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ABSTRACT

AIMS: We address potential controversies on the healefiis of the MedDiet after
PREDIMED, a randomized trial of Mediterranean dMedDiet) for primary cardiovascular
prevention. We have focused on: a) the PREDIME@stiesign, b) analysis of PREDIMED

data and c) interpretation of its results.

DATA SYNTHESIS: Regarding the design of the trial, its early teraion and between-group
differences in the intensity of the interventioe @otential causes of conceifine planned
duration was 6 years but the trial was prematwtdpped when an interim analysis at 4.8-year
provided sufficient evidence of benefit for the tiMedDiets. In the MedDiet groups
supplemented with extra-virgin olive oil or mixedts, the primary composite end point
(myocardial infarction, stroke, or cardiovasculaath) was reduced by 30% and 28%
respectively, as compared with the control groupalFesults did not change after taking into
account the different intensity of educational gfaluring the trial. Other potential doubts
related to data analysis (e.g., intention to tveasus a per-protocol approach, and consequences
of drop-outs) should not be causes of concern lliginge addressed alternative interpretations
of the effect on all-cause mortality. The protodekned primary endpoint was a composite
cardiovascular endpoint, not all-cause mortality.ahalyze total mortality, we would have
needed a much larger sample size and longer fallpwFherefore, the PREDIMED results

cannot be used to draw firm conclusions on MedDaets all-cause mortality.

CONCLUSIONS: The PREDIMED study was designed to overcome thma@r problems of
previous nutritional research: a) residual confangdaddressed by using a randomized design;
b) single-nutrient approaches, by randomizing asraldietary pattern; and c) the limitations of

assessing only intermediate risk markers, by usarg clinical end-points.



Summary of the PREDIMED trial design and findings

The "Prevencién con Dieta Mediterranea" (PREDIMER)dy is considered to be a pioneer
large nutritional trial that focused on an ovediitary pattern for the primary prevention of
cardiovascular disease [1]. After the publicatibthe main results, a few investigators have
voiced their concerns on some aspects of the desidmesults of PREDIMED [2-5] which
could comprise the strength of the evidence torreoend a Mediterranean Diet (MedDiet) in
cardiovascular prevention. We address these camms and attempt to provide a thoughtful

discussion of each one of them.

PREDIMED was designed to assess the long-termteftd@a MedDiet on the primary
prevention of cardiovascular disease (CVD) in imdlinals at high cardiovascular risk

(www.predimed.es), aged 55-75 years (men) or 6§e@86s (women) [6,7]. The pre-specified

primary endpoint was a composite of cardiovasceNants including non-fatal myocardial
infarction, non-fatal stroke and death from cardsosular causes. The PREDIMED trial
randomized 7477 participants into one of threerugietions: MedDiet supplemented with extra-
virgin olive oil (EVOO), MedDiet supplemented withixed nuts, or control diet (advice to
reduce all dietary fats). EVOO and nuts were pregtidt no cost; to reinforce adherence,

participants in the control group received non-fgifts during the intervention [6,8,9].

The main findings of the trial showed that a MedD&luced the incidence of major
cardiovascular events by approximately 30% [HaRatio (HR):0.70(95% confidence interval,
0.54, 0.92) and 28% [HR=0.72(0.54, 0.96)] when s&ppnted with EVOO or nuts,

respectively, in comparison to the control diet [Me estimates for absolute risk reductions and
numbers needed to treat for the primary end-paidtfar secondary hard clinical endpoints have

been reported [10]. Other benefits included effectsnetabolic syndrome [11], adiposity [12],



cognition [7,13,14] and breast cancer [15]. Intediae outcomes and changes in classical and
novel vascular risk factors together with relevawetchanistic findings have been also reported
[16]. PREDIMED obtained also significant reductiongype 2 diabetes by 30% for the
combined MedDiet interventions [HR:0.70 (95% CI4).6.92)] [17] and also lower risk of
diabetes complications such as retinopathy [18hefeial effects were observed for peripheral
arterial disease (66% reduction in the MedDiet YO and 50% reduction in the MedDiet
plus nuts) [19]; atrial fibrillation, with a 38%sik reduction in the MedDiet plus EVOO [20].
Moreover, improvements in lipid profiles and inflaratory status, lower blood pressure and
slower progression of subclinical atherosclerossenobserved [21-24]. A meta-analysis
reported that there was limited evidence suggestiaga MedDiet with no restriction on fat
intake may reduce the incidence of CVD, breasteaand type 2 diabetes but not all-cause
mortality [25]. But PREDIMED provided strong evit=e to support the benefits of the
MedDiet. While other plant-based dietary patterars also be deemed as healthy [26], such first-
level evidence as collected for the MedDiet inrad@mnized trial with low risk of bias is not

available for any other dietary pattern.

The focus on overall dietary patterns is considex@dadays superior to assessing single
nutrients or foods [27]. PREDIMED was designedyiercome the problems of the single-
nutrient approach and the limitations of assesairlg intermediate risk markers or using
observational designs. [28] Indeed, PREDIMED isbinmark study because it is among the very
few randomized primary prevention trials of ovefathd patterns using hard clinical end-points

[28].
Current controversies

Current controversies that have arisen after the[HRIED trial are addressed inable 1.



1. Study design

Intensity of intervention. PREDIMED participants randomized to the contmoluyp were advised
to follow a low-fat diet according to prevailingigelines when the study was designed in 2003
[6,7]. In the MedDiet intervention groups, dietiegaran individual and group dietary-training
sessions at baseline and quarterly thereafter eagimig the adherence to the MedDiet
Adherence to the MedDiet was good but adherenteetotended diet in the control group was
suboptimal. This might be due in part to the reklyi low intensity of the dietary education and
personalized counseling implemented for the cormrolip during the first 3 years of the trial (up
to October 2006), when only a leaflet describirgltw-fat diet was given on a yearly basis.
However, after 3 years, the protocol was amenddcdcantrol group participants received
guarterly dietary education with exactly the sanegdiency and intensity than those in the two
active MedDiet groups, which accounted for 60%heftime they were in the trial. Specific
analyses, stratified by recruitment date, splittimg cohort in two (cut-off point: enrollment
before or after October 2006) yielded adjusted HR:@95% CI: 0.59, 1.00) for participants
recruited before October 2006 and HR:0.49 (95%0@6, 0.92) for those recruited later (P for
interaction=0.21) when comparing the MedDiet (bgrtups merged) versus control. Only
participants in the control group recruited befGeober 2006 were exposed to the low-level
intensity education on low-fat diet; however, tiflee was apparentiweaker among them. This
would only add further support to our hypothesid atlows to dispel any criticism that the

beneficial effect of the MedDiet was due to lowdueational intensity in the control group.

Regarding acceptability of low-fat diets, findiniggm landmark clinical trials of low-calorie
diets with different macronutrient composition feeight loss in overweight/obese participants

support the use of moderate fat diets includingeotiil and nuts as an alternative to low-fat diets



because of increased palatability, better compéaand superior long-term sustainability and
effectiveness against cardiometabolic disease [P9-+H3the Women’s Health Initiative Dietary
Modification Trial [32], postmenopausal women wesadomized to usual diet versus a low-fat
diet intervention with the goal of reducing fataké to 20% of energy; although participants
reduced fat intake, it fell short of the targegaieing 29% of energy after 8.1 years of
intervention, underlining the difficulty of partmants to lower their fat intake to the theoretical
standards of a low-fat diet. Furthermore, the tesefl that study demonstrated that reducing total
fat failed to reduce the risk of incident CVD inntast with PREDIMED [33]. Finally,
PREDIMED results do not contradict that low-fattdienay also be cardio-protective, albeit

large clinical trial evidence is lacking.

Early termination of thetrial. Benefits of the MedDiets in PREDIMED could haweeh
overestimated because the trial was stopped preahatuin the basis of early significant benefits
of the intervention after a median follow-up tinfeddB years, while the planned duration was 6
years. Trials that terminate before the schedulesing date tend to have magnified results.
However, preplanned interim analyses, stoppingstudad the appointment of a Data and Safety
Monitoring Board (DSMB) in the PREDIMED trial engat transparency and credibility of
decision making during the trial, in particular viespect to premature discontinuation [34,35].
In the protocol we defined in anticipation regulgerim assessments during the trial and two
independent statistical investigators blinded sottieatment allocation carried out the analyses.
The decision to stop the trial was made in agreémvih the rules of the protocol and the
recommendations of the DSMB on the grounds thaag unethical to continue a trial that has
already shown that an intervention is superioeims of CVD event rates, hence it should be

offered to all participants. The reduction in CMBkrfound in the PREDIMED Study was also



consistent with the predicted benefits derived fayservational data on individual dietary
components reported by The Global Burden of Disgdsetrition, and Chronic Diseases Expert

(NUTRICODE) Group [36].

2. Analysis of data

Intention to treat versus protocol analyses. Despite the recommendation to reduce consumption
of all types of dietary fat, including olive oil dmuts, the control group did not achieve a
sufficiently low fat intake. At baseline, total fatake (% E) in the control group was 39.0+7.0
and it was reduced to 37.0+7.0 at the end of the Trhe intake of saturated fat (% E) in the
control group was reduced from 10.0+2.3 to 9.1+&dmittedly, these observed reductions were
both of small size. However, as planned in thequal the main analyses on the PREDIMED
trial followed an intention-to-treat approach, whevaluated the advice strategy of the
PREDIMED interventions. The dilemma between 'intamtto-treat' versus 'per protocol’
approaches is a common problem in dietary trialsthddologically, it seems better to select the
intention-to-treat approach because it completedggrves the advantages of randomization.
But it should be acknowledged that the intentioitréat approach evaluates the advice strategy,
whereas the per protocol analysis is more apprgptieassess what participants actually
consumed during the trial. The first approacht tha PREDIMED (and all major

cardiovascular trials) used, proves the effects wéatment strategy and the other the effect of
consuming foods. Intention-to-treat takes advantdgandomization in order to avoid
confounding by both measured and unmeasured pattentifounders, the per protocol approach
should use multivariable methods to reduce confogdbut can control only for those

confounders which have been measured. In any ttess®REDIMED group did report a per



protocol analysis among diabetics showing thawaflt diet (<30% of total energy as fat) was

not associated with any cardiovascular protectdf). [

The benefits observed in the MedDiet groups in PREED might be arguably explained by a
higher intake of simple sugars in the control graga replacement for high-fat foods, and also
by lower consumption of fatty fish. In PREDIMED,rdool group participants were advised to
consume whole-grain cereals and other complex bgdrates, not refined cereals, sweets or
sugar-rich products. The intake of refined ceraal potatoes (60 g) was reduced by -0.31 (-0.39,
-0.23) (mean (95% CI) in the control group, andortween-group significant differences were
observed with the MedDiet groups. Fatty fish watkead discouraged in the control group,
whose participants reduced mean marine n-3 fattyiatake from 0.8 to 0.7 g/day. Yet, this

level of intake is still above the recommendedkataf 0.5 g/day for cardiovascular protection
[38], meaning that the small decrease in fatty ishsumption by control participants was

irrelevant concerning cardiovascular risk.

Differencesin basdline characteristics of participants. There were some statistically significant
differences in baseline characteristics amonghheetintervention groups, such as a higher
percentage of women (in the control group), antinare individuals had obesity and used
diuretics and oral hypoglycemic medication in tlatecol group, even though we used a standard
computerized randomization method [1]. Howeverfedénces between groups were minor in
size and of little clinical relevance. Importantligese minor imbalances will producéoaver

rate of cardiovascular events in the control gran@ will obscure the true differences, because
female sex showed the strongest inverse associatibrihe endpoint and the women proportion
washigher in control than in intervention groups. Furthermaesults did not substantially

change when these variables were included as cdéosiin the statistical models.

10



Drop-outs. The number of dropouts was larger in the contrat in the MedDiet groups. This
differential attrition (rendering different denorators of person-years for the rates in the three
groups) might have contributed to a greater beonétihe MedDiet supplemented with extra-
virgin olive oil (where the count of events was sabstantially lower, but the person-years
denominator was larger). To include only the obsdmimes of follow-up for each participant is
the most appropriate and correct approach in aalysis for time-to-event (survival analyses).
Therefore, the main results of PREDIMED were frearf selection bias because we did not
include the missing times of individuals who droppeit after they left the trial, i.e. we censored
them. Sensitivity analyses including imputatiordafa for missing values and of participants
who dropped out were also conducted and they wersistent with the primary analysis.
Additionally, dropouts had a worse baseline cardsoular risk profile, which suggests a bias
toward benefit in the control group were dropougsevhigher; namely, without dropouts, there
could have been even higher cardiovascular riskstnd more CVD events in the control

group than in the MedDiet groups.

3. Interpretation of results

Questions on body weight and adiposity. A recurrent question is whether the high-fat MedDie
might promote increased body weight. High-fat foedsh as the generous amount of olive oll
and nuts consumed by participants in the PREDIMED ¢an be thought as leading to weight
gain and promote obesity. Despite this popularehehvailable scientific evidence suggests that
frequent consumption of olive oil [39] or nuts [48]the context of a healthy diet does not lead
to any appreciable weight gain. Obesity is essiynaa imbalance between energy intake and
expenditure and there is no conclusive human eeelédmt, controlling for energy intake, any

particular energy-generating nutrient has substhminerent obesity-promoting consequences.

11



We have also specifically shown in the PREDIMED: th@ high-vegetable fat MedDiet did not
promote adiposity [12,41]. After 5 years of intemtien, median total fat intake represented 37%
and 42% of energy in the control and MedDiet grolag participants in all three groups
marginally reduced body weight and increased waistimference, as expected in older adults.
Adjusted differences in 5-year changes in body tteigthe MedDiet with olive oil and nuts
groups were -0.43(95% ClI, -0.86, -0.01) and -0@8(, +0.35) kg, respectively, versus control.
Respective differences for the changes in waistiomference were -0.55(-1.16, -0.06) and -
0.94(-1.60, -0.27) cm [12]. Thus, a long-term im&1tion with an unrestricted-calorie, high-fat,
high-vegetable fat MedDiet was associated with eses in body weight and less gain in central
adiposity. This apparent paradox might be explamethe fact that consumption of these foods
has been shown to increase satiety, induce themasge increase resting energy expenditure
and post-prandial fat oxidation, and decrease gnatgke from other sources by food
compensation [40,42,43]. The quality of dietary &specially in diets that favor plant-based fats
over animal fats, has a more important role inmeit@ng the risk of chronic diseases such as
type 2 diabetes than the total amount of fat indile¢ [25,28,29,41,44—46]. According to
PREDIMED, these salutary effects are likely to agogithout undue changes in body weight or

adiposity.

Attribution of observed benefits to supplemental foods or to the food pattern. Controversy

persists on whether the benefits should be at&tbtd the supplemental foods (extra-virgin olive
oil and mixed nuts), or rather to the overall Meelpattern. In addition, a third MedDiet group
educated to follow the MedDiet but not receivingglements may had enabled further
discrimination in effects between intervention gre@and the control group. Unfortunately, that

additional group was not included in the desigthefPREDIMED trial, the 2 groups receiving

12



education to follow the MedDiet also received seppnts (EVOO and nuts). Therefore, a
direct comparison is not possible and it is diffica disentangle the effect of these two salutary
foods from that of the whole food pattern. Howeweg, believe that synergy among all healthy
components of the diet was instrumental in obtgie observed risk reduction [47]. Dietary
patterns often tell us more on associations wisealke risk than do single foods and/or nutrients
[26]. Notwithstanding, olive oil and nuts providede quantities of vegetable fats rich in
monounsaturated fatty acids and some nuts (e.tnutgd also contain sizable amounts of
polyunsaturated fatty acids, which have been agtstiwith many health benefits [25,44—
46,48-54]. In PREDIMED, a 14-item screener of adhee to the MedDiet was developed to
both assess and improve compliance at quarteiitg @iSthe participants with dietitians [55].
Participants in the MedDiet groups significantlypimved most of the individual score
components with significant differences versus ani 12 out of the 14 items [1]. Therefore,
small changes were attained not only in nuts eeadil, but in the overall food pattern. Each 2-
point increment in baseline adherence to the IM-#eore was associated with a 25% reduction
in CVD [54]. This illustrates the greater potent&lthe whole dietary pattern. In relation to this
point, another question that has been often rassetat, for some of the analyzed outcomes, the
MedDiet plus EVOO was more beneficial than the MediPlus nuts, or otherwise. However,
the PREDIMED trial was not designed to comparestifiect between both intervention groups
and in most analyses the 95% Cls overlapped bettheetwo MedDiet groups. Hence, there is

no reason to believe that one of the MedDiet ir@rtins was more effective than the other.

Concerns regarding specific CVD outcomes. It has been suggested that the MedDiet only
protected from stroke, but not from myocardial ioteon or overall CVD. In the PREDIMED

protocol we pre-defined a composite of cardiovamceVvents, as customary in most
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pharmacologic CVD prevention trials, and we showed the MedDiet interventions were
associated with a significant reduction in this-gegined primary outcome of composite of CVD
events compared to the control diet [1,6,10]. Amooagponents of the primary outcome, we
observed significantly reduced rates of strokebfith MedDiets, but only a trend for reduced
myocardial infarction. The explanation is simplge naore strokes than myocardial infarction or
CVD deaths events occurred, hence the statistmaépof the study favored the detection of
differences in stroke. The trial was neither destgnor powered to individually assess each of
the individual components of the primary end-polintaddition, the issues of competing risks
are better tackled by defining a composite end{paicording to the state-of-the-art

methodology [56].

Effects on all-cause mortality. A lower death rate was observed in the two intetieergroups
merged together (10.5 deaths per 1000 persons)ybarsin the control group (11.7 deaths per
1000 persons-years). However, this difference didr@ach the conventional threshold (p=0.05)
of statistical significance. Because in PREDIMED faend no significant between-group
differences in total mortality [HR:0.89 (95% CI/Q, 1.12) for MedDiet versus control], it was
argued that the only effect of the intervention wageplace CVD mortality by other causes of
death. However, most likely the number of deatlevg@nted with the nutritional interventions
may not be large enough to show statistically $icgmt differences between groups in all-cause
mortality. In other words, our study was not suéitly powered to detect differences in all-

cause mortality.

Too early to betrue. Lastly, it has also been suggested that the sapaiaf the Kaplan-Meir
curves of CVD events along time by treatment aliocaoccurred too early and that this was

implausible. Yet, this early protective effect bétintervention with MedDiets might be
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explained by prompt reductions in blood pressul®, tholesterol and inflammation, as well as
an increase in HDL cholesterol and insulin senigjtivn fact, our pilot study showed that
Mediterranean diets conferred a substantial bewfitregard to classical and emergent
cardiovascular risk factors after only 3 monthssirandomization [57,58]. Moreover, we

recognize that 5 years is a long period to adleeedietary intervention.

In conclusion, most research on dietary patterssean conducted in the context of
observational studies or short-term trials with Imatd end-points. The PREDIMED trial has
demonstrated with strong evidence and low riskia$ bhat the traditional MedDiet provides
protection against CVD in individuals at high candascular risk. The methodology and results
of PREDIMED represent important steps forward fesigning dietary studies. Future dietary
studies should learn from those aspects of PREDIMgEXifically designed to overcome three
major common problems of nutritional researchha)groblem of residual confounding in
observational studies; b) the problem of singlaiaat approaches; and c) the limitations of
assessing only intermediate risk markers insteasioig hard clinical end-points as outcomes.
Importantly, PREDIMED findings support that overdiétary patterns rich in high-unsaturated
fat foods from natural vegetable sources are meneficial for CVD prevention than a lower fat
diet without incurring undue weight gain. Our fings also reinforce the need to preserve and
promote the traditional MedDiet as a valuable galtheritage. We have contributed to
investigate these associations in a Mediterraneanlption at high cardiovascular risk. Public
health policies and appropriate nutritional recomdations to promote the MedDiet together
with a healthy lifestyle should be a cornerstonefie prevention of chronic disease at a national

and international level.
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TABLE 1. Summary table: Current controversies about the PREDIMED trial.

Frequent questions and/or criticisms

Explanations

Study design

Intensity of intervention. Participants in the
control group did not achieve a low-fat intal

-Participants were older adults belonging tg
dlediterranean country in which olive oil is
used abundantly in the kitchen and at the
table.

- Poor palatability of low-fat foods hinders
long-term compliance.

- In Mediterranean countries use of olive oi
permits abundant intake of cooked vegetab
and salads, hence recommending increase
consumption of vegetables while limiting
olive oil made little sense to participants in
the control diet group.

les

Intensity of intervention. The low-fat diet
advice was not as intense as the advice to
follow the MedDiet in the active intervention
groups

- Initially, the control group received a less
intense intervention. This was corrected ev
1 before the recruitment was completed.

- The final results did not change when we
took into account the different intensity of th
educational efforts in the control group in
some participants. On the contrary, the gre
effectiveness of the MedDiet was even
stronger when a stronger intervention to fos
the low-fat diet was applied to the control d

group.

ne

ater

ster
et

Early termination. The PREDIMED study
was stopped prematurely and this could ha
magnified the main results

- The observed benefit was strongly
veonsistent with predicted benefits calculate
from prior observational data.

-The planned duration of the trial was 6 yeg

4.8 years of median follow-up.

- Preplanned interim analyses, stopping rul
and the presence of a Data Safety and
Monitoring Board assured transparency an

- It would have been unethical to continue t
trial with high-risk participants allocated to

credibility in the decision of stopping the trial.

Ar'S.

It was stopped due to evidence of benefit after

es,

[ =
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the control group.

Analysis of data

Intention to treat vs protocol. Higher intake of
sugar and refined carbohydrates by control

group participants may explain the advantagesrbohydrates in the control group.

of the MedDiet

- We recommended whole-grain
carbohydrates instead of sugar or refined

-No significant differences in added sugars
refined carbohydrates or potatoes were fou
at the end of the trial between the three
intervention groups.

Intention to treat vs protocol. The limitation

to consume fatty fish in the control group m
explain the advantage of the MedDiet in the
other two groups

> N0 additional benefit beyond this intake.

- The cardiovascular benefits of fish are
aysually observed with 3 servings/week, with

Participants in the control group maintainec
>5 serving/weelof fish at the end of the trial
(median intake: 98 gjcand the intake of
long-chain omega-3 fatty acids was00
mg/d (median intake: 703.4 mg/ayell
beyond the threshold 600 mg/dfor
cardiovascular protection.

Baseline characteristics. There were
differences in baseline characteristics amo
the three intervention groups

ngnd clinically irrelevant.

- The observed imbalances were minor in g

- The only noticeable imbalance from a
clinical point of view was a 5% lower
proportion of women in the MedDiet plus
nuts group. However, this imbalance would
have produced a higher risk of cardiovascu
disease (CVD) in that group, because fema
sex is usually associated with reduced risk
CVD.

- The main results did not materially changg
after adjustment for all potential confoundin
factors.

nd

-

ize

lar
e
of

1%

Drop-outs. There were more dropouts in the
control group and in the MedDiet
supplemented with nuts than in the MedDieg
supplemented with extra-virgin olive oil

- Participants lost to follow-up had a worse
cardiovascular risk profile at baseline. This
twould induce a bias towards a benefit for th
control group, hence it does not provide an
alternative explanation to our findings.

- The lower retention rate in the group
randomly allocated to a low-fat diet is a res
in itself. It manifests the inherent difficulty
for participants to be compliant with a low-f

e

ult

diet on the long term.
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I nter pretation of theresults

Specific CVD outcomes. MedDiet only
protected against stroke but not against
myocardial infarction or cardiovascular
mortality

tested a composite of cardiovascular event

combined endpoint.

each separate component of the primary
endpoint (stroke, myocardial infarction or
cardiovascular death) showed wide

of these components for the MedDiet vs.
control always were in the beneficial
direction.

significant associations for individual
components.

- As is customary in cardiovascular trials, w

that was the predefined primary endpoint i
our protocol. The sample size and statisticg
power calculations were done assuming thi

- The confidence intervals for the estimateqd

overlapping and the point estimates for eag

- Low statistical power may explain the non

[

|

of

h

All-cause mortality. PREDIMED did not find
significant results for total mortality, therefo
the MedDiet only changed the causes of dg

- Most studies are not powered enough to
rehow statistically significant results for total
attortality.

-In addition, a larger induction period from
exposure to the reduction in total mortality

all-cause mortality

obtain differences between groups in the
incidence of the composite endpoint, not to
mortality. To analyze total mortality, we
would need a much larger sample size and
longer follow-up.

needs to be allowed to observe an impact ¢

- The sample size was estimated in order t(

n

D

tal

a

Abbreviations: Cl, confidence interval; CVD, cardiovascular disease; EVOO, extra-virgin
olive oil; HR, hazard ratio; MedDiet, Mediterranean Diet.
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HIGHLIGHTS

The PREDIMED study is a pioneer randomized trial testing the Mediterranean diet in
primary cardiovascular prevention.

PREDIMED was designed to overcome three major methodological problems of previous
nutritional research almost exclusively based on observational studies and short-term trials:
a) residua confounding,
b) single-nutrient approaches,
c) the limitations of assessing only intermediate risk markers.

These 3 problems were addressed in PREDIMED by
a) using arandomized design
b) randomizing dietary patterns
c) using hard clinica outcomes.



