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ABSTRACT 
Background The Mediterranean Diet (MD) is a dietary pattern that features a high 

quotient of antioxidant-rich foods. Differences in the level of dietary antioxidants intake 
reflected by different MD indexes has received little research attention. 

Objective The purpose of this study was to compare the dietary antioxidant profile of 
21 a priori defined indexes of adherence to the MD. 
Design A cross-sectional study. 

Participants/setting A total of 14,756 participants belonging to two Spanish European 

Prospective Investigation into Cancer and Nutrition cohorts, aged 32 to 69 years, 
recruited between 1992 and 1996, were included. 
Main outcome measure Participants provided information on diet through a validated 

diet history questionnaire. Antioxidants (vitamin C, beta carotene and a-tocopherol), 
total antioxidant capacity, total polyphenols, flavonoids, and polyphenol antioxidant 

content score were estimated using different food composition databases. Twenty-one 
MD indexes were operationalized. 
Statistical analysis Spearman correlation coefficients between the indexes were 
calculated and hierarchical clustering was applied to identify cluster groups. Weighted 
kappa statistic was estimated to value the scoring agreements between indexes. Anti- 
oxidant profiles between the MD indexes were compared based on geometric mean 

intakes. The relationship between each MD index with the components of the antiox- 
idant profile was evaluated using linear multivariable regression analysis. 

Results Correlation patterns between the MD indexes showed that about half of the 

indexes were moderately-to-weakly correlated with each other (rho<0.5). The main 
cluster groups derived denoted the high-, moderate-, and low-correlated MD indexes. 
Three MD indexes (MD pattern-2002, Prevention with MD, and Alternate MD index) 
presented the highest mean intakes of antioxidant vitamins, total antioxidant capacity, 
total polyphenols, flavonoids, and polyphenol antioxidant content score. These and 
other indexes (mainly those belonging to the MD Scale group) captured higher intake 
levels of dietary antioxidants overall. 

Conclusions The level of dietary antioxidant intake that is captured through the 
different MD indexes differed due to the variation in their construction. Study results 
also suggest that some MD indexes reflect a higher antioxidant profile. 
 

 

 T 
HE  MEDITERRANEAN  DIET  (MD)  IS  A  WIDELY 
recognized, mainly plant-based food dietary pattern 
(eg, fruits and vegetables, olive oil, nuts, legumes, and 

unprocessed cereals)1 that provides a relatively high 
amount of antioxidant nutrients and hundreds of nonnutri- 

tive constituents with important biological activities.2 These 
naturally occurring antioxidants have a well-established 

chronic disease risk-lowering effect due to their exceptional 
antioxidative and anti-inflammatory effects.3,4 Defining the ideal 

MD pattern has become challenging and, as a result, since the 
first MD index emerged in 1995,5 a number of MD indexes have been 

published to adapt the universally known 
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MD to existing regional variations in the MD concept.6 
Several other MD indexes have also been developed to 
bet- ter reflect progress made in our knowledge of 

what is termed an MD pattern.6 All these MD indexes 
tend to resemble the MD pattern but they differ 
considerably by virtue of the components and scoring 
schemes.7 Indeed, as has been shown in a cross-

comparison study of 10 MD indexes, all included indexes 
were valid to measure adherence to the MD, but a low 
correlation was found between most of them.8 Owing to 
these differing MD definitions, it is plausible to assume that 
their health effect benefits are not equal in magnitude. For 
instance, the antioxidant potential of a



 

 

 
 

 

existing MD indexes is, on the whole, far from being well 
established. It is also not certain whether the oxidative and 

inflammatory-reducing effects of the MD on the basis of the 
dietary supply of antioxidants is alike among the MD indexes. 

Rather than considering the isolated effect of individual 
nutrient antioxidants, it has been argued that dietary total 
antioxidant capacity (TAC) represents an available measure of 
the nonenzymatic antioxidant global network.9 TAC has been 
therefore proposed as a tool for investigating the synergistic 

effects of dietary antioxidants.9-11 Another measure ac- 
counting for the global polyphenol intake is the polyphenol 

antioxidant content (PAC) score.12 The antioxidants (vitamins 
C and E, phenolic compounds, and carotenoids), traditionally 
known as dietary antioxidants, also reflect the antioxidant 

potential of the diet.10 
A previous study evaluated four published MD indexes 

with regard to dietary TAC intake,13 namely the MD Score- 
2001,14 the Alternate Mediterranean Diet Index (aMED),15 the 
Modified MD (MMD-2005),16 and the Mediterranean Diet 
Quality Index (MDQI).17 That study reported a positive and 
statistically significant relationship between dietary TAC and 
adherence to these MD indexes but specific nutrient antiox- 
idants were not considered. With regard to polyphenols, a 
study by Pounis and colleagues12 explored how the MD is 
related to the intake of flavonoids, lignans, and the PAC score, 
finding a positive trend of association as well. A higher 
antioxidant status of vitamin A, vitamin C, and vitamin E has 
been also related to a higher adherence to the MD.18 No 
further studies have been published on this topic. 

Because interest in the development and use of MD indexes 
continues to grow, due in part to the dietary pattern’s po- 
tential for the prevention of oxidative/inflammatory-related 

diseases, it becomes vital to examine their antioxidant po- 
tential. Differences with respect to this antioxidant potential 
could be explained by dissimilarities between the indexes. 
Therefore, the aim of this study was to comparatively eval- 
uate the dietary antioxidant profile of 21 indexes of adher- 
ence to the MD that have been previously identified in the 
literature,7 and to further analyze the correlations among 
them. 

 

MATERIALS AND METHODS 
A cross-sectional study was conducted within the European 
Prospective Investigation into Cancer and Nutrition (EPIC) 
study. 

 

Study Population 
EPIC is a large cohort study that was designed to identify the 
many risk factors leading to the development of cancer and 
other chronic diseases. EPIC-Spain is the Spanish arm of the 
European cohort. Participants belonging to two Spanish co- 
horts (EPIC-Granada and EPIC-Gipuzkoa), recruited between 
1992 and 1996, were included in this study (16,296 adults 
aged between 32 and 69 years). Details of the design and 
methodology of the study have been described else- 
where.19,20 Approval for the study was obtained from the 

ethical review boards of the International Agency for Research on 
Cancer and specifically for EPIC-Spain from the Medical Ethical 
Committee of Bellvitge Hospital (Barcelona, Spain). All 
participants provided written informed consent. 



 

 

 

 
 

Three hundred twenty-five individuals with extreme 
values of energy intake, below the first percentile (836 
kcal/ day) and above the 99th percentile (4,119 
kcal/day) of the distribution of energy intake, 
respectively, were excluded. In addition, 1,215 
participants with prevalent diseases (eg, cancer) at 
baseline were excluded, leaving 14,756 healthy 
participants available for analyses. 

DIETARY AND LIFESTYLE FACTORS ASSESSMENT 
The participants of the EPIC-Granada and EPIC-
Guipuzkoa cohorts provided information about their 
dietary intake through a validated diet history 

questionnaire.21 The ques- tionnaire was administered 
through face-to-face interviews to ask participants about the 
frequency of consumption of more than 600 food items in the 
previous year, also consid- ering the influence of seasonal 
food availability as well as other particular dietary issues, 
such as added fats and con- sumption of alcoholic 
beverages.21 Intake of nutrients along with total energy 
intake were derived from the EPIC Nutrient Database-EPIC 
food composition data tables.22 

Apart from diet, participants were also asked to provide 
information about their lifestyle habit, including smoking 
status (never, former, and current smoker, along with smok- 
ing habit-related variables such as intensity and duration of 
smoking). In addition, height and weight measurements 
were taken using standard protocols.23 Body mass index was 
calculated as weight in kilograms divided by the square of 
height in meters. Information on occupational and leisure 
activities, collected through a validated physical activity 
questionnaire, was used to define physical activity levels as 
inactive, moderately inactive, moderately active, and active 
(in metabolic equivalent units).24 

 

Antioxidant Profile 
Information on intake of antioxidant vitamins (vitamin C, 

beta carotene, and a-tocopherol) were derived from the EPIC 
nutrient database,22 and that of dietary TAC from published 
TAC values of 210 food items,25,26 distinguishing by three TAC 
methods: total radical-trapping antioxidant parameter 
(TRAP), ferric reducing-antioxidant power (FRAP), and trolox 
equivalent antioxidant capacity (TEAC). Oxygen radical 
absorbance capacity (ORAC) was calculated using the US 
Department of Agriculture database.27 Coffee may be a strong 

 

 SNAPSHOT 

Research Question: Do a priori defined Mediterranean diet 

(MD) indexes equally reflect dietary intake of antioxidants? 

Key Findings: In this cross-sectional study conducted among 

14,756 participants belonging to two Spanish European 

Prospective Investigation into Cancer and Nutrition cohorts, 

weak-to-moderate correlation strengths among 21 MD 

indexes were observed. The levels of antioxidants intake 

varied largely among the MD indexes as a result of these 

differences. Some of the MD indexes showed a higher 

antioxidant profile in terms of intakes of antioxidant vitamins, 

total antioxidant capacity, and flavonoids, supporting their 

epidemiologic application to evaluate dietedisease 

relationships. 



 

 

 
 

 

Table 1. Characteristics of the study populations of European Prospective into Cancer and Nutrition-Granada and European 

Prospective into Cancer and Nutrition-Gipuzkoa at baseline (N¼14,756; 1992-1996) 
 

 Men Women  Granada Gipuzkoa  

Characteristic (n[5,517) (n[9,239) P valuea (n[6,625) (n[8,131) P valuea 

←————————n (%)————————! ←——————— —n (%)——————— —! 

Lifetime nonsmoker 1,671 (30.3) 6,831 (73.9) <0.001 4,422 (66.7) 4,080 (50.2) <0.001 

Physically inactiveb 1,132 (20.5) 4,604 (49.8) <0.001 3,486 (52.6) 2,250 (27.7) <0.001 

Men    1,526 (23.3) 3,991 (49.1) <0.001 

)mean standard deviation/ )mean standard deviation/ 

Age (y) 51.2 7.3 48.8 8.5 <0.001 49.8 8.6 49.6 7.7 >0.05 

Body mass index 28.2 3.4 28.2 4.8 >0.05 29.1 4.6 27.5 3.9 <0.001 

MDc indexd (score range)       

MD Scale-1995 (0-8) 4.01 1.50 3.96 1.52 >0.05 3.92 1.52 4.03 1.49 <0.001 

MD Scale-2003 (0-9) 5.06 1.60 3.87 1.61 <0.001 4.06 1.71 4.52 1.68 <0.001 

MD Scale-2013 (0-10) 4.92 1.59 3.90 1.62 <0.001 4.11 1.74 4.43 1.62 <0.001 

Modified MD-2005 (0-9) 5.20 1.54 3.80 1.58 <0.001 3.96 1.68 4.61 1.67 <0.001 

MD Pattern-2002 (8-40) 29.1 4.7 24.6 4.5 <0.001 25.0 4.9 27.3 5.0 <0.001 

MD Pattern-2003 (0-18) 10.8 2.0 10.8 1.8 >0.05 11.1 1.7 10.7 1.9 <0.001 

MD Pattern-2006 (10-30) 20.2 2.7 18.6 2.6 <0.001 19.2 2.8 19.2 2.7 >0.05 

MSDPSe (0-120) 69.7 14.0 70.1 12.2 >0.05 70.9 11.5 69.2 13.9 <0.001 

MDQIf (14-0) 6.45 2.12 6.44 2.13 >0.05 6.11 2.01 6.71 2.18 <0.001 

ITAMEDg (0-11) 4.52 1.74 4.06 1.70 <0.001 4.09 1.69 4.35 1.76 <0.001 

Alternate MD Index (0-9) 3.25 1.40 2.94 1.39 <0.001 3.05 1.41 3.06 1.40 >0.05 

Relative MD Scale (0-18) 9.78 2.70 7.89 2.63 <0.001 8.20 2.77 8.91 2.80 <0.001 

MD Score-2001 (0-8) 3.16 1.44 2.85 1.41 <0.001 3.11 1.43 2.85 1.43 <0.001 

MD Score-2004 (9-27) 19.7 2.5 17.7 2.5 <0.001 18.0 2.8 18.8 2.6 <0.001 

MD Score-2005 (0-55) 33.5 4.3 32.9 4.4 <0.001 33.7 4.0 32.7 4.6 <0.001 

MD Score-2007 (0-55) 33.3 4.7 33.9 4.0 <0.001 34.4 3.7 33.1 4.6 <0.001 

Cardioprotective MD Scale (0-9) 5.10 1.51 5.59 1.49 <0.001 5.74 1.39 5.14 1.56 <0.001 

PREDIMEDh (0-14) 8.78 1.47 7.85 1.17 <0.001 8.06 1.26 8.32 1.43 <0.001 

L-basedi (0-18) 9.95 2.01 9.82 2.21 <0.001 10.1 2.2 9.68 2.09 <0.001 

MEDLIFEj (0-18) 9.83 1.83 9.00 1.74 <0.001 9.13 1.74 9.46 1.86 <0.001 

MDSS (0-24) 11.7 2.9 11.1 3.1 <0.001 11.2 3.1 11.4 3.0 <0.001 

Dietary factorsd       

Vitamin C (mg/d) 147 77 144 73 <0.05 145 69 145 79 >0.05 

a-Tocopherol (mg/d) 16.1 7.7 11.8 5.7 <0.001 10.9 5.1 15.4 7.4 <0.001 

Beta carotene (mg/d) 2,570 1,523 2,454 1,508 <0.001 2,374 1,454 2,598 1,556 <0.001 

TRAPk (mmol trolox equivalents/d) 5,588 3,629 2,952 1,667 <0.001 3,023 1,909 4,682 3,293 <0.001 

FRAPl (mmol iron/d) 15,348 7,903 9,245 4,459 <0.001 9,580 4,925 13,113 7,444 <0.001 

TEAC-ABTSm (mmol trolox 

equivalents/d) 

5,384 2,979 3,276 1,667 <0.001 3,396 1,818 4,609 2,777 <0.001 

ORACn (mmol trolox equivalents/d) 15,808 6,996 12,557 5,753 <0.001 12,159 5,166 15,088 7,050 <0.001 

TPo (mg/d) 1,921 816 1,602 704 <0.001 1,596 672 1,823 817 <0.001 

RESEARCH 



 

 

Flavonoids (mg/d) 484 297 311 206 <0.001 322 209 420 285 <0.001 

(continued on next page) 
 

 

 



 

 

 
 

 
 

Table 1. Characteristics of the study populations of European Prospective into Cancer and Nutrition-Granada and European 

Prospective into Cancer and Nutrition-Gipuzkoa at baseline (N¼14,756; 1992-1996) (continued) 
 

 Men Women  Granada Gipuzkoa  

Characteristic (n[5,517) (n[9,239) P valuea (n[6,625) (n[8,131) P valuea 
 

←mean standard deviation! ←mean standard deviation! 

PACp score (e28 to 28) 6.77 11.70 —3.62 11.10 <0.001 —2.66 11.70 2.65 12.50 <0.001 

Energy intake (kcal/d) 2,521 601 1,779 491 <0.001 1,820 565 2,248 640 <0.001 

Alcohol (g/d) 27.4 26.5 4.05 8.48 <0.001 5.09 11.90 19.0 24.2 <0.001 

Vegetables (g/d) 255 149 235 129 <0.001 240 136 245 138 <0.05 

Fruits and nuts (g/d) 339 251 319 221 <0.001 314 196 337 259 <0.001 

aStatistical differences by sex and center were evaluated using Student t test or Wilcoxon tests for continuous variables, and c2 test for categorical variables. Information was complete for all 

variables, except for smoking status (n¼7 missing). 
bPhysical inactivity was categorized as defined by the European Prospective into Cancer and Nutrition physical activity index.24 

cMD¼Mediterranen Diet. 
dIndexes and dietary intakes were not adjusted for energy intake. 
eMSDPS¼Mediterranean-Style Dietary Pattern Score. 
fScored inversely. 
gITAMED¼Italian Mediterranean Index. 
hPREDIMED¼Prevention with MD. 
iL-based¼literature-based adherence score to the MD. 
jMEDLIFE¼Mediterranean Lifestyle Index. 
kTRAP¼total radical-trapping antioxidant parameter. 
lFRAP¼ferric-reducing antioxidant power. 
mTEAC-ABTS¼Trolox equivalent antioxidant capacity. 
nORAC¼oxygen radical antioxidant capacity. 
oTP¼total polyphenols. 
pPAC¼polyphenol antioxidant content score. 

 

confounder of the TAC in vivo potential due to its high con- 
tent in melanoidins; that is, products produced during the 
coffee roasting process. They are the main contributors to the 
in vitro antioxidant capacity of coffee and they are generally 
considered poorly absorbable and bioavailable com- 
pounds.28,29 Dietary TAC of coffee was therefore subtracted 
from the total dietary TAC intake. 

Total polyphenols (TP), dietary flavonoids and lignans 
were calculated using databases on polyphenol contents in 
food,30-32 and Phenol Explorer (Phenol-Explorer: An online 
comprehensive database on polyphenol contents in foods, 
Unité de Nutrition Humaine, Clermont-Ferrand, France). De- 
tails on the quantification of the dietary intake of these 
compounds in the EPIC study population can be found else- 
where.33,34 Adherence to the PAC score was calculated as 
described by Pounis and colleagues.12 

 

Computation of Indexes of Adherence to the MD 
Twenty-one MD indexes previously identified in the litera- 

ture7 were operationalized to evaluate the adherence to each 

MD index in the study population. These indexes were: 
the MD Scale (MDS) in different versions: MDS-1995,5 

MDS-2003,35  and  MDS-201336;  the  MMD-200516;  the 

Mediterranean Dietary Pattern (MDP) in different versions: 
MDP-2002,37 MDP-2003,38 and MDP-200639; the 
Mediterranean-Style Dietary Pattern Score (MSDPS)40; 

the MDQI17; Italian Mediterranean Index (ITAMED)41; the aMED15; 
the Relative MD Score (rMED)42; the MD Score in different 
versions: MD Score-2001,14 MD Score-2004,43 MD Score-2005,44 
and MD Score-200745; the Cardioprotective 



 

 

MD Score (Cardio)46; the Mediterranean food pattern of 
the PREDIMED study (PREDIMED)47; the literature-
based adher- ence score to the MD48; the Mediterranean 
Lifestyle index (MEDLIFE),49 of which only the dietary 
components of the index were considered (ie, the social 
habits components were removed); and the 
Mediterranean Diet Serving Score (MDSS).50 
Operationalization of all the indexes was done following 
the definition provided in the original study. For 
instance, in the case of the rMED score, each component 
was calculated considering tertiles of intakes (except for 
olive oil and alcohol consumption), whereas for the 
aMED score, sex-specific medians of intake were 
considered. Points were assigned depending upon the 
cutoffs considered and the MD components presumed to 
fit the MD definition provided in the score. 

Food groups, foods, and nutrient intakes were considered 
to compute every index. Overall, vegetables, fruits, legumes, 
nuts, cereals, fish, olive oil, and moderate alcohol consump- 
tion were considered as positive components, whereas meat 
and processed meat and dairy products were considered as 
negative components. Intake of food groups and foods was 
considered in grams per day. For those indexes considering 
the frequency of consumption in servings on a daily, weekly, 
or monthly basis, the intake by serving size was multiplied as 
established in the index. Because the indexes differed in the 
scales used to assess adherence to the MD, they were 
equalized into low, medium, and high adherence to the MD 
categories by tertiles based on the distribution of adherence 

among the study population (Tertile 1¼low, Tertile 

2¼medium, and Tertile 3¼high). Some but not all indexes 
considered energy-adjusted foods or nutrients in the index 

 

 



 

 

 

 

scoring, which was not taken into consideration to allow a 
standardized comparison of the indexes. Thus, all indexes 
were operationalized as energy-unadjusted indexes. 

 

Statistical Analysis 
To describe baseline characteristics by sex and center, 
means standard deviation were used for continuous vari- 
ables and frequencies for categorical variables. Differences 
across these groups were evaluated by using Student t test 

(or Wilcoxon test where appropriate) and c2 test, 

respectively. 
The relationship between the indexes was explored using 

Spearman correlation coefficients (skewness and Shapiro- 
Wilk test indicated nonnormal distributions of the index 
scale). Spearman correlation coefficients were further used to 
create a hierarchical clustering of the MD indexes (tree 

height¼1.5) based on the dissimiliarty index [1-Abs (corre- 
lation)], as distance metric.51 This hierarchical clustering 
process consists of grouping the most similar pairs of samples 
on the basis of their lowest dissimilarity. The strength of 
agreement between the indexes and weights for agreements 
were estimated via Cohen’s kappa.52 For the latter, linear 
weights of the differences in categories (tertiles) were used. 
Thus, not only the strength of the relationship but also the 
degree of agreement classification between the MD indexes 

was evaluated. 
The dietary antioxidant profile was calculated as mean 

intake of the aforementioned antioxidants across the ter- 
tiles of adherence to the MD indexes. Geometric mean in- 
takes adjusted for age, sex, center, and total energy intake 
were estimated by linear regression models. Intakes of di- 
etary antioxidants were previously adjusted for energy 
intake through the residual method,53 and log-transformed 
to approximate a normal distribution. Differences in mean 
intakes of antioxidant vitamins, TAC, TP, flavonoids, and the 

PAC score between the MD indexes (considering the high- 
est tertile of adherence to the MD index for comparison 
purposes) were assessed with the Kruskal-Wallis test. The 
same procedures were used for analyses by intake of food 
groups. All analyses were conducted for both sexes com- 
bined and separately for men and women in stratified 
analyses. 

Linear regression analysis was used to evaluate the as- 
sociation between each MD adherence index on the con- 
tinuum (independent variable) with the intake of every 
dietary antioxidant (dependent variable) in crude and 
multivariate models adjusted for age, sex, center, energy 
intake, smoking, body mass index, and physical activity 
(key variables influencing dietary intake). Standardized 
beta coefficients were calculated per standard deviation of 
each score. The R2 statistic; that is, the coefficient of 

determination, was extracted from every regression model 
as a measure of the proportion of the variance that is 
explained by the independent variable. Differencs by sex 
were evaluated in stratified analyses to test whether effect 
measures differ between men and women. The goodness of 
fit was evaluated by examining the normality of the re- 
siduals, as well as the homocedasticity and colinearity be- 

tween the observed and predicted values. 
P values were based on two-sided tests and significance was 

considered at the 5% level. Furthermore, to control the 
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rate of false positives, all P values were adjusted for 
multiple comparisons as proposed by Benjamini and 
Hochberg.54 All data analyses were performed using 
Stata statistical software package version 12.055 and 
R version 3.3.2.56 

 

RESULTS 
Table 1 shows the characteristics of the study 

population by the MD indexes, their 
components, and nutrients/ antioxidants. Most 
women never smoked and half were physically 
inactive, their daily intake of food and nutrients 

was lower, and they adhered less to the MD indexes 
(lower mean adherence) than men. By center, 
participants of the Gipuzkoa cohort were more 

frequently smokers, leaner, and physically active. 
They also showed a higher energy intake, a higher 

intake of foods and nutrients (except vitamin C), and 
in general a higher adherence to the MD (in 12 MD 
indexes). Table 2 shows correlation coefficients 

between the MD 
indexes and cluster groups. The strongest correlations 

(rho≥0.7) were observed between 20 pairs of MD 
indexes. This supposed 10% of all the correlations 

analyzed (n¼210). Several other correlation 
coefficients ranged between 0.5 and 

0.7 (35% of the correlations), or were below 0.5 (55% 
of the correlations). 

The main clusters groups rendered included the 
high- (MMD-2005, MDS-2003, and MDS-2013), the 
moderate- (MDP-2002,  MDP-2006,  and  rMED;  
MD  Score-2005, 
MD-Score 2007, and Cardio), and the low-correlated 

MD in- dexes (MDSPS and MDP-2003), which made up an 
entirely independent cluster (data not shown). As shown by 
the Cohen kappa statistics (Table 3), agreement between the 
in- dexes in tertiles classification was on average relatively 
high (60% to 80% of participants were classified in the 
same or 
adjacent tertiles). Overall, agreement were lowest (agree- 

ment <70%) between the MDS indexes and MDP-2003; 
MDQI, MSDPS, and MD Score-2005; and Cardio. A high pro- 
portion of this agreement was due to chance (55% to 65%), 
with the MSDPS index showing the highest degree in 
agreement by chance (59% to 65%). 

Table 4 shows age, sex, center, and energy-adjusted mean 
intakes of the antioxidants evaluated in the third tertile of 
adherence of each index; intakes in the lowest tertile are 
shown in Table 5 (available at www.jandonline.org). The 
Figure represents this data for MD indexes with the highest 
and lowest antioxidant profile and for selected dietary anti- 
oxidants. Overall, in the third tertile of adherence there were 
three MD indexes (MDP-2002, PREDIMED, and aMED) pre- 
senting the highest mean intakes of antioxidants vitamins 

(vitamin C: >115 mg/day, a-tocopherol: >7.0 mg/day, and b 
carotene: >2,400 mg/day), TAC (TRAP: >1,900 mmol trolox 
equivalents [TE]/day, FRAP: >6,100 mmol iron/day, TEAC- 
ABTS: >2,100 mmol TE/day, and ORAC: >7,900 mmol 
TE/day), TP (>1,090 mg/day), flavonoids (>170 mg/day), and 

the highest PAC score (>2.75). The Cardio index also ranked 
among the highest levels of dietary TAC, TP, flavonoids, and 

vitamin C; the MSDPS index regarding dietary TAC (TRAP, 
FRAP, and TEAC-ABTS), flavonoids and the PAC score, and the 
ITAMED index for ORAC, TP, flavonoids, vitamin C, and PAC 

score. In contrast, values of these antioxidants were notably 
lower for the MEDLIFE and MDSS indexes. 

By intake of foods that are part of the definition of the MD 
dietary pattern (Table 6, available at www.jandonline.org), it 
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Table 2. Spearman correlation coefficients between indexes of adherence to the Mediterranean Diet (MD) in two European Prospective into Cancer and Nutrition-Spain 

cohorts (n¼14,756; 1992-1996)a 
 

MD indexb (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) 

(1) 1.00 
                    

(2) 0.73                     

(3) 0.63 0.82                    

(4) 0.64 0.92 0.80                   

(5) 0.55 0.71 0.62 0.75                  

(6) 0.32 0.33 0.18 0.26 0.41                 

(7) 0.52 0.65 0.66 0.69 0.76 0.31                

(8) 0.23 0.23 0.14 0.20 0.27 0.31 0.31               

(9) e0.50 e0.56 e0.45 e0.40 e0.49 e0.47 e0.48 e0.38              

(10) 0.37 0.46 0.44 0.45 0.58 0.29 0.55 0.29 e0.43             

(11) 0.49 0.66 0.70 0.65 0.61 0.36 0.63 0.23 e0.49 0.53            

(12) 0.62 0.80 0.64 0.82 0.77 0.39 0.78 0.31 e0.56 0.56 0.62           

(13) 0.58 0.57 0.53 0.48 0.45 0.21 0.51 0.15 e0.56 0.45 0.45 0.50          

(14) 0.49 0.64 0.68 0.70 0.74 0.31 0.80 0.15 e0.34 0.53 0.66 0.71 0.44         

(15) 0.40 0.43 0.33 0.40 0.44 0.36 0.46 0.22 e0.48 0.22 0.44 0.49 0.37 0.37        

(16) 0.51 0.54 0.42 0.49 0.54 0.51 0.59 0.41 e0.66 0.49 0.62 0.66 0.52 0.43 0.72       

(17) 0.39 0.43 0.38 0.38 0.44 0.45 0.50 0.35 e0.59 0.43 0.62 0.47 0.46 0.38 0.53 0.76      

(18) 0.44 0.61 0.52 0.62 0.70 0.31 0.61 0.33 e0.47 0.53 0.54 0.67 0.36 0.55 0.36 0.48 0.35     

(19) 0.59 0.65 0.60 0.60 0.50 0.35 0.58 0.29 e0.63 0.40 0.52 0.62 0.63 0.46 0.57 0.70 0.68 0.42    

(20) 0.49 0.63 0.59 0.61 0.57 0.32 0.56 0.33 e0.49 0.49 0.51 0.65 0.43 0.52 0.29 0.47 0.31 0.52 0.49   

(21) 0.38 0.45 0.37 0.47 0.41 0.23 0.50 0.20 e0.31 0.33 0.40 0.54 0.21 0.42 0.32 0.46 0.39 0.43 0.47 0.37 1.00 

aCorrelation coefficients derived from Spearman correlation. All correlation coefficients were statistically significant (P<0.01). Correlations ≥0.7 are in boldface type. 
bThese indexes were: (1) the MD Scale-19955; (2) MD Scale-200335; (3) MDS-201336; (4) the Modified MD-200516; (5) the Mediterranean Dietary Pattern-200237; (6) Mediterranean Dietary Pattern-200338; (7) Mediterranean Dietary Pattern-200639; (8) 

Mediterranean-Style Dietary Pattern Score40; (9) the MD Quality Index17; (10) Italian Mediterranean Index41; (11) the Alternate MD Index15; (12) the Relative MD Score42; (13) MD Score-200114; (14) MD Score-200443; (15) MD Score-200544; (16) MD 

Score-200745; (17) the Cardioprotective MD Score46; (18) the Mediterranean food pattern of the PREDIMED Study47; (19) the literature-based adherence score to the MD48; (20) the Mediterranean Lifestyle Index49 of which only the dietary components 

of the index were considered (ie, the social habits components were removed); and (21) Mediterranean Diet Serving Score.50 
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Table 3. Agreement (Agr) and expected agreement (Exp Agr) of the index tertiles scoring between Mediterranean Diet (MD) Scale-1995, MD Scale-2003, MD Scale-2013, 

and modified MD-2005 and all other MD indexes in two European Prospective into Cancer and Nutrition-Spain cohorts (n¼14,756; 1992-1996) 

 MD Scale-1995   MD Scale-2003   MD Scale-2013   Modified MD-2005  

 
MD index 

% Agre 

% Exp Agr ka P valueb 

% Agre 

% Exp Agr ka P valueb 

% Agre 

% Exp Agr ka P valueb 

% Agre 

% Exp Agr ka P valueb 
 

 

MD Scale-1995    78.50-57.75 0.49 <0.001 77.77-60.68 0.43 <0.001 77.86-60.21 0.44 <0.001 

MD Scale-2003 78.50-57.70 0.49 <0.001    80.42-55.55 0.56 <0.001 85.13-55.20 0.67 <0.001 

MD Scale-2013 77.77-60.68 0.43 <0.001 80.42-55.55 0.56 <0.001    83.87-59.08 0.61 <0.001 

Modified MD-2005 77.86-60.21 0.44 <0.001 85.13-55.20 0.67 <0.001 83.87-59.08 0.61 <0.001    

MD Pattern-2002 73.70-58.83 0.36 <0.001 76.73-54.88 0.48 <0.001 75.57-57.62 0.42 <0.001 80.95-57.32 0.55 <0.001 

MD Pattern-2003 69.52-61.72 0.20 <0.001 66.39-57.38 0.21 <0.001 63.90-59.57 0.11 <0.001 65.56-59.14 0.16 <0.001 

MD Pattern-2006 71.47-57.19 0.33 <0.001 74.34-54.07 0.44 <0.001 76.14-56.16 0.46 <0.001 77.48-55.91 0.49 <0.001 

MSDPSc 69.80-65.13 0.13 <0.001 64.21-58.88 0.13 <0.001 65.81-62.75 0.08 <0.001 66.81-62.22 0.12 <0.001 

MD Quality Indexd 47.02-58.44 e0.27 >0.05 39.05-54.05 e0.33 >0.05 46.45-57.65 e0.26 >0.05 47.13-57.40 e0.24 >0.05 

ITAMEDe 69.97-60.62 0.24 <0.001 69.27-56.01 0.30 <0.001 70.85-59.09 0.29 <0.001 71.03-58.72 0.30 <0.001 

Alternate MD Index 75.09-63.40 0.32 <0.001 75.42-57.94 0.42 <0.001 79.78-61.25 0.48 <0.001 78.11-60.77 0.44 <0.001 

Relative MD Score 76.70-59.90 0.42 <0.001 80.73-55.39 0.57 <0.001 77.21-58.59 0.45 <0.001 84.49-58.26 0.63 <0.001 

MD Score-2001 77.88-63.41 0.40 <0.001 73.32-58.27 0.36 <0.001 74.53-61.07 0.35 <0.001 72.54-60.58 0.30 <0.001 

MD Score-2004 73.44-60.70 0.32 <0.001 74.91-56.16 0.43 <0.001 78.91-59.09 0.48 <0.001 79.38-58.72 0.50 <0.001 

MD Score-2005 68.68-57.96 0.26 <0.001 67.71-54.56 0.29 <0.001 66.00-56.78 0.21 <0.001 68.22-56.51 0.27 <0.001 

MD Score-2007 73.35-59.78 0.34 <0.001 70.95-55.41 0.35 <0.001 69.73-58.44 0.27 <0.001 71.96-58.11 0.33 <0.001 

Cardioprotective MD Score 68.82-58.52 0.25 <0.001 68.17-56.08 0.28 <0.001 66.78-56.53 0.24 <0.001 66.67-56.18 0.24 <0.001 

PREDIMEDf 70.70-59.88 0.27 <0.001 76.62-58.74 0.43 <0.001 69.88-56.55 0.31 <0.001 72.95-56.07 0.38 <0.001 

L-basedg 76.31-60.20 0.40 <0.001 75.50-56.39 0.44 <0.001 75.07-58.35 0.40 <0.001 74.57-57.97 0.40 <0.001 

MEDLIFEh 73.16-60.34 0.32 <0.001 74.00-55.42 0.42 <0.001 75.71-59.11 0.41 <0.001 76.80-58.77 0.44 <0.001 

MD Serving Score 69.79-59.62 0.25 <0.001 69.24-56.02 0.30 <0.001 68.04-57.88 0.24 <0.001 71.01-57.52 0.32 <0.001 

aCohen’s kappa was calculated based on the observed vs the expected agreement considering agreement between the same or adjacent tertiles (weighted kappa). % Agreement ≥0.8 is in boldface type. 
bP value for Cohen’s kappa. 
cMSDPS¼Mediterranean-Style Dietary Pattern Score. 
dScored inversely. 
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eITAMED¼Italian Mediterranean Index. 
fPREDIMED¼Prevention with MD. 
gL-based¼literature-based adherence score to the MD. 
hMEDLIFE¼Mediterranean Lifestyle Index. 



 

 

 

Table 4. Adjusted mean daily intakes standard error (SE) of dietary antioxidants in the highest tertile of adherence to the Mediterranean Diet (MD) indexes in the two 
European Prospective into Cancer and Nutrition-Spain cohorts (1992-1996)a 

 
 

 
MD index 

Sample size 

in highest 

tertileb 

 
Vitamin C 

(mg/d) 

 

a-Tocopherol 

(mg/d) 

Beta 

Carotene 

(mg/d) 

TRAPc 

(mmol trolox 

equivalents/d) 

FRAPd 

(mmol 

iron/d) 

TEAC-ABTSe 

(mmol trolox 

equivalents/d) 

ORACf 

(mmol trolox 

equivalents/d) 

 
TPg 

(mg/d) 

 
Flavonoids 

(mg/d) 

 
PAC 

Scoreh 

←—————————————————————————————————————————————————mean   SE—————————————————————————————————————————————————! 

MD Scale-1995 2,404 105 8 6.01 0.34 2,039 178 1,691 137 5,569 361 1,903 137 7,426 441 1,015 60 138 14 2.64 0.43 

MD Scale-2003 3,762 93.5 6.0 5.93 0.26 1,910 138 1,664 106 5,384 274 1,843 104 6,411 315 885 43 133 10 2.13 0.28 

MD Scale-2013 3,606 113 7 6.92 0.32 2,123 155 1,538 102 5,167 272 1,764 102 7,098 346 998 48 127 10 2.00 0.27 

Modified MD-2005 3,814 95.4 6.2 6.28 0.30 1,874 138 1,489 98 5,037 264 1,701 99 6,307 316 882 44 116 9 2.30 0.29 

MD Pattern-2002 4,143 155 9 7.12 0.33 2,560 180 2,065 129 6,394 320 2,202 122 9,282 420 1,299 58 191 13 3.09 0.34 

MD Pattern-2003 2,714 82.6 5.8 5.68 0.26 1,684 145 1,588 113 4,811 285 1,645 107 5,551 322 766 44 119 10 2.70 0.45 

MD Pattern-2006 4,703 113 6 6.33 0.26 2,070 134 1,411 86 4,943 239 1,653 89 7,347 310 1,022 43 122 8 2.15 0.26 

MSDPSi 1,620 118 12 5.42 0.38 1,740 203 2,012 194 5,940 477 2,121 182 7,672 570 1,061 79 212 20 3.26 0.62 

MD Quality Index 5,011 95.2 5.2 6.01 0.23 2,024 129 1,734 99 5,439 255 1,844 94 6,316 266 869 36 129 9 2.63 0.33 

ITAMEDj 3,428 118 8 6.31 0.31 1,836 142 1,781 122 5,536 323 1,908 120 8,013 402 1,082 53 183 14 3.55 0.46 

Alternate MD Index 2,247 117 8 7.18 0.40 2,501 214 1,969 150 6,108 389 2,108 144 7,981 456 1,093 62 170 15 2.75 0.44 

Relative MD Score 3,781 104 7 6.21 0.27 1,979 139 1,764 110 5,664 285 1,945 108 7,111 342 980 47 146 11 2.53 0.31 

MD Score-2001 2,113 115 9 6.21 0.35 2,134 203 1,741 146 5,364 365 1,846 137 7,671 441 1,052 58 149 15 2.62 0.47 

MD Score-2004 3,355 100 7 6.49 0.33 1,852 138 1,380 94 4,817 263 1,621 98 6,924 345 960 47 115 9 2.03 0.28 

MD Score-2005 4,394 94.2 5.5 5.97 0.25 1,685 113 1,627 100 5,190 260 1,799 99 5,998 274 838 38 129 9 1.94 0.26 

MD Score-2007 3,793 114 6 6.53 0.25 2,285 154 1,901 109 5,915 286 2,037 106 7,554 325 1,042 44 161 11 2.20 0.30 

Cardioprotective MD Score 3,696 123 6 6.25 0.24 2,094 138 2,071 117 6,085 300 2,156 113 8,170 345 1,109 45 204 13 2.65 0.39 

PREDIMEDk 2,415 141 12 7.45 0.39 2,400 231 2,056 167 6,390 417 2,177 154 8,078 514 1,138 72 173 16 3.48 0.47 

L-basedl 3,330 108 6 5.86 0.26 2,066 143 1,874 125 5,847 319 2,026 122 7,041 316 982 43 142 11 2.12 0.32 

MEDLIFEm 3,709 81.6 5.7 6.06 0.29 1,670 125 1,448 96 4,716 252 1,571 92 5,656 310 773 42 104 9 2.45 0.32 

MD Serving Score 3,566 99.7 6.4 5.80 0.28 1,773 141 1,415 97 4,658 262 1,569 95 6,938 336 962 46 124 9 1.70 0.24 

Minimume maximumn  82-155 5.42-7.45 1,670-2,560 1,380-2,071 4,658-6,394 1,569-2,202 5,551-9,282 766-1,299 104-212 1.70-3.55 

aGeometric means were derived from generalized linear models adjusted for age continuous, sex, center, and energy intake continuous. Intakes ranking among the five highest are shown in boldface type. 
bReference values in lowest tertile of adherence: MD scale-1995 ≤3; MD scale-2003 ≤4; MD scale-2013 ≤3; Modified MD-2005 ≤3; MD Pattern-2002 ≤24; MD Pattern-2003 ≤12; MD Pattern-2006 ≤18; MSDPS ≤69; MD quality index ≥ 8; ITAMED 

≤3; alternate MD index ≤2; relative MD score ≤7; MD score-2001 ≤2; MD score-2004 ≤17; MD score-2005 ≤32; MD score-2007 ≥32; Cardioprotective MD score ≥5; PREDIMED ≤7; L-based ≤9; MEDLIFE ≤8, and MD serving score ≤10. 
cTRAP¼total radical-trapping antioxidant parameter. 
dFRAP¼ferric-reducing antioxidant power. 
eTEAC-ABTS¼Trolox equivalent antioxidant capacity. 
fORAC¼oxygen radical antioxidant capacity. 
gTP¼total polyphenols. 
hPAC¼polyphenol antioxidant content. Range¼e28 to 28. 
iMSDPS¼Mediterranean-style dietary pattern score. 
jITAMED¼Italian Mediterranean Index. 
kPREDIMED¼Prevention with MD. 
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lL-based¼literature-based adherence score to MD. 
mMEDLIFE¼Mediterranean Lifestyle Index. 
nDifferences between extreme values of mean intakes maximum and minimum were all statistically significant at P<0.001. 



 

 

 
 
 
 
 
 
 
 

 

 
Figure. Box plots of selected Mediterranean diet (MD) indexes (the three highest antioxidant profile MD indexes—MD pattern [MDP]-2002, Alternate MD index [aMED], and 
Prevention with MD [PREDIMED]—on the left and with grey fills, and the lowest antioxidant profile MD indexes—MDP-2003, Mediterranean Lifestyle Index [MEDLIFE], and MS 
serving score [MDSS]—on the right and not filled) showing adjusted mean intakes (and corresponding standard error above and below the mean) of dietary antioxidants 
(vitamin C, beta carotene, and total antioxidant capacity, including total radical-trapping antioxidant parameter [TRAP], trolox equivalent antioxidant capacity [TEAC-ABTS], 
total polyphenols [TP], and flavonoids). Adjusted mean intakes (geometric means) were adjusted for age, sex, center, and total energy intake, and derived from linear 
regression models after log transformation to approximate a normal distribution. The bottom and top of the boxes are the first and third quartiles, and the band inside the 
box is the (normalized) mean value. Outliers are plotted as individual points. 
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was also observed that MD indexes capturing the highest 
antioxidant intakes were those showing the highest intake of 

fruits (MDP-2002, ITAMED, and Cardio: >230 g/day) and 
vegetables (MDS-1995, MDP-2002, and PREDIMED: >320 g/ 

day), as well as olive oil (>23 mL/day for MDP-2002) and 

wine (>50 mL/day for PREDIMED); the lowest intakes of 
these food groups were observed for the MEDLIFE (fruits: 122 
g/day) and MDP-2003 (vegetables: 233 g/day) indexes. In- 
takes of non-MD constituents (meat and meat products) 
were also highest for the MDP-2002 and PREDIMED indexes. 
The same MD indexes were, in general, found to be related to 
a higher mean intake of dietary antioxidants (Tables 7 and 8, 
available at www.jandonline.org) and food groups in both 
men and women (data not shown). Differences between 

extreme values of mean intakes of nutrients and food groups 

across MD indexes were all statistically significant (P<0.001). 
Table 9 shows multivariate adjusted regression coefficients 

on the relationship between the MD indexes and the dietary 
antioxidants. All MD indexes were positively related with 
dietary TAC, in terms of TRAP, FRAP, TEAC-ABTS, and ORAC 

(P<0.01). Overall, every 1-standard deviation increment in 
the adherence of the MD indexes was related to statistically 
significant increments in intakes of dietary TAC. The indexes 
producing the highest increments in dietary TAC intake were 
PREDIMED (TRAP: 0.24 mmol TE/day, FRAP: 0.28 mmol iron/ 

day, TEAC-ABTS: 0.27 mmol TE/day, ORAC: 0.40 mmol TE/day); 

MDS-1995 (TRAP: 0.22 mmol TE/day, FRAP: 0.26 mmol iron/ 

day, TEAC-ABTS: 0.24 mmol TE/day, and ORAC: 0.34 mmol TE/ 

day); MDS-2003 (TRAP: 0.16 mmol TE/day, FRAP: 0.21 mmol 

iron/d, TEAC-ABTS: 0.20 mmol TE/day, and ORAC: 0.39 mmol 

TE/day); and MDP-2002 (TRAP: 0.29 mmol TE/day, FRAP: 0.33 

mmol iron/d, TEAC-ABTS: 0.33 mmol TE/day, and ORAC: 0.59 

mmol TE/day). Estimates were comparable to those derived 
from age, sex, center, and energy-adjusted only models (data 
not shown). The proportion of variance explained by the in- 
dexes ranged between 20% and 60% at the maximum among 
all dietary TAC methods. All MD indexes were also positively 

(P<0.001) related with the other antioxidants, except a- 
tocopherol for some MD indexes (PREDIMED and MDQI). 
Three MD indexes, namely MDP-2002, PREDIMED, and 
aMED, captured overall higher intake levels of dietary anti- 
oxidants. Spearman correlation analyses between dietary 
antioxidants and MD indexes showed that roughly the same 
MD indexes exhibited the highest correlation coefficients 
(Table 10, available at www.jandonline.org). The proportion 
of variance varied largely depending on the MD index and 
antioxidant evaluated (eg, from 37% to 58% for the PAC score 
to 7% to 23% for beta carotene). Differences by sex were not 
apparent (data not shown). 

 

DISCUSSION 
In this large study population from to two Spanish EPIC co- 
horts, adherence to the MD was assessed through 21 indexes, 
whereby adherence was considered as a latent attribute of 
the MD dietary pattern. Higher intakes of dietary antioxidant 
vitamins, TAC, TP, flavonoids, and PAC score were evidenced 
in the upper level of adherence to the MD indexes compared 

with the low adherence level. Moreover, irrespective of the 
MD index, adherence to the MD was related to higher intakes 
of nutrient antioxidants, although to varying degrees. All of 
the included MD indexes reflect the traditional MD pattern,57 

http://www.jandonline.org/
http://www.jandonline.org/


 

 

but a few of them, specifically MDP-2002,37 PREDIMED,47 and 

aMED,15 showed the highest intakes of dietary antioxidants. 
Although the MD indexes were positively correlated with 
each other, the strength of the correlation was mostly 
moderately weak. Different cluster groups were evidenced 
and differences across MD indexes in the degree of agree- 
ment in classification into low, medium, and high adherence 
groups were also noted. 

The MD is a well-known healthy dietary pattern that is 
associated with a reduced risk of developing inflammatory- 
related diseases such as cancer.57,58 A priori defined indexes 
of adherence to the MD have been the subject of considerable 
amounts of research and study in recent years. As a conse- 
quence, a multitude of MD indexes have been developed to 
improve the indexes’ potential for disease risk reduction by 
accommodating the new evidences gained on healthy MD-like 
components, to adapt the data of the various studies, and also 
to encompass all of the existing MD style habits around the 
Mediterranean basin.1,7,59 Despite all MD indexes reflecting 

the traditional MD pattern, their differing scoring schemes 
may result in significant differences in estimating the intake of 
food groups and nutrients.7 This has been shown in the current 
study with regard to the intake of dietary antioxidants. Dietary 
antioxidants provided by the MD (eg, phenolic compounds, 
carotenoids, and vitamin C from fruits and vegetables) are the 
cornerstones of the anti-inflammatory and antioxidative ef- 
fects; that is, health-related properties, exerted by this dietary 
pattern.59,60 Although these indexes have been validated in 
several other studies with regard to their potential in reducing 
disease occurrence (eg, cancer, cardiovascular diseases, dia- 
betes, and neurodegenerative diseases),40,43,44,48,61 overall 

and cause-specific mortality,16,48 as well as associated de- 

terminants (ie, obesity),45 little attention has been paid to 
evaluating them concurrently with regard to their antioxidant 
profile. The few studies available on this subject include the 
study by Davis and colleagues59 on a quantitative assessment 
of food groups and nutrients of 15 MD indexes, and the study 
by Puchau and colleagues13 on dietary TAC intake according to 

four MD indexes (n¼153 participants). In the first study,59 a 
literature review comparing data reported in studies con- 
ducted among different populations, antioxidant mean in- 
takes were reported to vary between two to five times 
between the MD indexes (eg, flavonoids from 79 to 345 mg/ 
day). In the second study,13 varying mean adherence levels of 
the MD Score-2001,14 the aMED,15 the MMD-2005,16 and the 
MDQI17 across quintiles of dietary TAC (FRAP) values were also 
shown. In addition, a weaker correlation was observed be- 
tween TAC and MDQI.13 The current study, conducted within a 
single study population, has also shown that intake of anti- 
oxidants varies largely among the MD indexes (eg, flavonoids 
from 104 to 212 mg/day). Findings of this study also suggest 
that there is considerable variation in TAC values depending on 
the MD index, with MDQI17 being among the indexes showing 
the lowest mean TAC values. No other study has compared 
dietary intakes of flavonoids, TP, and vitamins by MD index 
concurrently in the same study population. However, other 
antioxidant compounds such as selenium, long-chain n-3 
polyunsaturated fatty acids, or plant sterols were not consid- 
ered in the current study due to lack of data on these nutrients. 
Overall, three MD indexes (MDP-2002,37 PREDIMED,47 and 
aMED15) reflected a higher intake of dietary antioxidant in 

terms of vitamins (C, a-tocopherol, and beta carotene), TAC 
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Table 9. Linear regression analyses on the relationship between dietary antioxidants (total antioxidant capacity, antioxidant vitamins, total polyphenols [TP], flavonoids, 
and polyphenol antioxidant content [PAC] score) and the Mediterranean Diet (MD) indexes in the two European Prospective into Cancer and Nutrition-Spain cohorts 

(n¼14,756; 1992-1996)a 

Total Radical-Trapping 

Antioxidant Parameter (mmol 

 trolox equivalents/d)  

 
Ferric-Reducing Antioxidant 

 Power (mmol iron/d)  

Trolox Equivalent Antioxidant 

Capacity (mmol trolox 

 equivalents/d)  

Oxygen Radical Antioxidant 

Capacity (mmol trolox 

 equivalents/d)  

MD index b 95% CI R2 b 95% CI R2 b 95% CI R2 b 95% CI R2 
 

 

MD Scale-1995 .22 (.21 to .24) 0.37 .26 (.25 to .27) 0.43 .24 (.23 to .25) 0.38 .34 (.33 to .35) 0.33 

MD Scale-2003 .16 (.15 to .18) 0.34 .21 (.20 to .23) 0.40 .20 (.18 to .21) 0.36 .39 (.37 to .40) 0.35 

MD Scale-2013 .14 (.13 to .16) 0.34 .22 (.20 to .23) 0.40 .20 (.19 to .21) 0.36 .40 (.38 to .41) 0.35 

Modified MD-2005 .14 (.13 to .16) 0.33 .19 (.18 to .20) 0.39 .18 (.17 to .20) 0.35 .39 (.37 to .40) 0.33 

MD Pattern-2002 .29 (.27 to .30) 0.37 .33 (.32 to .35) 0.44 .33 (.31 to .34) 0.39 .59 (.57 to .60) 0.44 

MD Pattern-2003 .05 (.04 to .07) 0.32 .09 (.07 to .10) 0.37 .08 (.07 to .09) 0.33 .24 (.22 to .25) 0.27 

MD Pattern-2006 .02 (.01 to .03) 0.32 .11 (.09 to .12) 0.37 .09 (.08 to .11) 0.33 .45 (.44 to .47) 0.37 

MSDPSb .15 (.14 to .17) 0.34 .16 (.15 to .17) 0.39 .17 (.16 to .18) 0.35 .24 (.23 to .25) 0.27 

MD Quality Indexc e.16 (e.18; e.15) 0.35 e.21 (e.23 to e.20) 0.41 e.20 (e.21 to e.19) 0.36 e.39 (e.38 to e.41) 0.40 

ITAMEDd .09 (.08 to .11) 0.33 .13 (.12 to .14) 0.38 .14 (.13 to .16) 0.34 .46 (.45 to .47) 0.42 

Alternate MD Index .11 (.10 to .12) 0.33 .18 (.16 to .19) 0.39 .17 (.16 to .19) 0.35 .40 (.39 to .42) 0.37 

Relative MD Score .13 (.11 to .14) 0.33 .18 (.17 to .19) 0.39 .17 (.16 to .19) 0.35 .41 (.40 to .43) 0.36 

MD Score-2001 .08 (.07 to .09) 0.33 .13 (.12 to .15) 0.38 .12 (.11 to .13) 0.34 .42 (.41 to .43) 0.39 

MD Score-2004 .03 (.02 to .05) 0.32 .12 (.10 to .13) 0.37 .11 (.09 to .12) 0.33 .44 (.42 to .45) 0.35 

MD Score-2005 .10 (.08 to .11) 0.33 .14 (.12 to .15) 0.38 .13 (.12 to .14) 0.34 .22 (.21 to .23) 0.26 

MD Score-2007 .03 (.02 to .05) 0.32 .11 (.09 to .12) 0.37 .11 (.09 to .12) 0.34 .45 (.43 to .46) 0.41 

Cardioprotective MD Score .03 (.02 to .05) 0.32 .10 (.09 to .11) 0.37 .11 (.09 to .12) 0.34 .47 (.46 to .48) 0.42 

PREDIMEDe .24 (.22 to .25) 0.37 .28 (.27 to .29) 0.43 .27 (.26 to .29) 0.39 .40 (.39 to .42) 0.35 

L-basedf .10 (.08 to .11) 0.33 .15 (.14 to .16) 0.39 .14 (.13 to .16) 0.34 .41 (.39 to .42) 0.38 

MEDLIFEg .15 (.14 to .16) 0.34 .19 (.17 to .20) 0.40 .18 (.17 to .19) 0.35 .32 (.30 to .33) 0.31 

MD Serving Score .04 (.02 to .05) 0.32 .07 (.06 to .08) 0.37 .07 (.06 to .08) 0.33 .18 (.17 to .20) 0.25 

 

Vitamin C 

 (mg/d)  

a-Tocopherol 

 (mg/d)  

Beta Carotene 

 (mg/d)   TP (mg/d)  

Flavonoids 

 (mg/d)   PAC Score  

b 95% CI R2 b 95% CI R2 b 95% CI R2 b 95% CI R2 b 95% CI R2 b 95% CI R2 

MD Scale-1995 .31 (.29 to .32) 0.15 .08 (.07 to .10) 0.34 .21 (.20 to .23) 0.10 .35 (.33 to .36) 0.30 .22 (.21 to .24) 0.26 .37 (.36 to .39) 0.46 

MD Scale-2003 .36 (.35 to .38) 0.18 .11 (.10 to .13) 0.34 .27 (.26 to .29) 0.12 .40 (.39 to .42) 0.32 .20 (.19 to .22) 0.25 .38 (.37 to .39) 0.45 



 

 

MD Scale-2013 .35 (.33 to .36) 0.16 .30 (.29 to .31) 0.41 .26 (.24 to .28) 0.11 .41 (.39 to .42) 0.33 .19 (.18 to .21) 0.25 .34 (.33 to .35) 0.43 

 
(continued on next page) 
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Table 9. Linear regression analyses on the relationship between dietary antioxidants (total antioxidant capacity, antioxidant vitamins, total polyphenols [TP], flavonoids, 
and polyphenol antioxidant content [PAC] score) and the Mediterranean Diet (MD) indexes in the two European Prospective into Cancer and Nutrition-Spain cohorts 

(n¼14,756; 1992-1996)a (continued) 

Vitamin C 

 (mg/d)  

a-Tocopherol 

 (mg/d)  

Beta Carotene 

 (mg/d)   TP (mg/d)  

Flavonoids 

 (mg/d)   PAC Score  

b 95% CI R2 b 95% CI R2 b 95% CI R2 b 95% CI R2 b 95% CI R2 b 95% CI R2 
 

 

Modified 

MD-2005 

.38 (.37 to .40) 0.17 .10 (.09 to .12) 0.34 .31 (.29 to .33) 0.13 .41 (.39 to .42) 0.30 .19 (.18 to .21) 0.24 .39 (.37 to .40) 0.43 

MD Pattern-2002 .65 (.63 to .66) 0.33 .08 (.07 to .10) 0.34 .52 (.50 to .53) 0.23 .62 (.61 to .64) 0.44 .36 (.35 to .38) 0.30 .62 (.61 to .63) 0.58 

MD Pattern-2003 .26 (.25 to .28) 0.13 e.10 (e.11 to e.09) 0.34 .27 (.25 to .28) 0.12 .25 (.24 to .27) 0.25 .11 (.10 to .13) 0.23 .24 (.23 to .25) 0.38 

MD Pattern-2006 .44 (.42 to .45) 0.20 .08 (.06 to .09) 0.34 .36 (.34 to .37) 0.15 .47 (.46 to .49) 0.35 .13 (.12 to .15) 0.23 .33 (.32 to .35) 0.40 

MSDPS .21 (.20 to .23) 0.11 e.11 (e.12 to e.10) 0.35 .10 (.08 to .11) 0.07 .25 (.24 to .26) 0.25 .19 (.17 to .20) 0.25 .28 (.27 to .30) 0.40 

MD Quality Indexc e.40 (e.42 to 

e.39) 

0.21 .01 (.01 to .02) 0.33 e.27 (e.29 to 

e.26) 

0.13 e.46 (e.46 to e.45) 0.39 e.23 (e.25 to 

e.22) 

0.27 e.36 (e.37 to 

e.34) 

0.45 

ITAMED .43 (.42 to .45) 0.24 .08 (.07 to .10) 0.34 .29 (.27 to .31) 0.14 .47 (.46 to .48) 0.40 .26 (.25 to .28) 0.28 .34 (.33 to .36) 0.44 

Alternate 

MD Index 

.40 (.39 to .42) 0.22 .21 (.20 to .22) 0.38 .34 (.32 to .35) 0.17 .42 (.41 to .44) 0.36 .20 (.25 to .28) 0.25 .36 (.35 to .37) 0.45 

rMED .41 (.39 to .42) 0.20 .04 (.03 to .06) 0.33 .32 (.30 to .34) 0.14 .43 (.42 to .45) 0.34 .19 (.17 to .21) 0.24 .39 (.38 to .41) 0.45 

MD Score-2001 .36 (.34 to .37) 0.18 .09 (.07 to .10) 0.34 .27 (.25 to .29) 0.13 .43 (.42 to .44) 0.36 .18 (.16 to .19) 0.24 .28 (.27 to .29) 0.40 

MD Score-2004 .41 (.39 to .43) 0.18 .21 (.19 to .22) 0.36 .31 (.29 to .33) 0.12 .45 (.44 to .47) 0.33 .15 (.13 to .17) 0.23 .33 (.31 to .34) 0.40 

MD Score-2005 .23 (.21 to .24) 0.11 e.06 (e.07 to e.04) 0.34 .17 (.15 to .18) 0.08 .24 (.22 to .25) 0.24 .11 (.10 to .12) 0.23 .25 (.23 to .26) 0.38 

MD Score-2007 .46 (.44 to .47) 0.26 .02 (.01 to .04) 0.33 .35 (.34 to .37) 0.17 .47 (.46 to .48) 0.40 .17 (.16 to .19) 0.24 .34 (.33 to .35) 0.44 

Cardioprotective 

MD Score 

.49 (.48 to .50) 0.28 .05 (.04 to .06) 0.34 .34 (.33 to .36) 0.16 .50 (.49 to .51) 0.41 .21 (.20 to .23) 0.26 .35 (.33 to .36) 0.44 

PREDIMED .39 (.38 to .41) 0.19 .01 (.01 to .03) 0.33 .31 (.29 to .33) 0.13 .41 (.40 to .43) 0.32 .27 (.26 to .29) 0.27 .45 (.44 to .46) 0.49 

L-based .39 (.38 to .41) 0.21 .04 (.03 to .06) 0.33 .27 (.26 to .29) 0.13 .43 (.41 to .44) 0.36 .19 (.18 to .21) 0.25 .32 (.30 to .33) 0.42 

MEDLIFE .28 (.27 to .30) 0.14 .06 (.04 to .07) 0.34 .25 (.23 to .27) 0.11 .32 (.32 to .34) 0.29 .16 (.15 to .17) 0.24 .31 (.29 to .32) 0.41 

MD Serving 

Score 

.22 (.21 to .24) 0.11 e.03 (e.04 to e.01) 0.33 .13 (.12 to .15) 0.07 .20 (.18 to .22) 0.22 .08 (.07 to .10) 0.22 .22 (.21 to .24) 0.37 

aP values were statistically significant, Benjamini-Hochberg correction (P<0.001) and MD pattern-2006 for total radical-trapping antioxidant parameter (P<0.05), except MD quality index and PREDIMED for a-tocopherol (P>0.05). Estimates were 
adjusted for age (continuous), sex, center, energy intake (continuous), body mass index (continuous), smoking status (never, current, former, missing for 7 observations), and physical activity (inactive, moderately inactive, moderately active, active). The 

five highest antioxidant intake increments are shown in boldface type. 
bMSDPS¼Mediterranean-Style Dietary Pattern Score. 
cScored inversely; that is, a higher score relates to a lower adherence to the MD. 
dITAMED¼Italian Mediterranean Index. 
ePREDIMED¼Prevention with MD. 
fL-based¼literature-based adherence score to the MD. 
gMEDLIFE¼Mediterranean Lifestyle Index. 
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(TRAP, FRAP, TEAC-ABTS, and ORAC), TP, and flavonoids 

(including PAC score12) when comparing mean intakes in the 
highest tertile of adherence. On the contrary, the MEDLIFE49 
and MDSS50 indexes showed the poorest antioxidant profile. 
Furthermore, increasing levels of adherence to the MD indexes 
(comparison between Tertile 1 and Tertile 3), were generally 
related to higher intake levels of the antioxidants (Table 4 and 
Table 5 [available at www.jandonline.org]), specially the three 
top MD indexes aforementioned. These indexes have also 
shown a relationship with antioxidants in other studies: 
aMED15 with dietary and serum beta carotene62 and PRE- 
DIMED47 and MD Score-200544 with dietary and plasma 
TAC,63,64 among others. Evidence from other studies also 
supports the beneficial effects of an MD for reducing risk of 
cancer, cardiovascular diseases, and other chronic non- 
communicable diseases.48 

As noted above, the differences in MD indexes concerning 
food groups components, scoring schemes in quantitative 
measures (grams per day or servings per day), and cutoffs 
(fixed amounts or population distributions) may explain the 
differences encountered in the levels of intakes of foods and 
antioxidants. A clear illustration of this effect was observed 
among some MD indexes (ie, MDS-19955 and its modifica- 
tions MDS-200335 and MMD-200516). For instance, the MDS- 
19955 considered sex-specific medians of vegetable intake, 
whereas the MDS-200335 version adopted populationwide 
medians, among other differences.7,59 Indeed, as shown in 
the current study, mean intake of vegetables in the third 
tertile of adherence to the MD was lower in the MDS-200335 
index compared with the MDS-19955 index. The many other 
differences among the MD indexes reflected by food and 
nutrient intakes shown here confirm that great variations 
exist in the food/nutrient antioxidant profile. Such differ- 
ences not only influence variations in conformity to the 
traditional MD definition, but could also influence health 
outcomes differently. 

Findings of this study also support that MD indexes are not 
highly correlated with each other. In fact, as has been re- 
ported in another study that compared the correlation and 
reliability of 10 MD indexes in a population sample of 336 
participants,8 about half of the correlations between the MD 

indexes were weak (rho<0.5). The reasons for this weak tie 
between the MD indexes are, again, most probably due to the 
wide differences in the MD indexes’ scoring schemes.7,8 This 
study showed that the correlation strength of the MD indexes 
was high among those sharing common features, either the 
classic MD indexes (ie, the MDS series) or the MD indexes 
focusing on novel MD components (ie, L-based48 and 
MDSS50). These groups comprised distinctive cluster groups. 
On the other hand, despite that the degree of adherence to 
the MD indexes was similar on average, significant differ- 
ences among them were seen with regard to ranking agree- 
ment in tertile groups, revealing, once again, that the existing 
MD indexes are extremely uneven. 

The limitations of this study are inherent to the definition 
of the MD indexes themselves. At present, a priori defined 
indexes allow encompassing the dietary complexity of the 
whole diet. However, they are difficult to replicate in other 

studies due to variations in assessments of food and nutrient 

intakes.65 Thus, findings of the current study may not be 

generalizable to other settings. Because this was a cross- 
sectional study, it is not possible to assess causality, nor can 

RESEARCH 

http://www.jandonline.org/


 

 

any conclusion be drawn on effects exerted by the MD 
regarding antioxidant intake. Also, given that tertiles of 
adherence to the MD indexes were considered, the fact that 

certain MD indexes achieved a better adherence fit cannot 
be discarded. However, using other categories for 
comparison of nutrient intake among MD indexes 

(observed or score range divided into three) yielded the 
same results (data not shown). Strengths of this study 
include the methodical approach used to concurrently 

compare a group of MD indexes in the same study 
population, considering tertiles of adherence to the MD 

indexes, issues of inter-MD index concordance, and 
modeling the relationship between adherence to the 

MD indexes and the antioxidant profiles. This study 
considered an ample set of dietary antioxidants 

(vitamins, TP, and fla- vonoids) as well as global 

indicators accounting for the di- etary antioxidant 
potential (TAC and PAC score12). In addition to carrying 

out this study in a large population sample, the 
assessment of dietary intake by means of the diet 

history method and extensive food composition data 
sources is another added value. Nonenergy-adjusted 
MD indexes according to tertiles were used to base the 

analyses on similar comparison groups,  estimating 
further adjusted dietary 

antioxidant levels. 

 

CONCLUSIONS 
This is the first study that has applied a wide range of a 

priori MD indexes to perform a comparative study of the 
dietary antioxidant profiles. Although the basis for all 
these indexes is a mostly plant-based dietary pattern, 
they differ regarding their operationalization and 

definition. This heterogeneity was manifest by the weak-to-

moderate correlations among the MD indexes. Moreover, 
differences in intake levels of dietary antioxidants were 
observed according to the MD in- dex and some of the 
evaluated MD indexes showed a higher antioxidant profile. 
However, the extent to which these dif- ferences among MD 
indexes influence health determinants is unclear. Future 
research needs in the area include compara- tive evaluations 
of MD indexes regarding disease outcomes and nutrient 
intake. 
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Table 5. Adjusted mean daily intakes standard error (SE) of dietary antioxidants in the lowest tertile of adherence to the Mediterranean Diet (MD) indexes in the two 
European Prospective into Cancer and Nutrition-Spain cohorts (1992-1996)a 

 
 

 
MD index 

 

 
Sample size of 

lowest tertileb 

 

 
Vitamin C 

(mg/d) 

 

 

a-Tocopherol 

(mg/d) 

Beta 

Carotene 

(mg/d) 

TRAPc 

(mmol trolox 

equivalents/d) 

FRAPd 

(mmol 

iron/d) 

TEAC-ABTSe 

(mmol trolox 

equivalents/d) 

ORACf 

(mmol trolox 

equivalents/d) 

 

 
TPg 

(mg/d) 

 

 
Flavonoids 

(mg/d) 

 

 
PAC 

Scoreh 

←———————————————————————————————————————————mean    SE———————————————————————————————————————————! 

MD Scale-1995 5,591 57.9 3.6 4.60 0.21 1,093 72 1,035 65 3,417 174 1,135 65 3,904 209 529 29 77.7 6.6 1.44 0.25 

MD Scale-2003 2,994 55.5 2.9 4.47 0.17 1,050 57 1,034 56 3,390 147 1,130 55 3,677 160 500 22 73.5 5.2 1.72 0.26 

MD Scale-2013 4,870 52.8 3.6 4.13 0.18 1,023 73 1,111 79 3,531 200 1,165 74 3,503 207 475 28 76.0 7.4 1.66 0.35 

Modified 

MD-2005 

4,855 55.9 3.7 4.03 0.30 1,147 82 1,206 86 3,801 221 1,275 83 3,881 224 517 29 83.5 8.9 2.15 0.52 

MD Pattern-2002 5,627 59.0 3.5 4.07 0.19 1,084 69 1,195 75 3,715 187 1,236 70 3,869 200 520 26 80.6 7.1 1.87 0.49 

MD Pattern-2003 2,714 44.3 2.9 4.26 0.20 758 50 802 54 2,860 153 938 56 2,975 162 414 22 53.8 4.7 1.60 0.24 

MD Pattern-2006 6,057 59.9 3.7 4.39 0.20 1,192 77 1,146 74 3,733 194 1,231 71 3,934 205 534 27 78.7 6.6 2.20 0.38 

MSDPSi 4,967 63.1 4.1 5.00 0.25 1,137 82 1,163 78 3,831 205 1,278 77 3,883 213 540 29 73.2 6.4 1.55 0.25 

MD Quality Index 4,534 46.9 3.2 4.10 0.22 818 61 810 60 2,796 164 924 62 2,996 173 417 24 56.7 5.3 1.11 0.21 

ITAMEDj 5,430 66.4 3.7 4.42 0.20 1,156 73 1,781 122 3,482 176 1,173 66 4,218 197 579 27 81.3 6.4 1.27 0.23 

Alternate 

MD Index 

5,328 53.2 3.4 4.10 0.19 992 68 1,050 75 3,427 190 1,136 72 3,495 188 473 25 70.4 6.5 1.60 0.28 

Relative 

MD Score 

4,786 53.5 3.5 4.22 0.21 1,045 72 1,004 71 3,305 188 1,089 69 3,600 200 482 26 68.5 6.4 1.67 0.34 

MD Score-2001 5,688 43.0 2.7 4.17 0.19 899 56 911 60 3,015 159 997 59 2,968 157 402 21 58.3 5.0 1.25 0.19 

MD Score-2004 5,536 61.3 4.0 4.35 0.20 1,161 81 1,380 94 4,157 235 1378 87 4,050 230 548 31 87.2 8.1 1.91 0.43 

MD Score-2005 5,979 47.9 3.1 4.28 0.20 1,004 67 936 60 3,142 161 1,022 59 3,238 178 441 24 58.2 5.0 1.92 0.29 

MD Score-2007 5,443 44.0 2.8 4.10 0.21 827 55 828 59 2,869 159 936 58 2,941 155 402 21 52.6 4.7 1.50 0.25 

Cardioprotective 

MD Score 

4,245 50.2 2.7 4.41 0.19 1,029 60 883 53 3,068 143 1,010 53 3,268 146 451 20 55.9 4.2 1.58 0.21 

(continued on next page) 
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Table 5. Adjusted mean daily intakes standard error (SE) of dietary antioxidants in the lowest tertile of adherence to the Mediterranean Diet (MD) indexes in the two 
European Prospective into Cancer and Nutrition-Spain cohorts (1992-1996)a (continued) 

 
 

 
MD index 

 

 
Sample size of 

lowest tertileb 

 

 
Vitamin C 

(mg/d) 

 

a-Tocopherol 

(mg/d) 

Beta 

Carotene 

(mg/d) 

TRAPc 

(mmol trolox 

equivalents/d) 

FRAPd 

(mmol 

iron/d) 

TEAC-ABTSe 

(mmol trolox 

equivalents/d) 

ORACf 

(mmol trolox 

equivalents/d) 

 

 
TPg 

(mg/d) 

 

 
Flavonoids 

(mg/d) 

 

 
PAC 

Scoreh 

←————————————————————————————————————————————mean    SE————————————————————————————————————————————! 

PREDIMEDk 5,154 64.6 3.0 4.49 0.16 1,241 62 1,176 58 3,857 151 1,291 57 4,182 166 573 22 83.9 5.3 1.87 0.26 

L-basedl 6,218 52.8 3.1 4.39 0.20 1,077 69 952 61 3,229 164 1,072 61 3,437 172 472 23 66.6 5.4 1.44 0.22 

MEDLIFEm 4,989 55.7 3.6 4.25 0.20 1,019 69 1,033 70 3,476 187 1,143 69 3,713 206 502 28 75.1 6.7 1.49 0.29 

MD Serving Score 6,269 55.3 3.4 4.61 0.20 1,120 70 1,122 72 3,587 184 1,177 67 3,457 182 480 25 72.5 6.0 1.99 0.30 

Minimume  43.0-66.4 4.03-5.00 758-1,241 802-1,781 2,796-4,157 924-1,378 2,941-4,218 402-579 52.6-87.2 1.11-2.15 

maximumn 

aGeometric means were derived from generalized linear models adjusted for age continuous, sex, center, and energy intake continuous. Intakes ranking among the five highest are shown in boldface type. 
bReference values in lowest tertile of adherence: MD scale-1995 ≤3; MD scale-2003 ≤4; MD scale-2013 ≤3; Modified MD-2005 ≤3; Modified DP-2002 ≤24; Modified DP-2003 ≤12; Modified DP-2006 ≤18; MSDPS ≤69; MD quality index ≥ 8; ITAMED 

≤3; alternate MD index ≤2; relative MD score ≤7; MD score-2001 ≤2; MD score-2004 ≤17; MD score-2005 ≤32; MD score-2007 ≥32; Cardioprotective MD score ≥5; PREDIMED ≤7; L-based ≤9; MEDLIFE ≤8, and MD serving score ≤10. 
cTRAP¼total radical-trapping antioxidant parameter. 
dFRAP¼ferric-reducing antioxidant power. 
eTEAC-ABTS¼Trolox equivalent antioxidant capacity. 
fORAC¼oxygen radical antioxidant capacity. 
gTP¼total polyphenols. 
hPAC¼polyphenol antioxidant content score. Range¼e28 to 28. 
iMSDPS¼Mediterranean-style dietary pattern score. 
jITAMED¼Italian Mediterranean Index. 
kPREDIMED¼Prevention with MD. 
lL-based¼literature-based adherence score to MD. 
mMEDLIFE¼Mediterranean Lifestyle Index. 
nDifferences between extreme values of mean intakes maximum and minimum were all statistically significant at P<0.001. 
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Table 6. Adjusted mean daily intakes standard error (SE) of selected food groupsa (g/d) in the highest tertile of adherence to the Mediterranean Diet (MD) indexes in the 
two European Prospective into Cancer and Nutrition-Spain cohorts (1992-1996)b 

 

 Sample  

size of      Meat  

 
MD index 

highest 

tertilec 
 
Vegetables Fruits 

 
Legumes Nuts 

 
Cereals 

 
Fish 

 
Olive oil Wine 

and meat Dairy 

Products Products 

Fats 

(Animal Origin) 

←—————————————————————————————————————————————mean   SE—————————————————————————————————————————————! 

MD Scale-1995 2,404 334 27 166 20 32.7 3.2 3.98 1.19 93.1 6.0 31.3 4.0 14.3 1.6 14.8 4.7 49.7 4.5 51.8 9.6 1.28 0.25 

MD Scale-2003 3,762 275 20 145 14 25.2 2.0 4.48 1.09 89.8 4.9 49.3 4.2 15.3 1.3 27.9 5.6 56.0 4.1 64.0 9.0 1.69 0.23 

MD Scale-2013 3,606 308 22 184 18 26.8 2.3 4.61 0.94 90.0 5.2 49.4 4.2 14.7 1.7 13.9 3.4 55.7 4.3 64.2 9.0 1.83 0.27 

Modified MD-2005 3,814 300 22 143 15 28.2 2.2 4.96 1.22 105 5 54.6 4.5 20.5 2.0 32.3 6.4 56.2 4.1 68.4 9.7 1.95 0.29 

MD Pattern-2002 4,143 437 28 261 24 24.7 2.3 4.90 1.15 78.6 4.7 61.0 4.9 23.6 1.9 21.1 4.3 58.4 4.5 79.6 10.6 1.93 0.25 

MD Pattern-2003 2,714 233 18 129 14 17.3 1.8 3.88 0.94 61.5 4.2 36.7 3.4 12.2 0.9 18.1 4.8 57.2 5.4 71.5 10.2 1.47 0.20 

MD Pattern-2006 4,703 312 20 172 15 32.3 2.4 3.26 0.59 95.1 4.5 53.2 4.1 20.5 1.5 9.83 2.47 57.5 3.8 103 11.6 1.95 0.26 

MSDPSd 1,620 245 31 219 33 31.3 3.6 1.40 0.56 66.9 6.0 37.4 5.9 14.2 1.5 38.8 14.6 52.9 5.9 199 23.4 1.63 0.36 

MD Quality Index 5,011 318 19 141 12 18.8 1.5 4.46 0.98 66.7 3.2 54.1 3.8 14.2 0.8 17.7 4.4 54.0 3.6 59.3 6.2 1.60 0.19 

ITAMEDe 3,428 283 24 238 22 21.2 2.2 5.26 1.46 60.4 4.4 39.7 4.3 16.8 1.7 15.4 3.9 46.7 4.1 82.4 11.5 1.42 0.19 

Alternate MD Index 2,247 323 26 179 18 26.5 2.8 4.71 1.09 77.3 5.8 48.5 5.2 14.3 1.7 24.1 7.1 46.6 4.8 93.7 14.8 1.59 0.29 

Relative MD Score 3,781 316 22 158 15 30.7 2.4 4.12 0.99 97.9 5.2 48.9 4.0 19.2 1.4 31.6 6.5 53.8 3.9 64.5 8.0 1.83 0.27 

MD Score-2001 2,113 327 32 213 22 22.1 2.5 3.06 1.05 68.0 5.2 42.7 5.6 13.7 1.5 9.24 4.00 50.0 5.4 43.3 8.8 1.86 0.33 

MD Score-2004 3,355 276 21 147 16 30.9 2.6 3.72 0.72 112 6 55.2 4.8 19.1 2.2 10.2 2.3 59.3 5.0 82.5 12.5 2.17 0.33 

MD Score-2005 4,394 242 16 133 12 25.3 1.7 3.98 0.91 84.4 4.0 41.9 3.4 14.2 1.0 13.2 3.3 60.4 4.5 49.4 7.1 2.07 0.29 

MD Score-2007 3,793 323 21 176 15 24.2 1.9 3.91 0.97 70.4 4.0 48.1 4.1 14.7 0.9 18.5 5.3 47.1 3.7 77.1 8.5 1.57 0.23 

Cardioprotective 3,696 282 17 241 15 20.9 1.5 4.47 1.07 49.9 3.6 42.9 4.1 13.6 0.9 22.4 7.3 53.4 4.0 79.2 8.5 1.53 0.23 

MD Score             

PREDIMEDf 2,415 426 42 190 26 31.5 3.8 7.78 2.16 72.5 5.6 69.3 6.6 18.5 1.9 50.7 11.5 64.2 5.5 66.5 10.5 1.52 0.25 

L-basedg 3,330 299 20 182 15 23.2 1.8 2.86 0.75 89.1 4.7 41.8 3.6 14.9 1.2 15.2 5.4 49.1 4.0 49.8 7.4 2.08 0.32 

MEDLIFEh 3,709 272 21 122 14 24.7 2.1 4.41 1.10 90.0 5.0 44.4 3.8 16.7 1.6 24.0 5.2 55.4 4.3 71.1 9.0 1.79 0.25 

MD Serving Score 3,566 263 22 183 16 29.3 2.5 3.06 0.79 119 5 43.4 3.8 17.9 1.2 15.2 4.1 73.7 5.1 65.6 8.0 1.58 0.24 

Minimumemaximumi  233-437 122-261 17.3-32.7 1.40-7.78 50-119 31.3-69.3 12.2-23.6 9.2-50.7 46.6-73.7 43-199 1.28-2.17 

aFood groups include those presumed to fit (vegetables, fruits, legumes, nuts, cereals, fish, olive oil, and wine) or not fit (dairy products, meat and meat products, and animal fats) the definition of the traditional MD pattern. 
bGeometric means were derived from generalized linear models adjusted for age continuous, sex, center, and energy intake continuous. Intakes ranking among the five highest are shown in boldface type. 
cReference values in highest tertile of adherence: MD scale-1995 ≥6; MD scale-2003 ≥6; MD scale-2013 ≥6; modified MD-2005 ≥6; MD Pattern 2002 ≥30; MD Pattern 2003 ≥13; MD Pattern 2006 ≥21; MSDPS ≥90; MD quality index ≤5; ITAMED 

≥6; alternate MD index ≥5; relative MD score ≥11; MD score-2001 ≥5; MD score-2004 ≥21; MD score-2005 ≥36; MD score-2007 ≥37; Cardioprotective MD score ≥6; PREDIMED ≥10; L-based ≥12; MEDLIFE ≥ 11 and MDSS ≥ 14. 
dMSDPS¼Mediterranean-style dietary pattern score. 
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eITAMED¼Italian Mediterranean Index. 
fPREDIMED¼Prevention with MD. 
gL-based¼literature-based adherence score to the MD. 
hMEDLIFE¼Mediterranean Lifestyle Index. 
iDifferences between extreme values of mean intakes maximum and minimum were all statistically significant at P<0.001. 



 

 

 
 

 
 

Table 7. Adjusted mean daily intakes standard error (SE) of dietary antioxidants in the highest tertile of adherence to the Mediterranean Diet (MD) indexes by men in 
the two European Prospective into Cancer and Nutrition-Spain cohorts (1992-1996)a 

Sample 

size of 

highest Vitamin 

Beta 

a-Tocopherol Carotene 

TRAPc 

(mmol trolox 

FRAPd 

(mmol 

TEAC-ABTSe 

(mmol trolox 

ORACf (mmol 

trolox 
 

Flavonoids PACh 

MD index tertileb C (mg/d) (mg/d) (mg/d) equivalents/d) iron/d) equivalents/d) equivalents/d) TPg (mg/d) (mg/d) Score 
 

←——————————————————————————————————————————————mean    SE——————————————————————————————————————————————! 

MD Scale-1995 904 152 19 6.40 0.63 2,802 403 1,577 236 5,451 618 1,842 236 9,658 938 1,362 130 152 23 3.03 0.65 

MD Scale-2003 2,257 98.3 8.6 5.56 0.34 1,866 181 1,416 128 4,831 341 1,640 130 6,648 440 923 60 127 12 2.16 0.33 

MD Scale-2013 2,049 123 11 6.72 0.43 2,138 214 1,197 115 4,371 322 1,486 121 7,600 508 1,069 70 119 12 2.07 0.34 

Modified MD-2005 2,439 106 9 5.82 0.35 1,816 171 1,331 118 4,614 318 1,569 120 6,723 432 946 60 121 12 2.37 0.35 

MD Pattern-2002 2,704 148 11 6.57 0.40 2,263 205 1,532 127 5,125 332 1,741 125 8,959 521 1,254 71 159 13 2.53 0.34 

MD Pattern-2003 1,134 93.4 10.3 5.97 9.46 1,726 235 1,424 162 4,496 413 1,519 155 6,007 533 850 73 114 14 2.08 0.45 

MD Pattern-2006 2,521 113 9 5.67 0.33 1,714 158 1,020 90 3,927 264 1,285 96 7,470 440 1,042 60 106 10 1,98 0.30 

MSDPSi 729 142 24 4.83 0.54 1,728 310 1,462 238 4,802 644 1,682 245 8,615 960 1,211 139 190 27 2.67 0.68 

MD Quality Index 1,854 116 11 6.35 0.40 1,964 202 1,393 139 4,860 384 1,653 146 7,555 502 1,070 71 134 15 2.40 0.42 

ITAMEDj 1,588 126 13 5.75 0.45 1,609 188 1,274 146 4,359 403 1,474 150 8,211 603 1,132 83 151 18 2.92 0.51 

Alternate MD Index 988 114 12 6.30 0.52 2,170 278 1,492 176 4,878 465 1,664 175 7,863 673 1,089 92 139 19 2.19 0.47 

Relative MD Score 2,257 104 9 5.92 0.35 1,796 167 1,505 129 5,051 342 1,722 130 7,224 458 992 63 139 13 2.62 0.39 

MD Score-2001 977 118 14 6.27 0.57 2,024 295 1,466 203 4,872 529 1,638 199 8,271 716 1,137 94 138 20 2.51 0.61 

MD Score-2004 2,105 102 9 6.25 0.42 1,560 150 1,099 99 4,054 288 1,348 106 6,928 430 961 59 98.4 10.0 1.76 0.29 

MD Score-2005 1,848 106 10 6.01 0.42 1,740 183 1,294 129 4,441 345 1,537 132 6,315 448 912 64 118 12 1.95 0.34 

MD Score-2007 1,398 107 10 6.27 0.42 1,906 221 1,557 161 5,099 428 1,755 161 7,371 524 1,025 71 148 17 2.23 0.45 

Cardioprotective 

MD Score 

993 136 14 6.60 0.53 1,912 244 1,844 217 5,765 570 2,042 220 9,262 723 1,269 97 201 25 2.27 0.58 

PREDIMEDk 1,663 148 15 7.49 0.50 2,350 279 1,801 185 5,898 469 2,018 176 8,228 635 1,168 90 162 17 3.12 0.49 

L-basedl 1,249 107 10 5.63 0.42 2,004 230 1,388 168 4,787 453 1,629 171 7,444 553 1,042 75 134 16 1.92 0.40 

(continued on next page) 
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Table 7. Adjusted mean daily intakes standard error (SE) of dietary antioxidants in the highest tertile of adherence to the Mediterranean Diet (MD) indexes by men in the 
two European Prospective into Cancer and Nutrition-Spain cohorts (1992-1996)a (continued) 

Sample 

size of 

highest Vitamin 

Beta 

a-Tocopherol Carotene 

TRAPc 

(mmol trolox 

FRAPd 

(mmol 

TEAC-ABTSe 

(mmol trolox 

ORACf (mmol 

trolox 
 

Flavonoids PACh 

MD index tertileb C (mg/d) (mg/d) (mg/d) equivalents/d) iron/d) equivalents/d) equivalents/d) TPg (mg/d) (mg/d) Score 
 

←—————————————————————————————————————————————mean   SE—————————————————————————————————————————————! 

MEDLIFEm 1,960 87.3 8.7 5.83 0.40 1,539 165 1,102 107 3,933 299 1,290 109 5,750 437 809 60 93.9 10.1 2.10 0.33 

MD Serving Score 1,514 103 11 5.47 0.42 1,751 217 907 101 3,342 296 1,106 107 6,222 501 908 72 93.5 10.7 1.10 0.22 

Minimumemaximumn  87-152 4.83-7.49 1,539-2,802 907-1,844 3,342-5,898 1,106-2,042 5,750-9,658 809-1,362 93.5-201 1.10-3.12 

aGeometric means were derived from generalized linear models adjusted for age continuous, sex, center and energy intake continuous. Intakes ranking among the five highest are shown in boldface type. 
bReference values in highest tertile of adherence: MD scale-1995 ≥6; MD scale-2003 ≥6; MD scale-2013 ≥6; modified MD-2005 ≥6; modified DP-2002 ≥30; modified DP-2003 ≥3; modified DP-2006 ≥21; MSDPS ≥90; MD quality index ≤5; ITAMED 

≥ 6; alternate MD index ≥5; relative MD score ≥11; MD score-2001 ≥5; MD score-2004 ≥21; MD score-2005 ≥36; MD score-2007 ≥37; Cardioprotective MD score ≥6; PREDIMED ≥10; L-based ≥12; MEDLIFE ≥11, and MD serving score ≥14. 
cTRAP¼total radical-trapping antioxidant parameter. 
dFRAP¼ferric-reducing antioxidant power. 
eTEAC-ABTS¼Trolox equivalent antioxidant capacity. 
fORAC¼oxygen radical antioxidant capacity. 
gTP¼total polyphenols. 
hPAC¼polyphenol antioxidant content score. 
iMSDPS¼Mediterranean-style dietary pattern score. 
jITAMED¼Italian Mediterranean Index. 
kPREDIMED¼Prevention with MD. 
lL-based¼literature-based adherence score to the MD. 
mMEDLIFE¼Mediterranean Lifestyle Index. 
nDifferences between extreme values of mean intakes maximum and minimum were all statistically significant at P<0.001. 
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Table 8. Adjusted mean daily intakes (SE) of dietary antioxidants in the highest tertile of adherence to the Mediterranean Diet (MD) indexes by women in the two 
European Prospective into Cancer and Nutrition-Spain cohorts (1992-1996)a 

Sample 

size of 

highest Vitamin 

Beta 

a-Tocopherol Carotene 

TRAPc 

(mmol trolox 

FRAPd 

(mmol 

TEAC-ABTSe 

(mmol trolox 

ORACf 

(mmol trolox 
 

Flavonoids 

MD Index tertileb C (mg/d) (mg/d) (mg/d) equivalents/d) iron/d) equivalents/d) equivalents/d) TPg (mg/d) (mg/d) PAC scoreh 
 

←———————————————————————————————————————————— —mean   SE———————————————————————————————————————————— —! 

MD Scale-1995 1,500 102 8 5.99 0.34 1,932 175 1,261 98 4,475 290 1,551 111 6,179 389 871 54 104 11 1.61 0.33 

MD Scale-2003 1,505 107 9 6.46 0.37 2,228 208 1,701 126 5,542 349 1,941 132 6,493 418 917 59 130 13 1.74 0.36 

MD Scale-2013 1,557 119 10 7.28 0.43 2,344 217 1,724 130 5,677 369 1,973 138 6,834 423 979 60 126 13 1.64 0.35 

Modified MD-2005 1,375 97.5 9.2 7.09 0.50 2,165 230 1,485 122 5,212 362 1,770 135 6,017 431 856 61 101 12 1.88 0.41 

MD Pattern-2002 1,439 200 17 8.12 0.51 3,761 368 2,734 217 8,049 547 2,855 215 10,440 664 1,494 94 231 22 3.63 0.64 

MD Pattern-2003 1,580 85.3 6.6 5.29 0.28 1,779 172 1,393 110 4,403 297 1,527 111 5,222 347 729 48 109 11 3.12 0.70 

MD Pattern-2006 2,182 129 9 7.18 0.35 2,824 222 1,736 123 5,828 348 2,026 134 7,451 401 1,053 57 133 12 2.10 0.37 

MSDPSi 891 122 14 5.87 0.47 2,048 277 2,019 205 5,987 515 2,187 197 7,473 678 1,040 92 203 24 3.11 0.78 

MD Quality Index 2,874 96.6 5.7 5.83 0.24 2,203 153 1,605 95 5,075 257 1,743 95 5,883 277 812 38 116 9 2.38 0.37 

ITAMEDj 1,840 130 10 6.72 0.38 2,295 206 1,973 143 6,033 395 2,155 148 8,015 479 1,096 64 199 18 3.40 0.55 

Alternate MD Index 1,259 129 11 7.69 0.52 3,018 300 2,167 185 6,747 503 2,385 184 8,091 541 1,115 74 186 19 3.04 0.62 

Relative MD Score 1,524 124 10 6.59 0.37 2,618 245 1,826 140 5,916 389 2,077 149 7,288 481 1,041 67 144 5 2.08 0.40 

MD Score-2001 1,136 124 11 6.12 0.38 2,386 252 1,826 160 5,530 411 1,974 156 7,034 466 992 63 145 17 2.34 0.56 

MD Score-2004 1,250 111 11 6.87 0.47 2,615 270 1,827 159 6,150 461 2,134 177 7,009 520 996 74 139 17 2.34 0.53 

MD Score-2005 2,546 95.7 6.2 5.96 0.27 1,803 133 1,454 97 4,806 269 1,689 102 5,797 301 811 42 116 10 1.58 0.29 

MD Score-2007 2,395 130 8 6.63 0.27 2,706 193 1,848 109 5,882 300 2,057 112 7,574 355 1,063 49 155 12 1.98 0.31 

Cardioprotective 

MD Score 

2,703 123 7 5.97 0.24 2,181 144 1,914 109 5,723 288 2,056 109 7,440 329 1,023 44 184 13 2.54 0.42 

PREDIMEDk 752 159 19 7.65 0.56 3,093 449 2,157 251 6,602 668 2,256 241 8,548 874 1,220 121 180 30 3.73 0.87 

L-basedl 2,081 117 8 5.96 0.28 2,197 164 1,781 118 5,604 320 1,990 124 6,702 329 948 46 130 12 1.78 0.34 

(continued on next page) 
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Table 8. Adjusted mean daily intakes (SE) of dietary antioxidants in the highest tertile of adherence to the Mediterranean Diet (MD) indexes by women in the two 
European Prospective into Cancer and Nutrition-Spain cohorts (1992-1996)a (continued) 

Sample 

size of 

highest Vitamin 

Beta 

a-Tocopherol Carotene 

TRAPc 

(mmol trolox 

FRAPd 

(mmol 

TEAC-ABTSe 

(mmol trolox 

ORACf 

(mmol trolox 
 

Flavonoids 

MD Index tertileb C (mg/d) (mg/d) (mg/d) equivalents/d) iron/d) equivalents/d) equivalents/d) TPg (mg/d) (mg/d) PAC scoreh 
 

←—————————————————————————————————————————————mean    SE—————————————————————————————————————————————! 

MEDLIFEm 1,749 89.5 7.8 6.36 0.36 2,095 189 1,557 121 5,012 330 1,714 122 5,748 401 786 55 101 11 2.54 0.50 

MD Serving Score 2,052 112 8 6.08 0.34 1,995 185 1,565 116 5,092 324 1,757 120 7,630 404 1,049 54 133 12 1.99 0.36 

Minimumemaximumn  85-200 5.29-8.12 1,779-3,761 1,261-2,734 4,403-8,049 1,527-2,855 5,222-10,440 786-1,494 101-231 1.58-3.73 

aGeometric means were derived from generalized linear models adjusted for age continuous, sex, center and energy intake continuous. Intakes ranking among the five highest are shown in boldface type. 
bReference values in highest tertile of adherence: MD scale-1995 ≥6; MD scale-2003 ≥6; MD scale-2013 ≥6; modified MD-2005 ≥6; modified DP-2002 ≥30; modified DP-2003 ≥3; modified DP-2006 ≥21; MSDPS ≥90; MD quality index ≤5; ITAMED 

≥ 6; alternate MD index ≥5; relative MD score ≥11; MD score-2001 ≥5; MD score-2004 ≥21; MD score-2005 ≥36; MD score-2007 ≥37; Cardioprotective MD score ≥6; PREDIMED ≥10; L-based ≥12; MEDLIFE ≥11, and MD serving score ≥14. 
cTRAP¼total radical-trapping antioxidant parameter. 
dFRAP¼ferric-reducing antioxidant power. 
eTEAC-ABTS¼Trolox equivalent antioxidant capacity. 
fORAC¼oxygen radical antioxidant capacity. 
gTP¼total polyphenols. 
hPAC¼polyphenol antioxidant content. 
iMSDPS¼Mediterranean-style dietary pattern score. 
jITAMED¼Italian Mediterranean Index. 
kPREDIMED¼Prevention with MD. 
lL-based¼literature-based adherence score to the MD. 
mMEDLIFE¼Mediterranean Lifestyle Index. 
nDifferences between extreme values of mean intakes maximum and minimum were all statistically significant at P<0.001. 
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Table 10. Spearman correlation coefficients between indexes of adherence to the Mediterranean Diet (MD) and dietary antioxidants in two European Prospective into 

Cancer and Nutrition-Spain cohorts (n¼14,756; 1992-1996)a 

MD index Vitamin C a-Tocopherol Beta Carotene TRAPb FRAPc TEAC-ABTSd ORACe TPf Flavonoids PAC Scoreg 
 

←——————————————————————————————————————Spearman correlation coefficient——————————————————————————————————————! 

MD Scale-1995 0.37 0.23 0.30 0.36 0.39 0.37 0.44 0.44 0.33 0.43 

MD Scale-2003 0.39 0.34 0.33 0.47 0.49 0.46 0.52 0.51 0.41 0.52 

MD Scale-2013 0.39 0.51 0.33 0.42 0.48 0.45 0.54 0.53 0.40 0.50 

Modified MD-2005 0.39 0.43 0.37 0.52 0.55 0.52 0.55 0.53 0.45 0.57 

MD Pattern-2002 0.55 0.46 0.50 0.65 0.67 0.64 0.69 0.69 0.58 0.74 

MD Pattern-2003 0.27 e0.12 0.26 0.14 0.12 0.12 0.20 0.22 0.13 0.18 

MD Pattern-2006 0.46 0.38 0.41 0.37 0.44 0.41 0.58 0.58 0.37 0.50 

MSDPSh 0.24 e0.09 0.12 0.18 0.18 0.20 0.26 0.27 0.25 0.28 

MD Quality Indexi e0.41 0.01 e0.28 e0.22 e0.24 e0.23 e0.42 e0.45 e0.26 e0.30 

ITAMEDj 0.46 0.22 0.33 0.31 0.31 0.32 0.55 0.55 0.40 0.44 

Alternate MD Index 0.48 0.35 0.42 0.34 0.37 0.37 0.52 0.53 0.35 0.45 

Relative MD Score 0.44 0.34 0.40 0.49 0.52 0.49 0.56 0.56 0.43 0.56 

MD Score-2001 0.39 0.13 0.29 0.20 0.23 0.22 0.46 0.47 0.26 0.31 

MD Score-2004 0.41 0.50 0.37 0.44 0.50 0.47 0.57 0.56 0.41 0.53 

MD Score-2005 0.28 0.03 0.22 0.20 0.24 0.23 0.27 0.29 0.19 0.28 

MD Score-2007 0.51 0.06 0.40 0.19 0.21 0.22 0.45 0.49 0.24 0.32 

Cardioprotective MD Score 0.53 0.03 0.38 0.10 0.12 0.14 0.46 0.49 0.24 0.26 

PREDIMEDk 0.41 0.29 0.33 0.52 0.54 0.53 0.53 0.52 0.49 0.61 

L-basedl 0.47 0.12 0.34 0.22 0.26 0.26 0.48 0.51 0.29 0.34 

MEDLIFEm 0.39 0.24 0.29 0.37 0.39 0.37 0.41 0.41 0.31 0.42 

MD Serving Score 0.33 0.16 0.21 0.24 0.27 0.26 0.36 0.36 0.26 0.32 

aCorrelation coefficients derived from Spearman correlation. All correlation coefficients were positive statistically significant (P<0.001), except for a-tocopherol (in MD pattern-2003 and MSDPS). Correlations ≥0.5 are shown in boldface type. 
bTRAP¼total radical-trapping antioxidant parameter. 
cFRAP¼ferric-reducing antioxidant power. 
dTEAC-ABTS¼Trolox equivalent antioxidant capacity. 
eORAC¼oxygen radical antioxidant capacity. 
fTP¼total polyphenols. 
gPAC¼polyphenol antioxidant content. 
hMSDPS¼Mediterranean-Style Dietary Pattern Score. 
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iScored inversely. 
jITAMED¼Italian Mediterranean Index. 
kPREDIMED¼Prevention with MD. 
lL-based¼literature-based adherence score to the MD. 
mMEDLIFE¼Mediterranean Lifestyle Index. 


