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IMPORTANCE Oxidative stress and vascular impairment are believed to partly mediate
age-related cognitive decline, a strong risk factor for development of dementia.
Epidemiologic studies suggest that a Mediterranean diet, an antioxidant-rich cardioprotective
dietary pattern, delays cognitive decline, but clinical trial evidence is lacking.

OBJECTIVE To investigate whether a Mediterranean diet supplemented with antioxidant-rich
foods influences cognitive function compared with a control diet.

DESIGN, SETTING, AND PARTICIPANTS Parallel-group randomized clinical trial of 447
cognitively healthy volunteers from Barcelona, Spain (233 women [52.1%]; mean age, 66.9
years), at high cardiovascular risk were enrolled into the Prevención con Dieta Mediterránea
nutrition intervention trial from October 1, 2003, through December 31, 2009. All patients
underwent neuropsychological assessment at inclusion and were offered retesting at the end
of the study.

INTERVENTIONS Participants were randomly assigned to a Mediterranean diet supplemented
with extravirgin olive oil (1 L/wk), a Mediterranean diet supplemented with mixed nuts
(30 g/d), or a control diet (advice to reduce dietary fat).

MAIN OUTCOMES AND MEASURES Rates of cognitive change over time based on a
neuropsychological test battery: Mini-Mental State Examination, Rey Auditory Verbal
Learning Test (RAVLT), Animals Semantic Fluency, Digit Span subtest from the Wechsler Adult
Intelligence Scale, Verbal Paired Associates from the Wechsler Memory Scale, and the Color
Trail Test. We used mean z scores of change in each test to construct 3 cognitive composites:
memory, frontal (attention and executive function), and global.

RESULTS Follow-up cognitive tests were available in 334 participants after intervention
(median, 4.1 years). In multivariate analyses adjusted for confounders, participants allocated
to a Mediterranean diet plus olive oil scored better on the RAVLT (P = .049) and Color Trail
Test part 2 (P = .04) compared with controls; no between-group differences were observed
for the other cognitive tests. Similarly adjusted cognitive composites (mean z scores with
95% CIs) for changes above baseline of the memory composite were 0.04 (−0.09 to 0.18) for
the Mediterranean diet plus olive oil, 0.09 (−0.05 to 0.23; P = .04 vs controls) for the
Mediterranean diet plus nuts, and −0.17 (−0.32 to −0.01) for the control diet. Respective
changes from baseline of the frontal cognition composite were 0.23 (0.03 to 0.43; P = .003
vs controls), 0.03 (−0.25 to 0.31), and −0.33 (−0.57 to −0.09). Changes from baseline of the
global cognition composite were 0.05 (−0.11 to 0.21; P = .005 vs controls) for the
Mediterranean diet plus olive oil, −0.05 (−0.27 to 0.18) for the Mediterranean diet plus nuts,
and −0.38 (−0.57 to −0.18) for the control diet. All cognitive composites significantly (P < .05)
decreased from baseline in controls.

CONCLUSIONS AND RELEVANCE In an older population, a Mediterranean diet supplemented
with olive oil or nuts is associated with improved cognitive function.
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I ncreased lifespan in developed countries has resulted in a
greatly increased frequency of age-related diseases, in-
cluding Alzheimer disease,1 the most common type of

dementia.2 The economic and social burden of caring for per-
sons with dementia is increasing, and to date there are no ef-
fective pharmacologic agents to prevent or treat the disease3

or even its precursor stages.4 The view is emerging that to
achieve a benefit an intervention would likely need to be started
in the preclinical stage, a situation that applies to a substan-
tial proportion of the elderly population worldwide.5 Hence,
identifying simple and effective interventions to prevent de-
mentia or delay its onset is a major public health priority.

Emerging evidence suggests an association between di-
etary habits and cognitive performance.6,7 Oxidative stress has
long been considered to play a major role in cognitive decline
and neurodegenerative disorders.8 Thus, it is plausible that, by
counteracting oxidative stress, antioxidant-rich foods might af-
ford protection from neurodegenerative diseases. The Medi-
terranean diet is a plant-based, antioxidant-rich dietary pat-
tern reputed for its many health benefits.9 As previously
reviewed,10-12 data from large observational studies suggest that
increasing adherence to Mediterranean-type diets relates to bet-
ter cognitive function and a reduced risk of dementia. The ob-
servational studies analyzed, however, have many limita-
tions: dietary assessment performed usually only once before
outcome ascertainment, heterogeneity of Mediterranean diet
scores used to define dietary conformity, diversity of neuro-
psychological instruments used to assess cognitive function, and
residual confounding because individuals with high Mediter-
ranean diet scores tend to have healthier lifestyles. All these rea-
sons highlight the need for randomized clinical trials.13

The Prevención con Dieta Mediterránea (PREDIMED) ran-
domized clinical trial reported that, compared with a control
diet that consists of advice to reduce dietary fat, a Mediterra-
nean diet supplemented with either extravirgin olive oil or
mixed nuts for nearly 5 years reduced the incidence of cardio-
vascular diseases by 30% in older individuals at high risk.14 The
Mediterranean diet used in the PREDIMED trial in general and
the 2 supplemental foods in particular are rich in bioactive phy-
tochemicals with antioxidant and anti-inflammatory
properties.15,16 Thus, it is plausible that, together with the over-
all dietary pattern, olive oil and nuts might improve or at least
delay age-related cognitive decline. In fact, another PREDIMED
substudy in which participants underwent neuropsychologi-
cal testing once at trial’s end reported improved cognition in
the 2 Mediterranean diet arms, but the lack of baseline evalu-
ation precluded assessment of changes over time.17,18 To
address this issue, we evaluated cognitive changes with re-
peated measurements using a battery of standard neuropsy-
chological tests in a PREDIMED subcohort of cognitively
healthy individuals.

Methods
Participants
This clinical trial was conducted in a subcohort of the
PREDIMED trial (http://www.predimed.es). The protocol has

been described in detail elsewhere.19 The text of the study pro-
tocol can be found in the trial protocol in Supplement 1. For
this analysis, we asked 578 individuals consecutively re-
cruited in the Barcelona-North PREDIMED center from Octo-
ber 1, 2003, through December 31, 2009, to undergo neuro-
psychological tests to assess cognition at 2 time points, as
previously described.20 Study participants were men aged 55
to 80 years and women aged 60 to 80 years at high cardiovas-
cular risk but no cardiovascular disease at enrollment. Crite-
ria for eligibility were the presence of either type 2 diabetes
mellitus or at least 3 of 5 cardiovascular risk factors: smoking,
hypertension, dyslipidemia, overweight or obesity, and fam-
ily history of early-onset coronary heart disease. Exclusion cri-
teria were prior cardiovascular disease, any severe chronic ill-
ness, substance abuse, illiteracy, and history of allergy or
intolerance to the supplemental foods olive oil or nuts. Exclu-
sion criteria specific for this substudy were difficulty in ex-
pression or comprehension of the Spanish language, depres-
sion (defined as a score >13 on the Hamilton Depression Rating
Scale), and mild cognitive impairment (defined according to
the Petersen diagnostic criteria, which include memory symp-
toms, scores <1.5 SDs of the mean of a reference population
on an episodic memory test, preserved activities of daily liv-
ing, and absence of dementia).21

We obtained baseline and yearly data on medical history,
medication use, lifestyle, and adiposity. Fasting venous blood
and morning urine samples were obtained at baseline, 1 year,
3 years, 5 years, and the trial’s termination, whichever came
first. The study protocol was conducted according to the guide-
lines laid down in the Declaration of Helsinki, and all proce-
dures were approved by the Comité Ético de Investigación
Clínica del Hospital Clínic de Barcelona (Clinical Research Eth-
ics Committee of Hospital Clínic of Barcelona). Written in-
formed consent was obtained from all participants.

Eligible candidates were randomly assigned to 1 of 3 in-
tervention groups: a Mediterranean diet supplemented with
extravirgin olive oil, a Mediterranean diet supplemented with
mixed nuts, or a control diet (advice to reduce all dietary fat).
Randomization was performed centrally by means of a com-
puter-generated random-number sequence in blocks of 50 par-
ticipants balanced by sex and age (<70 and ≥70 years).19

Assessment of Risk Factors
Participants were considered to have diabetes, hyperlipid-
emia, or hypertension if they had a previous diagnosis of these
conditions or were treated with antidiabetic, cholesterol-
lowering, or antihypertensive agents, respectively. Anthropo-
metric measurements were performed by standard methods,
as previously described.19 Smoking status was categorized into
never, current, or past smoking according to self-reports. Physi-
cal activity was assessed with the validated Spanish version
of the Minnesota Leisure Time Physical Activity Question-
naire and expressed in minutes at a given metabolic equiva-
lent per day.22

Dietary Assessment and Nutritional Interventions
Dietary data were collected during a face-to-face interview with
a trained dietitian using a validated 137-item food-frequency
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questionnaire.23 Nutrient intakes were computed using Span-
ish food composition tables and adjusted for energy intake.
Candidates were randomly assigned to 1 of 3 interventions:
Mediterranean diet plus olive oil, Mediterranean diet plus nuts,
or control diet. Quarterly sessions were scheduled for the 2
Mediterranean diet groups; in them, they were educated on
how to follow the Mediterranean diet and received supple-
mental foods at no cost. Olive oil (1 L/wk) was provided to one
group and 30 g/d of mixed nuts (15 g of walnuts, 7.5 g of ha-
zelnuts, and 7.5 g of almonds) to the other group. During the
first 3 years of the trial, participants in the control diet group
were scheduled for yearly visits in which they were given a leaf-
let explaining the low-fat diet. The realization that the more
infrequent visits for this group might be a limitation of the trial
prompted a protocol amendment in October 2006. Thereaf-
ter, participants allocated to the control diet received person-
alized advice and group sessions with the same frequency and
intensity as those in the Mediterranean diet groups. In them,
participants were educated on how to follow a low-fat diet and
received small nonfood gifts. In each session, a validated 14-
item screener of adherence to the Mediterranean diet was used
to track diet changes.24 Neither energy restriction nor in-
creased physical activity was advised for any treatment arm.

Evaluation of Cognitive Function
An experienced neuropsychologist (C.V.-P.) who was masked
to the participants’ diet and cardiovascular risk factors con-

ducted the cognitive examinations. Neuropsychological tests
were performed at baseline and repeated at the date closest
to the study’s termination that was most convenient for par-
ticipants. Thus, follow-up time was not the same for all study
participants. The instruments used were the Mini-Mental State
Examination to assess global cognitive function, the Rey Au-
ditory Verbal Learning Test (RAVLT) to rate immediate (sum
of words recalled on the 5 learning trials) and delayed epi-
sodic verbal memory, and the verbal paired associates test, a
subtest of Wechsler Memory Scale, to evaluate episodic
memory performance. While recruitment was ongoing, we
added tests to assess changes in language and frontal func-
tions as well. To this end, we included the animal fluency test
to evaluate semantic fluency, the Digit Span subtest of the
Wechsler Adult Intelligence Scale to assess immediate memory
(forward digits) and working memory (backward digits), and
the Color Trail Test (parts 1 and 2) to measure attention, vi-
suomotor speed, and cognitive flexibility.

Participants’ raw test changes were standardized to z
scores, and 3 composite scores of cognitive function were cal-
culated for each participant. First, the memory composite in-
cluded the mean standardized individual change scores of the
RAVLT and Wechsler Memory Scale paired associates sub-
test. The second composite score related to frontal functions,
including tests measuring attention, cognitive flexibility and
working memory, and was constructed by averaging standard-
ized change scores of the Wechsler Adult Intelligence Scale Digit

Figure 1. Flow Diagram of the Study
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Backward Test and Color Trail Test (parts 1 and 2). Third, a
global cognition composite was generated by computing the
mean standardized changes of all neuropsychological tests, in-
cluding the Mini-Mental State examination. These 3 compos-
ite scores were prespecified as the primary outcomes of the
study. Incident cases of mild cognitive impairment were re-
corded as well.

Laboratory Determinations
To determine adherence to supplemental foods, we measured
urinary hydroxytyrosol (the main phenolic compound in ex-
travirgin olive oil) and plasma proportions of α-linolenic acid
(a fatty acid characteristic of walnuts) at baseline and the clos-
est time point to the second cognitive evaluation in a random
subsample of participants, as described.14 The APOE ε4 geno-
type was determined with the method of Hixson and Vernier.25

Statistical Analyses
Baseline imbalances in demographic variables and cardiovas-
cular risk factors among treatment groups were assessed by
analysis of variance (ANOVA) or χ2 tests, as appropriate. Differ-
ences between the participants who withdrew from and those
who remained in the study were assessed by the t test or χ2 tests,
as appropriate. Baseline and postintervention (the time point
closest to the second cognitive evaluation) food and nutrient
consumption and biomarkers of adherence were assessed by
ANOVA. Between-group differences in baseline neuropsycho-
logical test scores were assessed by ANOVA and in addition by

analysis of covariance (ANCOVA) with adjustment for sex, base-
line age, years of education, APOE ε4 genotype, smoking, body
mass index, energy intake, physical activity, diabetes, hyper-
lipidemia, the ratio of total cholesterol to high-density lipopro-
tein cholesterol, statin treatment, hypertension, and use of an-
ticholinergic drugs. Postintervention changes for each cognitive
test and test composites were assessed by ANOVA and addi-
tionally by ANCOVA, adjusting for the variables listed above plus
follow-up time. Between-group differences in incident mild cog-
nitive impairment were analyzed by logistic regression adjust-
ing for the confounders listed above. Bonferroni post hoc tests
were used for all comparisons. Statistical significance was set
at the P < .05 level. Analyses were performed using SPSS sta-
tistical software, version 16.0 (SPSS Inc).

Results
Participants
The baseline neuropsychological evaluation was completed by
447 participants, but 113 (25.3%) refused to undergo a second
procedure or abandoned the study for different reasons
(Figure 1). No significant differences were observed between par-
ticipants who withdrew from and those who remained in the
study in terms of age, sex, years of education, or cardiovascu-
lar risk factors (data not shown). However, there were more
APOE ε4 alleles (24.8% and 15.6%, respectively; P = .004) and
worse cognitive scores on the Mini-Mental State Examination

Table 1. Baseline Characteristics of Participants by Study Groupa

Characteristic

Mediterranean
Diet Plus
Extravirgin
Olive Oil
(n = 127)

Mediterranean
Diet Plus
Nuts
(n = 112)

Control Diet
(n = 95) P Valueb

Men 60 (47.2) 58 (51.8) 46 (48.4) .77

Age, mean (SD), y 67.9 (5.4)c 66.7 (5.3) 65.5 (5.8) .005

Body mass index, mean (SD) 28.5 (3.3) 28.4 (3.2) 28.5 (3.3) .95

Educational level, mean (SD), y 6.8 (3.0) 7.6 (3.3) 7.1 (2.8) .13

Married 101 (79.5) 89 (79.5) 74 (77.9) .47

Family history of early-onset CHD 40 (31.5) 23 (20.5) 32 (33.7) .07

Ever smoker 54 (42.5) 47 (42.0) 44 (46.3) .79

Dyslipidemia 96 (75.6) 83 (74.1) 68 (71.6) .80

Total cholesterol, mean (SD), mg/dL 220.7 (32.1)c 217.1 (37.6) 209.4 (33.6) .051

LDL-C, mean (SD), mg/dL 136.4 (31.2) 137.0 (33.7) 129.3 (28.4) .15

HDL-C, mean (SD), mg/dL 57.5 (16.5)c 54.7 (13.9) 51.6 (12.0) .01

Triglycerides, mean (SD), mg/dL 134.4 (99.5) 128.7 (65.9) 146.1 (87.7) .34

Ratio of total cholesterol to HDL-C 4.1 (0.99) 4.1 (0.95) 4.2 (0.97) .54

Use of hypolipidemic drugs 67 (52.8) 53 (47.3) 47 (49.5) .70

Hypertension 98 (77.2) 77 (68.8) 73 (76.8) .26

Use of antihypertensive agents 86 (67.7) 71 (63.4) 63 (66.3) .78

Type 2 diabetes mellitus 70 (55.1) 66 (58.9) 48 (50.5) .48

Use of antidiabetic medication 34 (26.8) 41 (36.6) 36 (37.9) .20

Use of anticholinergic drugs 20 (15.7) 13 (11.6) 15 (15.8) .59

Physical activity, mean (SD), MET-min/d 541 (358) 554 (339) 516 (349) .73

APOE ε4 genotype 24 (18.9) 14 (12.5) 14 (14.7) .38

Hamilton Depression Rating Scale score,
mean (SD)

2.1 (2.5) 2.2 (2.6) 2.4 (2.6) .68

Abbreviations: CHD, coronary heart
disease; HDL-C, high-density
lipoprotein cholesterol;
LDL-C, low-density lipoprotein
cholesterol; MET-min, minutes at a
given metabolic equivalent level
(units of energy expenditure in
physical activity, 1 MET-min roughly
equivalent to 1 Kcal).

SI conversion factors: To convert
cholesterol values to millimoles per
liter, multiply by 0.0259; triglyceride
levels to millimoles per liter, multiply
by 0.0113.
a Data are presented as number

(percentage) of patients unless
otherwise indicated.

b P value for comparisons across
groups with the Pearson χ2 test for
categorical variables or 1-way
analysis of variance for continuous
variables.

c Significantly different from control
diet group (Bonferroni post hoc
test).
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(27.7 and 28.1, respectively; P = .006) and Wechsler Memory
Scale (14.2 and 15.1, respectively; P = .02) among participants
who withdrew from the study compared with those who com-
pleted the study. Dropouts were unevenly distributed among
groups (18.1% Mediterranean diet plus olive oil, 28.8% Medi-
terranean diet plus nuts, and 34.5% control diet; P = .004).

Table 1 gives the baseline demographic and clinical char-
acteristics for the 334 participants who completed the study
(median follow-up, 4.1 years; range, 1.0–8.8 years). The mean
age of the participants was 66.8 years, and 170 (50.9%) were
women. The characteristics of participants in the 3 interven-
tion groups were well balanced except for age and lipid val-
ues because participants in the Mediterranean diet plus olive
oil group were a mean of 2 years older than those allocated to
the control group, and total and high-density lipoprotein cho-
lesterol levels were lower in the control group.

Dietary Changes
Participants assigned to the Mediterranean diet plus olive
oil group significantly increased consumption of extravirgin

olive oil while reciprocally decreasing consumption of com-
mon olive oil. Expectedly, those allocated to the Mediterra-
nean diet plus nuts group increased nut consumption
(eTable 1 in Supplement 2). The main nutrient changes in
the Mediterranean diet groups reflected the fat composition
of the supplemental foods because energy supplied as
monounsaturated and polyunsaturated fatty acids signifi-
cantly increased in the Mediterranean diet plus olive oil
and Mediterranean diet plus nuts groups, respectively
(Table 2).

Participants in the 3 groups reported similar baseline ad-
herence to the Mediterranean diet, as assessed by the 14-item
screener. Compared with the control group, both Mediterra-
nean diet groups had increased adherence to the Mediterra-
nean diet at the end of follow-up. Changes in biomarkers were
mean increases of 0.19% for plasma α-linolenic acid in the
Mediterranean diet plus nuts group and of 49.6 μg/L in uri-
nary hydroxytyrosol in the Mediterranean diet plus olive oil
group, indicating good adherence with the supplemental foods
(eTable 2 in Supplement 2).

Table 2. Baseline Energy and Nutrient Consumption and Changes by Study Groupa

Variable

Mean (95% CI)

P Valuea

Mediterranean Diet
Plus Extravirgin Olive Oil
(n = 127)

Mediterranean Diet
Plus Nuts
(n = 112)

Control Diet
(n = 95)

Energy, kcal

Baseline 2453 (2339 to 2566) 2505 (2403 to 2608) 2398 (2275 to 2521) .44

Change −309 (−411 to −206) −271 (−371 to −171) −345 (−456 to −233) .64

Energy from protein, %

Baseline 17.0 (16.5 to 17.5) 16.5 (16.0 to 17.0) 16.6 (16.0 to 17.1) .34

Change 0.52 (0.10 to 0.95) 0.31 (−0.14 to 0.75) 0.10 (−0.51 to 0.71) .48

Energy from carbohydrate, %

Baseline 41.8 (40.5 to 43.0) 41.4 (40.3 to 42.6) 41.8 (40.4 to 43.2) .90

Change −4.59 (−5.72 to −3.47) −5.01 (−6.05 to −3.97)b −2.61 (−4.03 to −1.18) .02

Fiber, g/1000 kcal

Baseline 12.3 (11.7 to 13.0) 11.6 (11.0 to 12.2) 11.7 (10.9 to 12.4) .22

Change 0.14 (−0.43 to 0.71) 0.82 (0.35-1.29) −0.07 (−0.68 to 0.54) .07

Energy from fat, %

Baseline 38.3 (37.2 to 39.4) 38.7 (37.7 to 39.7) 38.2 (36.9 to 39.4) .79

Change 3.51 (2.46 to 4.55) 4.52 (3.52 to 5.52)b 1.97 (0.69 to 3.25) .008

Saturated fatty acids, %

Baseline 10.2 (9.8 to 10.6) 10.4 (10.0 to 0.8) 10.1 (9.6 to 10.6) .61

Change −0.29 (−0.64 to 0.05) −0.59 (−0.89 to −0.28) −0.20 (−0.69 to 0.29) .33

Monounsaturated fatty acids, %

Baseline 18.7 (18.1 to 19.3) 18.6 (18.0 to 19.3) 18.8 (18.0 to 19.6) .95

Change 3.66 (3.00 to 4.33)b 3.40 (2.68 to 4.12) 2.17 (1.32 to 3.03) .02

Polyunsaturated fatty acids, %

Baseline 6.1 (5.7 to 6.4) 6.4 (6.0 to 6.8) 6.1 (5.7 to 6.5) .30

Change −0.02 (−0.44 to 0.40) 1.49 (1.09 to 1.88)c −0.14 (−0.61 to 0.33) <.001

Cholesterol, mg

Baseline 413 (393 to 434) 405 (384 to 426) 399 (374 to 425) .66

Change −48.0 (−68.1 to −28.0) −41.0 (−60.3 to −21.7) −71.2 (−92.9 to −49.5) .12

a P value for comparisons across groups with 1-way analysis of variance.
b Significantly different from control group (Bonferroni post hoc test).
c Significantly different from the other intervention groups (Bonferroni post hoc test).
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Cognitive Function
The interventions had no significant effect on depression
scores. Mean changes after the Mediterranean diet plus olive
oil, Mediterranean diet plus nuts, and control diet were 0.1,
−1.6, and 0.3, respectively (P = .49).

eTable 3 in Supplement 2 gives the baseline cognitive scores
and changes at the end of the trial. Table 3 gives the fully ad-
justed values for the same variables. No baseline differences
existed among study groups in the adjusted model. Im-
proved 4-year scores in the 2 RAVLTs were observed in all
groups, with significant differences in the RAVLT for the par-
ticipants in the Mediterranean diet plus olive oil group vs the
control group. Participants in the Mediterranean diet plus ol-
ive oil group also had improved scores on the Color Trail Test
part 1, but the adjusted changes were not significant com-
pared with those in the control group (P = .06). The Color Trail

Test part 2 scores worsened in all groups, although less in the
Mediterranean diet plus olive oil group, with adjusted changes
significantly different from those in the control group (Table 3).

Figure 2 and Table 4 report adjusted changes in compos-
ite scores for memory, frontal functions, and global cogni-
tion. Table 4 also reports unadjusted values, which differed
little from those in the fully adjusted model. Participants in the
control group had a significant decrease from baseline in all
composites. Compared with the control group, the memory
composite improved significantly in the Mediterranean
diet plus nuts group, whereas the frontal and global cogni-
tion composites improved in the Mediterranean diet plus ol-
ive oil group. Figure 2 also shows that the changes for the 2
Mediterranean diet arms in each composite were more like each
other than when comparing those of the individual Mediter-
ranean diet arms with the control arm.

Table 3. Baseline Cognitive Test Scores and Changes by Study Group

Variable

Mean (95% CI)

P Valuea

Mediterranean Diet
Plus Extravirgin
Olive Oil
(n = 127)

Mediterranean Diet
Plus Nuts
(n = 112)

Control Diet
(n = 95)

MMSEb

Baseline 28.01 (27.79 to 28.24) 28.11 (27.87 to 28.35) 28.38 (28.12 to 28.65) .10

Change 0.16 (−0.12 to 0.44) −0.07 (−0.36 to 0.23) −0.26 (−0.57 to 0.06) .15

RAVLT, total learningb

Baseline 39.31 (37.92 to 40.70) 39.46 (37.98 to 40.94) 39.24 (37.63 to 40.85) .98

Change 4.50 (3.24 to 5.77)c 4.26 (2.91 to 5.60) 2.10 (0.64 to 3.57) .04

RAVLT, delayed recallb

Baseline 6.61 (6.09 to 7.13) 6.48 (5.93 to 7.03) 6.37 (5.77 to 6.96) .83

Change 1.47 (1.02 to 1.92) 1.80 (1.32 to 2.28) 0.95 (0.43 to 1.47) .06

Paired associatesb

Baseline 15.25 (14.69 to 15.82) 15.25 (14.65 to 15.85) 14.89 (14.24 to 15.54) .66

Change 0.25 (−0.33 to 0.83) 0.41 (−0.21 to 1.03) −0.09 (−0.76 to 0.58) .56

Verbal fluencyd

Baseline 18.44 (17.18 to 19.70) 20.33 (18.86 to 21.79) 19.02 (17.53 to 20.51) .16

Change 0.53 (−0.78 to 1.84) −1.51 (−3.08 to 0.06) 0.30 (−1.27 to 1.87) .13

Digit Span Forwardd

Baseline 5.33 (5.03 to 5.63) 5.20 (4.85 to 5.56) 5.23 (4.89 to 5.57) .85

Change 0.11 (−0.16 to 0.38) 0.36 (−0.01 to 0.73) −0.08 (−0.40 to 0.25) .28

Digit Span Backwardd

Baseline 3.76 (3.49 to 4.02) 3.83 (3.52 to 4.14) 3.95 (3.66 to 4.25) .63

Change 0.25 (−0.10 to 0.59) 0.34 (−0.12 to 0.81) −0.24 (−0.64 to 0.17) .14

Color Trail Test part 1d,e

Baseline 62.60 (56.29 to 68.91) 61.15 (53.56 to 68.74) 57.00 (49.61 to 64.38) .53

Change −5.77 (−11.25 to −0.28) 2.48 (−5.29 to 10.26) 4.53 (−2.11 to 11.17) .045

Color Trail Test part 2d,e

Baseline 136.55 (123.19 to 149.90) 131.59 (115.13 to 148.05) 129.99 (114.39 to 145.60) .81

Change 5.66 (−10.23 to 21.55)c 24.23 (1.36 to 47.10) 37.56 (18.14 to 56.97) .045

Abbreviations: MMSE, Mini-Mental State Examination; RAVLT, Rey Auditory
Verbal Learning Test.
a P value by analysis of covariance adjusted for sex, baseline age, years of

education, marital status, APOE ε4 genotype, ever smoking, baseline body
mass index, energy intake, physical activity, type 2 diabetes mellitus,
hyperlipidemia, ratio of total cholesterol to HDL-C, statin treatment,
hypertension, use of anticholinergic drugs, and time of follow-up (not in

baseline, only in change).
b Measured in 334 participants (127, 112, and 95 participants, respectively).
c Significantly different from control group (Bonferroni post hoc test).
d Measured in 96 participants (41, 25, and 30 participants, respectively).
e Lower scores indicate improvement.
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At the end of follow-up, we identified 37 cases of incident
mild cognitive impairment: 17 (13.4%) in the Mediterranean
diet plus olive oil group, 8 (7.1%) in the Mediterranean diet plus
nuts group, and 12 (12.6%) in the control group (adjusted
P = .28). No dementia cases were documented in participants
completing follow-up.

Discussion
The PREDIMED study is a 5-year randomized clinical trial of
nutrition intervention with the Mediterranean diet vs a con-
trol diet for primary cardiovascular prevention in older indi-
viduals at high cardiovascular risk.14 In a PREDIMED sub-
study, we assessed cognitive performance by various
neuropsychological tests at baseline and after a median fol-
low-up of 4.1 years. Results revealed cognitive improvement
in participants allocated the Mediterranean diet and cogni-
tive decline in those allocated the control diet. The benefit of
the Mediterranean diet was independent of sex, age, energy
intake, and cognition-related variables, including educa-
tional level, APOE ε4 genotype, and vascular risk factors. These

findings are novel because, to our knowledge, no prior long-
term clinical trial has assessed cognitive changes in response
to dietary patterns.

Our results extend those of prior PREDIMED substudies
wherein cognitive performance was better after the interven-
tion in the 2 Mediterranean diet groups17 or in the Mediterra-
nean diet plus olive oil group,18 but changes over time were
not assessed. Inasmuch as the main food changes were in-
creased intakes of the supplemental foods olive oil and nuts
in the corresponding Mediterranean diet groups, our find-
ings also concur with those of the cross-sectional analysis at
baseline of the same cohort, in which higher consumption of
olive oil and walnuts was independently related to better
cognition.20 The data are consistent as well with large obser-
vational studies10-12 providing longitudinal evidence of a mod-
erate protective effect of the Mediterranean diet against cog-
nitive decline and Alzheimer disease. Our findings, however,
derive from a randomized clinical trial with baseline and post-
intervention assessments, thus providing a stronger level of
scientific evidence.13

In our study, participants allocated to the Mediterranean
diet plus nuts had improvement in the memory composite
compared with those ascribed the control diet. Thus far, sci-
entific evidence is limited on the association between nut con-
sumption and cognition. Two observational studies, the
Doetinchem Cohort26 and the Nurses’ Health Study,27 found
that long-term nut consumption was related to overall cogni-
tion at older age but not to cognitive decline during follow-up
for 5 to 6 years. On the other hand, a randomized clinical trial
in young adults found no effect of walnut supplementation for
8 weeks on cognitive function.28 Results from experimental
studies29,30 have also linked dietary supplementation with nuts,
particularly walnuts, to improved cognitive outcomes in aged
animals. A prior PREDIMED substudy31 with a larger sample
size indicated that the Mediterranean diet plus nuts reduced
incident depression among diabetic participants. In our study,
with lower statistical power, we observed no effect of the in-
tervention on depression scores.

Participants in the Mediterranean diet plus olive oil group
had improved frontal function and global cognition compos-
ites in our study. There is also little evidence on the associa-
tion between olive oil consumption and cognition. In the pro-
spective Three-City Study in France,32 a weak association
between increased olive oil intake and risk of cognitive de-
cline during a 4-year follow-up was described. Greater intake
of monounsaturated fatty acids, abundant in olive oil, also re-
lated to better cognitive function in the Italian Longitudinal
Study on Aging after an 8-year follow-up.33 In the same line, a
PREDIMED substudy18 reported decreased rates of mild cog-
nitive impairment in participants allocated to the Mediterra-
nean diet plus olive oil compared with those in the control
group.

The beneficial effect of Mediterranean diets on cognition
probably stems from the abundance of antioxidants and anti-
inflammatory agents that they provide. The supplemental
foods, extravirgin olive oil and nuts, are particularly rich in phe-
nolic compounds15,16 that might counteract oxidative pro-
cesses in the brain, leading to neurodegeneration. Polyphe-

Figure 2. Changes in Cognitive Function Measured With Composites
by Intervention Group
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Error bars indicate 95% CIs. P values by analysis of covariance were adjusted for
sex, baseline age, years of education, marital status, APOE ε4 genotype, ever
smoking, baseline body mass index, energy intake, physical activity, type 2
diabetes mellitus, hyperlipidemia, ratio of total cholesterol to high-density
lipoprotein cholesterol, statin treatment, hypertension, use of anticholinergic
drugs, and time of follow-up, with the Bonferroni post hoc test. For each
cognitive composite, the changes between the 2 Mediterranean arms were not
statistically different (P >.99 for all). The changes for memory between the
Mediterranean diet plus olive oil and control groups and for frontal and global
cognition between the Mediterranean diet plus nuts and control groups had
values of P < .25.
a P < .05.
b P < .01.
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nols can ameliorate neurologic health by additional
mechanisms, including improved cerebrovascular blood flow,
modulation of neuronal signaling, enhanced synthesis of neu-
rotrophic factors, and stimulation of neurogenesis.34 Diabe-
tes is an established link with cognitive decline, and a variety
of polyphenols also disclose an antidiabetic effect.35 In this re-
gard, results from the cross-sectional evaluation at baseline of
the present cohort, whereby urinary polyphenol excretion (an
objective biomarker of intake) was linearly associated with bet-
ter memory scores,20 reinforce the notion that phenolic com-
pounds protect brain function.6 On the other hand, nuts, par-
ticularly walnuts given in one arm of the trial, contain sizeable
amounts of α-linolenic acid, the vegetable ω3 fatty acid. Ad-
ministration of this fatty acid has been found to enhance brain
plasticity and exert an antidepressant effect in experimental
animals.36

A consistent body of evidence supports a high effect of vas-
cular risk factors on cognitive decline and dementia37; hence,
another mechanism through which the Mediterranean diet
might promote brain health is vascular improvement. Brain
magnetic resonance imaging investigations have found a strong
beneficial effect of high adherence to the Mediterranean diet
on white matter hyperintensities38 and subclinical brain
infarcts.39 Furthermore, prospective studies have suggested
that the Mediterranean diet40,41 and the use of olive oil42 re-
duce the incidence of stroke. In the PREDIMED study,14 the 2
Mediterranean diet interventions reduced the incidence of car-
diovascular diseases by 30% compared with the control diet,
whereas the risk of stroke was reduced by 34% in the Medi-
terranean diet plus olive oil group and by 49% in the Mediter-

ranean diet plus nuts group. Besides vascular brain damage,
other strong associations of cognitive impairment and Alzhei-
mer disease are hypertension37 and diabetes,43 and the PRED-
IMED Mediterranean diets also had a beneficial effect on blood
pressure44 and diabetes risk.45

There are still other possible mechanisms of brain protec-
tion by Mediterranean diets, such as increase of neurotrophic
factors related to neurotransmission, synaptic plasticity, and
elimination of β-amyloid from the brain. Thus, a report from
a 3-year PREDIMED substudy46 found increased plasma con-
centrations of brain-derived neurotrophic factor in the Medi-
terranean diet plus nuts group. Finally, an experimental study47

found that oleocanthal, a phenolic component of extravirgin
olive oil, enhances brain β-amyloid clearance, suggesting a link
between olive oil consumption and reduced risk of Alzhei-
mer disease.

Our study has limitations. First, this is a post hoc analysis
of a subsample in a larger clinical trial that was not specifi-
cally designed to examine cognition. Second, the overall
sample size is small, and the subsample receiving tests of fron-
tal functions and language is even smaller. Nonetheless, the
results of all composite cognitive scores were statistically sig-
nificant in favor of the Mediterranean diets, with little differ-
ences before and after adjusting for confounders. Third, be-
cause of our differential results for the Mediterranean diet on
cognitive composites, depending on whether it included ol-
ive oil or nuts, it is difficult to precisely delineate what part of
the diet was associated with preventing cognitive decline. How-
ever, changes in the 2 Mediterranean diet groups were more
like each other than when compared with those in the control

Table 4. Baseline Cognitive Function Measured With Composites and Changes by Intervention Group

Variable

Mean (95% CI)

P Value

Mediterranean Diet
Plus Extravirgin
Olive Oil

Mediterranean Diet
Plus Nuts Control Diet

Memorya

Unadjusted modelb

Baseline −0.06 (−0.02 to 0.08) 0.04 (−0.12 to 0.20) 0.04 (−0.14 to −0.23) .56

Change 0.04 (−0.10 to 0.17) 0.08 (−0.06 to 0.22) −0.14 (−0.29 to 0.004) .08

Fully adjusted modelc

Baseline 0.02 (−0.11 to 0.15) 0.013 (−0.13 to 0.16) −0.04 (−0.20 to −0.11) .82

Change 0.04 (−0.09 to 0.18) 0.09 (−0.05 to 0.23)d −0.17 (−0.32 to −0.01) .04

Frontal Cognitione

Unadjusted modelb

Baseline 0.06 (−0.10 to 0.23) 0.02 (−0.16 to 0.21) −0.10 (−0.33 to 0.12) .41

Change 0.23 (0.07 to 0.38)d −0.02 (−0.27 to 0.22) −0.28 (−0.53 to −0.03) .002

Fully adjusted modelc

Baseline −0.06 (−0.25 to 0.13) 0.04 (−0.20 to 0.27) 0.12 (−0.11 to −0.34) .50

Change 0.23 (0.03 to 0.43)d 0.03 (−0.25 to 0.31) −0.33 (−0.57 to −0.09) .003

Global Cognitione

Unadjusted modelb

Baseline 0.06 (−0.06 to 0.18) 0.21 (0.06 to 0.36) 0.22 (0.06 to 0.39) .17

Change 0.05 (−0.08 to 0.18)d −0.06 (−0.24 to 0.11) −0.36 (−0.56 to −0.15) .001

Fully adjusted modelc

Baseline −0.07 (−0.17 to 0.04) −0.05 (−0.16 to 0.06) −0.07 (−0.19 to 0.05) .97

Change 0.05 (−0.11 to 0.21)d −0.05 (−0.27 to 0.18) −0.38 (−0.57 to −0.18) .005

a Measured in 334 participants (127,
112, and 95 participants,
respectively).

b Comparisons across groups by
1-way analysis of variance.

c Comparisons across groups by
analysis of covariance adjusted for
sex, baseline age, years of
education, marital status, ApoE4
genotype, ever smoking, baseline
body mass index, energy intake,
physical activity, diabetes mellitus,
hyperlipidemia, ratio of total
cholesterol to high-density
lipoprotein cholesterol, statin
treatment, hypertension, use of
anticholinergic drugs, and time of
follow-up (not in baseline, only in
change).

d Significantly different from control
group (Bonferroni post hoc test).

e Measured in 96 participants (41, 25,
and 30 participants, respectively).
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arm, from which it can be inferred that the 2 Mediterranean
diets were protective. Fourth, we had losses to follow-up, pre-
dominantly in the control group, probably because partici-
pants did not receive food incentives. Nevertheless, dropout
rates per group followed a pattern similar to that of the main
trial14 and were not unexpected given the older age of partici-
pants and the trial’s duration. Fifth, participants who with-
drew had worse baseline cognition and more APOE ε4 geno-
types than completers, thus being more likely to disclose
cognitive impairment during follow-up. The fact that there
were more dropouts in the control group suggests a bias to-
ward a benefit in this group. Sixth, given the long recruit-
ment period, intervals of follow-up cognitive assessments were
unavoidably unequal. For this reason, follow-up time was en-
tered as a confounder in the multivariable models. Finally, our
cohort was selected for high vascular risk, which prevents gen-
eralizing the results to the average elderly population. There

are also strengths to our study, such as the randomized de-
sign, long duration of the intervention, assessment of diet ad-
herence by objective biomarkers, and use of a comprehen-
sive battery of standardized neuropsychological tests to assess
cognitive function.

Conclusions
Our results suggest that in an older population a Mediterra-
nean diet supplemented with olive oil or nuts may counter-
act age-related cognitive decline. The lack of effective treat-
ments for cognitive decline and dementia points to the need
of preventive strategies to delay the onset and/or minimize the
effects of these devastating conditions. The present results with
the Mediterranean diet are encouraging, but further investi-
gation is warranted.

ARTICLE INFORMATION

Accepted for Publication: March 21, 2015.

Published Online: May 11, 2015.
doi:10.1001/jamainternmed.2015.1668.

Author Affiliations: Lipid Clinic, Department of
Endocrinology and Nutrition, Institut
d’Investigacions Biomèdiques August Pi Sunyer,
Hospital Clínic, Barcelona, Spain (Valls-Pedret,
Sala-Vila, Serra-Mir, Pérez-Heras, Ros); Ciber
Fisiopatología de la Obesidad y Nutrición, Instituto
de Salud Carlos III, Madrid, Spain (Valls-Pedret,
Sala-Vila, Serra-Mir, Corella, de la Torre, Martínez-
González, Martínez-Lapiscina, Fitó, Pérez-Heras,
Salas-Salvadó, Estruch, Ros); Department of
Preventive Medicine, University of Valencia,
Valencia, Spain (Corella); Cardiovascular and
Nutrition Research Group, Institut de Recerca
Hospital del Mar, Barcelona, Spain (de la Torre,
Fitó); Department of Preventive Medicine and
Public Health, School of Medicine, University of
Navarra, Pamplona, Spain (Martínez-González,
Martínez-Lapiscina); Human Nutrition Department,
Hospital Universitari Sant Joan, Institut
d’Investigació Sanitaria Pere Virgili, Universitat
Rovira i Virgili, Reus, Spain (Salas-Salvadó);
Department of Internal Medicine, Institut
d’Investigacions Biomèdiques August Pi Sunyer,
Hospital Clínic, Barcelona, Spain (Estruch).

Author Contributions: Dr Ros had full access to all
the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data
analysis.
Study concept and design: Valls-Pedret, Serra-Mir,
Corella, Martínez-González, Martínez-Lapiscina,
Pérez-Heras, Salas-Salvadó, Estruch, Ros.
Acquisition, analysis or interpretation of data:
Valls-Pedret, Sala-Vila, Corella, de la Torre,
Martínez-González, Martínez-Lapiscina, Fitó,
Salas-Salvadó.
Drafting of the manuscript: Valls-Pedret, Sala-Vila,
Ros.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Valls-Pedret, Sala-Vila, Martínez-
Lapiscina.
Obtained funding: Corella, Martinez-González,
Salas-Salvadó, Estruch, Ros.
Administrative, technical, or material support:
Corella, Martínez-González, Fitó, Salas-Salvadó,

Estruch, Ros.
Supervision: Valls-Pedret, Corella, Martínez-
González, Martínez-Lapiscina, Fitó, Estruch, Ros.

Conflict of Interest Disclosures: Dr Salas-Salvadó
has reported receiving research funding and is a
nonpaid member of the scientific advisory
committee of the International Nut Council. Dr Ros
has reported receiving research funding and is a
nonpaid member of the scientific advisory
committee of the California Walnut Commission. No
other disclosures were reported.

Funding/Support: The PREDIMED trial was
supported by the official funding agency for
biomedical research of the Spanish government,
Instituto de Salud Carlos III, through grants
provided to research networks specifically
developed for the trial: RTIC G03/140 (Dr Estruch,
principal investigator), RTIC RD 06/0045 (Dr
Martínez-González, principal investigator), and
Ciber Fisiopatología de la Obesidad y Nutrición (a
network of biomedical research groups; Drs Corella,
Martínez-González, Fitó, Salas-Salvadó, Estruch,
and Ros, principal investigators).

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and the decision to
submit the manuscript for publication.

Additional Contributions: Melibea Quintana, MSc,
from Consorci d'Atenció Primària de Salut (Primary
Health Care Area) de l’Eixample, Barcelona, Spain,
helped with neuropsychological testing. Emili
Corbella, BS, from our group, provided expert
assistance with statistical analyses. Neither
received monetary compensation for their
collaboration in the study. Supplemental foods
were donated, including extravirgin olive oil (by
Hojiblanca and Patrimonio Comunal Olivarero, both
in Spain), walnuts (by the California Walnut
Commission), almonds (by Borges, in Spain), and
hazelnuts (by La Morella Nuts, in Spain). Ciber
Fisiopatología de la Obesidad y Nutrición is an
initiative of Instituto de Salud Carlos III, Spain. We
thank the participants and staff of the PREDIMED
trial for their invaluable contributions to the study.

REFERENCES

1. Lopez AD, Mathers CD, Ezzati M, Jamison DT,
Murray CJ. Global and regional burden of disease
and risk factors, 2001: systematic analysis of
population health data. Lancet. 2006;367(9524):
1747-1757.

2. Ritchie K, Lovestone S. The dementias. Lancet.
2002;360(9347):1759-1766.

3. Iqbal K, Liu F, Gong CX. Alzheimer disease
therapeutics: focus on the disease and not just
plaques and tangles. Biochem Pharmacol. 2014;88
(4):631-639.

4. Cooper C, Li R, Lyketsos C, Livingston G.
Treatment for mild cognitive impairment:
systematic review. Br J Psychiatry. 2013;203(3):
255-264.

5. Vos SJ, Xiong C, Visser PJ, et al. Preclinical
Alzheimer’s disease and its outcome: a longitudinal
cohort study. Lancet Neurol. 2013;12(10):957-965.

6. Gómez-Pinilla F. Brain foods: the effects of
nutrients on brain function. Nat Rev Neurosci.
2008;9(7):568-578.

7. Otaegui-Arrazola A, Amiano P, Elbusto A,
Urdaneta E, Martínez-Lage P. Diet, cognition, and
Alzheimer’s disease: food for thought. Eur J Nutr.
2014;53(1):1-23.

8. von Bernhardi R, Eugenín J. Alzheimer’s disease:
redox dysregulation as a common denominator for
diverse pathogenic mechanisms. Antioxid Redox
Signal. 2012;16(9):974-1031.

9. Sofi F, Abbate R, Gensini GF, Casini A. Accruing
evidence on benefits of adherence to the
Mediterranean diet on health: an updated
systematic review and meta-analysis. Am J Clin Nutr.
2010;92(5):1189-1196.

10. Lourida I, Soni M, Thompson-Coon J, et al.
Mediterranean diet, cognitive function, and
dementia: a systematic review. Epidemiology. 2013;
24(4):479-489.

11. Psaltopoulou T, Sergentanis TN, Panagiotakos
DB, Sergentanis IN, Kosti R, Scarmeas N.
Mediterranean diet, stroke, cognitive impairment,
and depression: a meta-analysis. Ann Neurol. 2013;
74(4):580-591.

12. Singh B, Parsaik AK, Mielke MM, et al.
Association of Mediterranean diet with mild

Research Original Investigation Mediterranean Diet and Cognitive Decline

1102 JAMA Internal Medicine July 2015 Volume 175, Number 7 (Reprinted) jamainternalmedicine.com

Copyright 2015 American Medical Association. All rights reserved.

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2015.1668&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.1668
http://www.ncbi.nlm.nih.gov/pubmed/16731270
http://www.ncbi.nlm.nih.gov/pubmed/16731270
http://www.ncbi.nlm.nih.gov/pubmed/12480441
http://www.ncbi.nlm.nih.gov/pubmed/12480441
http://www.ncbi.nlm.nih.gov/pubmed/24418409
http://www.ncbi.nlm.nih.gov/pubmed/24418409
http://www.ncbi.nlm.nih.gov/pubmed/24085737
http://www.ncbi.nlm.nih.gov/pubmed/24085737
http://www.ncbi.nlm.nih.gov/pubmed/24012374
http://www.ncbi.nlm.nih.gov/pubmed/18568016
http://www.ncbi.nlm.nih.gov/pubmed/18568016
http://www.ncbi.nlm.nih.gov/pubmed/23892520
http://www.ncbi.nlm.nih.gov/pubmed/23892520
http://www.ncbi.nlm.nih.gov/pubmed/22122400
http://www.ncbi.nlm.nih.gov/pubmed/22122400
http://www.ncbi.nlm.nih.gov/pubmed/20810976
http://www.ncbi.nlm.nih.gov/pubmed/20810976
http://www.ncbi.nlm.nih.gov/pubmed/23680940
http://www.ncbi.nlm.nih.gov/pubmed/23680940
http://www.ncbi.nlm.nih.gov/pubmed/23720230
http://www.ncbi.nlm.nih.gov/pubmed/23720230
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.1668


Copyright 2015 American Medical Association. All rights reserved.

cognitive impairment and Alzheimer’s disease:
a systematic review and meta-analysis. J Alzheimers
Dis. 2014;39(2):271-282.

13. Valls-Pedret C, Ros E. Commentary:
Mediterranean diet and cognitive outcomes:
epidemiological evidence suggestive, randomized
trials needed. Epidemiology. 2013;24(4):503-506.

14. Estruch R, Ros E, Salas-Salvadó J, et al;
PREDIMED Study Investigators. Primary prevention
of cardiovascular disease with a Mediterranean
diet. N Engl J Med. 2013;368(14):1279-1290.

15. Bulló M, Lamuela-Raventós R, Salas-Salvadó J.
Mediterranean diet and oxidation: nuts and olive oil
as important sources of fat and antioxidants. Curr
Top Med Chem. 2011;11(14):1797-1810.

16. Urpi-Sarda M, Casas R, Chiva-Blanch G, et al.
Virgin olive oil and nuts as key foods of the
Mediterranean diet effects on inflammatory
biomarkers related to atherosclerosis. Pharmacol Res.
2012;65(6):577-583.

17. Martínez-Lapiscina EH, Clavero P, Toledo E,
et al. Mediterranean diet improves cognition: the
PREDIMED-NAVARRA randomised trial. J Neurol
Neurosurg Psychiatry. 2013;84(12):1318-1325.

18. Martínez-Lapiscina EH, Clavero P, Toledo E,
et al. Virgin olive oil supplementation and long-term
cognition: the PREDIMED-NAVARRA randomized,
trial. J Nutr Health Aging. 2013;17(6):544-552.

19. Martínez-González MÁ, Corella D, Salas-Salvadó
J, et al; PREDIMED Study Investigators. Cohort
profile: design and methods of the PREDIMED
study. Int J Epidemiol. 2012;41(2):377-385.

20. Valls-Pedret C, Lamuela-Raventós RM,
Medina-Remón A, et al. Polyphenol-rich foods in
the Mediterranean diet are associated with better
cognitive function in elderly subjects at high
cardiovascular risk. J Alzheimers Dis. 2012;29(4):
773-782.

21. Petersen RC, Doody R, Kurz A, et al. Current
concepts in mild cognitive impairment. Arch Neurol.
2001;58(12):1985-1992.

22. Elosua R, Marrugat J, Molina L, Pons S, Pujol E;
The MARATHOM Investigators. Validation of the
Minnesota Leisure Time Physical Activity
Questionnaire in Spanish men. Am J Epidemiol.
1994;139(12):1197-1209.

23. Fernández-Ballart JD, Piñol JL, Zazpe I, et al.
Relative validity of a semi-quantitative
food-frequency questionnaire in an elderly
Mediterranean population of Spain. Br J Nutr. 2010;
103(12):1808-1816.

24. Schröder H, Fitó M, Estruch R, et al. A short
screener is valid for assessing Mediterranean diet
adherence among older Spanish men and women.
J Nutr. 2011;141(6):1140-1145.

25. Hixson JE, Vernier DT. Restriction isotyping of
human apolipoprotein E by gene amplification and
cleavage with HhaI. J Lipid Res. 1990;31(3):545-548.

26. Nooyens AC, Bueno-de-Mesquita HB, van
Boxtel MP, van Gelder BM, Verhagen H, Verschuren
WM. Fruit and vegetable intake and cognitive
decline in middle-aged men and women: the
Doetinchem Cohort Study. Br J Nutr. 2011;106(5):
752-761.

27. O’Brien J, Okereke O, Devore E, Rosner B,
Breteler M, Grodstein F. Long-term intake of nuts in
relation to cognitive function in older women.
J Nutr Health Aging. 2014;18(5):496-502.

28. Pribis P, Bailey RN, Russell AA, et al. Effects of
walnut consumption on cognitive performance in
young adults. Br J Nutr. 2012;107(9):1393-1401.

29. Willis LM, Shukitt-Hale B, Joseph JA.
Modulation of cognition and behavior in aged
animals: role for antioxidant- and essential fatty
acid-rich plant foods. Am J Clin Nutr. 2009;89(5)
(suppl):1602S-1606S.

30. Poulose SM, Miller MG, Shukitt-Hale B. Role of
walnuts in maintaining brain health with age. J Nutr.
2014;144(4)(suppl):561S-566S.

31. Sánchez-Villegas A, Martínez-González MA,
Estruch R, et al. Mediterranean dietary pattern and
depression: the PREDIMED randomized trial. BMC
Med. 2013;11:208.

32. Berr C, Portet F, Carriere I, et al. Olive oil and
cognition: results from the three-city study. Dement
Geriatr Cogn Disord. 2009;28(4):357-364.

33. Solfrizzi V, Colacicco AM, D’Introno A, et al.
Dietary intake of unsaturated fatty acids and
age-related cognitive decline: a 8.5-year follow-up
of the Italian Longitudinal Study on Aging.
Neurobiol Aging. 2006;27(11):1694-1704.

34. Del Rio D, Rodriguez-Mateos A, Spencer JP,
Tognolini M, Borges G, Crozier A. Dietary
(poly)phenolics in human health: structures,
bioavailability, and evidence of protective effects
against chronic diseases. Antioxid Redox Signal.
2013;18(14):1818-1892.

35. Hanhineva K, Törrönen R, Bondia-Pons I, et al.
Impact of dietary polyphenols on carbohydrate
metabolism. Int J Mol Sci. 2010;11(4):1365-1402.

36. Blondeau N, Nguemeni C, Debruyne DN, et al.
Subchronic alpha-linolenic acid treatment enhances
brain plasticity and exerts an antidepressant effect:
a versatile potential therapy for stroke.
Neuropsychopharmacology. 2009;34(12):2548-2559.

37. Gorelick PB, Scuteri A, Black SE, et al; American
Heart Association Stroke Council, Council on
Epidemiology and Prevention, Council on

Cardiovascular Nursing, Council on Cardiovascular
Radiology and Intervention, and Council on
Cardiovascular Surgery and Anesthesia. Vascular
contributions to cognitive impairment and
dementia: a statement for healthcare professionals
from the american heart association/american
stroke association. Stroke. 2011;42(9):2672-2713.

38. Gardener H, Scarmeas N, Gu Y, et al.
Mediterranean diet and white matter
hyperintensity volume in the Northern Manhattan
Study. Arch Neurol. 2012;69(2):251-256.

39. Scarmeas N, Luchsinger JA, Stern Y, et al.
Mediterranean diet and magnetic resonance
imaging-assessed cerebrovascular disease. Ann
Neurol. 2011;69(2):257-268.

40. Fung TT, Rexrode KM, Mantzoros CS, Manson
JE, Willett WC, Hu FB. Mediterranean diet and
incidence of and mortality from coronary heart
disease and stroke in women. Circulation. 2009;119
(8):1093-1100.

41. Misirli G, Benetou V, Lagiou P, Bamia C,
Trichopoulos D, Trichopoulou A. Relation of the
traditional Mediterranean diet to cerebrovascular
disease in a Mediterranean population. Am J
Epidemiol. 2012;176(12):1185-1192.

42. Samieri C, Féart C, Proust-Lima C, et al. Olive oil
consumption, plasma oleic acid, and stroke
incidence: the Three-City Study. Neurology. 2011;77
(5):418-425.

43. Loy CT, Twigg SM. Growth factors, AGEing, and
the diabetes link in Alzheimer’s disease.
J Alzheimers Dis. 2009;16(4):823-831.

44. Doménech M, Roman P, Lapetra J, et al.
Mediterranean diet reduces 24-hour ambulatory
blood pressure, blood glucose, and lipids: one-year
randomized, clinical trial. Hypertension. 2014;64(1):
69-76.

45. Salas-Salvadó J, Bulló M, Estruch R, et al.
Prevention of diabetes with Mediterranean diets:
a subgroup analysis of a randomized trial. Ann
Intern Med. 2014;160(1):1-10.

46. Sánchez-Villegas A, Galbete C,
Martinez-González MÁ, et al. The effect of the
Mediterranean diet on plasma brain-derived
neurotrophic factor (BDNF) levels: the
PREDIMED-NAVARRA randomized trial. Nutr
Neurosci. 2011;14(5):195-201.

47. Abuznait AH, Qosa H, Busnena BA, El Sayed
KA, Kaddoumi A. Olive-oil-derived oleocanthal
enhances β-amyloid clearance as a potential
neuroprotective mechanism against Alzheimer’s
disease: in vitro and in vivo studies. ACS Chem
Neurosci. 2013;4(6):973-982.

Mediterranean Diet and Cognitive Decline Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine July 2015 Volume 175, Number 7 1103

Copyright 2015 American Medical Association. All rights reserved.

http://www.ncbi.nlm.nih.gov/pubmed/24164735
http://www.ncbi.nlm.nih.gov/pubmed/24164735
http://www.ncbi.nlm.nih.gov/pubmed/23732733
http://www.ncbi.nlm.nih.gov/pubmed/23432189
http://www.ncbi.nlm.nih.gov/pubmed/21506929
http://www.ncbi.nlm.nih.gov/pubmed/21506929
http://www.ncbi.nlm.nih.gov/pubmed/22449789
http://www.ncbi.nlm.nih.gov/pubmed/22449789
http://www.ncbi.nlm.nih.gov/pubmed/23670794
http://www.ncbi.nlm.nih.gov/pubmed/23670794
http://www.ncbi.nlm.nih.gov/pubmed/23732551
http://www.ncbi.nlm.nih.gov/pubmed/21172932
http://www.ncbi.nlm.nih.gov/pubmed/22349682
http://www.ncbi.nlm.nih.gov/pubmed/22349682
http://www.ncbi.nlm.nih.gov/pubmed/11735772
http://www.ncbi.nlm.nih.gov/pubmed/11735772
http://www.ncbi.nlm.nih.gov/pubmed/8209878
http://www.ncbi.nlm.nih.gov/pubmed/8209878
http://www.ncbi.nlm.nih.gov/pubmed/20102675
http://www.ncbi.nlm.nih.gov/pubmed/20102675
http://www.ncbi.nlm.nih.gov/pubmed/21508208
http://www.ncbi.nlm.nih.gov/pubmed/2341813
http://www.ncbi.nlm.nih.gov/pubmed/21477405
http://www.ncbi.nlm.nih.gov/pubmed/21477405
http://www.ncbi.nlm.nih.gov/pubmed/24886736
http://www.ncbi.nlm.nih.gov/pubmed/21923981
http://www.ncbi.nlm.nih.gov/pubmed/19339395
http://www.ncbi.nlm.nih.gov/pubmed/19339395
http://www.ncbi.nlm.nih.gov/pubmed/24500933
http://www.ncbi.nlm.nih.gov/pubmed/24500933
http://www.ncbi.nlm.nih.gov/pubmed/24229349
http://www.ncbi.nlm.nih.gov/pubmed/24229349
http://www.ncbi.nlm.nih.gov/pubmed/19887798
http://www.ncbi.nlm.nih.gov/pubmed/19887798
http://www.ncbi.nlm.nih.gov/pubmed/16256248
http://www.ncbi.nlm.nih.gov/pubmed/22794138
http://www.ncbi.nlm.nih.gov/pubmed/22794138
http://www.ncbi.nlm.nih.gov/pubmed/20480025
http://www.ncbi.nlm.nih.gov/pubmed/19641487
http://www.ncbi.nlm.nih.gov/pubmed/21778438
http://www.ncbi.nlm.nih.gov/pubmed/22332193
http://www.ncbi.nlm.nih.gov/pubmed/21387371
http://www.ncbi.nlm.nih.gov/pubmed/21387371
http://www.ncbi.nlm.nih.gov/pubmed/19221219
http://www.ncbi.nlm.nih.gov/pubmed/19221219
http://www.ncbi.nlm.nih.gov/pubmed/23186748
http://www.ncbi.nlm.nih.gov/pubmed/23186748
http://www.ncbi.nlm.nih.gov/pubmed/21676914
http://www.ncbi.nlm.nih.gov/pubmed/21676914
http://www.ncbi.nlm.nih.gov/pubmed/19387115
http://www.ncbi.nlm.nih.gov/pubmed/24799608
http://www.ncbi.nlm.nih.gov/pubmed/24799608
http://www.ncbi.nlm.nih.gov/pubmed/24573661
http://www.ncbi.nlm.nih.gov/pubmed/24573661
http://www.ncbi.nlm.nih.gov/pubmed/22005283
http://www.ncbi.nlm.nih.gov/pubmed/22005283
http://www.ncbi.nlm.nih.gov/pubmed/23414128
http://www.ncbi.nlm.nih.gov/pubmed/23414128
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.1668


 

 
 

Mediterranean Diet in the Primary Prevention of
Cardiovascular Disease (PREDIMED Study) 
 
Table of Contents 
 
 

 Page
1. ORIGINAL PROTOCOL 2 
2. SUMMARY OF CHANGES 29 
3. FINAL PROTOCOL 32 
          Statistical analysis plan 53 

 1



 

 
 
 
 
 
 
 
 
 
 
 
 

 
PREDIMED STUDY  

 
 

MEDITERRANEAN DIET IN THE PRIMARY 
PREVENTION OF CARDIOVASCULAR 

DISEASE 
 
 
 
 

 
Research Protocol. Version 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

October 2003 

 2



 

 
MEDITERRANEAN DIET IN PRIMARY CARDIOVASCULAR PREVENTION 
Research Plan 
 
A. SPECIFIC AIMS 

A Mediterranean-type diet (MeDiet) has been widely considered as a model of 
healthy eating. The adherence to a MeDiet was associated with lower coronary mortality in 
a cohort study (Trichopoulou, 2003) and in a relatively small trial with patients after a 
myocardial infarction (De Lorgeril, 1999), but no large primary prevention trial with clinical 
events as end-point has been performed. Furthermore, there are discrepancies among 
nutrition experts because of the high-fat content of MeDiets (up to >40% of total energy 
intake), which is in conflict with the usual recommendation to follow a low-fat diet in order to 
avoid overweight/obesity and to prevent coronary heart disease (CHD) (Ferro-Luzzi, 
2003; Jequier, 2002; USDA, 2000; Connor, 1997; Bray, 1998). The potential 
cardiovascular preventive effect of MeDiets in the face of the huge and increasing global 
burden of cardiovascular disease (Reddy, 2004; WHO, 2003a) makes the answer to this 
question a priority for public health. Other important reasons to thoroughly assess the 
effect of dietary guidelines based on the MeDiet, include: a) the long tradition of following 
MeDiets without any harm in Southern Europe, where life expectancy is extraordinarily 
high (Willett, 1995), b) the low incidence of CHD in these countries in spite of having 
similar or even higher levels of classical risk factors compared to the US population 
(Tunstall-Pedoe, 1999); c) the diversity of mechanistic and epidemiological observations 
of beneficial effects on cardiovascular health of the consumption of key components of the 
MeDiet, such as monounsaturated fatty acids (MUFA), extra-virgin olive oil (EVOO), or 
nuts; and d) the higher palatability, acceptance and compliance with MeDiets in 
comparison with low-fat diets (McManus, 2001). 

In the era of evidence-based medicine, nutritional recommendations should be 
based in large scale randomized intervention studies in which clinically relevant (“hard”) 
end-points are evaluated. However, no randomized controlled trial has ever been 
conducted to assess to what extent a MeDiet offers greater benefits than a usual diet in the 
primary prevention of cardiovascular events. This is the research plan of the first primary 
prevention trial, the PREDIMED Study (PREDIMED meaning PREvención con DIeta 
MEDiterránea), which plan to test the effects of a MeDiet intervention on prevention of 
cardiovascular disease. The results of this large scale randomized trial should provide the 
strong evidence required to support dietary guidelines for the general public. This study 
needs to be conducted in Spain for two reasons: a) It is more cost-effective to expand an 
ongoing trial that has developed all its infra-structure than to start a new one; b) the US 
population is not yet prepared to adopt a MeDiet in a short period of time. 
 
A.1. Primary Specific Aims 

Specific Aim 1 (MeDiet+Olive oil): to test the effect of a MeDiet enriched with 
supplemental extra-virgin olive oil on a composite endpoint of cardiovascular death, 
myocardial infarction, and stroke. 

Specific Aim 2 (MeDiet+Nuts): to test the effect of a MeDiet enriched with 
supplemental walnuts, almonds, and hazelnuts on a composite endpoint of cardiovascular 
death, myocardial infarction, and stroke 
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A.2. Other Specific Aims 

We will ascertain changes in blood lipids, blood pressure (BP), markers of inflammation 
and other intermediate markers of cardiovascular risk to better understand how 
dietary changes are able to modify the risk of clinical events.  

 
B. BACKGROUND AND SIGNIFICANCE 

Cardiovascular disease is the main cause of death worldwide at the turn of the XXI 
century. Western countries, including the US, currently continue to exhibit unacceptable 
high absolute rates of cardiovascular morbidity and mortality. Furthermore, these diseases 
constitute emerging and neglected epidemics in developing countries (WHO, 2003a, WHO, 
2003b). Surprisingly, a low incidence of CHD is found in some developed countries such 
as France, Spain, Greece, Italy, and Portugal, leading to a higher life expectancy as 
compared with Northern European countries or the US (WHO, 1993; Tunstall-Pedoe, 
1999). The Mediterranean food pattern has been the factor most frequently invoked to 
explain this health advantage.  
 
B.1. The Mediterranean diet (MeDiet) 

The MeDiet is identified as the traditional dietary pattern found in olive-growing 
areas of Crete, Greece and Southern Italy in the late 1950s and early 1960s. Its major 
characteristics are: a) a high consumption of non-refined grains, legumes, nuts, fruits and 
vegetables; b) a relatively high-fat consumption (even greater than 40 percent of total 
energy intake) mostly from MUFA, which accounts for 20 percent or more of the total 
energy intake; c) olive oil used to cook and for dressing salads is the principal source of fat; 
d) fish consumption is moderate to high; e) poultry and dairy products (usually as yogurt or 
cheese) are consumed in moderate to small amounts; f) a low consumption of red meats, 
processed meats or meat products; g) a moderate alcohol intake, usually in the form of red 
wine consumed with meals (Trichopoulou, 1995).  

Replacing saturated fat with MUFA from olive oil produces a decline in total and 
LDL cholesterol comparable to that attained by low fat diets, but HDL cholesterol is 
maintained at higher levels, thus obtaining a net advantage on the overall lipid profile 
(Perez-Jimenez, 2002; Willett, 2000). In addition, LDL particles enriched with oleic acid 
and with a lesser PUFA content may be less easily converted to modified, proinflammatory 
LDL particles. High olive oil consumption, the hallmark of MeDiet (Hu, 2003), is partially 
responsible for these effects. Additional mechanisms have been suggested for the 
beneficial effect of the MUFA-rich MeDiet (Perez-Jimenez, 2002). Among them (see 
below), it has been reported that incorporation of oleic acid into cultured endothelial cells 
decreases the expression of endothelial leukocyte adhesion molecules with  reductions in 
VCAM-1 and inhibition of nuclear factor-kappaB activation (Carluccio, 1999). Postprandial 
factor VII is significantly lower after a MUFA-rich diet. Olive oil is also associated with a 
reduced DNA synthesis in human coronary smooth muscle cells (Mata, 1997).  

The background of a long and ancient tradition with no evidence of harm makes the 
MeDiet very promising for public health. The high fruit and vegetable intake adds to its high 
antioxidant content and other mechanistic benefits provided by the polyphenols present in 
EVOO and red wine. Wide sectors of the scientific community and of consumers believe in 
a cardio-protective role for MeDiets. This hypothesis fits well into the current paradigm of 
studying overall dietary patterns instead of simply assessing isolated nutrients in 
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nutritional epidemiology. The rationale is that food items and nutrients may have 
synergistic or antagonistic effects when they are consumed in combination. Additionally, 
overall patterns better represent the dietary practices found in free-living populations and 
therefore provide more useful epidemiological information (Jacques, 2001; Jacobs, 
2003). Consequently, they have a higher potential for acceptability, palatability and future 
compliance when they are recommended in behavior counseling. Therefore, in spite of its 
relatively high fat content, the theoretical advantages of the MeDiet are multiple. To 
increase vegetable consumption, the fat-free or low-fat dressings are less acceptable than 
the use of olive oil or other full-fat salad dressings. The sautéing or stir frying of vegetables 
with variable amounts of olive oil instead of using low-fat spreads or steaming increases 
taste and results in long-term maintenance of a vegetable-rich diet. These preparation and 
cooking techniques are typical of MeDiet, where the custom is to cook vegetables in olive 
oil to enhance flavor. Hence, in health promotion and nutritional education a better 
compliance with MeDiet will be expected. In fact, a recent trial of weight loss (McManus, 
2001) reported a better adherence to a MeDiet than to a low-fat diet. Participants viewed 
this diet as more tasty than low-fat regimens, and this may have been the cause of their 
increased long-term compliance.  

However, at present, there is evidence of an undesirable departure from traditional 
MeDiets in Southern European countries, especially among younger people (Sanchez-
Villegas, 2003; Costacou, 2003), with increasing consumption of red meats, processed 
meats, and foods and beverages high in simple sugars. In addition, the traditional 
consumption of EVOO is being replaced by other refined vegetable oils of inferior quality. 
The presumable antiatherogenic properties of olive oil have been mainly attributed to its 
high content in MUFA oleic acid. However, in recent years converging evidence indicates 
that polyphenols only present in EVOO significantly contribute to these benefits. The 
concentration of phytochemicals in oils is influenced by the oil extraction procedures. 
EVOO is obtained from the first pressing of the ripe fruit and has a high content in 
antioxidants (tocopherols, polyphenols, flavonoids) and sterols. Lower quality olive oils 
(refined olive oils, ROO) lose nearly all of this antioxidant capacity because they are refined 
by physical and chemical procedures, they are mostly coloreless and aroma free, although 
their fatty acid composition is close to that of EVOO (Ramirez-Tortosa, 1999; Lercker, 
2000). EVOO polyphenolic derivatives (hydroxityrosol, tyrosol and their secoiridoid 
derivatives) have shown strong antioxidant and anti-inflammatory activity in vitro (De la 
Puerta, 1999; 2001; Manna, 2002; Visioli, 2002). In randomized cross-over trials that 
compared EVOO with ROO (in doses similar to the usual MeDiet), EVOO increased 
plasma antioxidant capacity and decreased serum tromboxane B2 production. It also 
increased LDL resistance to oxidation. EVOO affords better protection than dietary alpha-
tocopherol against lipid peroxidation (Mataix, 1998) and shows a more comprehensive 
array of effects related to atherosclerosis reduction, such as reducing oxidative stress 
(Visioli, 1998). Consequently, ROOs are thought not to provide such high cardiovascular 
benefits as EVOO and It is important to distinguish between each type of oil when 
analyzing the effects of olive oil on cardiovascular risk. EVOO has been shown to induce a 
dramatic regression of atherosclerosis in a hamster model (Mangiapane, 1999). In a 
randomized trial including 22 hypercholesterolemic men, EVOO improved endothelial 
function (Fuentes, 2001), and in another trial with 23 hypertensive patients, it significantly 
reduced BP and the need for antihypertensive medications (Ferrara, 2000).  In any case, 
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we assume that the effect of the overall MeDiet pattern will be more important than the 
isolated action of a single component. 

 
 

B.2. Available evidence about MeDiet and cardiovascular prevention 
A MeDiet was inversely associated with mortality from all-causes in several small 

observational cohort studies of elderly people (Trichopoulou, 1995; Kouris-Blazos, 
1999; Lasheras, 2000). Recent findings from the Greek EPIC cohort, with more than 
22,000 participants, suggested that a higher adherence to the MeDiet is associated with a 
reduction in total mortality and, more specifically, in coronary mortality (Trichopoulou, 
2003). Two recent case-control studies also found an inverse association between 
adherence to the MeDiet and incidence of non-fatal coronary events (Martinez-Gonzalez, 
2002; Panagiotakos, 2002). Two secondary prevention trials found a remarkable 
reduction in reinfarction or death when coronary patients were assigned to a so-called 
"Mediterranean diet" (De Lorgeril, 1999; Singh, 2002). The first of these trials, the Lyon 
Diet Heart Study (De Lorgeril, 1999), found a 50%-70% relative reduction in the risk of 
mortality or reinfarction when patients who had suffered a myocardial infarction were 
assigned to an experimental diet rich in bread, vegetables, fish, and fruit and low in red 
meat (replaced with poultry). Butter and cream were replaced with a special margarine rich 
in alpha-linolenic acid (ALA). The other trial (Singh, 2002) found a 52% relative reduction 
in total cardiac endpoints with an experimental diet rich in fruits, vegetables, nuts, whole 
grains and mustard seed or soy bean oil. The 50% to 70% observed reduction of cardiac 
events in the experimental group of the Lyon trial after 46 months leads us to think that if 
these results were generalized to non-Mediterranean populations, substantially enhanced 
and efficient methods to reduce CHD would be available. It would be shortsighted not to 
acknowledge the vast public health benefit that a MeDiet could provide with adoption by 
the healthy population-at-large if the findings of the secondary trials are also confirmed in 
primary prevention trials. The American Heart Association (AHA) has given attention to 
MeDiets as potentially useful for the prevention of CHD, but a cautious recommendation 
has been issued highlighting that more studies are needed before advising people to follow 
a MeDiet. These studies will disentangle whether the diet itself or other factors (such as 
more physical activity, a beneficial genetic background or stronger social support systems) 
account for the lower incidence of CHD in the Mediterranean countries (Kris-Etherton, 
2001a). 
 

 
B.3. Limitations of published studies on MeDiet and cardiovascular prevention 

The two published trials using so-called “MeDiets” have included patients who had 
already experienced a clinical event, i.e. they were secondary prevention trials (De 
Lorgeril, 1999; Singh, 2002), and their results may not be extrapolated to issue dietary 
guidelines for primary prevention. Additionally, major aspects of the design and methods of 
these two trials have been overtly criticized. Both trials were designed to provide the 
experimental group with a high amount of ALA. However, no special consideration was 
given to olive oil, which is the major source of dietary fat in Mediterranean countries or to 
the special relevance of EVOO as an important source of polyphenols. On the other hand, 
no protective effect for olive oil was observed in the Greek EPIC cohort (Trichopoulou, 
2003), thus raising the issue of whether the large amount of fat provided by olive oil is in 
fact affording protection against CHD (Hu, 2003). In the Lyon Diet Heart Study, the 
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assessment of the true dietary patterns and nutrient intakes at baseline and at end of the 
study were reported for only a subset of participants (30% of the control group and 50% of 
the experimental group). In addition, no biochemical verification of dietary compliance was 
done. Thus, the diet followed by most participants completing the trial is not known (Kris-
Etherton, 2001a; Robertson, 2001). A third major issue was that only 12.9 percent of 
energy intake was provided by MUFA in the group assigned to "MeDiet" in the Lyon Trial. 
In the Indo-Mediterranean Study, the percentage of MUFA intake was even lower (10% of 
total energy) and the diet of the intervention group (26% fat) could be actually interpreted 
as a low-fat diet. These values for fat and MUFA intake are far below the higher MUFA 
content (>=20%) of the traditional MeDiet (Perez-Jimenez, 2002). This is contrary to what 
should be expected with a MeDiet intervention and these two trials have actually applied 
interventions not fully in line with the traditional MeDiet. Additional concerns about the Lyon 
trial are related to the low number of observed end-points (44/14, in the control and 
intervention group respectively), the improbably large reduction in relative risk (RR) (in 
spite of not observing changes in some of the classical risk factors), and to the fact that the 
trial was stopped very early (after 27 months of follow-up). No available randomized trial 
has assessed an EVOO-rich MeDiet  in primary cardiovascular prevention. The 
PREDIMED study will be the first large trial to randomize high-risk patients to follow-up 
a traditional MeDiet for primary cardiovascular prevention. The PREDIMED trial is 
designed to overcome the previous limitations and to provide results with the best quality of 
evidence. 

 
 

B.4. Nuts and cardiovascular prevention 
Walnuts, almonds, hazelnuts, and other nuts, like pine nuts, are common staples in 

the traditional MeDiet, since they are locally produced throughout the Mediterranean basin. 
Nuts are very high in fat (73-90% of the total energy they provide, 48-63 g/100 g edible 
portion). Most nuts are rich in MUFA (mostly, oleic acid), whereas walnuts are high in 
PUFAs (linoleic and ALA). The dietary fiber content in nuts is high, ranging from 5 to 9% by 
weight. Nuts are good sources of arginine, potassium, vitamin E and other bioactive 
compounds, such as flavonoids, other polyphenols, and phytosterols. Several small 
randomized trials (<50 subjects) showed consistent reductions in total and LDL-cholesterol 
after diets enriched in various nuts, mostly walnuts or almonds (Kris-Etherton, 2001b). 
These results were achieved with intakes that would amount to two or three servings per 
day. Effects on HDL-cholesterol were inconsistent. When evaluated, the ratios of total 
cholesterol to HDL cholesterol decreased (Feldman EB, 2002). These mechanistic results 
suggest that frequent nut consumption may decrease the risk of CHD. 

A large Californian cohort, the Adventist Health Study, observed that the frequency 
of nut consumption was inversely associated with cardiovascular risk (Fraser, 1992). More 
recently, three other large cohorts, the Iowa Women's Health Study, the Nurses Health 
Study and the Physician's Health Study, have consistently shown that frequent nut 
consumption is associated with a lower CHD risk (Ellsworth, 2001; Hu, 1998; Albert, 
2002).  However, the results of the Iowa cohort did not reach statistical significance and the 
Physician’s Health Study cohort only found protection for sudden cardiac death, but not for 
non-sudden coronary death or nonfatal myocardial infarction. 
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No available randomized trial has used nuts in primary cardiovascular 
prevention. The PREDIMED study will be the first large trial to randomize high-risk 
patients to receive nuts for cardiovascular prevention. 

 
 

B.5. High-fat diets based on MUFA in diabetics, overweight subjects and high risk 
individuals 

Traditionally, nutrition advice in diabetics, obese subjects, and those with 
cardiovascular risk factors emphasized avoiding animal fat and, preferably, all kinds of 
dietary fat, and replacing them with carbohydrate (CHO). The rationale was that fats 
provided excess energy, thought to promote obesity. However, scientific evidence has 
accumulated in the last two decades about the beneficial role of diets with a relatively high 
MUFA content on cardiovascular risk factors, obesity and diabetes. These beneficial 
MUFA are provided by the MeDiet and, specifically, by olive oil and most nuts (Ros, 2003; 
Sabaté, 2003; Garcia-Lorda, 2003). In fact, the frequent intake of simple CHO in many 
otherwise low-fat foods is associated with weight gain. However, when nutrition advice is 
given to people with obesity or diabetes, a reluctance still exists to recommend high-fat, 
high-MUFA diets as an alternative to the traditional (and less palatable) low-fat diets. By 
the design of the trial, a sizeable number of the PREDIMED participants are either 
overweight/obese, or type 2 diabetics. It is thus important to recognize that there is no 
evidence that a higher percentage of fat in the diet in the form of MUFA results in 
increased body weight. The lack of a fattening effect of such MUFA-rich diets has been 
shown in the context of controlled diets (Ros, 2003), weight-reduction programs 
(McManus, 2001), and ad libitum diets (Sabaté, 2003). Furthermore, the results of our 
pilot study (see below) are also sobering with respect to the lack of weight gain in the 
intervention groups.  
 

 
B.6. Significance of primary prevention randomized trials 

Some contradictory results of observational studies and subsequent large 
randomized trials have raised major concerns. These conflicting results reinforce the need 
to obtain the highest available level of evidence before considering any global public health 
strategy to promote the MeDiet as a model of healthy eating. This evidence is only 
obtained by conducting large scale randomized trials with clinical cardiovascular events as 
the principal outcome. Dietary guidelines can be safely issued when consistency is found 
between observational and experimental studies.  

No randomized controlled trial has ever been conducted to assess the MeDiet (or a 
MeDiet supplemented with nuts) in the primary prevention of cardiovascular disease. While 
there is a wide consensus that the best answer to the above mentioned questions ideally 
should be addressed by large randomized trials with “hard” end-points (i.e., clinical events), 
the difficulties and cost of such trials have precluded their implementation and have led to 
the belief that they are unfeasible. However, secondary prevention trials using food 
patterns as main interventions have been conducted with more than 600 participants (De 
Lorgeril, 1999) or even with 1000 participants (Singh, 2002). We believe that a primary 
prevention trial is also feasible because we have already recruited (as of July 2004) 2,000 
high-risk but disease-free participants for the PREDIMED trial and found evidence after a 
3-month follow-up that our behavioral intervention does modify the participants’ dietary 
pattern and cardiovascular risk profile in the expected direction. An experimental design in 
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the Mediterranean population conducting an intervention only on diet and not on other 
lifestyle factors will provide the answer to the question formulated by the AHA about the 
specific protection of the MeDiet on CHD. 
 
C. PRELIMINARY STUDIES 
 
C.1. Preliminary trials of olive oil and nuts 

Among other relevant published trials, we highlight two very recent trials performed 
by members of our research team.  
 
C.1.1. Phenolic content in dietary EVOO decreases in vivo LDL oxidation 

A randomized double blinded, crossover feeding trial using three similar olive oils 
with increasing phenolic concentration was conducted in 30 healthy volunteers. Olive oils 
were administered over three periods of 3 weeks preceded by two-week washout periods. 
In vivo plasma oxidized LDL exhibited a 34 % reduction (p=0.01) with increasing phenolic 
content. In vitro resistance of LDL to oxidation also increased from 114 to 122 min 
(p=0.006). These results supported the hypothesis that EVOO consumption prevents LDL 
oxidation and could thus reduce the risk of CHD (Marrugat, in press). 
 
C.1.2 . A walnut diet improves endothelial function in hypercholesterolemic subjects 

In a crossover design, 21 hypercholesterolemic men and women were randomized 
to a cholesterol-lowering MeDiet and a diet of similar energy and fat content in which 
walnuts replaced about 32% of the energy from MUFA. Participants followed each diet for 
4 weeks. The walnut diet improved endothelium-dependent vasodilatation and reduced 
levels of VCAM-1 (p<0.05 for both). The walnut diet significantly reduced total and LDL 
cholesterol (p<0.05 for both). A cardioprotective effect of nut intake beyond cholesterol 
lowering was shown suggesting that a walnut-enriched MeDiet may provide even further 
benefits for cardiovascular prevention (Ros, in press).  
 

 
C.2. Preliminary case-control study of MeDiet and the risk of myocardial infarction 

Using a case-control design (171 cases of myocardial infarction and 171 age-, 
gender- and hospital-matched controls) we assessed the protection against CHD afforded 
by a MeDiet. Six food items were considered protective: 1) olive oil, 2) fiber, 3) fruits, 4) 
vegetables, 5) fish and 6) alcohol. A positive score of 1 to 5 corresponding to the quintile of 
intake of each of these items was assigned to each participant, while a negative score was 
assigned for consumption of food groups assumed to be harmful: 7) meat/meat products, 
and 8) some carbohydrate-rich items with high glycemic index (white bread and other 
items). The 8 quintile values were summed up for each participant to build a MeDiet score. 
The higher was the MeDiet score, the lower the odds ratio (OR) of myocardial infarction. A 
significant linear trend was apparent after adjustment for the main cardiovascular risk 
factors. For each additional point in the score (observed range: 9–38) the OR (95% 
confidence interval, CI) was 0.92 (0.86–0.98). Our data supported the hypothesis that 
increasing compliance with a MeDiet can be an effective approach for reducing the risk of 
CHD (Martinez-Gonzalez, 2002).  
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D. DESIGN AND METHODS 
 
D.1. Summary 
 The proposed study is a parallel group, multi-center, randomized, single-blinded trial 
aimed at assessing the effects on the risk of major cardiovascular events of two intensive 
behavioral counseling and nutrition education interventions in comparison with a control 
group. Both intervention groups are assigned a traditional MeDiet. In one group we 
supplement the traditional MeDiet with extra-virgin olive oil, providing 1 liter per week for 
free to participants; in the second group we supplement the MeDiet with nuts and 
participants receive a free supply of 30 g/d of nuts (15 g walnuts, 7.5 g hazelnuts, and 7.5 
g almonds). The third arm of randomization is the control diet group, whose participants do 
not receive education on the MeDiet, but are given advice on how to follow a low-fat diet. 
We are recruiting men (age: 55 to 80 years) and women (age: 60 to 80 years) with either 
type-2 diabetes or three or more major cardiovascular risk factors (smoking, high blood 
pressure (HBP), high LDL cholesterol, low HDL cholesterol, overweight or obesity, and 
family history of premature CHD). All participants are free of cardiovascular disease at 
baseline. Study participants are randomized to three equally sized groups (3,500 in each of 
the three groups). They will be followed-up for clinical outcomes during a median time of 
four years by the primary care physicians who recruited them for the study. The primary 
endpoint will be a composite outcome of cardiovascular events, including any of the 
following: cardiovascular death, myocardial infarction, coronary revascularization 
procedures, and stroke.  
 
 

D.2. Timeline, progress and need of additional funding for an expanded follow-up. 
 The Spanish Ministry of Health has funded the current project for the period 2003-
2005. The planning of the project took place after receiving the Spanish grant in March 
2003 (PI: Ramon Estruch, Funding agency: Fondo de Investigaciones Sanitarias, FIS, 
Instituto de Salud Carlos III, G03/140). A thematic network of 16 Spanish research groups 
was then established.  
 
D.2.1. Planning 

Our network hired, trained and certified the needed personnel (a dietitian and a 
nurse for each center) in all FC. From March to September 2003 we developed the 
logistics, protocols, operations’ manual, instruments, forms, and data entry/management 
systems. Each FC contacted approximately 20 Primary Health Care Centers to recruit 
participants. During this same period, menus and buying lists of Mediterranean products to 
be provided to participants were developed. Recruitment planning was also completed in 
eight of the eleven FC. From April to September 2003, dietitians and nurses were trained 
and certified in nutritional education and procedures for extraction and storage of blood 
and other biological samples, respectively. 
 
D.2.2. Implementation 
 After obtaining reassuring data confirming adequate changes in diet and risk factors 
during the pilot phase, the recruitment of participants has progressed and is currently 
ongoing at a good rate. The expertise of Primary Care physicians in clinical trials is enough 
because most of them had participated previously in other trials. Participants will be 
recruited in cohorts. Each FC will recruit a cohort of 900 participants, distributed in 
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approximately 20 Primary Care Centers (PCC) for each FC (with an average of 53 
participants recruited per PCC). In each PCC, 5 to 10 Primary Care physicians are 
recruiting and following participants. Our experience with other studies is that 5 new 
patients can be recruited daily in each FC. Taking into account holiday periods and failures 
of invited participants to attend the scheduled visits, we estimate that each FC can recruit 
90 new participants per month, with this inclusion rate the targeted sample size of 9,000 
participants will be reached in June 2005.  
 
D.2.3. Follow-up 
 Participants recruited in late 2003 will be followed for up to 5+ years and will have 
the longest follow-up. But participants entering the study after December 2004 will be 
followed only for less than 4 years, thus having the shortest follow-up. Consequently, we 
expect a median follow-up of 4 years. 
 
 2003 2004 2005 2006 2007 2008 2009 
Recruitment        Oct-------------------------Jun 
Longest Follow-up        Oct---------------------------------------------------------------------------Dec (>5 yr) 
Shortest Follow-up                                            Jun---------------------------------------------Dec (3.5 yr) 
 
 

 
D.2.4. Analysis/closeout 
 Clinical closeout will take place by December 31, 2008. During January to March 
2009, the ascertainment of outcomes, laboratory measurements, data entry, and respond-
to-data edits will be completed, and data will be prepared for statistical analysis. Statistical 
analyses and writing of the reports for scientific publications will be done during the rest of 
the year 2009 and part of 2010. 
 
 

 
D.3. Study population / eligibility criteria 

Trial participants will consist of 9,000 community-dwelling high-risk persons, with 
ages 55 to 80 years for men and 60 to 80 years for women. They should be free of 
cardiovascular disease and meet at least one of the two following criteria: a) or b) in D.3.1. 
 
D.3.1. Inclusion criteria: either a) or b) should be met. 

a) Type-2 diabetes. Diagnosis of type-2 diabetes is based on at least one of the following 
criteria: 
-Current treatment with insulin or oral hypoglycemic drugs.  
-Fasting glucose > 126 mg/dl (fasting is defined as no caloric intake at least for 8 

hours).  
-Casual glucose > 200 mg/dl with polyuria, polydipsia, or unexplained weight loss. 
-Glucose > 200 mg/dl in two measurements after an oral glucose tolerance test 
OR 

b) Three or more of the following risk factors:-current smoker (>1 cig/day during the last 
month)  

-HBP (systolic BP>=140 or diastolic BP>=90 mmHg or under antihypertensive 
medication) 

-LDL-cholesterol >= 160 mg/dl  
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-HDL-cholesterol <= 40 mg/dl independently of lipid-lowering therapy 
-body mass index >=25 kg/m2

-family history of premature CHD (definite myocardial infarction or sudden death before 
55 years in father or male 1st-degree relative, or before 65 years in mother or female 
1st-degree relative)  

-If the HDL-cholesterol level is >=60 mg/dL, one risk factor should be subtracted. 
 
D.3.2. Exclusion criteria. Major exclusion criteria are: 
- Documented history of previous cardiovascular disease, including CHD (angina, 

myocardial infarction, coronary revascularization procedures or existence of abnormal 
Q waves in the electrocardiogram (EKG)), stroke (either ischemic or hemorrhagic, 
including transient ischemic attacks), and clinical peripheral artery disease with 
symptoms of intermittent claudication.  

- Severe medical condition that may impair the ability of the person to participate in a 
nutrition intervention study (e.g. digestive disease with fat intolerance, advanced 
malignancy, or major neurological, psychiatric or endocrine disease)  

- Any other medical condition thought to limit survival to less than 1 year.  
- Immunodeficiency or HIV-positive status.  
- Illegal drug use or chronic alcoholism or total daily alcohol intake >80 g/d. 
- Body mass index > 40 kg/m2. 
- Difficulties or major inconvenience to change dietary habits  
- Impossibility to follow a Mediterranean-type diet, for religious reasons or due to the 

presence of disorders of chewing or swallowing (e.g., difficulties to consume nuts) 
- A low predicted likelihood to change dietary habits according to the Prochaska and 

DiClemente stages of change model (Nigg, 1999). 
- History of food allergy with hypersensitivity to any of the components of olive oil or nuts. 
- Participation in any drug trial or use of any investigational drug within the last year. 
- Institutionalized patients for chronic care, those who lack autonomy, are unable to walk, 

lack a stable address, or are unable to attend visits in the PCC every 3 months. 
- Illiteracy. 
- Patients with an acute infection or inflammation (e.g., pneumonia) are allowed to 

participate in the study 3 months after the resolution of their condition. 
 

 
D.4. Recruitment 
 Most FC have considerable experience and a successful track record of recruiting 
participants for both epidemiological studies and clinical trials. In addition, the participation 
of Primary Care Physicians will ensure a high enrollment rate. Because these physicians 
are responsible for the usual medical care of potential participants and they are aware of 
their risk factors, no potential ethical conflict regarding confidentiality exists at the stage of 
identification of suitable participants for the trial. This process starts with extracting their 
names from the PCC records. Most PCC (over 70 %) participating in the study have 
computer-based records of patients, making the selection relatively simple. Our experience 
during the pilot study indicates that the easiest way to select high-risk subjects is to obtain 
a complete database of persons with either diabetes or HBP fulfilling also the eligible 
gender-specific age ranges. When computer-based records are not available, Primary 
Care physicians develop a list of suitable candidates. The clinical records of these persons 
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are then individually reviewed to exclude those who do not meet eligibility criteria. 
Candidates are contacted by telephone and are invited to attend a visit in the PCC, where 
the purpose and characteristics of the study are explained and an informed consent is 
requested (see below). Alternatively, the Primary Care physician may personally invite 
candidates to participate on the occasion of scheduled visits for any medical reason. A 
brief general explanation of the study, including the possibility that they may receive free 
allowances of olive oil or nuts for the duration of the trial is given in this first visit. Our 
experience has been that >70 % of candidates approached in this way agree to return for 
the screening visit.  

 

 
D.5. Participants’ visits 
 Participants’ eligibility for the trial is determined by review of their clinical record and 
by two formal screening visits. In these visits, questionnaires are filled in, a clinical history 
is taken, anthropometric and BP measurements are made, and fasting blood for 
biochemical analyses is obtained. Information collected in the screening visits will also 
provide baseline data for subsequent analyses of the effects of the interventions on 
intermediary biomarkers and risk factors.  
- Pre-Screening Evaluation: After review of clinical records, eligible candidates are 
contacted by telephone to know if they are both capable and willing to participate in the 
study. Those giving a positive response are scheduled for the first visit. Data on 
participation proportion are collected. 
- Screening visit 1: The visit, performed by the Primary Care physician, serves to identify 
inclusion/exclusion criteria in a more comprehensive manner. This 15-30 minute visit 
includes: 

a) A face-to-face administration of a 26-item questionnaire to inquire about the medical 
conditions and risk factors related to eligibility, including assessment of the willingness to 
make diet changes (Prochaska model). b) A review of the last EKG if available in the 
clinical record. If no EKG has been performed within the last year, an EKG is done during 
this visit. c) If the candidate meets all the requirements (including EKG data), an informed 
consent form is given to him/her for signing after detailed explanation of all procedures and 
of the anticipated time commitment. The informed consent comprises two parts, one for 
trial participation and biochemical analyses and another for DNA collection for genetic 
analyses of stored samples. d) The following forms and questionnaires are provided to be 
read and completed at home: 

-a detailed written explanation of the study 
-a food frequency questionnaire (FFQ) with 137 items plus vitamin/minerals 
supplements (adapted from the Willett questionnaire and validated in Spain, see Martin-
Moreno, 1993), in addition to specific questions about patterns of alcohol consumption. 
-The Minnesota physical activity questionnaire (validated Spanish version, Elosua, 1994 
& 2000). 

e) The participant is instructed to collect toe-nail specimens and bring them in the next 
visit. 

f) The next visit (screening visit 2) is scheduled and the candidate is told to attend it after 
an overnight fast for blood extraction. 

After the first screening visit, the participant is randomized to one of three diet groups. 
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- Randomization: The study nurse randomly assigns each participant to the 
corresponding intervention group following tables of random allocation according to the 
recruitment order in blocks of 50 participants, balanced by sex and age group (< 70 years 
and > 70 years). These tables have been centrally elaborated by the Coordinating Unit and 
provide a stratified random sequence of allocation for each FC using closed envelopes. 
The four strata for stratified randomization are built according to gender and age (cut-off 
point: 70 years). The Primary Care physicians do not participate in the process of 
randomization. The study nurses are independent of the nurse staff of the PCC. Therefore, 
they are not involved in the usual clinical care of participants, their first and exclusive role 
being to collect the data for the PREDIMED trial. 
- Screening visit 2: This 1 hour visit includes the following: 

a) A simplified assessment of adherence to the MeDiet (14-item questionnaire). b) 
In a face-to-face interview with the candidate, the dietitian explains again in detail the 
purpose and development of the study. c) The dietitian reviews (and completes with the 
candidate if needed) the FFQ and physical activity questionnaires. Alternatively, she helps 
the candidate who had difficulties at home to fill in the questionnaires during the visit. d) 
The nurse measures the weight, height, waist circumference, and BP, and performs a 
measurement of the ankle-brachial blood pressure index. e) The nurse performs a 
venipuncture, obtains and handles blood samples, and proceeds to prepare the specified 
serum, plasma, and buffy-coat aliquots. f) A urine sample and toe nail specimens are 
collected by the nurse. g) A 47-item general questionnaire collecting information about 
current medication and risk factors is filled-in. Information to fill this questionnaire is also 
abstracted from clinical records by the research nurse.  
 

 
D.6. Intervention 

The PREDIMED dietitians are directly responsible for the dietary intervention. All 
PREDIMED dietitians are registered dietitians, trained and certified to deliver the 
PREDIMED intervention protocol. Before the implementation of the protocol, training 
consisted of approximately 24 hours of initial theoretical and practical group discussion with 
experts in nutrition education and discussion in between 3 to 5 conference calls to review 
and improve the protocol. These calls are continued bimonthly throughout the study. 
During the calls each dietitian discusses her practice sessions with the team, and together 
the group identifies problems and solutions in protocol implementation. Feedback and 
discussion also occur among the dietitians and the center coordinators, and between 
center coordinators and the Data Manager, especially after data from FFQ and objective 
biochemical measurements (in a random sample of 10% participants) of compliance are 
analyzed. 
 
D.6.1. Control diet group: After screening visit 2, participants randomized to the Control diet 
group have an interview with a PREDIMED dietitian. This interview includes: 
a) A simplified assessment of adherence to the MeDiet (14-item questionnaire). b) Brief 
personal recommendations to follow a low-fat diet (AHA guidelines). For total fat intake 
these recommendations are in some way opposite to those given to the participants in the 
2 MeDiet intervention groups). c) A leaflet with written recommendations to follow a low-fat 
diet is given). No further visits are scheduled for the participants allocated to this group until 
the 1-year follow-up evaluation.  
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D.6.2. Intervention groups 
 
D.6.2.1. Individual motivational interview with a PREDIMED dietitian 
After screening visit 2, participants randomized to either of the two MeDiet intervention 
groups have a face-to-face interview with the dietitian. This interview includes: 
a) The 14-item questionnaire of adherence to the MeDiet (See Appendix). 
b) Personal individual recommendations for changes to be introduced in the participant’s 
diet in order to achieve a personalized goal. The dietitian provides a comprehensive 
number of reasons to adopt a MeDiet, highlighting the advantages of following this diet, 
rather than the risks of not adhering to it, and transmitting a positive message with stress 
on the particular benefits for diabetic patients and for those at high cardiovascular risk. Our 
previous experience with diabetic patients using this approach for a behavioral intervention 
to quit smoking in Primary Care has been successful (Canga, 2000). We also have 
experience in using the stages of change model for dietary change (Lopez-Azpiazu, 
2000). The dietitian personalizes the message by adapting it to the patient’s clinical 
condition, preferences, and beliefs. The training of the PREDIMED dietitians emphasized 
the holistic approach to lifestyle change in order to tailor the intervention to nutritional 
assessment and individual needs, encourage adherence to the MeDiet, transmit a sense of 
empowerment, and, importantly, feel a self-reward for each upward step in the 14-point 
MedDiet score. A contracting procedure is used and a negotiated change in diet is the 
targeted goal, working with the subject to determine what he or she considers an attainable 
goal. The focus can be shifted from changing portion sizes to changing frequency of intake 
or to changes in cooking methods. Accomplishments in the previous months, even if minor, 
are considered as support to provide further empowerment and self-reward. The 
usefulness and effectiveness of this approach has been shown in an even larger 
randomized trial currently conducted in the US that is aimed instead to reduce fat intake 
(Mossavar-Rahmani, in press; Patterson, 2003). Importantly, caution is taken to make 
sure that participants with diabetes, overweight/obesity, and/or hyperlipidemia may not 
receive contradictory dietary advice from other health professionals external to the 
PREDIMED trial. The PCC physicians, who are responsible for the health care of 
participants, are aware of this caution. Because unsaturated fats like those contained in 
olive oil and nuts are still perceived as fattening by some nutrition experts, it is particularly 
important to allay the fear of an eventual weight gain that might have both the person who 
is on a weight-management program and his/her nutritionist. This is done by tactful 
exposition of recent scientific evidences (McManus, 2001; Ros, 2003; Sabaté, 2003; 
Garcia-Lorda, 2003) and, on from June 2004, by explaining that body weight did not 
change after 3 months of MeDiet intervention in the pilot phase of the PREDIMED study. 
c) A leaflet with written information about the main food components and cooking habits of 
the MeDiet, together with recommendations on the desired frequency of intake of specific 
foods, is given to the each participant. Participants assigned to the MeDiet group receive 
an additional leaflet on health benefits, use, and conservation of olive oil, while those in the 
MeDiet+Nuts are given a leaflet with similar information regarding nuts, with emphasis on 
the three nut types used in the trial (walnuts, hazelnuts, and almonds). 
d) The participant is scheduled for a group session in the next 1-2 weeks. The visit ends 
with an agreement to participate in the group session. 
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D.6.2.2. Group sessions. The PREDIMED dietitian runs the sessions. No more than 20 
participants may attend. Separated sessions are organized for each intervention group 
(MeDiet or MeDiet+Nuts). The group session includes: 
a) An introductory talk by the dietitian to remind the 14-item score. 
b) Clarification of possible doubts about face-to-face counseling or written material. 
c) The following written material is given to each participant and discussed with them: 

-Description of 4-5 food items typical of the MeDiet and adapted to the season of 
the year. 
-A quantitative 1-week buying list of food items, according to the season of the year. 
-A weekly plan of meals (with detailed menus) adapted to the buying list. 
-The cooking recipes for cuisine practices according to the suggested menus. 

d) The needed amount of either olive oil (15 liters = 1 liter/week for 15 weeks) or sachets of 
walnuts, hazelnuts, and almonds (1,350 g walnuts = 15 g/d; 675 g hazelnuts = 7.5 g/d, and 
675 g almonds = 7.5 g/d, allotment for 90 days) are provided to participants, together with 
instructions about their use and conservation. To improve compliance, a 500-g pack of 
walnuts is given to each family unit. 
e) The dietitian facilitates the exchange of messages and ideas included in section D. 6.2.1 
b) among the members of the group. 
f) The contact ends with an agreement to participate in the next visit (in the next 3 months). 

In the MeDiet+Nuts group we offer participants three kinds of nuts: walnuts, 
hazelnuts, and almonds, instead of providing only one type of nut, because we have 
received funding from the nut industry to provide the three of them. As stronger evidence 
may support that ALA-rich walnuts can offer special advantages in cardiovascular 
prevention, we are supplying a higher amount of walnuts. 
 
D.6.2.3. Follow-up visits and reiteration of individual and group sessions 

The individual and group visits are repeated every 3 months with the same contents 
(D.6.2.1 and D.6.2.2). Each visit includes three steps: assessment, intervention, and future 
directions. 
 
D.7. Description of intervention diets 

Our main focus is in changing the dietary pattern instead of focusing in changes in 
macronutrients. Total fat intake for the 2 intervention groups is ad libitum (a high fat intake 
is allowed, as long as most fat is derived from fatty fish and vegetable sources, particularly 
olive oil or nuts). There is also no specific energy restriction. The two intervention diets will 
strongly differ from the diet recommended to the Control group in relevant micronutrients, 
mainly ALA present in walnuts and polyphenols in EVOO, together with flavonoids, other 
polyphenols, and sterols present in nuts and EVOO.  

 

The common general guidelines to follow the MeDiet that PREDIMED dietitians 
provide to participants in the two intervention groups include the following positive 
recommendations: a) abundant use of olive oil for cooking and dressing dishes; b) 
consumption of >=2 daily servings of vegetables (at least one of them as fresh vegetables 
in a salad), without counting garnishing c) >=2-3 daily serving of fresh fruits (including 
natural juices); d) >=3 weekly servings of legumes; e) >=3 weekly servings of fish or 
seafood (at least one serving of fatty fish); f) >=3 weekly servings of nuts or seeds; g) 
select white meats (poultry without skin or rabbit) instead of red meats or processed meats 
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(burgers, sausages); h)  cook regularly (at least twice a week) with tomato, garlic and onion 
adding or not other aromatic herbs, and dress vegetables, pasta, rice and other dishes with 
tomato, garlic and onion adding or not other aromatic herbs. This sauce is made by slowly 
simmering the minced ingredients with abundant olive oil. Negative recommendations are 
also given to eliminate or drastically limit the consumption of the following foods: cream, 
butter, margarine, cold meat, paté, duck, carbonated and/ or sugared beverages, pastries, 
industrial bakery products (such as cakes, donuts or cookies), industrial desserts 
(puddings, custard), French fries or potato chips, and out-of-home pre cooked cakes and 
sweets. 

The dietitians insist that 2 main meals per day should be eaten (seated at a table, 
lasting more than 20 minutes); for usual drinkers, the main source of alcohol should be 
wine (maximum 300 ml, 1-3 glasses of wine per day). If wine intake is usual, a 
recommendation to drink a glass of wine per day (bigger for men, 150 cc, than for women, 
100 cc) during meals is given. Ad libitum consumption is allowed for the following food 
items: nuts (raw and unsalted), eggs, fish (recommended for daily intake), seafood, low fat 
cheese and whole-grain cereals. Limited consumption (=<1 serving per week) is advised 
for cured ham, red meat (after removing all the visible fat), chocolate (only black chocolate, 
with more than 50% cocoa), cured or fatty types of cheese. 
 
D.7.1. Menu development 

Most of the studies that have examined the Mediterranean diet have been 
conducted under relatively controlled conditions, with most foods and dishes given to a 
reduced sample of participants by the research team. The PREDIMED trial represents a 
further step to obtain more relevant information for public health use, because the 
nutritional intervention is undertaken in free-living persons, who receive information, 
motivation, support and empowerment to modify their food habits in a real-life context, i.e. 
they continue to buy their foods and cook their meals. Such an intervention provides a 
realistic scenario that may be easily applied to public health policies. However, since 
palatability of meals is extremely important to ensure compliance, menus and recipes with 
these characteristics for the two intervention diets have been developed. Menus are 
designed to meet the nutrient targets. They are provided to the participants and they may 
learn to prepare the menus using the recipes and the information given by the dietitian. 
 
D.7.2. Food supply and distribution 
 A 15-liter supply of EVOO rich in polyphenols (®Hojiblanca, Spain) is provided 
every 3 months to each participant in the MeDiet group. Similarly, every 3 months a supply 
of 1,350-g walnuts (®California Walnut Commission, Sacramento, Cal), 675-g almonds 
(®Borges SA, Reus, Spain), and 675 h hazelnuts (®La Morella Nuts, Reus, Spain) is 
provided to each participant assigned to the MeDiet+Nuts group. Depending on personal 
preference and convenience, the participants collect the free foods at the PCC at the time 
of the 3-monthly group session or have the supplies shipped to their homes. The three nut 
industry companies are committed to supply for free the nuts used in the study until its 
termination. The Hojiblanca Company has agreed to supply the olive oil for free during the 
year 2004, and our agreement with the company has to be renewed every year. We also 
have approached the International Olive Oil Council as a second option for additional 
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supply of olive oil. None of the investigators has any conflict of interest with these food 
companies, and there is a complete freedom to publish the findings of the study. 
 
D.7.3. Adherence promotion 
 Efforts to promote adherence began at the earliest stages of the study. During 
screening and orientation, participants are repeatedly provided with information about key 
features of the study and with the concept of MeDiets. At the first screening visit, the 
attitude towards dietary change is assessed in the eligibility questionnaire. Individuals must 
be willing to change their diets, otherwise they are excluded. The dietitian-led motivational 
and education intervention includes both individual and group sessions every 3 months, 
totaling more than 32 intervention visits during the trial. Additional written material is 
provided. Furthermore, the free distribution and supply of key food items ensures a high 
adherence to the intended diets during the trial. Acceptance of the intervention protocol is 
increased because no specific caloric restriction is imposed and participants are allowed 
an ad libitum fat intake, if it comes from olive oil, nuts, other plant-sources or fatty fish. 
However, after randomization, every effort is made to promote adherence. In many 
instances, these efforts are tailored to the specific needs of the participant (e.g. food items 
delivered to home or work).  
 
D.7.4. Compliance assessment 
 The yearly administered FFQ will provide information about compliance and 
attainment by participants of the nutrients targets. Although the FFQ that we are using has 
been previously validated in Spain (Martin-Moreno, 1993), we will conduct a sub-study to 
validate and calibrate it again. In this substudy we will include 150 additional individuals, 
not participating in the major trial, but recruited in the same way and with a similar age and 
gender distribution, who will complete 2 FFQ, one at baseline and another at the end of 1 
year, together with four 3-day food records separated by 3 months. This process will 
ensure a better quality in the measurement of actual diets and will allow corrections for 
measurement errors in the FFQ. 
 

At any rate, the information extracted from the FFQ will only provide a subjective 
assessment of compliance. To obtain also an objective evaluation, we will measure 
biological markers of compliance in a random subset of participants from the three arms of 
trial. In a random sample of 10% of participants, a blood sample and urine aliquots will be 
used to blindly ascertain the following markers of compliance: a) plasma fatty acid 
composition (specially oleic and ALA, which are reliable indicators of MUFA and walnut 
consumption, respectively); b) urinary tyrosol and hydroxytyrosol (EVOO); c) urinary 
resveratrol and ethanol (wine and other alcoholic beverages). To relate these 
measurements to the time of intake, participants are asked the time spent since they last 
consumed the specific foods when blood and urine samples are taken. 
 
D.8. Measurements 
  

Table 1 displays major measurements and data collection activities by visit. 
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Table 1. Overview of measurement scheduled in the PREDIMED trial. 
 BASELINE YEAR-1 YEAR-2 YEAR-3 YEAR-4 
1. ELIGIBILITY QUESTIONNAIRE X     
2. GENERAL QUESTIONNAIRE* X     
3. FOOD FREQ. QUESTIONNAIRE X X X X X 
4. PHYS. ACTIV. QUESTIONNAIRE X X X X X 
5. 14-ITEMS SCORE OF MEDIET X X X X X 
6. FOLLOW-UP QUESTIONNAIRE*  X X X X 
7. EKG X X X X X 
8. BLOOD SAMPLE X X X X X 
9. URINE SAMPLE X X X X X 
10. TOE NAIL SAMPLE X     

 * Includes measurements of weight, height, waist circumference, BP, and ankle-brachial blood 
pressure index. 
 
D.8.1. Questionnaires 

Five questionnaires (#1 to 5 in table 1) have already been described in this 
proposal. The PREDIMED dietitians are responsible for the accurate filling of the 
questionnaires. 

The follow-up questionnaire (#6 in table 1) collects information about the following 
issues: 

-Socio-demographic variables (changes since baseline): 7 items. 
-Changes in smoking habits: 3 items. 
-New medical diagnoses of diabetes, hyperlipidemia or hypertension: 3 

items. 
-New medical diagnoses of cardiovascular events:  10 items. 
-Inquiries about non-cardiovascular complications of diabetes: 3 items. 
-Other medical conditions: 3 items. 
-Current use of medication (including doses): 20 items. 
-Time since the last intake of EVOO. 
-Time since the last intake of wine or other alcoholic beverages. 
 

D.8.2. Blood pressure (BP)  and anthropometric measurements 
 BP and body weight and height are measured by PREDIMED nurses, who are 
trained and certified for these measurements. We use numerous quality control procedures 
to promote accurate measurements. We are tracking the performance of nurses in 
collecting this information (e.g. checking for digit preference and excessive variation on 
replication measurements). We are training, certifying and recertifying nurses every 6 
months. For BP measurement, participants rest quietly for five minutes in the seated 
position. A validated semi-automatic sphygmomanometer (Omron HEM-705CP) is used for 
the PREDIMED trial. An appropriate sized cuff is applied after measurement of arm 
circumference. A pulse obliteration pressure is obtained. At each visit, 3 measurements will 
be obtained, separated by 2 minutes. The average of second and third measurement is 
written in the data collection form. If both measurements differ more than 5 mmHg, the 
whole procedure is repeated and additional BP readings are averaged. Weight is 
measured using a calibrated balance beam scale with the subject barefoot and wearing 
light clothes. Height is measured by the nurse using a wall-mounted calibrated 
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stadiometer. Waist circumference is measured using an anthropometric measuring tape, at 
a horizontal plane midway between the lowest rib and the iliac crest. 
 
D.8.3. Electrocardiograms (EKG) 
 At each yearly visit, the nurse obtains from the clinical record the last available EKG, 
and collects 2 copies. If no EKG has been taken during the last year, she communicates 
with the PCC physician to perform a new EKG and 2 copies are included in the 
PREDIMED file of the participant. 
 
D.8.4. Extraction, processing and storage of biological samples 

The PREDIMED nurses are directly responsible for collection, processing and 
storage of biological specimens. All PREDIMED nurses are experienced and registered 
nurses trained and certified to perform the specimen collection protocol. Training, before 
starting the trial, consisted of approximately 4 hours of theoretical information and 4 hours 
of practical instruction. Blood samples are collected at baseline and in yearly follow-up 
visits according to the protocol depicted in table 2. 
 
 
 
              Table 2. Blood samples taken each year. 

 Number of tubes     Volume (ml)  
Glass tube K3E EDTA 4 4.5  EDTA Plasma + buffy coat 
Plastic tube K3E EDTA (cold) 1 3  Cold EDTA plasma (pre-refrigerated tube) 
Glass tube 9NC Citrate 1 4.5  Citrate Plasma + buffy coat 
Gel-Glass tube SST 2 4  Serum (one of them light-protected for Hcy)
Glass tube K3E EDTA* 1 5 
TOTAL 9 38.5  
*Only a random sample (10%) is analyzed for biomarkers of compliance: the remaining is stored for future 
analyses. 

 
 The plastic tube K3E EDTA (cold) and 1 gel-glass tube SST (for homocysteine) will 

be refrigerated in ice prior to blood collection; after blood is collected, the tubes will be kept 
cold in the ice container. Serum, citrate plasma and EDTA plasma samples will be 
distributed in aliquots of 650 microliters and stored at -80°C for later analyses in the central 
laboratory. Biochemical measurements will be performed blindly and in the same batch for 
consecutive samples of each participant. Every FC has acquired a refrigerator with enough 
capacity to store these specimens. A urine sample will be taken yearly from each 
participant, and 16 aliquots (500 microliters) will be stored at -80ºC. Depending on the 
available funding for the PREDIMED trial, some of the blood samples could be omitted on 
years 1-4. All biological samples will be processed at each FC not later than 2 hours after 
collection. During transport from the PCC to the FC laboratory, they will be stored in a 
portable cooler (-4ºC). A clip of each toenail of each participant is stored at room 
temperature. 

In addition, a complete blood count and routine biochemical measurements will be 
performed yearly in the PCC (fasting blood glucose, uric acid, ALT, AST, gamma-glutamyl 
transpeptidase, alkaline phosphatases, bilirubin, creatinine, BUN; total, HDL-, and LDL-
cholesterol; triglycerides, total protein, and albumin) together with a routine urine exam 
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including the albumin/creatinine ratio in a recent sample. Serum biomarkers of 
inflammatory status (VCAM-1, ICAM-1 and IL-6) and oxidative stress (MDA) will be 
determined in a subsample of participants. In addition, in a random sample of participants, 
genomic DNA has been isolated from leucocytes and some polymorphism in candidate 
genes that may modulate the cardiovascular response to diet (hepatic lipase, 
lipoproteinlipase, PPARG, APOE, paraoxonase, MTHFR, and others) have been analyzed 
by PCR and further allelic discrimination. Some members of our team have played a 
relevant role in identifying gene-diet interactions which can be of interest in our project 
(Ordovas, 2001; Corella, 2002). 
 
D.8.5. Outcome ascertainment 

Outcomes will be determined by review by the Clinical End Point Committee. This 
panel will be blinded to the intervention group. The primary outcome is a composite of 
major cardiovascular events that includes cardiovascular death, definite non-fatal 
myocardial infarction (MI), coronary revascularization procedures, and ischemic stroke. 
Cardiovascular deaths will be ascertained by the Clinical Event Subcommittee from clinical 
registers on the basis of the clinical record and a death certificate listing an International 
Classification of Diseases code corresponding to any cardiovascular death (CHD or 
stroke). A definite non-fatal MI refers to a report of a clinical MI by a clinical center that 
meets the criteria for MI described in the Manual of Operations. Myocardial infarction is 
defined by the presence of symptoms suggestive of ischemia or infarction, with either 
electrocardiographic evidence (new Q waves in two or more leads) or cardiac-marker 
evidence of infarction, according to the standard American College of Cardiology definition 
(Cannon, 2001).  
-Revascularization procedures include coronary by-pass, angioplasty, and thrombolytic 
procedures. 
-Stroke diagnosis is based on rapid onset of a neurological deficit lasting more than 24 
hours, supported by imaging studies (CT or MR scans). 

Secondary analyses will be done for death by any cause, heart failure with 
pulmonary edema, new-onset diabetes mellitus, dementia, and cancer incidence other 
than non-melanoma skin cancer. The Clinical End Point Committee will follow standard 
procedures for attribution of these outcomes, as specified in the Manual of Operations. 
 

 
D.9. Statistical Analyses  

There will be two primary analyses. The first will compare the incidence of major 
cardiovascular events in the MeDiet+EVOO group with the control diet group. The second 
analysis will compare the same outcome between the MeDiet+Nuts group and the control 
diet group. We do not expect to have enough statistical power for the comparison of 
between the two MeDiet interventions. Therefore, the aforementioned two analyses will be 
the primary measures of efficacy. The implications of multiple comparison issues are 
minimal with this planned analysis. P-values will be always two-sided. Primary analyses 
will be based in the intention-to-treat principle. If the results are as expected (see estimates 
for RR in C.3.4), a useful potential application for public health will be obtained because 
several alternatives can be offered to the population. For subjects who do not follow a 
MeDiet, this pattern can be recommended. For subjects who already follow a MeDiet, 
adding nuts can be recommended. For those who do not feel able to follow a MeDiet, they 
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can be recommended to supplement their diet with nuts. Secondary analyses will be done 
for death by any cause, heart failure with pulmonary edema, new-onset diabetes mellitus, 
new-onset dementia, and cancer incidence other than non-melanoma skin cancer. We will 
analyze also changes in blood lipids, BP, markers of inflammation and other intermediate 
markers of cardiovascular risk in a subsample of participants, selecting a random sample 
of at least 300 participants from each group. These comparisons will allow us to better 
understand the mechanisms by which the experimental diet acts on cardiovascular risk. 
Depending on the available funding at the closure of the trial we will expand the number of 
determinations and the number of subjects. Analysis of variance with Dunnet post-hoc 
contrasts versus the control group will be the primary comparison in these analyses. In 
addition, gene-diet interaction in determining intermediate and final phenotypes will be 
examined in a sub-sample of participants.  

The Data and Knowledge Management Center (DKMC) will be responsible for 
preparing reports to monitor the progress of the study for the Steering Committee and the 
Data and Safety Monitoring Board (DSMB). The main variable for analysis will be time from 
randomization to event. For a given outcome, the time of the event will be defined as the 
number of days from randomization to the first post-randomization diagnosis, as 
determined by the adjudicator. For silent MI, the date of the follow-up EKG will be applied. 
Participants without a diagnosis will be censored at the time of last follow-up contact. The 
generally accepted method for analyzing this type of data is the logrank statistic. It has the 
advantage of requiring no assumptions other than the random assignment of the 
intervention. This analysis will be the primary measure of the success or failure of the trial. 
However, if baseline imbalances between groups are observed for any of the main CHD 
risk factors, a Cox proportional hazard analysis will be conducted, stratified by FC, age, 
gender and major risk factors. Primary outcome comparisons will be estimated as hazard 
ratios. Adjustment for other relevant variables (body mass index, physical activity, 
education level, marital status) will be also applied. 

To assess the progress of the daily operation of the study, the DKMC will prepare 
routine reports for the Steering Committee. These reports will focus on the general status 
of a) participant recruitment; b) participant adherence; c) quality control; d) clinical outcome 
data at each center. No endpoint will be included in the Steering Committee Reports. 

The DSMB reports will be prepared for each DSMB review and will be tailored to 
meet the needs of the Committee, including: a) general progress of study and recruitment 
(person-years of follow-up in comparison to targets stated in advance); b) endpoints (group 
comparisons with respect to both the primary outcome, total mortality and the other 
secondary outcomes); c) adherence (biochemical markers and FFQ data of compliance 
and comparison with targets for nutrients and groups of foods); d) data quality (digit 
preference, variability, outliers). In these sections, data will be provided for the study as a 
whole and, where appropriate, separately for each FC. Reports will be mailed to members 
of the DSMB two weeks prior to the meeting or to the date of review. Steps will be taken to 
insure security and confidentiality, including distribution by certified mail and enactment of 
a return policy of all reports. Comparison of groups with respect to major outcomes will be 
updated two days before the meeting so that the DSMB will have the most up-to-date data 
possible. 

Data will be analyzed at the statistical unit of the DKMC with the support of the 
statistical units of IMIM (Barcelona) and University of Navarra (Pamplona), which will 
reassure the quality of the results by following well-established analytical quality 
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assessment procedures. Subgroups specified prospectively for analysis of intervention 
effects are: a) gender; b) age; c) diabetes status at baseline; d) plasma LDL and HDL; e) 
hypertension; f) smoking; g) pre-trial level of adherence to MeDiets; h) center (FC). The 
data from the PREDIMED trial will be analyzed at 5 intervals (4 interim analyses and the 
final analysis). After interim analyses the study will be terminated or extended if warranted. 
There are 3 potential reasons for early ending of the trial: a) efficacy of MeDiet may be 
demonstrated; b) harmful effects of the intervention may be discovered; c) there may be no 
hope for a reasonable evaluation of the proposed hypothesis (i.e., if a small intervention 
differential exists, power may be seriously compromised and early termination of the trial 
may be considered). In the case of a greater than expected observed benefit, early 
termination should be considered only if the intervention effect is great, and a conservative 
rule to stop the trial has been adopted. We have selected the O'Brien-Fleming boundaries 
(O'Brien, 1979), using asymmetric lower and upper boundaries (see below). The 4 interim 
analyses to ascertain the continuation of the PREDIMED trial will be conducted after 1, 2, 3 
and 3.5 years of median follow-up. The 2-sided p-values for stopping the trial at each 
interim analysis (1st to 4th) are respectively 5*10-6, 0.001, 0.009 and 0.02 for benefit and 
9*10-5, 0.005, 0.02 and 0.05 for adverse effects (each p value corresponding to the a 
normal distribution value zi=(P*(5/i))0.5, where i is the ith comparison and P is taken from 
O'Brien, 1979 for alpha=0.05 and alpha=0.10). The actual recommendation regarding 
stopping or continuing the trial will be made by the DSMB. The result of the statistical test 
is important but it will be one of many considerations in making these decisions. 
 

 
D.10. Sample size 
 A sample size of 9,000 participants will provide sufficient statistical power to 
investigate the effect of the MeDiet+EVOO and MeDiet+Nuts on cardiovascular events. 
The sample size estimates were computed by comparing two binomial proportions 
representing the event rates in one of the treatment groups and in the control group, using 
the following equation: 

N = 2 (z(1-beta)+z(1-alpha/2))2[P1 (1-P1)+ P2 (1-P2)]/( P1 - P2)2. 
where P1 and P2 are the proportion of participants that have events after 4 years in 

the control and intervention groups, respectively. We assumed a 80% power (1-beta=0.8) 
and (1-alpha/2=0.975) for a 2-sided p-value of 0.05. To estimate the projected cumulative 
incidence in the control group, we used the Framingham tables that predict 10-year 
absolute risks for CHD in the next ten years. For a 69-year man and a 69-year woman with 
3 risk factors (e.g. smoker, stage I hypertensive, total cholesterol=260 mg/dl) the 10-year 
risks are 21% and 15%, respectively: Averaging and adapting these figures to a 4-year 
follow-up, a 7% average CHD absolute risk can be assumed. The higher sensitivity in the 
definition of myocardial infarction (i.e., including troponin) may compensate for the lower 
risk that is expected in participants in a trial. Ischemic stroke is also included in the 
composite primary outcome, this adds a further 5% absolute risk, predicting a 12% overall 
event rate after 4 years in the control group. The minimum decrease in number of events in 
the intervention group that is desired to be detected is 20%. Then p1 = 0.12 and p2= 
(0.12)(0.8) = 0.096. The total required number of participants with these assumptions 
would be 2,625 in each group. We are including 3,000 subjects in each group to allow for 
10% losses to follow-up (Table 3). 
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Table 3. Sample size considerations. 
Expected scenario at the end of trial 

 
Group 

 
n recruited 

(90% follow-up) 
n (followed-up)

Expected 
Events 

Minimum detectable        
RR (expected 95% CI) 

Statistical 
Power 

MeDiet  3,000 2,700 302 0.80 (0.69-0.92) 86.7% 
MeDiet+Nuts 3,000 2,700 302 0.80 (0.69-0.92) 86.7% 
Control group 3,000 2,700 378 1 (ref.)  

 

 
Power calculations: sensitivity analysis  (AR=absolute risk in control group) 

   95% follow-up 90% follow-up 85% follow-up 
AR= (0.14) (0.12) (0.1) (0.14) (0.12) (0.1) (0.14) (0.12) (0.1) 

RR= 0.75 99% 98% 95% 99% 97% 94% 98% 97% 93% 
RR= 0.80  93% 88% 81% 92% 87% 79% 90% 85% 77% 

RR= relative risk. CI= confidence interval. AR=absolute risk (control group). 
 
In the sensitivity analysis for power calculations (Table 3) we present several 

assumptions regarding follow-up rate (95%, 90% and 85%), absolute risk after 4-year 
follow-up in the control group (0.14, 0.12 and 0.1) and relative risks (0.75, 0.80). For 
relative risks around 0.8 we will have enough power in the different potential scenarios. We 
believe that our assumptions are realistic, because previous trials and observational 
studies of MeDiets have found a stronger reduction in risk than what we are assuming 
here. The only arguable assumption might be an artificially high absolute risk for a 
Mediterranean population. However, the incidence of stroke in the Spanish population of 
these ages is substantial, and almost approximates the incidence of CHD. Unfortunately, 
there are no population registries to document the incidence of non-fatal cardiovascular 
disease, but according to the last available mortality data from Spain, CHD caused 38,688 
deaths and stroke caused 36,420 deaths in year 2000 (http://cne.isciii.es). Therefore 
including stroke in the composite outcome of cardiovascular disease may almost double 
the expected number of events, estimated with the Framingham table of CHD risk. 
Furthermore, the use of survival analysis methods (log-rank test) will improve the statistical 
efficiency of the analyses and will substantially increase the power. 
 
D.11. Organizational structure 
 The project will be supervised by the DSMB. The Project Leader, Dr. Ramon 
Estruch (Hospital Clinico, Barcelona), is assisted by the Steering Committee to take the 
strategic decisions along the project life. The coordination, research and internal 
supervision activities of the project will be performed by the following three categories of 
units: coordination units, research and operative units, and subcommittees. Table 4 shows 
data of each unit. In summary, the research team includes 11 Field Centers (FC), two Data 
Management and Statistical Units (DMSU); a Data and Knowledge Management Center 
(DKMC); and 5 specialized laboratory units (SLU). The Steering Committee, chaired by 
Dr. Estruch, includes the coordinators of each of the 11 FC, the investigator responsible of 
the each SLU and the Data Manager. There are also the following organizational 
structures: a Diet Subcommittee, co-chaired by Dr. Martinez-Gonzalez (Navarra) and Dr. 
Ros (Barcelona), a Measurement Subcommittee, chaired by Dr. Covas IMIM-Barcelona), 
a Recruitment Subcommittee (chaired by Dr. Salas), a Clinical End Point Committee, 
chaired by Dr. Aros (Cardiologist, Txagorritxu Hospital, Vitoria) and will include a clinician 
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from each FC. The Data and Safety Monitoring Board (DSMB) has been established 
and it includes the following external advisors: Dr. F. Xavier Pi-Sunyer, Columbia 
University College of Physicians and Surgeons, New York; Dr. Frank B. Hu, Harvard 
School of Public Health; Dr. Joan Sabaté, Loma Linda University, CA; Dr. Carlos A. 
González, Principal Investigator of the EPIC cohort in Barcelona, Spain. They will be 
convened to review the implementation of the protocol and to monitor trial progress on an 
annual basis. In addition, as stated, a mailed report will be sent them periodically with the 
pertinent analyses to ascertain the continuation of the PREDIMED trial. Most of the 
Committees will convene by conference calls and at in-person meetings (twice per year 
during years 1-4, once during year 5). The frequency of contacts will vary during the trial. 

Table 4. Description of Project Organic Units. 
Categ. Unit name Responsibilities 

Administration General management, accounting, task schedule management. 
Technological Support Technical and technological assistance in computing services, instrument installation 

and maintenance. 
Data and Knowledge Mana-
gement Center (DKMC) 

Statistical analysis, data management, report elaboration, database management, 
software support tools development, security of information and computer systems. C

oo
rd

in
a-

tio
n 

Medical Support Medical assistance in clinical tasks 
Barcelona University (Hospital 
Clinico) 

FIELD CENTER (FC)-1: Patient recruitment, dietary behavioral intervention 
Specialized Laboratory Unit (SLU)-1 

Barcelona, IMIM, Primary 
Health Care 

FC-2: Patient recruitment, dietary behavioral intervention 
Data Management and Statistical Unit (DMSU)-1, SLU-2 

Navarra University FC-3 Patient recruitment, dietary behavioral intervention,  DMSU-2, FFQ processing 
Valencia University FC-4: Patient recruitment, dietary behavioral intervention, genetic analysis, SLU-3 
Malaga University FC-5: Patient recruitment, dietary behavioral intervention, laboratory work  
Seville University FC-6: Patient recruitment, dietary behavioral intervention 
Seville Primary Health Care FC-7: Patient recruitment, dietary behavioral intervention 
Seville-CSIC* SLU-4 
Mallorca, I. Balears University FC-8:Patient recruitment, dietary behavioral intervention 
Tarragona, Rovira Virgili Univ. FC-9: Patient recruitment, dietary behavioral intervention, laboratory work 
Vitoria, Txagorritxu Hospital FC-10: Patient recruitment, dietary behavioral intervention 
Madrid, Hospital Carlos III FC-11: Patient recruitment, dietary behavioral intervention 

R
es

ea
rc

h 
an

d 
O

pe
ra

tiv
e 

Zaragoza University SLU-5 
*CSIC: Superior Council for Scientific Research. IMIM: Municipal Institute for Medical Research. 
 
D.12. Data management 
 
 The DKMC will be co-directed by the Data Manager, Dr. Covas, and Dr. Martinez-
Gonzalez. With the support of the DMSUs (IMIM and Navarra University), they will develop 
and maintain the data base; and will provide statistical and trial monitoring support 
throughout the field work. Data from screening, intervention and follow-up visits will be 
entered on specific forms at the FC, and sent monthly to the Data Manager in the DKMC, 
who will send reports of missing or inappropriate entries, for clarification and resolution, to 
the FC coordinators every month. The Data Manager will also provide monthly reports to 
Dr. Estruch on the quality and completeness of the data, organized by type of visit 
(screening visit 1, 1-year follow-up visit, etc.) and by specific data form. At the end of each 
yearly visit in each FC, the Data Manager will verify the completeness of data for each 
individual. 

A web based system of data access has been created (www.predimed.uji.es/drupal) 
where all the forms and datasets and published papers can be downloaded by authorized 
investigators. For privacy and security, an ID and password are required to access the data 

 25



 

and the forms. This web-based system can be also used to send data to the Data 
Manager. Quality control reports will be generated for key aspects of the trial, e.g., digit 
preference and variability. This web-based system can be also used to send data to the 
Data Manager. Quality control reports will be generated for key aspects of the trial, e.g., 
digit preference and variability. To reduce data entry expenses and speed processing, the 
questionnaires and data forms can be optically scanned. The data forms will be entered in 
duplicate and missing data checks will be performed. After data entry, cross-form edit 
checks will also be performed. Data inconsistencies will be checked. Audits will be rerun 
periodically to detect unresolved problems. Standardized edit reports that summarize 
problems in the database provide an additional method of assuring data quality. To 
minimize the potential for error, we have developed a detailed Manual of Operations. In 
addition we will conduct annual training meetings for staff. The DKMC will monitor the 
performance of each FC and will recommend new or corrective procedures in case 
deficiencies are noted. Until the end of the trial, all FC will be masked to trial outcome data, 
with the exception of the statisticians, the Data Manager and the external DSMB. Due to 
the nature of the intervention, however, dietitians and nurses at each FC need to be 
unmasked to diet assignment. The Clinical Event Subcommittee will be blinded to 
participant allocation. 
 
D.13. Design considerations 
 In our deliberations, we considered alternative designs. One set of considerations 
related to the type of study (behavioral intervention versus feeding study). Controlled 
feeding studies are the best procedure to assess the biological effect of nutrients on 
intermediary markers of cardiovascular risk. However, the existence of multiple pathways 
for the effects of dietary exposures on CHD, some of them newly identified and still some 
of them that will be very likely identified in the next years may render intermediate 
surrogate markers of CHD risk as misleading. These considerations strengthen the need to 
study clinical outcomes. If clinical outcomes are to be observed, a controlled feeding 
design is completely unfeasible. Second, from a public health perspective, a behavioral 
intervention coupled with an easy (free) access to the supposedly healthy food represents 
a more realistic test of the effectiveness to be attained with public policies and health 
promotion activities in nutrition and public health. The purported benefits of diets rich in 
ALA led us to adopt the three group design, because we would assess the effect of two 
interventions, one with MeDiet and another with an ALA-rich MeDiet (walnuts are rich in 
ALA), both compared with a control group. We acknowledge this design has problems of 
feasibility. These problems would substantially increase should we adopt a factorial (2x2) 
design. Therefore we opted for a simpler, three-group randomization. 
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Appendix. Quantitative Score of Compliance with the Mediterranean Diet 
 

 Foods and frequency of consumption     Criteria for 1 point* 

1 Do you use olive oil as main culinary fat?     Yes 

2 How much olive oil do you consume in a given day (including oil used for frying, salads, out of house 

meals, etc.)? 

    4 or more tablespoons 

3 How many vegetable servings do you consume per day? 

(1 serving = 200g - consider side dishes as 1/2 serving) 

    2 or more (at least 1 portion raw  

    or as salad) 

4 How many fruit units (including natural fruit juices) do you consume per day?     3 or more 

5 How many servings of red meat, hamburger, or meat products (ham, sausage, etc.) do you 

consume per day? (1 serving = 100-150 g) 

    Less than 1 

6 How many servings of butter, margarine, or cream do you consume per day? (1 serving = 12 g)     Less than 1 

7 How many sweet/carbonated beverages do you drink per day?     Less than 1 

8 How much wine do you drink per week?     7 or more glasses 

9 How many servings of legumes do you consume per week? 

(1 serving = 150 g) 

    3 or more 

10 How many servings of fish or shellfish do you consume per week? 

 (1 serving: 100-150 g fish, or 4-5 units or 200 g shellfish) 

    3 or more 

11 How many times per week do you consume commercial sweets or pastries (not homemade), such 

as cakes, cookies, biscuits, or custard? 

    Less than 3 

12 How many servings of nuts (including peanuts) do you consume per week? 

(1 serving = 30 g) 

    3 or more 

13 Do you preferentially consume chicken, turkey o rabbit meat instead of veal, pork, hamburger or 

sausage? 

    Yes 

14 How many times per week do you consume vegetables, pasta, rice, or other dishes seasoned with 

sofrito (sauce made with tomato and onion, leek, or garlic, simmered with olive oil)? 

 

    2 or more 

 * 0 points if these criteria are not met. 
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Amendments to the Research Protocol  
1. Oct 2005.One of the initial recruiting centers (Hospital Carlos III, Madrid) 

abandoned the study after completion of the pilot study. The PI of this center 
claimed insurmountable logistic difficulties with recruitment to justify his decision.  
 

2. Jan 2006. Another recruiting center (Sevilla University) also abandoned the study 
in early 2006 after the completion of the pilot study. The PI of this center also 
claimed insurmountable logistic difficulties with recruitment to justify his decision.  
 

3. Jul 2006. To compensate for the loss of recruiting power, we included two new 
recruiting centers, thus the number of centers was kept at 11.  

 
After reviewing the results of the pilot study based on the analysis of the short-term 
effects of 2 Mediterranean diets versus those of the control, low-fat control diet on 
intermediate markers of cardiovascular risk (Ann Intern Med 2006;145:1-11), the 
Steering Committee decided to amend the Protocol in relation to the intensity of the 
intervention in the control group, as follows (amendment 4): 

 

4. Oct 2006. Include dietary intervention in the low-fat (control) group.  

The PREDIMED group sessions were organized separately for each of the 3 
intervention groups. Participants were provided with written material (see: 
http://www.predimed.org and http://www.predimed.es) including descriptions of 
seasonal foods, shopping lists, weekly meal plans and cooking recipes. The control 
group received the same type and intensity of dietary intervention than the two 
Mediterranean diet groups, although the recommendations for total fat intake were 
opposite those given to participants in the two Mediterranean diet groups. Advice on 
vegetables, meats and processed meats, high-fat dairy products, and sweets 
concurred with the Mediterranean diet, but use of olive oil for cooking and dressing 
and consumption of nuts and fatty fish were discouraged. A 9-item quantitative score 
of compliance with the low-fat control diet was constructed (Table 1) as an instrument 
for dietitians to assess and modify the participant’s dietary pattern but, unlike the 14-
item Mediterranean diet score, it was not an intervention outcome. The last 
assessment of the 9-item score helped dietitians to give personalized advice in order 
to upgrade it in a similar way than the 14-item Mediterranean diet score was 
instrumental to enhance the Mediterranean diet in the corresponding intervention 
groups. Similarly, accomplishments in the previous months were used as support to 
provide further empowerment and self-reward. 

 
5. March 2007. Inclusion Criteria 

In the initial protocol we considered as one risk factor criterion for inclusion a plasma 
HDL-cholesterol concentration <40 mg/dl without gender specification. Based on 
newly published definition of gender-specific HDL-cholesterol values for 
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cardiovascular risk assessment, we changed this criterion to HDL-cholesterol ≤40 
mg/dl in men and ≤50 mg/dl in women.  
 

6. Apr 2008. Change of Sample Size  

The sample size was recalculated after the DSMB meeting in April 2008 on the basis 
of the observed rates of cardiovascular events during the first 2 years of follow-up. 
The ALLHAT trial included similar participants and observed an 8.9% cumulative rate 
for the primary outcome (fatal CHD + non-fatal myocardial infarction) after 4.9 years 
of follow-up (JAMA 2002; 288: 2998-3007). Adapting this figure to a 6-year follow-up 
and including also stroke in the end-point definition, an 11% absolute risk in the 
control group could be conservatively assumed in our study. We expected a 25% 
relative risk reduction in both MeDiet groups. Under these assumptions, the total 
number of participants required was 5631 (1877 per group) for beta=0.2 and 2-tailed 
alpha=0.05. We needed to include more than 7400 subjects to allow for both 10% 
losses during follow-up and a lower incidence than expected. 
  
 

7. Apr 2008. Completion date of the trial 

According to the new sample size calculation, the anticipated completion date of 
the trial was changed to December, 2011. 
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PREDIMED STUDY. MEDITERRANEAN DIET IN THE PRIMARY 
PREVENTION OF CARDIOVASCULAR DISEASE 
 
Research Protocol 
 
A. BACKGROUND. SPECIFIC AIMS 

We propose to conduct a large controlled, randomized clinical trial in a high-risk 
population aimed to assess whether a Mediterranean diet (MeDiet) enriched with extra-
virgin olive oil (EVOO) or mixed nuts prevents cardiovascular disease (cardiovascular 
death, non-fatal myocardial infarction, or non-fatal stroke) in comparison with a Low-fat 
Control diet. As secondary outcomes, we will also assess the effects of the MeDiet on all-
cause mortality and the incidence of heart failure, diabetes, cancer, cognitive decline, and 
other neurodegenerative disorders. 

Food habits are critical determinants of health at both individual and population level 
(Hu, 2002).  The MeDiet has been widely considered as a model of healthy eating. 
Findings from two large European cohort studies, the follow-up of the Greek EPIC cohort 
(Trichopoulou, 2003) and the HALE study in the elderly (Knoops, 2004), as well as from 
two large US cohorts, the NIH-AARP Diet and Health study (Mitrou, 2007) and the Nurses’ 
Health study (Fung, 2009) suggest that a high degree of adherence to the MeDiet is 
associated with a reduction in both total mortality and coronary heart disease (CHD) 
mortality. In a randomized trial with a modified MeDiet (enriched with alpha-linolenic acid 
but not with little olive oil) versus a control diet, the Lyon Diet Heart Study (De Lorgeril, 
1999), concluded that the MeDiet was associated with a remarkable reduction in CHD 
event rates and cardiovascular mortality. However, no randomized controlled trial has ever 
been conducted to assess whether a MeDiet is superior to the usually recommended low-
fat diet in the primary prevention of CHD.  

The potential cardiovascular preventive effect of MeDiets in the face of the 
increasing global burden of CHD (Reddy, 2004; WHO, 2003a) makes the answer to this 
question a public health priority. Other reasons to perform a large study on the 
cardioprotective effects of the MeDiet include: a) the long tradition of following MeDiets 
without any harm in Southern Europe, where life expectancy is quite high (Willett, 1995), 
b) the low incidence of CHD in these countries (Tunstall-Pedoe, 1999),, in spite of having 
similar or even higher levels of classical risk factors compared to the US population 
(Gabriel, 2008); c) the diversity of mechanistic and epidemiological observations of 
beneficial effects on cardiovascular health of the consumption of distinctive components of 
the MeDiet, such as monounsaturated fatty acids (MUFA) from olive oil (Pérez-Jiménez, 
2005) or nuts (Kris-Etherton, 2001); and d) the higher palatability, acceptance and 
compliance of MeDiets in comparison with low-fat diets (McManus, 2001). 

In the era of evidence-based medicine, sound nutritional recommendations for the 
general public should be based on the results of large clinical trials with “hard” end-points, 
but this level of evidence is not yet available for the Med-Diet or its main components (i.e., 
olive oil). In October 2003 we started the recruitment of participants for such a primary 
prevention trial, the PREDIMED (PREvención con DIeta MEDiterránea) Study. This 
parallel group, multi-center, randomized study is funded in part by a grant from the official 
biomedical research agency of the Spanish government, the Instituto de Salud Carlos III 
(ISCIII), as a trial aimed at assessing the effects on the risk of major cardiovascular events 
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of two intensive behavioral counseling and nutrition education interventions supplemented 
with extra-virgin olive oil (EVOO) or nuts in comparison with a group encouraged to follow 
a low-fat diet  
 
A.1. Primary Aims 

• To assess the effects of the MeDiet on a composite endpoint of cardiovascular 
death, myocardial infarction, and stroke in comparison with a Low-fat, Control diet. 

• To assess separately the effects of a MeDiet supplemented with EVOO and a 
MeDiet supplemented with mixed nuts, both in comparison with a control low-fat 
diet on a composite endpoint of cardiovascular death, myocardial infarction, and 
stroke.  

 
A.2. Other Aims 

We will also ascertain changes in secondary outcomes: death of any cause and 
incidence of heart failure, diabetes mellitus, dementia, and cancer; and intermediate 
outcomes, such as blood pressure (BP), fasting blood glucose, lipid profile, markers of 
inflammation, and other intermediate markers of cardiovascular risk to better understand 
how dietary changes are able to modify the risk of clinical events.  

 
B. BACKGROUND AND SIGNIFICANCE 

Cardiovascular disease is the main cause of death worldwide at the turn of the XXI 
century. Western countries, including the US, currently continue to exhibit unacceptably 
high absolute rates of cardiovascular morbidity and mortality. Furthermore, these diseases 
constitute emerging and neglected epidemics in developing countries (Reddy, 2004; 
WHO, 2003a, WHO, 2003b). Surprisingly, a low incidence of CHD is found in some 
developed countries such as France, Spain, Greece, Italy, and Portugal, leading to a 
higher life expectancy as compared with Northern European countries or the US (WHO, 
1993; Tunstall-Pedoe, 1999). The Mediterranean food pattern has been the factor most 
frequently invoked to explain this health advantage.  
 
B.1. The Mediterranean diet (MeDiet) 

The MeDiet is identified as the traditional dietary pattern found in olive-growing 
areas of Crete, Greece, and Southern Italy in the late 1950s and early 1960s. Its major 
characteristics are: a) a high consumption of grains, legumes, nuts, vegetables, and fruits; 
b) a relatively high-fat consumption (up to 40% of total energy intake), mostly from MUFA, 
which accounts for 20 percent or more of the total energy intake; c) olive oil for culinary use 
and dressing of vegetables as the principal source of fat; d) moderate to high fish 
consumption; e) poultry and dairy products (usually as yogurt or cheese) consumed in 
moderate to small amounts; f) low consumption of red meats, processed meats, and meat 
products; g) moderate alcohol intake, usually in the form of red wine consumed with meals 
(Trichopoulou, 1995; Martinez-Gonzalez, 2004a).  

The background of a long and ancient tradition with no evidence of harm makes the 
MeDiet a very promising tool for public health. Wide sectors of the scientific community and 
consumers believe in the cardioprotective role of the MeDiet. This hypothesis fits well into 
the current paradigm of studying dietary patterns instead of isolated foods or nutrients in 
nutritional epidemiology (Hu, 2002). The rationale is that foods and nutrients may have 
synergistic or antagonistic effects when they are consumed in combination. Further, overall 
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patterns better represent dietary practices found in free-living populations, therefore 
providing useful epidemiological information (Jacques, 2001; Jacobs, 2003). Dietary 
patterns also have a higher potential for acceptability, palatability and future compliance 
when they are recommended in behavior counseling. In spite of its relatively high fat 
content, the theoretical advantages of the MeDiet pattern are multiple. To increase 
vegetable consumption, the fact that fat-free or low-fat dressings are less acceptable than 
the use of olive oil or other full-fat salad dressings. The sautéing or stir-frying of vegetables 
with variable amounts of olive oil instead of using low fat spreads or steaming increases 
taste and results in long-term maintenance of a vegetable-rich diet. These preparation and 
cooking techniques are typical of Mediterranean countries, where cooking of vegetables in 
olive oil to enhance flavor is customary. Hence, in health promotion and nutritional 
education, a better compliance with MeDiet could be expected. In fact, a trial of weight loss 
with hypocaloric diets (McManus, 2001) reported a better adherence to a MeDiet than to a 
low-fat diet. Participants viewed this diet as more tasty than low-fat regimens, and this led 
to an increased long-term compliance. Nevertheless, an undesirable departure from the 
traditional MeDiet has occurred in Southern European countries, especially among 
younger people (Sanchez-Villegas, 2003; Costacou, 2003), with increasing consumption 
of red meats, processed meats, and sugar-containing foods and drinks. In addition, the 
traditional consumption of EVOO is being increasingly replaced by refined vegetable oils of 
inferior quality. 
 
B.2. Available evidence on the MeDiet and cardiovascular prevention 

A MeDiet was inversely associated with mortality from all-causes in several small 
observational cohort studies of elderly people (Trichopoulou, 1995; Kouris-Blazos, 
1999; Lasheras, 2000). Findings from the Greek EPIC cohort, with more than 22,000 
participants, suggested that a higher adherence to the MeDiet is associated with a 
reduction in total mortality and, more specifically, in coronary mortality (Trichopoulou, 
2003). Similar findings have been reported from the follow-up of the HALE study in 
healthy persons aged 70 to 90 years (Knoops, 2004), the NIH-AARP Diet and Health 
study (Mitrou, 2007) and the Nurse’s Health study (Fung, 2009). Two case-control 
studies also found an inverse association between adherence to the MeDiet and 
incidence of non-fatal coronary events (Martinez-Gonzalez, 2002; Panagiotakos, 
2002). A secondary prevention trial found a remarkable reduction in reinfarction or death 
when coronary patients were assigned to an experimental MeDiet (De Lorgeril, 1999) 
and with dairies replaced by a special margarine rich in alpha-linolenic acid (ALA). The 
American Heart Association has given attention to MeDiets as potentially useful for the 
prevention of CHD, but it also warns that more studies are needed before the population 
can be advised to follow a MeDiet. These studies should disentangle whether the diet 
itself plays a major role in protection from CHD, together with other factors (such as 
more physical activity or stronger social support systems) characteristic of 
Mediterranean countries (Kris-Etherton, 2001a). A recent meta-analysis underlined the 
benefits of adherence to a MedDiet on overall and cardiovascular mortality (Sofi, 2008).

There are also many epidemiological evidences suggesting that consumption of 
either olive oil or nuts, both integral components of the MeDiet, provides cardiovascular 
protection. The frequent intake of both foods showed inverse associations with CHD 
incidence in observational studies and improved several cardiovascular risk markers in 
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small, short-term clinical studies (Fuentes, 2001), and in a recent 2-year trial in 180 
patients with the metabolic syndrome (Esposito, 2004). Again, no randomized clinical 
trials have been conducted to assess the effects of olive oil or nuts on cardiovascular 
prevention.  

 
 

B.3. Limitations of published studies on the MeDiet and cardiovascular prevention 
The only published trial using a so-called “MeDiet”, the Lyon Diet Heart Study (De 

Lorgeril, 1999), included patients who had already experienced a clinical event, i.e. it was 
a secondary prevention trial, and its results may not be extrapolated to primary prevention. 
Besides, the results of this trial, showing a 50-70% reduction in reinfarction and CHD 
mortality in the group assigned the MeDiet rich in alpha-linolenic acid, seem to be too good 
to be true, and major aspects of the design and methods have been criticized. However, 
no special consideration was given to olive oil, which is the major source of dietary fat in 
Mediterranean countries (Martinez-Gonzalez, 2004b). On the other hand, no clear 
protective effect of olive oil was observed in the Greek EPIC cohort (Trichopoulou, 2003), 
thus raising the issue of whether the large amount of fat provided by olive oil is in fact 
affording protection against CHD (Hu, 2003). In the Lyon Diet Heart Study, dietary 
assessments at baseline and at the end of the study were reported for only a subset of 
participants (30% of the control group and 50% of the experimental group). In addition, no 
biochemical markers of adherence were obtained. Thus, the diet followed by most 
participants completing the trial is not known (Kris-Etherton, 2001a; Robertson, 2001). A 
third major issue was that only 13% of energy intake was provided by MUFA in the group 
assigned to the so-called "MeDiet" in the Lyon trial. This value for MUFA intake is far below 
the ≥20% content of the traditional MeDiet (Perez-Jimenez, 2002). Additional concerns 
about the Lyon Diet Heart study are related to the low number of observed endpoints 
(44/14, in the control and intervention group respectively), the improbably large reduction in 
relative risk (RR) (in spite of the lack of changes in most classical risk factors), and the fact 
that the trial was stopped early (after 27 months of follow-up). No study has assessed a 
true MeDiet rich in olive oil for cardiovascular endpoints. The PREDIMED study is the first 
large trial to randomize high-risk patients to a traditional MeDiet and a control, low-fat diet 
for primary cardiovascular prevention, thus overcoming previous limitations and aiming to 
provide the best quality of evidence 
 
 

B.4. Olive oil and cardiovascular prevention 
A characteristic feature of the typical MeDiet is the elevated consumption of olive 

oil as the main source of added fat. The presumed antiatherogenic properties of olive oil 
have been mainly attributed to its high oleic acid content. However, in recent years 
converging evidence indicates that polyphenols present in EVOO, but not in common 
refined olive oil (ROO), may contribute to the benefits associated with its consumption 
(Pérez-Jiménez, 2005). The concentration of phytochemicals in oils is influenced by the 
oil extraction procedure. EVOO is obtained from the first pressing of the ripe fruit and 
has a high content in antioxidants (tocopherols, polyphenols, flavonoids) and 
phytosterols. Lower quality ROO lose antioxidant capacity because polyphenols are lost 
in the refining process, although the fatty acid composition is similar to that of EVOO 
(Ramirez-Tortosa, 1999; Lercker, 2000). EVOO phenolics (mainly hydroxityrosol and 
tyrosol) have shown strong antioxidant and antiinflammatory activity in vitro (De la 
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Puerta, 1999, 2001; Manna, 2002; Visioli, 2002). In crossover studies that compared 
EVOO with ROO at similar doses to those of the usual MeDiet, EVOO increased total 
plasma antioxidant capacity (Visioli, 2004) and LDL resistance to oxidation (Marrugat, 
2004), In a large crossover randomized study in Europe, in vivo markers of lipid and LDL 
oxidation were decreased in a dose dependent manner with the phenolic content of the 
olive oil (Covas, 2006). 
 There are, however, discrepancies regarding the potential of EVOO to influence 
LDL oxidizability (Vissers, 2004). EVOO has also been shown to afford better protection 
than dietary α-tocopherol against lipid peroxidation (Mataix, 1998) and to have 
antiinflammatory properties (Puerta-Vazquez, 2004). Consequently, ROO is thought to 
provide less cardiovascular benefit than EVOO, and it is important to distinguish between 
each type of oil when analyzing the effects of olive oil on cardiovascular risk. In a small 
feeding trial in hypercholesterolemic men, a MeDiet enriched with EVOO improved 
endothelial function compared to a low-fat diet (Fuentes, 2001). In another study in 
patients with hypertension, consumption of EVOO significantly reduced the need for 
antihypertensive medication (Ferrara, 2000).  

The isocaloric replacement of saturated fat with MUFA from olive oil causes a 
reduction of total and LDL cholesterol comparable to that attained by low-fat diets, but a 
higher HDL cholesterol level is attained, thus obtaining a net advantage on the lipid profile 
(Perez-Jimenez, 2002; Willett, 2000). In addition, LDL particles enriched with oleic acid 
are more resistant to oxidation. High olive oil consumption, the hallmark of the MeDiet (Hu, 
2003), is partially responsible for these effects. Additional mechanisms have been 
suggested for the beneficial effect of the MUFA-rich MeDiet (Perez-Jimenez, 2002). 
Among them (see below), it has been reported that incorporation of oleic acid into cultured 
endothelial cells decreases the expression of endothelial leukocyte adhesion molecules 
with reductions in vascular cell adhesion molecule-1 (VCAM-1) and inhibition of nuclear 
factor-kappa B activation (Carluccio, 1999). Postprandial factor VII activation is attenuated 
by a MUFA-rich diet. Olive oil is also associated with a reduced DNA synthesis in human 
coronary smooth muscle cells (Mata, 1997). In view of the healthy properties of olive oil, 
the US Food and Drug Administration recently approved a health claim for it to be labeled 
as a putative cardioprotective food. However, no clinical studies with cardiovascular 
outcomes have used olive oil. 
 
B.5. Nuts and cardiovascular prevention 

There is consistent epidemiological evidence to support a cardioprotective effect of 
nut consumption. In a large Californian cohort, the Adventist Health Study, the frequency of 
nut intake was inversely associated with CHD rates (Fraser, 1992). More recently, the 
results of three other large cohorts, the Iowa Women's Health Study, the Nurses’ Health 
Study, and the Physician's Health Study, have confirmed that frequent nut consumption is 
associated with a lower CHD risk (Ellsworth, 2001; Hu, 1998; Albert, 2002). However, in 
the Iowa cohort the relationship between nut consumption and CHD risk did not reach 
statistical significance. Also, the Physician’s Health Study cohort only found protection from 
increasing nut consumption for sudden cardiac death, not for non-sudden coronary death 
or nonfatal myocardial infarction. 

Several small randomized trials (<50 subjects) have shown consistent decreases in 
total cholesterol and LDL-cholesterol with diets enriched with a variety of nuts, although 
most studies have investigated almonds or walnuts (Kris-Etherton, 2001b). The 
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hypocholesterolemic effect is achieved with intakes amounting to two or three servings per 
day. Effects on HDL-cholesterol have been inconsistent. When evaluated, the ratios of total 
cholesterol to HDL-cholesterol decreased (Feldman EB, 2002). A walnut-rich diet has 
been reported to improve endothelium-dependent vasodilatation and to reduce levels of 
VCAM-1 (Ros, 2004). These mechanistic results suggest that frequent nut consumption 
may decrease the risk of CHD. 

Walnuts, almonds, hazelnuts, and other nuts, like pine nuts, are common staples in 
the traditional MeDiet, since they are locally produced throughout the Mediterranean basin. 
Nuts are very high in fat (48-63 g/100 g of edible portion). Most nuts are rich in MUFA 
(mostly, oleic acid), whereas walnuts are high in PUFAs (linoleic and α-linolenic acids). The 
dietary fiber content of nuts is high, ranging from 5 to 9% by weight. Nuts are good sources 
of arginine, potassium, vitamin E, and other bioactive compounds. Thus, the unique 
composition of nuts may help explain the beneficial effects observed in prospective cohorts 
and in short-term feeding trials. No clinical studies with cardiovascular outcomes have 
used nuts. The PREDIMED study will be the first large trial to randomize high-risk patients 
to receive nuts for cardiovascular prevention. 
 

 
B.6. High-fat diets based on MUFA in patients with type 2 diabetes and subjects with 
overweight and high cardiovascular risk 
 Traditionally, nutrition advice in subjects with obesity, diabetes, and cardiovascular 
risk factors emphasized avoiding animal fat and, preferably, all kinds of dietary fat, and 
replacing them with carbohydrate (CHO). The rationale was that fats provided excess 
energy, thus they are thought to promote obesity. However, scientific evidence has 
accumulated in the last two decades about the beneficial role of diets with a relatively high 
MUFA content on cardiovascular risk factors, obesity, and diabetes. These beneficial 
MUFA are provided by the MeDiet and, specifically, by olive oil (Ros, 2003; Bondia-Pons, 
2007) and most nuts (Ros, 2003; Sabaté, 2003; Garcia-Lorda, 2003). In fact, the frequent 
intake of simple CHO in many otherwise low-fat foods is associated with weight gain. 
However, when nutrition advice is given to people with obesity or diabetes, reluctance still 
exists to recommend high-fat, high-MUFA diets as an alternative to the traditional (and less 
palatable) low-fat diets. By the design of the trial, a sizeable number of the PREDIMED 
participants are either overweight/obese or have type 2 diabetes. It is thus important to 
recognize that there is no evidence that a higher percentage of fat in the diet in the form of 
MUFA results in increased body weight. The lack of a fattening effect of such MUFA-rich 
diets has been shown in the context of controlled diets (Ros, 2003), weight-reduction 
programs (McManus, 2001; Shai, 2008), and ad libitum diets (Sabaté, 2003). 
Furthermore, the results of our pilot study (see below) are also sobering with respect to the 
lack of weight gain in the intervention groups.  
 

 
B.7. Significance of primary prevention randomized trials 

The fact that conclusions based on the results of observational studies have been 
subsequently refuted by evidence from clinical trials (i.e., the presumptive cardioprotective 
effects of estrogen replacement therapy or vitamin E supplementation) has raised major 
concerns. This reinforces the necessity of obtaining first level evidence before considering 
any global public health strategy to promote the MeDiet as a model of healthy eating. This 
level of evidence in primary prevention is only obtained by conducting large-scale 
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randomized trials with cardiovascular events as the principal outcome. Dietary guidelines 
can be safely issued when consistency is found between observational and experimental 
studies.  

Because of the limitations in feasibility for randomized trials to assess the long-term 
effects of dietary interventions on clinical outcomes, the scientific community has relied on 
the combination of findings of epidemiological investigations and short-term studies with 
intermediate endpoints. However, a secondary prevention trial using food patterns as main 
interventions has been conducted with more than 600 participants (De Lorgeril, 1999). We 
believe that a primary prevention trial is also feasible because analysis of the first 1700 
participants in the PREDIMED study after follow-up for 1 year showed that the behavioral 
intervention plus delivery of specific foods modified the participants’ dietary habits and 
cardiovascular risk profile in the expected direction (Zazpe, 2008). The PREDIMED 
intervention focuses on diet, not on other lifestyle components; hence the results should 
answer the question on whether the MeDiet is indeed cardioprotective. 
 
C. PRELIMINARY STUDIES 
 
C.1. Preliminary trials of olive oil and nuts 

Among other relevant published trials, we highlight two recent studies from 
members of our research team. 
 
C.1.1. Phenolic content in dietary EVOO decreases in vivo LDL oxidation 

A randomized, double-blind, crossover feeding trial using three similar olive oils 
but with increasing phenolic content (from 2.7 mg/kg to 366 mg/kg) was conducted in 
200 European healthy volunteers. Olive oils were administered over three periods of 3 
weeks preceded by two-week washout periods. All olive oils increased HDL-cholesterol 
and the ratio between reduced and oxidized glutathione and decreased triglycerides and 
DNA oxidation. Olive oils with medium and high phenolic content decreased in vivo lipid 
and LDL oxidation. The increase in HDL-cholesterol and the decrease in the in vivo lipid 
oxidative damage were observed in a dose-dependent manner with the phenolic content 
of the olive oil administered (Covas,2006; Machowetz, 2007). 
 
C.1.2. A walnut diet improves endothelial function in hypercholesterolemic subjects 

In a crossover design, 21 hypercholesterolemic men and women were randomized 
to a cholesterol-lowering MeDiet and a diet of similar energy and fat content in which 
walnuts replaced about 32% of the energy from MUFA (Ros, 2004). Participants followed 
each diet for 4 weeks. The walnut diet improved endothelium-dependent vasodilatation 
and reduced levels of VCAM-1 (P<0.05 for both). The walnut diet significantly reduced total 
and LDL cholesterol (P<0.05 for both). In a complementary study, walnuts added to a test 
meal rich in saturated fatty acids reduced postprandial endothelial dysfunction in both 
healthy and hypercholesterolemic volunteers (Cortés, 2006). A cardioprotective effect of 
nut intake beyond cholesterol lowering was shown by the results of both studies, 
suggesting that a walnut-enriched MeDiet may provide even further benefits for 
cardiovascular prevention.  
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C.2 Preliminary case-control study of MeDiet and the risk of myocardial infarction 
The protection against CHD afforded by the MeDiet was assessed in a case-control 

study of myocardial infarction cases and healthy subjects (Martinez-Gonzalez, 2002). Six 
food items were considered protective: 1) olive oil, 2) fiber, 3) fruits, 4) vegetables, 5) fish 
and 6) alcohol. A score of 1 to 5 corresponding to his/her quintile of intake of each of these 
items was assigned to each participant. The quintile score was opposite for two other 
elements assumed to be harmful: 7) meat/meat products and 8) some carbohydrate-rich 
items with high glycemic load (white bread and other items). The eight quintile values were 
summed for each participant to build a MeDiet score. The higher the MeDiet score, the 
lower was the odds ratio (OR) of myocardial infarction. A significant linear trend was 
apparent after adjustment for the main cardiovascular risk factors. For each additional point 
in the score (observed range: 9–38) the OR (95% confidence interval, CI) was 0.92 (0.86–
0.98). Our data supported the hypothesis that increasing compliance with a MeDiet can be 
an effective approach for reducing the risk of CHD.  
 
C.3. Pilot study of the PREDIMED trial  

Our pilot study included the first 772 participants recruited into the PREDIMED trial (339 
men and 433 women, mean age 67 + 6 years) who completed intervention for 3 months. 
They were asymptomatic patients, half of them with diabetes and the remaining with at 
least three risk factors. We implemented the first steps of an intensive behavioral 
counseling and nutrition education intervention in two groups to recommend participants to 
follow a MeDiet. In the control group we gave a simple advice on the prudent, low-fat diet. 
In the first intervention group (MeDiet+EVOO), participants received a free supply of EVOO 
(1 liter/week). In the second intervention group (MeDiet+Nuts), participants received 
instead a free supply of 30 g/d of nuts (15 g walnuts, 7.5 g hazelnuts and 7.5 g almonds). 
Three months after randomization, we assessed changes in diet, BP, fasting blood 
glucose, insulin sensitivity (in nondiabetic participants), lipid profiles, and circulating 
inflammatory molecules. The changes of foods and nutrients in the 3 intervention groups 
were in the expected direction. Compared with the low-fat diet, the 2 MeDiets produced 
beneficial changes in most markers, while participants’ weight remained stable in spite of 
increased fat intake in the two MeDiet groups (Estruch, 2006). In a substudy of 372 
participants in the 3 groups, oxidative stress markers (circulating oxidized LDL) were 
reduced at 3 months in the two MeDiet groups compared with the Low-fat, Control group 
(Fitó, 2007). We expect these beneficial effects to be enhanced as the intervention 
progresses. The lack of weight changes with the two high-fat foods should allay fears that 
the promotion of the high-fat MeDiet may lead to increased adiposity. 

In the pilot study (Estruch, 2006), there was a 76.5% increment in α-linolenic acid 
intake in the MeDiet+Nuts group, especially important, given the abundant epidemiological 
evidences on the cardiovascular benefits of intake of this n-3 PUFA (Dolecek, 1991; 
Ascherio, 1996; Guallar, 1999; Hu, 1999; Baylin, 2003; Djoussé, 2003; Brouwer, 2004), 
although not all studies are concordant (Oomen, 2001). The success of the secondary 
prevention trial with an experimental MeDiet (De Lorgeril 1999) was also attributed to a 
high intake of alpha-linolenic acid. Our approach compares favorably with this trial because 
a) we are using a typical Mediterranean food (nuts) to increase the intake of alpha-linolenic 
acid; b) our trial has a much larger sample size; and c) we are conducting a primary 
prevention trial. 
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Statistically significant reductions with respect to control were observed for soluble 
intercellular adhesion molecule-1 (ICAM-1), VCAM-1,.and interleukin-6 (Estruch, 2006). A 
strong biological plausibility exists to support a causal association between these 
molecules and the risk of atherosclerosis, and a substantial body of published 
epidemiologic studies is consistent in reporting that levels of ICAM-1 are significant 
predictors of the risk of future cardiovascular events (Hwang, 1997; Ridker, 2000a; Malik, 
2001; Tanne, 2002; Haim, 2002; Becker, 2002; Luc, 2003) and clinical diabetes (Meigs, 
2004). If we take into account our observed changes in ICAM-1, we can conservatively 
assume that changes in ICAM-1 in the MeDiet groups represent a 1 to 2-quartile changes. 
The corresponding published RR for CHD (Ridker, 2000a) are 0.77 (2:2.6) and 0.58 
(1.5:2.6). Combining these effects with those attributed to the observed changes in BP and 
HDL cholesterol, we may expect an overall RR of 0.53 to 0.71 for the MeDiet groups. 
Interestingly, the level of high-sensitivity C-reactive protein (hs-PCR) only decreased in the 
MeDiet + EVOO group. Hs-PCR has been also reported to predict future cardiovascular 
events (Ridker, 2000a; 2000b; Pradhan, 2002) Our findings compare favorably with 
previous observational studies assessing differences in ICAM-1 and VCAM-1 according to 
n-3 fatty acid intake (7-8% reduction, Lopez-Garcia, 2004), and also with previous trials 
using either long-chain n-3 fatty acids (no effect, Kew, 2004), fish oils (-12% for ICAM-1 
and -20% for VCAM-1, but only among older subjects, Miles, 2001), linseed oil (-18.7% in 
VCAM-1 but no change in ICAM-1, Rallidis, 2004), or α-tocopherol (-11% in ICAM-1, 
Desideri, 2002).Our results are therefore important to support the effectiveness of our 
dietary intervention and the rationale of the PREDIMED trial. In addition they are consistent 
with prior in-vitro studies suggesting that both high oleic acid intake (Carluccio, 1999) and 
EVOO polyphenols (Carluccio, 2003) are associated with a reduced expression of 
adhesion molecules. Our results are also consistent with a previous trial showing that olive 
oil induced a reduction in the proportion of peripheral mononuclear cells expressing ICAM-
1 (Yaqoob, 1998) and that a nut-enriched diet favorably influenced endothelium-mediated 
vasodilatation and reduced VCAM-1 (Ros, 2004). 
 

 
D. DESIGN AND METHODS 
 
D.1. Summary 

This clinical trial aims to assess the effects on the risk of major cardiovascular 
events of two intensive behavioral counseling and nutrition education interventions in 
comparison with a low-fat control group for a median duration of 6 years. Both intervention 
groups are assigned a traditional MeDiet. In one of these two groups we supplement the 
diet with EVOO (1 liter/week) and the other with 30 g/d of mixed nuts (15 g walnuts, 7.5 g 
hazelnuts, and 7.5 g almonds). The third arm of randomization is the control group, where 
participants do not receive education on the MeDiet, but are given advice on how to follow 
a low-fat diet. We are recruiting men (age: 55 to 80 years) and women (age: 60 to 80 
years) with either diabetes or three or more major cardiovascular risk factors. All 
participants are free of cardiovascular disease at baseline. Study participants are 
randomized to three equally sized groups (2,350 in each). They will be followed-up for 
clinical outcomes during a median time longer than 5 years by the primary care physicians 
who recruited them for the study. The primary endpoint will be a composite outcome of 
cardiovascular events (cardiovascular death, myocardial infarction, and stroke).  

 41



 

D.2. Design 
Parallel group, multi-center, single-blind, randomized trial aimed at assessing the 

effects on the incidence of major cardiovascular events of intensive behavioral counseling 
and nutrition education interventions based on the MeDiet in comparison with a similar 
intervention aimed at decreasing the total fat content of the diet. The Institutional Review 
Board (IRB) of the Hospital Clinic (Barcelona, Spain) accredited by the US Department of 
Health and Human Services (DHHS) update for Federalwide Assurance for the Protection 
of Human Subjects for International (Non-US) Institutions # 00000738 approved the study 
protocol on July, 16, 2002. This trial has been registered in the Current Controlled Trials 
register at London with the ISRCTN number 35739639 (http://www.controlled-
trials.com/ISRCTN35739639) 

Controlled feeding studies are the best procedure to assess the biological effect of 
nutrients on intermediate markers of cardiovascular risk. However, the existence of 
multiple pathways for the effects of dietary exposures on CHD, some of them newly 
identified and others likely to be identified in the next years, reinforces the need to study 
clinical outcomes. If clinical outcomes are to be observed, a controlled feeding design is 
completely unfeasible. From a public health perspective, a behavioral intervention coupled 
with an easy (free) access to representative healthy foods is a more realistic test of the 
effectiveness to be attained with official policies and health promotion activities in public 
health.  

The principal aim of the study is to compare the effects of two food patterns, the 
MeDiet and a low-fat control diet, on the primary prevention of cardiovascular diseases. 
The rationale for using 2 MeDiet groups (one with supplemental EVOO and one with 
supplemental nuts) instead of one is as follows. Besides being a rich source of MUFA, 
EVOO used in one arm of the study is a good source of phenolic antioxidants. One-half the 
dose of the nuts used in another arm of the study is made up of walnuts, thus containing 
sizeable amounts of PUFA, especially α-linolenic acid, the plant-derived omega-3 fatty 
acid. Thus, one MeDiet is enriched in MUFA and phenolic antioxidants and the other 
MeDiet is supplemented with both n-6 and n-3 PUFA. Although having the same general 
food pattern of the MeDiet, the two arms of the study differ in the intake of two foods 
(EVOO and nuts) and two nutrients (phenolics and PUFA) that are all felt to be important in 
cardiovascular prevention and may have differential beneficial effects. Therefore we chose 
a 3-group randomization design with the general aim of comparing two food patterns, the 
MeDiet and a low-fat diet, for cardiovascular outcomes, considering that the single foods 
supplemented in each MeDiet may individually contribute to the effects of the overall 
MeDiet food pattern. The rationale for the free provision of individual food items (olive oil or 
tree nuts) is that they may contribute to a higher compliance with the overall MeDiet food 
pattern. However, because of the high fat load of both EVOO and nuts, we felt that it was 
unfeasible to supplement the two foods together in a single MeDiet group of participants.  
 
D.3. Outcomes 

• Primary outcome: composite endpoint of cardiovascular death, non-fatal myocardial 
infarction, and non-fatal stroke. 

• Secondary outcomes: death of any cause and incidence of angina leading to a 
revascularization procedure, heart failure, diabetes mellitus, cancer, dementia, and 
other degenerative disorders. 
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• Other outcomes: changes in blood pressure, body weight, adiposity measures, 
blood sugar, lipid profile, markers of inflammation, and other intermediate markers 
of cardiovascular risk (see also section D.11.5) 

 
D.4. Sample size 

A sample size of n=6,999 with randomization to 3 equally sized groups (two 
intervention groups and one control group, 2,333 patients each) will provide sufficient 
statistical power to evaluate the effect of the Mediterranean food pattern on the primary 
outcome (fatal or non-fatal myocardial infarction and fatal or non-fatal stroke). The sample 
size estimates were computed by comparing two binomial proportions representing the 
event rates in one of the treatment groups and in the control group. We assumed an 80% 
power (1-beta=0.8) and (1-alpha/2=0.975) for a 2-sided p-value of 0.05. To estimate the 
projected cumulative incidence in the control group, we used the number of events 
observed in the first year follow-up (rate of 1.3%). Adapting this figure to a 6-year follow-up 
and taking into account the aging of our study population during follow-up, an 11% average 
absolute risk can be assumed for the control group. The minimum relative decrease in 
number of events in the intervention groups should be 25%. Then, p1 = 0.11 and p2= 
(0.117) (0.75) = 0.0825. With these assumptions, the total number of participants required 
is 1,877 per group. We plan to include 2,333 subjects in each group to allow for 10% 
losses during follow-up and also for a lower incidence than expected. 
 
 

D.5. Timeline, progress and funding. 
The Spanish Ministry of Health - Instituto de Salud Carlos III (ISCIII) funded the 

current project for the period 2003-2005 (RTIC G03/140) and a thematic network of 16 
Spanish research groups was established. In 2006 a new funding modality was 
established by ISCIII through the CIBER Fisiopatología de la Obesidad y Nutrición 
(CiberOBN), which provided reasonable funding for one-half of the original research 
groups, while the other half were funded by a new research network (RTIC RD 06/0045). 
Other official funds from Spanish government agencies have been obtained for funding 
subprojects related with intermediate outcomes (lipoproteins, inflammatory markers, 
genomic and proteomic studies, etc.). Additional funds are obtained from other sources for 
the overall project, limited to small donations from Food Companies in cash and other 
commodities, i.e., printing of intervention material, such as recipes. Obviously, the donation 
by Food Companies of all the EVOO and mixed nuts needed throughout the duration of the 
study is a substantial contribution,  
 
D.5.1. Planning 

The needed personnel (a minimum of a dietitian and a nurse for each of the 11 field 
centers - FC) were trained and certified in nutritional education and procedures for 
extraction and storage of blood and other biological samples, respectively, at the beginning 
of the study. From March to September 2003 we developed the logistics, protocols, 
operations’ manual, and instruments, forms, and data entry/management systems. Each 
FC contacted approximately 20 Primary Care Centers (PCC) to recruit participants. During 
this same period, menus and buying lists of Mediterranean products to be provided to 
participants were developed. 
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D.5.2. Pilot study 
The recruitment for the pilot phase of the study started between October and 

November 2003. After 3 months, 772 participants were assessed for compliance with 
dietary advice and changes in intermediate biological markers of cardiovascular risk (see 
section C.3). 
 
D.5.3. Implementation 

After obtaining reassuring data confirming adequate changes in diet and risk factors 
during the pilot phase, recruitment went on and was finished on 31 March 2009 with a total 
of 7350 participants. The FC have recruited from 350 to 1000 participants, referred by 
approximately 20 primary care physicians for each FC.  
 
D.5.4. Follow-up 

Participants recruited in 2003 will be followed for up to 8+ years and will have the 
longest follow-up. Participants entering the study during the year 2008 will be followed only 
for 3-4 years, thus having the shortest follow-up. Consequently, we expect a median 
follow-up of 6 years. 
 
 

D.5.5. Analysis/closeout 
Trial closeout will take place by December 31, 2011. During early 2012, the 

ascertainment of outcomes, laboratory measurements, data entry, and respond-to-data 
edits will be completed, and data will be prepared for statistical analysis. Writing of the 
reports for scientific publications will be done during late 2012. 
 
 

D.6. Study population / eligibility criteria 
Trial participants consist of nearly 7,000 community-dwelling high-risk persons 

(≈700 in each FC), with ages 55 to 80 years for men and 60 to 80 years for women. They 
should be free of cardiovascular disease and meet at least one of two criteria. 
 
D.6.1 Inclusion criteria: either a) or b) should be met. 

a) Type 2 diabetes. Diagnosis of diabetes is based on at least one of the following 
criteria: i) Current treatment with insulin or oral hypoglycemic drugs; ii) Fasting blood 
glucose > 126 mg/dl (fasting is defined as no caloric intake for at least 8 hours); iii) 
Casual blood glucose > 200 mg/dl with polyuria, polydipsia, or unexplained weight 
loss; iv) Blood glucose > 200 mg/dl in two measurements after an oral glucose 
tolerance test.  OR 

b) Three or more of the following risk factors: I) Current smoker (>1 cig/day during the 
last month); ii) Hypertension (systolic BP ≥ 140 mm Hg or diastolic BP ≥ 90 mm Hg or 
antihypertensive medication); iii) LDL-cholesterol ≥ 160 mg/dl; iv) HDL-cholesterol ≤ 
40 mg/dl in men or ≤ 50 mg/dl in women, independently of lipid-lowering therapy; v) 
Body mass index ≥ 25 kg/m2; vi) Family history of premature CHD (definite 
myocardial infarction or sudden death before 55 years in male 1st-degree relatives or 
before 65 years in female 1st-degree relatives).  

 
D.6.2. Exclusion criteria. Major exclusion criteria are: i) Documented history of previous 
cardio-vascular disease, including CHD (angina, myocardial infarction, coronary 
revascularization procedures or existence of abnormal Q waves in the electrocardiogram 
(EKG)), stroke (either ischemic or hemorrhagic, including transient ischemic attacks), and 
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symptomatic peripheral artery disease diagnosed with vascular imaging techniques; ii) 
Severe medical condition that may impair the ability of the person to participate in a 
nutrition intervention study; iii) Any other medical condition thought to limit survival to less 
than 1 year; iv) Immunodeficiency or HIV-positive status; v) Illegal drug use or chronic 
alcoholism or total daily alcohol intake >50 g/d; vi) Body mass index > 40 kg/m2; vii) 
Difficulties or major inconvenience to change dietary habits; viii) Impossibility to follow a 
Mediterranean-type diet for religious reasons or due to the presence of disorders of 
chewing or swallowing; ix) A low predicted likelihood to change dietary habits according to 
the Prochaska and DiClemente stages of change model (Nigg, 1999); x) History of food 
allergy with hypersensitivity to any of the components of olive oil or nuts; xi) Participation in 
any drug trial or use of any investigational drug within the last year; xii) Institutionalized 
patients for chronic care, those who lack autonomy, are unable to walk, lack a stable 
address, or are unable to attend 3-monthly visits at their FC; xiii) Illiteracy; and xiv) Patients 
with an acute infection or inflammation (i.e., pneumonia) are allowed to participate in the 
study 3 months after resolution of their condition. 
 
D.7. Recruitment 

Most FC has considerable experience and a successful track record of recruiting 
participants for both epidemiological studies and clinical trials. The participation of primary 
care physicians has ensured a high enrollment rate. Because these physicians are 
responsible for the usual medical care of participants and they are aware of their risk 
factors, no potential ethical conflict regarding confidentiality existed at the stage of 
identification of suitable participants for the trial. This process started by extracting their 
names from the records of the Primary Care Center (PCC). Most PCC (over 70 %) 
participating in the study have computer-based records of patients, making the selection 
relatively simple. The clinical records of these persons were then individually reviewed to 
exclude those who did not meet eligibility criteria. Candidates were contacted by telephone 
and invited to attend a visit in the PCC, where the purpose and characteristics of the study 
were explained and a signed informed consent was obtained (see below). A brief general 
explanation of the study, including the possibility that they might receive free allowances of 
olive oil or nuts for the duration of the trial, was given in this first visit. Our experience has 
been that >70 % of candidates approached in this way agreed to return for the screening 
visit.  

 
D.8. Participants’ visits 

Participants’ eligibility for the trial was determined by review of clinical records and 
by two formal screening visits. In these visits, questionnaires were filled in, a clinical history 
was taken, anthropometric and BP measurements were made, and fasting blood for 
biochemical analyses was obtained. Information collected in the screening visits will also 
provide baseline data for subsequent analyses of the effects of the interventions on 
intermediary biomarkers and risk factors.  
- Pre-Screening Evaluation: After review of clinical records, eligible candidates were 
contacted by telephone to know if they were both capable and willing to participate in the 
study. Those giving a positive response were scheduled for the first visit. Data on 
participation proportion (recruited:eligible ratio), collected in all field centers has been 
between 0.75 and 0.90.  
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- Screening visit 1: The visit, performed by the PCP, served to identify inclusion/exclusion 
criteria in a more comprehensive manner. This 15-30 minute visit included: a) A face-to-
face administration of a 26-item questionnaire to inquire about the medical conditions and 
risk factors related to eligibility, including assessment of the willingness to make diet 
changes (Prochaska model). b) A review of the last EKG if available in the clinical record. If 
no ECG had been performed within the last year, an EKG was performed during this visit. 
c) If the candidate met all the requirements (including EKG data), an informed consent 
form was given to him/her to be signed after a detailed explanation of all procedures and of 
the anticipated time commitment (see http://www.predimed.org). The informed consent 
comprised two parts, one for trial participation and biochemical analyses and another for 
DNA collection for genetic analyses. d) The following forms and questionnaires to be 
completed at home were provided (see http://www.predimed.org): 

-  A detailed written explanation of the study. 
- A food frequency questionnaire (FFQ) with 137 items plus vitamin/minerals 
supplements (adapted from the Willett questionnaire and validated in Spain, see Martin-
Moreno, 1993) plus specific questions for patterns of alcohol consumption. 
- The Minnesota physical activity questionnaire (validated Spanish version, Elosua, 
1994 & 2000). 

e) The participant was instructed to collect toenail specimens and bring them in the next 
visit. 

f) The next screening visit (2) was scheduled and the candidate was told to attend it after 
an overnight fast for blood extraction. 

After the first screening visit, the participant was randomized to one of three diet groups. 
- Randomization: The study nurse randomly assigned each participant to the 
corresponding intervention group following tables of random allocation according to the 
recruitment order. These tables were centrally elaborated by the Coordinating Unit and 
provided a stratified random sequence of allocation for each FC. The four strata for 
stratified randomization were built according to gender and age (cut-off point: 70 years). 
The study nurses were independent of the nurse staff of the PCC. Therefore, they were not 
involved in the usual clinical care of participants and their exclusive role was to collect data 
for the PREDIMED trial. 
- Screening visit 2: This 1-hour visit included the following: a) A simplified 14-item 
questionnaire for assessment of adherence to the MeDiet (see http://www.predimed.org 
and Martinez-Gonzalez, 2004c). b) In a face-to-face interview with the candidate, the 
dietitian explained again in detail the purpose and development of the study. c) The 
dietitian reviewed (and completed with the candidate if needed) the FFQ and physical 
activity questionnaires. Alternatively, she helped the candidate who had difficulties at home 
to fill in the questionnaires during the visit. d) The nurse measured the weight, height, waist 
circumference, and BP. e) The nurse performed a venipuncture, obtained and handled 
blood samples, and proceeded to prepare the specified serum, plasma, and buffy-coat 
aliquots.  f) A urine sample and toenail specimens were also collected by the nurse. g) A 
47-item general questionnaire collecting information about current medication and risk 
factors was filled-in.  Information to fill this questionnaire was also abstracted from clinical 
records by the research nurse.  
- Follow-up visits: Further clinical evaluations (outside of the intervention) are limited to 
yearly follow-up visits, which include the same examinations performed at the baseline 
visit, with exception of the general questionnaire, which is substituted by a follow-up 
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questionnaire, and a tolerance / adverse events questionnaire (see  
http://www.predimed.org ). Blood and urine samples are collected at baseline and years 1, 
3, 5 and 6 (or final visit). Primary and secondary outcomes are evaluated at each follow-up 
visit.  
 
D.9. Intervention 

The PREDIMED dietitians are directly responsible for the dietary intervention. All 
PREDIMED dietitians are registered dietitians, trained and certified to deliver the 
PREDIMED intervention protocol. Before the implementation of the protocol, training 
consisted of approximately 24 hours of initial theoretical and practical group discussion with 
experts in nutrition education and discussion in between 3 to 5 conference calls to review 
and improve the protocol. These calls are continued bimonthly throughout the study. 
During the calls each dietitian discusses her practice sessions with the team, and together 
the group identifies problems and solutions in protocol implementation. Feedback and 
discussion also occur among the dietitians and the center coordinators, and between 
center coordinators and the Data Manager, especially after data from FFQ and objective 
biochemical measurements (in a random sample of 10% participants) of compliance are 
analyzed. 
 
D.9.1. Delivery of intervention to the 3 groups 
D.9.1.1. Individual motivational interview with a PREDIMED dietitian. After screening visit 
2, participants randomized to each one of the 3 treatment arms have a face-to-face 
interview with the dietitian. This interview includes: 
d) The 14-item questionnaire of adherence to the MeDiet.  
e) Personal individual recommendations for changes to be introduced in the participant’s 
diet in order to achieve a personalized goal. Depending on treatment group, the dietitian 
provides a comprehensive number of reasons to either adopt a MeDiet or a low-fat diet, 
highlighting the advantages of the particular diet, rather than the risks of not adhering to it, 
and transmitting a positive message with stress on the particular benefits for diabetic 
patients and for those at high cardiovascular risk. For total fat intake the recommendations 
given to participants in the Low-fat diet group are in some way opposite those given to 
participants in the 2 MeDiet groups. Our previous experience with diabetic patients using 
this approach for a behavioral intervention to quit smoking in Primary Care has been 
successful (Canga, 2000). We also have experience in using the stages of change model 
for dietary change (Lopez-Azpiazu, 2000). The dietitian personalizes the message by 
adapting it to the patient’s clinical condition, preferences, and beliefs. The training of the 
PREDIMED dietitians emphasized the holistic approach to lifestyle change in order to tailor 
the intervention to nutritional assessment and individual needs, and encourage adherence 
to the prescribed diet. A contracting procedure is used and a negotiated change in diet is 
the targeted goal, working with the subject to determine what he or she considers an 
attainable goal. The focus can be shifted from changing portion sizes to changing 
frequency of intake or to changes in cooking methods. Accomplishments in the previous 
months, even if minor, are considered as support to provide further empowerment and self-
reward. The usefulness and effectiveness of this approach was shown in an even larger 
randomized trial in the US aimed to reduce fat intake, the Women’s Health Initiative Study 
(Mossavar-Rahmani, 2004; Patterson, 2003). Importantly, caution is taken to make sure 
that participants with diabetes, overweight/obesity, and/or hyperlipidemia may not receive 
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contradictory dietary advice from other health professionals external to the PREDIMED 
trial. Because unsaturated fats like those contained in olive oil and nuts are still perceived 
as fattening by some nutrition experts, it is particularly important for participants in the 2 
MeDiet groups to allay the fear of an eventual weight gain that might have both the person 
who is on a weight-management program and his/her nutritionist. This is done by tactful 
exposition of recent scientific evidences (McManus, 2001; Ros, 2003; Sabaté, 2003; 
Garcia-Lorda, 2003) and by explaining that body weight did not change after 3 months of 
MeDiet intervention in the pilot phase of the PREDIMED study. 
f) Depending on group assignment, a leaflet with written information about the main food 
components and cooking habits of the MeDiet or the low-fat diet, together with 
recommendations on the desired frequency of intake of specific foods, is given. 
Participants assigned to the MeDiet group receive an additional leaflet on health benefits, 
use, and conservation of olive oil, while those in the MeDiet+Nuts are given a leaflet with 
similar information regarding nuts, with emphasis on the three nut types used in the trial  
(see: http://www.predimed.org). 
d) The participant is scheduled for a group session in the next 1-2 weeks. The visit ends 
with an agreement to participate in the group session.  
 
D.9.2.2. Group sessions. The PREDIMED dietitian runs the sessions. No more than 20 
participants may attend. Separated sessions are organized for each intervention group 
(MeDiet+VOO, MeDiet+Nuts, Low-fat diet). The group session includes: 
a) An introductory talk by the dietitian to remind the 14-item MeDiet score to participants in 
the two MeDiet groups and a 9-item score of low-fat foods for those in the Low-fat diet 
group (see: http://www.predimed.org). b) Clarification of possible doubts about face-to-face 
counseling or written material. 
c) The following written material (see: http://www.predimed.org) is given to each participant 
and discussed with them: 

-Description of 4-5 foods typical of the MeDiet or the Low-fat diet and adapted to the 
season of the year. 
-A quantitative 1-week shopping list of food items, according to the season of the 
year. 
-A weekly plan of meals (with detailed menus) adapted to the buying list. 
-The cooking recipes for cuisine practices according to the suggested menus. 

d) The needed amount of either olive oil (15 liters = 1 liter/week for 15 weeks) for the 
MeDiet+VOO participants, sachets of walnuts, hazelnuts, and almonds (1,350 g walnuts = 
15 g/d; 675 g hazelnuts = 7.5 g/d, and 675 g almonds = 7.5 g/d, allotment for 90 days) for 
those allocated the MeDiet+Nuts, or gifts of canned low-fat foods, books, dispensers, etc, 
for participants in the Low-fat diet group are provided.  
e) The contact ends with an agreement to participate in the next visit (in the next 3 
months). 
In the MeDiet+Nuts group we offer participants three kinds of nuts: walnuts, almonds, and 
hazelnuts, instead of providing only one type of nut, because we have received funding 
from the nut industry to provide the three of them. As increasing evidences support that 
alpha-linolenic in walnuts can offer special advantages in cardiovascular prevention, we 
are supplying a higher amount of walnuts. 
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D.9.2.3. Follow-up visits and reiteration of individual and group sessions 
The individual and group visits are repeated every 3 months with the same 

contents, except that shopping lists and recipes vary with the season of the year. Each visit 
includes three steps: assessment, intervention, and future directions. 
 
D.10. Description of intervention diets 

Our main focus is to change the dietary pattern instead of focusing on changes in 
single foods or macronutrients. Total fat intake for the 2 MeDiet groups is ad libitum (a high 
fat intake is allowed, as long as most fat is derived from fatty fish and vegetable sources, 
particularly olive oil or nuts), while it is curtailed in the Low-fat diet group. There is also no 
specific energy restriction. Total energy intake is adapted to participant’s weight, age and 
requirements, and dietitians tailor advice to individual needs.  

The guidelines that PREDIMED dietitians provide to participants in the MeDiet 
groups are based on the 14-point MeDiet score (Table 4), and those for participants in the 
Low-fat Control diet are based on the 9-point low-fat diet score (Table 5).  
 
D.10.1. Menu development 

Most studies that have examined the MeDiet have been conducted under relatively 
controlled conditions, with most foods provided to a reduced sample of participants by the 
research team. The PREDIMED trial represents a further step to obtain more relevant 
information for public health use, because the nutritional intervention is undertaken in free-
living persons, who receive information, motivation, support and empowerment to modify 
their food habits in a real-life context, i.e., they continue to buy their foods and cook their 
meals. Such an intervention provides a realistic scenario that may be easily applied to 
public health policies. However, since palatability of meals is extremely important to ensure 
compliance, menus and recipes with these characteristics for the two intervention diets 
have been developed. Menus are designed to meet the nutrient targets. They are provided 
to the participants and they may learn to prepare the menus using the recipes and the 
information given by dietitians. 
 
D.10.2. Food supply and distribution 

A 15-liter supply of EVOO rich in polyphenols (Fundación Patrimonio Comunal 
Olivarero, Spain) is provided every 3 months to each participant in the MeDiet group. 
Similarly, every 3 months a supply of 1,350 g walnuts (California Walnut Commission, 
Sacramento, CA), 675 g almonds (Borges SA, Reus, Spain), and 675 g hazelnuts (La 
Morella Nuts, Reus, Spain) is provided to each participant assigned to the MeDiet+Nuts 
group. Participants at each site pick up olive oil and nut allowances at the time of the 3-
month group visit. Individualized methods of food delivery have been devised for occasions 
in which participants need to have their 3-month session rescheduled. Provisions have 
been made to improve participants’ compliance in the 2 MeDiet groups. The olive oil 
allowance (1 liter/week) takes into account the needs of the whole family. Also, additional 
1000 g packs of mixed nuts are provided for each family unit every 3 months. The three nut 
industry companies are committed to supply for free the nuts used in the study until its 
termination. None of the investigators has any conflict of interest with these food 
companies. 
 
 

 49



 

D.10.3. Promotion of adherence 
Efforts to promote adherence began at the earliest stages of the study. During 

screening and orientation, participants are repeatedly provided with information about key 
features of the study and with the concept of MeDiet and low-fat diet. At the first screening 
visit, the attitude towards dietary change is assessed in the eligibility questionnaire. 
Individuals must be willing to change their dietary habits, otherwise they are excluded. The 
dietitian-led motivational and education intervention includes both individual and group 
sessions every 3 months, totaling 32 intervention visits during the trial. Additional written 
material is provided. Furthermore, the free distribution and supply of key food items 
ensures a high adherence to the intended diets during the trial. Acceptance of the 
intervention protocol is increased because no specific caloric restriction is imposed and 
participants in the two MeDiets are allowed ad libitum fat intake, if it comes from olive oil, 
nuts, other plant-sources or fatty fish. However, after randomization, every effort is made to 
promote adherence. In many instances, these efforts are tailored to the specific needs of 
the participant (e.g. food items delivered to home or work). These procedures are very 
effective as evidenced by the high rates of adherence and follow-up in the pilot study. 
 
D.10.4. Assessment of compliance 

The yearly-administered FFQ will provide information about compliance and 
attainment by participants of the nutrients targets. Although the FFQ that we are using has 
been previously validated in Spain (Martin-Moreno, 1993), we have performed a sub-
study with 150 participants completing 2 FFQ, one at baseline and another at the end of 1 
year, together with four 3-day food records separated by 3 months, to validate and 
calibrate it again. The validity indexes of the FFQ in relation to the food records for food 
groups and energy and nutrient intake had intra-class correlation coefficients between 0.40 
and 0.84. Regarding food groups, between 68 and 83% of individuals were in the same or 
adjacent quintile using both methods. The FFQ measurements had therefore good 
reproducibility and a level of validity similar to those of FFQs used in other prospective 
studies. The validation of the FFQ ensures a better quality in the measurement of actual 
diets and will allow corrections for measurement errors. 

     At any rate, the information extracted from the FFQ will only provide a subjective 
assessment of compliance. To obtain also an objective evaluation, we measure biological 
markers of compliance in a random subset of participants from the three arms of trial. In a 
random sample of 10% of participants, a blood sample and urine aliquots are used to 
blindly ascertain the following markers of compliance: a) plasma fatty acid composition 
(specially oleic and alpha-linolenic acid, which are reliable indicators of MUFA and walnut 
consumption, respectively); b) urinary tyrosol and hydroxytyrosol (EVOO); c) urinary 
resveratrol and ethanol (wine and other alcoholic beverages). To relate these 
measurements to the time of intake, participants are asked the time spent since they last 
consumed the specific foods when blood and urine samples are taken. 
 
D.11. Measurements 
 
Table 1 shows major measurements and data collection activities by visit. 
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Table 1. Overview of measurement scheduled in the PREDIMED trial. 
 BASELINE YEAR-1 YEAR-2 YEAR-3 YEAR-4 YEAR-5 YEAR-6 
1. ELIGIBILITY QUESTIONNAIRE X       
2. GENERAL QUESTIONNAIRE X       
3. FOOD FREQ. QUESTIONNAIRE X X X X X X X 
4. PHYS. ACTIV. QUESTIONNAIRE X X X X X X X 
5. FOLLOW-UP QUESTIONNAIRE*  X X X X X X 
6. TOLERANCE QUESTIONNAIRE  X X X X X X 
7. ABANDONMENT QUESTIONNAIRE**  X X X X X X 
8. EKG X X X X X X X 
9. BLOOD SAMPLE X X  X  X X 
10. URINE SAMPLE X X  X  X X 
11. TOE NAIL SAMPLE X       

*Includes measurements of weight, height, waist circumference, BP, and ankle-brachial blood 
pressure index. 
**Only if applicable. 

 
D.11.1. Questionnaires 

Nine questionnaires (#1 to 7 in Table 1) are shown in http://www.predimed.org. The 
PREDIMED dietitians are responsible for the accurate filling of the questionnaires. The 
follow-up questionnaire (#7 in Table 1) collects information about the following issues: 

-Socio-demographic variables (changes since baseline): 7 items. 
-Changes in smoking habits: 3 items. 
-New medical diagnoses of diabetes, hyperlipidemia or hypertension: 3 
items. 
-New medical diagnoses of cardiovascular events: 10 items. 
-Inquiries about non-cardiovascular complications of diabetes: 3 items. 
-Other medical conditions: 3 items. 
-Current use of medication (including doses): 20 items. 
-Time since the last intake of EVOO. 
-Time since the last intake of wine or other alcoholic beverages. 

 
D.11.2. Blood pressure (BP) and anthropometric measurements 

PREDIMED nurses, who are trained and certified for these measurements, 
measure BP, body weight and height. Several quality control procedures are used to 
promote measurement accuracy. For BP measurements, participants rest quietly for five 
minutes in the seated position. A validated semi-automatic sphygmomanometer (Omron 
HEM-705CP) is used for the PREDIMED trial. An appropriate sized cuff is applied after 
measurement of arm circumference. A pulse obliteration pressure is obtained. At each 
visit, 3 measurements will be obtained, separated by 2 minutes. The average of second 
and third measurement is written in the data collection form. If both measurements differ 
more than 5 mmHg, the whole procedure is repeated and additional BP readings are 
averaged. Weight is measured using a calibrated balance beam scale with the subject 
barefoot and wearing light clothes. The nurse measures height using a wall-mounted 
calibrated stadiometer. Waist circumference is measured using an anthropometric 
measuring tape, at a horizontal plane midway between the lowest rib and the iliac crest. 
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D.11.3. Electrocardiograms (EKG) 
At each yearly visit, the nurse obtains from the clinical record the last available EKG, 

and collects 2 copies. If no EKG has been taken during the last year, she communicates 
with the Primary Care physician to perform a new EKG and 2 copies are included in the 
PREDIMED file of the participant. 
 
D.11.4. Extraction, processing and storage of biological samples 

The PREDIMED nurses are directly responsible for collection, processing and 
storage of biological specimens. All PREDIMED nurses are experienced and registered 
nurses trained and certified to perform the specimen collection protocol. Training, before 
starting the trial, consisted of approximately 4 hours of theoretical information and 4 hours 
of practical instruction. Blood samples are collected at baseline and years 1, 3, 5 and 6 (or 
final visit) of follow-up according to the protocol shown in Table 2. 

 
Table 2. Blood samples taken at specified intervals. 

 Number of tubes     Volume (ml)  
Glass tube K3E EDTA 4 4.5  EDTA Plasma + buffy coat 
Plastic tube K3E EDTA (cold) 1 3  Cold EDTA plasma (pre-refrigerated tube) 
Glass tube 9NC Citrate 1 4.5  Citrate Plasma + buffy coat 
Gel-Glass tube SST 2 4  Serum (one of them light-protected for Hcy)
Glass tube K3E EDTA* 1 5 
TOTAL 9 38.5  
*Only a random sample (10%) is analyzed for biomarkers of compliance: the remaining is stored for future 
analyses. 
 

The plastic tube K3E EDTA (cold) and 1 gel-glass tube SST (for homocysteine) are 
refrigerated in ice prior to blood collection; after blood is collected, the tubes are kept cold 
in the ice container. Serum, citrate plasma and EDTA plasma samples are distributed in 
aliquots of 200 and 500 microliters, and stored at -80°C for later analyses in the central 
laboratory. Biochemical measurements will be performed blindly and in the same batch for 
consecutive samples of each participant. Every FC has acquired a freezer with enough 
capacity to store these specimens. A urine sample is taken at the time of blood extraction, 
and 16 aliquots (650 microliters) are stored at -80ºC. Depending on the available funding 
for the PREDIMED trial, some of the blood samples could be omitted on years 2-4. All 
biological samples are processed at each FC not later than 2 hours after collection. During 
transport from the PCC to the FC laboratory, they are stored in a portable cooler (-4ºC). A 
clip of each toenail of each participant is stored at room temperature. 

In addition, a complete blood count and routine biochemical measurements are 
performed yearly in the PCC (fasting blood glucose, uric acid, ALT, AST, gamma-glutamyl 
transpeptidase, alkaline phosphatases, bilirubin, creatinine, BUN; total, HDL-, and LDL-
cholesterol; triglycerides, total protein, and albumin) together with a routine urine exam 
including the albumin/creatinine ratio in a recent sample. Genomic DNA has been isolated 
from leukocytes of all participants and some polymorphism in candidate genes that may 
modulate the cardiovascular response to diet (LIPC, LPL, PPARG, APOE, PON1, MTHFR, 
and others) are analyzed by PCR and further allelic discrimination. Some members of our 
team have played a relevant role in identifying gene-diet interactions, which can be of 
interest in our project (Ordovas, 2001; Corella, 2002). 
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D.11.5. Outcome ascertainment 

Outcomes will be determined by review by the Clinical End Point Committee. This 
panel will be blinded to the intervention group. The primary outcome is reported in section 
D3. The Clinical End Point Committee will ascertain cardiovascular deaths from clinical 
registers on the basis of the clinical records and a death certificates listing an International 
Classification of Diseases code corresponding to any cardiovascular death (CHD or 
stroke). A definite non-fatal MI refers to a report of a clinical MI by a clinical center that 
meets the criteria for MI described in the Manual of Operations. Myocardial infarction is 
defined by the presence of symptoms suggestive of ischemia or infarction, with either EKG 
evidence (new Q waves in two or more leads) or cardiac-marker evidence of infarction, 
according to the standard American College of Cardiology definition (Cannon, 2001). 
Stroke diagnosis is based on rapid onset of a neurological deficit lasting more than 24 
hours, supported by imaging studies (CT or MR scans). Secondary analyses will also be 
done.  

 
D.12. Statistical Analyses  

The analyses will be based on the intention-to treat principle. With the actual sample 
size, it is assumed that we will have enough statistical power to evaluate the effects of the 
MeDiet (the two MeDiet groups considered as a single one) compared to the Low-fat 
Control diet on the primary prevention of cardiovascular diseases. We also might be able 
to assess differences in outcomes for the two MeDiets if the specific supplements of EVOO 
and mixed nuts prove to be differentially cardioprotective. The main variable for analysis 
will be time from randomization to event. For a given outcome, the time of the event will be 
defined as the number of days from randomization to the first post-randomization 
diagnosis, as determined by the adjudicator. For silent MI, the date of the follow-up EKG 
will be applied. Participants without a diagnosis will be censored at the time of last follow-
up contact. The generally accepted method for analyzing this type of data is the log rank 
statistic. It has the advantage of requiring no assumptions other than the random 
assignment of the intervention. This analysis will be the primary measure of the success or 
failure of the trial. However, if baseline imbalances between groups are observed for any of 
the main CHD risk factors, a Cox proportional hazard analysis will be conducted stratified 
by FC, age, sex and adjusted for major risk factors. Primary outcome comparisons will be 
estimated as hazard ratios. Adjustment for other relevant variables (body mass index, 
physical activity, education level, marital status) also will be applied. 
 
D.13. Monitoring Plan  

The Data and Knowledge Management Center (DKMC) will be responsible for 
preparing reports to monitor the progress of the study for the Steering Committee and the 
Data and Safety Monitoring Board (DSMB). These reports will focus on a) general 
progress of candidate recruitment and person-year of follow-up in comparison to pre-
established targets; b) participant adherence (biochemical markers and FFQ data of 
compliance and comparison with targets for nutrients and food groups); c) quality control 
(digit preference, variability, outliers); d) clinical outcome data at each center and primary 
and secondary endpoints (group comparisons with respect to both the primary outcome, 
total mortality, and other secondary outcomes). In these sections, data will be provided for 
the study as a whole and, where appropriate, separately for each FC. Reports will be 
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mailed to members of the DSMB two weeks prior to the meeting or to the date of review. 
Steps will be taken to insure security and confidentiality, including distribution by certified 
mail and enactment of a return policy of all reports. Comparison of groups with respect to 
major outcomes will be updated two days before the meeting so that the DSMB will have 
the most up-to-date data possible. 
 
D.13.1. Quality of Data 

To assess the reliability of the data included in the questionnaires and databases, 
external personnel will review medical records of a random sample of the participants. 
Data of around 25% of the participants included in each FC will be evaluated. Then DKMC 
and Data and Knowledge Management Center (DKMC) members will confirm these data 
(See later). 
 
D.13.2. Data analysis 

The data from the PREDIMED trial will be analyzed at 5 intervals (4 interim 
analyses and the final analysis). The 4 interim analyses to decide on the continuation of 
the PREDIMED trial will be conducted after 2, 3, 4 and 5 years of median follow-up. The 2-
sided p-values for stopping the trial at each interim analysis (1st to 4th) are respectively 
5*10-6, 0.001, 0.009 and 0.02 for benefit, and 9*10-5, 0.005, 0.02 and 0.05 for adverse 
effects, according to asymmetric O'Brien-Fleming boundaries (O'Brien, 1979). The actual 
recommendation regarding stopping or continuing the trial will be made by the DSMB. 
There are 3 potential reasons for early ending of the trial: a) efficacy of MeDiet may be 
demonstrated; b) harmful effects of the intervention may be discovered; c) there may be no 
hope for a reasonable evaluation of the proposed hypothesis (i.e., if a small intervention 
differential exists, power may be seriously compromised and early termination of the trial 
may be considered). Early termination should be considered only if the intervention effect 
is really great.  
 
D.14. Organizational structure 

An overview of the organizational structure is displayed in http://www.predimed.org. 
The main funding for the trial comes from ISCIII (Spanish Government). A Data and 
Safety Monitoring Board (DSMB) supervises the trial. The Project Leader, Dr. Ramon 
Estruch (Hospital Clinic, University of Barcelona), is assisted by the Steering Committee 
to make strategic decisions along the project’s life. The coordination, research and internal 
supervision activities of the project will be performed by the following three categories of 
units: coordination units, research and operative units, and subcommittees. Table 3 shows 
data of each unit. In summary, the research team includes 10 Field Centers (FC), three 
Data Management and Statistical Units (DMSU); a Data and Knowledge Management 
Center (DKMC); and 6 Specialized Laboratory Units (SLU). The Steering Committee, 
chaired by Dr. Estruch, includes the coordinators of each of the 11 FC, the investigator 
responsible of the each SLU and the Data Manager. There are also the following 
organizational structures: a Diet Subcommittee, co-chaired by Dr. Martinez-Gonzalez 
(Navarra) and Dr. Ros (Barcelona), a Measurement Subcommittee, chaired by Dr. Covas 
IMIM-Barcelona), a Recruitment Subcommittee (chaired by Dr. Salas), a Clinical End 
Point Committee, chaired by Dr. Arós (Cardiologist, Txagorritxu Hospital, Vitoria) and will 
include a clinician from each FC. The DSMB includes the following external advisors: Dr. 
Frank Hu, Harvard School of Public Health, Boston; Dr. F. Xavier Pi-Sunyer, Columbia 
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University College of Physicians and Surgeons, New York; Dr. Joan Sabaté, Loma Linda 
University, CA; Dr. Carlos González, Principal Investigator of the Spanish branch of the 
EPIC Study, Barcelona. They will convene to review the implementation of the protocol 
and to monitor the trial’s progress on an annual basis. In addition, as stated, a mailed 
report will be sent them periodically with the pertinent analyses to ascertain the 
continuation of the PREDIMED trial. Most of the Committees will convene by conference 
calls and at in-person meetings (twice per year during years 1-4, once during year 5). The 
frequency of contacts will vary during the trial. 
 
D.15. Data management 

The DKMC will be co-directed by the Data Manager, Dr. Covas, and Dr. Martinez-
Gonzalez. With the support of the DMSUs (IMIM, Navarra University & Hospital Clinic-
Barcelona), they will develop and maintain the data base; and will provide statistical and 
trial monitoring support throughout the fieldwork. Data from screening, intervention and 
follow-up visits will be entered on specific forms at the FC, and sent monthly to the Data 
Manager in the DKMC, who will send reports of missing or inappropriate entries, for 
clarification and resolution, to the FC coordinators every month. The Data Manager will 
also provide monthly reports to Dr. Estruch on the quality and completeness of the data, 
organized by type of visit (screening visit 1, 1-year follow-up visit, etc.) and by specific data 
form. At the end of each yearly visit in each FC, the Data Manager will verify the 
completeness of data for each individual. 

 

Table 3. Description of the Project’s Organic Units. 
Categ. Unit name Responsibilities 

Administration General management, accounting, task schedule management. 
Technological Support Technical and technological assistance in computing services, instrument installation 

and maintenance. 
Data and Knowledge Mana-
gement Center (DKMC) 

Statistical analysis, data management, report elaboration, database management, 
software support tools development, security of information and computer systems. C

oo
rd

in
a-

tio
n 

Medical Support Medical assistance in clinical tasks 
Barcelona University (Hospital 
Clinic) 

FIELD CENTER (FC)-1: Patient recruitment, dietary behavioral intervention 
Specialized Laboratory Unit (SLU)-1 

Barcelona, IMIM*/ ICS(Primary 
Health Care Centers) 

FC-2: Patient recruitment, dietary behavioral intervention 
Data Management and Statistical Unit (DMSU)-1, SLU-2 

Navarra University FC-3 Patient recruitment, dietary behavioral intervention,  DMSU-2, FFQ processing 
Valencia University FC-4: Patient recruitment, dietary behavioral intervention, genetic analysis, SLU-3 
Malaga University FC-5: Patient recruitment, dietary behavioral intervention, laboratory work  
Seville Primary Health Care FC-6: Patient recruitment, dietary behavioral intervention 
Seville-CSIC* SLU-4 
Mallorca, I. Balears University FC-7:Patient recruitment, dietary behavioral intervention 
Tarragona, Rovira Virgili Univ. FC-8: Patient recruitment, dietary behavioral intervention, laboratory work 
Vitoria, Txagorritxu Hospital FC-9: Patient recruitment, dietary behavioral intervention 
Las Palmas, Gran Canaria Univ.. FC-10: Patient recruitment, dietary behavioral intervention 
Bellvitge Hospital, Barcelona FC-11: Patient recruitment, dietary behavioral intervention 
Zaragoza University SLU-5 

R
es

ea
rc

h 
an

d 
O

pe
ra

tiv
e 

Barcelona University – Pharmacy 
School 

SLU-6 

*CSIC: Superior Council for Scientific Research. IMIM: Municipal Institute for Medical Research. 
A private web-based system of data access has been created (www.predimed.org), 

where authorized investigators can download all the forms, datasets and published papers. 
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For privacy and security, an ID and password are required to access the data and the 
forms. This web-based system is used to send data to the Data Manager. Quality control 
reports will be generated for key aspects of the trial, i.e., digit preference and variability. To 
reduce data entry expenses and speed processing, the questionnaires and data forms are 
optically scannable. The data forms will be entered in duplicate and missing data checks 
will be performed. After data entry, cross-form edit checks will also be performed. Data 
inconsistencies will be checked. Audits will be rerun periodically to detect unsolved 
problems. Standardized edit reports that summarize problems in the database provide an 
additional method of assuring data quality. To minimize the potential for error, we have 
developed a detailed Manual of Operations. In addition we will conduct annual training 
meetings for staff. The DKMC will monitor the performance of each FC and will 
recommend new or corrective procedures in case deficiencies are noted. Until the end of 
the trial, all FC will be masked to trial outcome data, with the exception of the statisticians, 
the Data Manager and the external DSMB. Due to the nature of the intervention, however, 
dietitians and nurses at each FC need to be unmasked to diet assignment. The Clinical 
Event Subcommittee will be blinded to participants’ allocation. 
 
D.16. Limitations of the study 

Fat consumption is customarily high in Mediterranean countries. Due to this fact, 
some participants have difficulty in following a low-fat diet on the long-term. We 
acknowledge this limitation because participants in the low-fat diet control group belong to 
a Mediterranean culture and their food habits are derived from the fat-rich traditional 
MeDiet (Serra-Majem, 2007). We believe that it would be unethical to strongly advice 
participants assigned to the control diet group to abandon this supposedly healthy diet. 
Instead, we are attempting to increase differences by using a comprehensive and 
expanded intervention in both experimental groups to attain further changes in their diet, 
thus maximizing the contrast.  

The main differential point in our design is that we are evaluating two MeDiets that 
are higher in fat than all diets assessed by previous trials, but in both of them the main 
sources of fat are unsaturated fatty acids. In addition, the effects of diets rich in 
polyphenols and phytosterols are also assessed. The rigorous methodology of the 
PREDIMED trial should convincingly answer what is certainly one of the major sources of 
controversy and unresolved issues regarding diet and cardiovascular risk, namely, the 
impact of replacing saturated fat with MUFA or with carbohydrate.  
D.17. Dissemination of the results 
 
D.17.1. General strategies:  
 Exploitation of the scientific data obtained from the PREDIMED Study will be 
performed through a Dissemination Plan, which involves: i) Common definitions and data 
elements in order to homogenize scientific and common languages among investigators 
and general public; and ii) Implementation strategy, defined as the process through which 
people become aware of, assimilate, accept, adopt and use disseminated information will 
be used. Dissemination must involve more than the mere distribution of diffusion of 
information. Information of how to consume healthy food based on the cost/benefit ratio of 
food components to protect the interest of low-income people will be taken into account. 
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 The dissemination framework must consider the audience, the types of strategies 
used to foster assimilation, and adoption of information, and the various media involved. 
Potential audiences will be divided into six major categories: I) consumers; ii) nutritionists 
and clinical practitioners; iii) food industry; iv) policy makers; v) researchers; and vi) 
journalists. Strategies will be divided into two general categories: i) nutritionists, clinical 
practitioners and researchers (conferences, workshops, continuous professional 
education, institution web sites, and technical journals; ii) target consumers through the 
support of the food industry and international consumer organizations (i.e. possible contact 
with the American Consumers Organization to be in charge of specific dissemination tools) 
to promote dissemination through the printed media, radio and TV. 
 
D.17.2. Specific strategies: 
- Two Web pages for the trial: 

o http: www.predimed.org  
o http: www.predimed.es 

are available to obtain the details of the trial, including intervention tools. They will 
be of public use except for specific sections, such as database, until study 
completion.   

- The final results of the study (primary and secondary end-points) and analysis of 
surrogate variables at different intervals of the study will be published in top medical 
journals.  

- An International Meeting will be organized to present the final results of the study. They 
will include lectures on the main aspects of nutrition and cardiovascular disease.   

- A monograph and a CD-rom covering the main aspects of the study will be edited and 
sent to each participant, to scientific societies related to Internal Medicine, Cardiology, 
Oncology, Cardiovascular Epidemiology and Nutrition, and to political authorities 
related to public health, nutrition, and agriculture. 
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Table 4. Quantitative Score of Compliance with the Mediterranean Diet 
 

 Foods and frequency of consumption     Criteria for 1 point* 

1 Do you use olive oil as main culinary fat?     Yes 

2 How much olive oil do you consume in a given day (including oil used for frying, salads, out of house 

meals, etc.)? 

    4 or more tablespoons 

3 How many vegetable servings do you consume per day? 

(1 serving = 200g - consider side dishes as 1/2 serving) 

    2 or more (at least 1 portion raw  

    or as salad) 

4 How many fruit units (including natural fruit juices) do you consume per day?     3 or more 

5 How many servings of red meat, hamburger, or meat products (ham, sausage, etc.) do you 

consume per day? (1 serving = 100-150 g) 

    Less than 1 

6 How many servings of butter, margarine, or cream do you consume per day? (1 serving = 12 g)     Less than 1 

7 How many sweet/carbonated beverages do you drink per day?     Less than 1 

8 How much wine do you drink per week?     7 or more glasses 

9 How many servings of legumes do you consume per week? 

(1 serving = 150 g) 

    3 or more 

10 How many servings of fish or shellfish do you consume per week? 

 (1 serving: 100-150 g fish, or 4-5 units or 200 g shellfish) 

    3 or more 

11 How many times per week do you consume commercial sweets or pastries (not homemade), such 

as cakes, cookies, biscuits, or custard? 

    Less than 3 

12 How many servings of nuts (including peanuts) do you consume per week? 

(1 serving = 30 g) 

    3 or more 

13 Do you preferentially consume chicken, turkey o rabbit meat instead of veal, pork, hamburger or 

sausage? 

    Yes 

14 How many times per week do you consume vegetables, pasta, rice, or other dishes seasoned with 

sofrito (sauce made with tomato and onion, leek, or garlic, simmered with olive oil)? 

 

    2 or more 

 * 0 points if these criteria are not met. 

 68



 

Table 5. Quantitative Score of Compliance with the Control (Low-Fat) Diet.        
                                

 Foods and frequency of consumption     Criteria for 1 point* 

1 How much olive oil do you consume in a given day (including oil used for frying, salads, out of house meals, etc.)? 2 or less tablespoons 

(1 tablespoon=10 ml) 

2 Do you remove visible fat (or the skin) of chicken, duck, pork, lamb or veal meats before cooking and the fat of 
soups, broths, and cooked meat dishes before consumption? 

Yes 

3 How many servings of fat-rich meats, hamburger, commercial ground meat, sausage, cold meat, cured ham, bacon, 
salami, or offal do you consume per week? (meat serving: 100 g; salami or bacon: 30 g) 

1 or less 

4 How many servings of butter, margarine, lard, mayonnaise, milk cream, or milk-based ice cream do you consume 
per week? (spread fat: serving: 12 g; ice cream: 100 g)   

1 or less 

5 Do you exclusively consume low-fat dairy products? Yes 

(id. If no dairy consumption) 

6  How many times per week do you prepare rice, pasta, potato, or legume dishes by using “sofrito” sauce (based on 
olive oil), bacon, salami, or fatty meats such as pork or lamb ribs?  

2 or less 

7 How many times per week do you consume fatty fish or fish or seafood canned in oil? 1 or less 

8 How many servings of commercial sweets or industrial bakery products (not homemade), such as cakes, cookies, 
biscuits, or custard do you consume per week? (cake serving: 80 g; 6 biscuits: 40 g) 1 or less 

9 How many times per week do you consume nuts (including peanuts), potato chips, French fries, or commercial 
snacks?  

1 or less 

* 0 points if these criteria are not met. 
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eTable 1. Baseline Consumption of Key Foods and Changes by Study 
Groupa  
 
 MeDiet + EVOO 

(n=127) 

MeDiet + Nuts 

(n=112) 

Control diet 

(n=95) 

P 
Valueb 

Virgin olive oil (g/d) 

Baseline 15.6 (12.2 to 19.0) 15.0 (11.4 to 18.6) 16.3 (12.3 to 20.2) .89 

Change 35.15 (31.6 to 38.7)c 13.2 (8.8 to 17.6) 10.6 (6.6 to 14.7) <.001 

Refined olive oil (g/d) 

Baseline 20.5  (17.3 to 23.6) 18.1 (14.7 to 21.6) 21.1 (17.6 to 24.7) .44 

Change -20.5 (-23.6 to -17.3)c -0.8 (-4.7 to 3.1) -4.2 (-8.1 to -0.3) <.001 

Total nuts (g/d) 

Baseline 12.2 (9.6 to 14.9) 13.3 (10.2 to 16.3) 12.2 (9.4 to 15.0) .83 

Change -4.7 (-9.1 to -0.2) 16.4 (12.7 to 20.1)c -7.3 (-9.8 to -4.7) <.001 

Cereals (servings of 150 g/d) 

Baseline 5.34 (4.92 to 5.77) 5.26 (4.87 to 5.66) 4.92 (4.52 to 5.31) .33 

Change -1.57 (-1.97 to -1.16) -1.36 (-1.76 to -0.96) -1.06 (1.48 to -
0.64) 

.23 

Vegetable (servings of 125 g/d) 

Baseline 3.39 (3.14 to 3.65) 3.20 (2.91 to 3.50) 2.98 (2.70 to 3.25) .11 

Change -0.12 (-0.42 to 0.17) -0.20 (-0.50 to 0.09) -0.25 (-0.51 to 
0.02) 

.83 

Legumes (servings of 40 g/d) 

Baseline 0.49 (0.43 to 0.54) 0.46 (0.42 to 0.50) 0.51 (0.46 to 0.56) .36 

Change 0.20 (0.14 to 0.26) 0.18 (0.13 to 0.24) 0.02 (-0.05 to 
0.08)c 

<.001 

Fruit (servings of 125 g/d) 

Baseline 3.75 (3.42 to 4.08) 3.58 (3.23 to 3.92) 3.70 (3.28 to 4.12) .77 

Change -0.14 (-0.49 to 0.21) -0.11 (-0.49 to 0.28) -0.23 (-0.68 to 
0.22) 

.91 

Fish (servings of 125 g/d) 

Baseline 0.99 (0.9 to 1.1) 0.89 (0.8 to 1.0) 0.86 (0.8 to 0.9) .039d 

Change 0.01 (-0.06 to 0.08) 0.09 (0.02 to 0.16) 0.01 (-0.05 to 0.08) .19 

Meat or meat products (servings of 150 g/d) 

Baseline 0.98 (0.92 to 1.05) 1.03 (0.95 to 1.10) 0.94 (0.86 to 1.01) .22 

Change -0.09 (-0.15 to 0.02) -0.17 (-0.24 to -0.10) -0.19 (-0.26 to -
0.12) 

.084 

Dairy products (servings of 200 g/d) 

Baseline 1.71 (1.53 to 1.89) 1.84 (1.60 to 2.07) 1.90 (1.64 to 2.15) .46 

Change 0.04 (-0.14 to 0.22) -0.21 (-0.40 to -0.02) 0.01 (-0.23 to 0.25) .17 

Alcohol (g/d) 

Baseline 11.4 (8.6 to 14.3) 12.4 (9.5 to 15.2) 12.9 (9.2 to 16.7) .79 
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Change -0.1 (-1.8 to 1.7) -0.9 (-2.5 to 0.8) -0.5 (-3.0 to 2.0) .84 

Wine (ml/d)     

Baseline 77.7 (57.3 to 98.1) 82.8 (61.7 to 103.9) 71.8 (45.7 to 97.8) .80 

Change 14.1 (-307 to 250) 9.3 (-250 to 250) 12.4 (-267 to 400) .84 

14-point MeDiet score 

Baseline 8.6 (8.3 to 8.9 ) 8.3 (8.0 to 8.7 ) 8.7 (8.4 to 9.1 ) .20 

Change 1.87 (1.52 to 2.22 ) 2.38 (2.03 to 2.72 ) 0.40 (0.03 to 0.77)c <.001 
Abbreviations: MeDiet, Mediterranean diet; EVOO, extra-virgin olive oil. 
aData are means (95% CI intervals). 
bPvalue for comparisons across groups with one-way ANOVA. 
cSignificantly different from the other intervention groups (Bonferroni post-hoc test). 
dSignificant difference among the three intervention groups (Bonferroni post-hoc test). 
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eTable 2. Baseline Biomarkers of Adherence to Supplemental Foods and 
Changes by Intervention Groupa 
Abbreviations: EVOO, extra-virgin olive oil; MeDiet, Mediterranean diet.  
aData are expressed as mean (95% confidence interval). 
bPvalue for comparisons between groups with one-way ANOVA.  

cMeasured in 65 participants (n=20, n=21, and n=24, respectively). 
dMeasured in 75 participants (n=24, n=28, and n=23, respectively). 
eSignificantly different from the other intervention groups (Bonferroni post-hoc test). 

 

 

 MeDiet + EVOO MeDiet + Nuts Control diet P Valueb 

Urinary hydroxytyrosol, µg/Lc 

Baseline 133.4 (100.9 to 165.9) 179.5 (126.2 to 232.7) 168.7 (131.2 to 206.2) .27 

Change 49.6 (8.5 to 90.7) -4.5 (-42.5 to 33.4) -8.9 (-44.3 to 26.6) .054 

Plasma α-linolenic acid, %d 

Baseline 0.36 (0.27 to 0.45) 0.30 (0.25 to 0.36) 0.33 (0.27 to 0.39) .47 

Change -0.05 (-0.12 to 0.02) 0.19 (0.09 to 0.29)e 0.03 (-0.07 to 0.12) <.001 



© 2015 American Medical Association. All rights reserved.	
	
	

eTable 3. Unadjusted Baseline Cognitive Test Scores and Changes by Study 
Groupa 
 
 MeDiet + EVOO MeDiet + Nuts Control diet P 

Valueb

MMSEc 

Baseline 27.91 (27.66 to 
28.15)d 

28.17 (27.92 to 
28.42) 

28.45 (28.19 to 
28.71) 

.012 

Change 0.18 (-0.06 to 0.44) -0.11 (-0.42 to 0.21) -0.24 (-0.56 to 0.08) .10 

RAVLT, total learningc 

Baseline 38.48 (37.03 to 
39.94) 

39.68 (38.04 to 
41.32) 

40.09 (38.25 to 
41.94) 

.35 

Change 4.42 (3.07 to 5.77) 4.18 (2.86 to 5.49) 2.31 (0.89 to 3.72) .074 

RAVLT, delayed recallc 

Baseline 6.39 (5.83 to 6.94) 6.48 (5.91 to 7.05) 6.66 (5.99 to 7.34) .81 

Change 1.46 (1.02 to 1.90) 1.78 (1.30 to 2.26) 0.99 (0.48 to 1.50) .083 

Paired associatesc 

Baseline 14.94 (14.37 to 
15.51) 

15.41 (14.73 to 
16.09) 

15.12 (14.36 to 
15.87) 

.59 

Change 0.26 (-0.31 to 0.82) 0.35 (-0.26 to 0.96) -0.03 (-0.71 to 0.65) .69 

Verbal fluencye 

Baseline 18.00 (16.96 to 
19.04) 

20.44 (18.52 to 
22.35) 

19.51 (17.85 to 
21.18) 

.058 

Change 0.57 (-0.56 to 1.69) -1.18 (-2.67 to 0.31) -0.08 (-1.83 to 1.68) .21 

Digit span forwarde 

Baseline 5.26 (4.97 to 5.54) 5.27 (4.86 to 5.68) 5.26 (4.90 to 5.63) .99 

Change 0.09 (-0.17 to 0.34) 0.24 (-0.90 to 0.57) 0.05 (-0.29 to 0.39) .67 

Digit span backwarde 

Baseline 3.66 (3.37 to 3.95) 3.97 (3.64 to 4.30) 3.95 (3.60 to 4.30) .28 

Change 0.30 (-0.07 to 0.67) 0.12 (-0.27 to 0.52) -0.11 (-0.44 to 0.23) .28 

Color Trail 1e,f  

Baseline 64.98 (58.95 to 
71.00) 

61.47 (52.51 to 
70.43) 

53.57 (44.22 to 
62.92) 

.11 

Change -6.28 (-10.78 to -
1.78)d 

3.26 (-3.99 to 10.51) 4.56 (-2.22 to 11.35) .013 

Color Trail 2e,f 

Baseline 143.69 (127.93 to 
159.45) 

125.10 (109.31 to 
140.89) 

126.26 (106.43 to 
146.10) 

.20 

Change 8.17 (-5.67 to 22.01) 24.36 (5.03 to 
43.69) 

33.93 (14.49 to 
53.38) 

.073 

Abbreviations: MeDiet, Mediterranean diet; EVOO, extra-virgin olive oil. 
aData are means (95% CI intervals).  
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bPvalue for comparisons across groups with one-way ANOVA.  
cMeasured in 334 participants (n=127, n=112, and n=95, respectively).  
dSignificantly different from control group (Bonferroni post-hoc test).  
eMeasured in 96 participants (n=41, n=25, and n=30, respectively). 
fLower scores indicate improvement. 
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