Llorente San Martín, J. Pou Bordoy. 

Department of Nutrition, Food Sciences, and Physiology, Center for Nutrition Research, 

University of Navarra, Pamplona, Spain: I. Cantero, C. Cristobo, I. Ibero-Baraibar, M. Zulet, J. 

Ágreda-Peiró, M.D. Lezáun-Burgui, N. Goñi-Ruiz, R. Bartolomé-Resano, E. Cano-Cáceres, T. 

Elcarte-López, E. Echarte-Osacain, B. Pérez-Sanz, I. Blanco-Platero, A. Andueza- Azcárate, A. 

Gimeno-Aznar, E. Ursúa-Sesma, B. Ojeda-Bilbao, J. Martinez-Jarauta, L. Ugalde-Sarasa, B. 

Rípodas-Echarte, M.V. Güeto-Rubio, C. Napal-Lecumberri, MD Martínez-Mazo, E Arina-Vergara, 

A. Parra-Osés, F. Artal-Moneva, F. Bárcena-Amigo, F. Calle-Irastoza, J. Abad-Vicente, J.I. 



 

Armendáriz-Artola, P. Iñigo-Cibrian, J. Escribano-Jarauta, J. Ulibarri-delportillo, B. Churio-Beraza, 

Y. Monzón-Martínez, E. Madoz-Zubillaga, C. Arroniz.  

Department of Internal Medicine, Institut d’Investigacions Biomèdiques August Pi i Sunyer 

(IDIBAPS), Hospital Clínic, University of Barcelona, Barcelona, Spain: M. Domenech, C. 

Viñas, S. Castro-Barquero, A.M. Ruiz-León, R. Losno, L. Tarés, A. Jordán, R. Soriano, M. 

Camafort, C. Sierra, E. Sacanella, A. Sala-Vila, J. M. Cots, I. Sarroca, M. García, N. Bermúdez, A. 

Pérez, I. Duaso, A. de la Arada, R. Hernández, C. Simón, M.A. de la Poza, I. Gil, M. Vila, C. Iglesias, 

N. Assens, M. Amatller, LL. Rams, T. Benet, G. Fernández, J. Teruel, A. Azorin, M. Cubells, D. 

López, J.M. Llovet, M.L. Gómez, P. Climente, L. de Paula, J. Soto, C. Carbonell, C. Llor, X. Abat, 

A. Cama, M. Fortuny, C. Domingo, A. I. Liberal, T. Martínez, E. Yañez, M. J. Nieto, A. Pérez, E. 

Lloret, C. Carrazoni, A. M. Belles, C. Olmos, M. Ramentol, M. J. Capell, R. Casas, I. Giner, A. 

Muñoz, R. Martín, E. Moron, A. Bonillo, G. Sánchez, C. Calbó, J. Pous, M. Massip, Y. García, M.C. 

Massagué, R. Ibañez, J. Llaona, T. Vidal, N. Vizcay, E. Segura, C. Galindo, M. Moreno, M. Caubet, 

J. Altirriba, G. Fluxà, P. Toribio, E. Torrent, J. J. Anton, A. Viaplana, G. Vieytes, N. Duch, A. 
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